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systematization
This book provides a X¥¥XEEXXXXYHK of data on the properties and

methods of production of high explosives. The theoretical principles of the
productier. processes are examined, and the states of the high-explogives industry
abroad is descrired on the basis of literature data.
The book may te FHEKGEEN¥H recommended for students in the chemical
engineering institutions of higher education, as a text, It may also he
employed as a praciical and reference manual for engineering, technical; and

BEISFEXITIR scientific personnel in the explosives industrve
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About twenty years have elapsed since the appearance of the noted monograph,
"The Chemistry and Technology of Nitro Compounds™ by A.G.Gorst. In the intervening

years, the chamistry and technology of explosives has undergone considerable

S

g development, and the production of explosives has become an important branch of
the chemical industiy.

The growth in Lhe production of explosives would be inconceivable without a
correspondingly rapid progress in the chemistry and technology of, and in the
first instance, without the developments of the theoretical principles governing
the processes of nitrating.

In receat years, the foreign press has conducted a troad discussic- of

problems of the chemistry and, in some part, of the technology of explosives. A
{ JX major contribution has been made by the works of Soviet chemists, and in

particular those of Academician A.V.Topchiyev and A.I.Titov. Specifically, the

theory of nitrating developed by A.I.Titov, based upon the most recent studies

of the nature of nitrating mixtures makes it possible to elaborate rational

technological processes for the production of explosives.

The Soviet literature lacks works general’zing the theoretical and exper.mental

' data on the chemistry and technology of explosives accumulated during the past
twenty years. The author hopes that this bool ¥IXXIK will, in part, fill this
IKEX lacuna.
data
The book before you systematizes the NEX on the properties and methods of
o
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production of high explosives, examines the thécretical XK foundations on which
based,
the technological processes are MRKENENY and reflects the state of the production
of high explosives abroad, as revealed in the literature.

The book consista of three parts, embracing the three most important classes
of explosives. The first part describes nitro compounds, the second nitroamines,
and the third nitric esters.

Tn the first chapter of each part, the general properties of the explosives
of the given clags are illuminated, as are the theoretical fundamentals of the

chemistry
process by which they are produced. Further, a descriotion of the BNERIEE
and technology of the most important representatives of this class 1s then
presented.,

In the first part, in addition to the foregoing, theee=ds-a description

homogeneous
of the kinetics of the process of nitration in XEENXEK#HEE and heterogeneous
conditions is provided, as well asz the nitration process flow and the acid
equipment of the high-explosives plant.

The author wishes to express his profound gratitude to his teacher,

Nitro Compounds™
A.G.Gorst, whose book, "The Chemistry and Technology of NMIEESESESISRYNEN served

-

as the example on which this monograph was constructed. The author is also
deeply indebted to K.K.Andreyev, A.S.Bakayev, G.I.Mel'nikov, N.Ye.Moysak, :
V.N.Nazarov, Se.L.Simonenko, and A.I.Titov, for their criticism and advice. !
The author wishes tc express his particular XNGIEIIE acknowledgement :
i
to the Scientific Editor of this BEEK book, G.A.Avakyan, who, in addition to a i
most careful examination of the work and the INXM¥EE introduction of the i
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necessary corrections and additions, is also responsible for the compilation
of the tables of explosives and thermochemical values for explosives, and for

the raw materials and intermediates thereof.

"The author will be grateful for any and all critical remarks and suggestions.
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INTRODUCTION
high (HE) ‘

The temkexplosivn als applied to systemgwhich tend, under external influence,
to undergo exceeding rapid chemical transformation accompanied by the liberation
of much heat and of gases to high temperatures, which gases are capable of

or :
performing work of displacement. sk destruction. Unllke the combustion of tlhe
high . .
common fuels, the explosion reaction in explosives occurs without participation
of atmospheric oxygen.
High ‘

/E—xplosivea are concentrated energy sources und are therefore employed in
various branches of the economy. The oldest branch of application is mining.
Today, explosives are also employed in construction, the peat, petroleum, and other
E¥M¥KNY branches of industry, as well as in agricuiture. Explosives are ¥t
extensively employed in warfare and therefore, that branch of industry underient
exzeptional development during the Second World War.

The technology of explosives has, as its field of investigation, the methods
and processes involved in the production of these circumstances. The technological
flow of explosives production prczesses is based upon the properties of the

~

starting, intermediate, and final products, aud is determined by the nature of
reactions taking place
the presctixmworccmrimgxKXNEE (tie heat effect, liberation of gases. etc.).
Various factors are involved in determining the technological process flow
in explosives production, and development of the least dangerous and most
these
economical process is possible only with due consideration to/factors.

In developing the technology, selecting the raw materisls, the apparatus,

equipment, and tools, all dangerous opsrations must be treated separately,

1
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and the necassary safety measures must te K provided for in carrying them out,
Automatic monitoring and control, electronic equipment and automatic lock
separation must be made extensive use of in the dangerous operations. This will
also facilitate adherence to the flow sheet. Complete automation, inclvding
automatic monitoring and automatic control, facilitates the carry:_[n'g‘ out of tyrs

desired objectives, and safety in the work.

Origin ' o e

1. MM¥RIK and Progress of the Ma.nufa.ct.ure,of’ Explosives

The explosives int.iustry came into being ir_l the second half .oi‘.‘ the Ninete.enth "
Century, bat its significant developments occurred only,in the IVGHEX Twentieth
Century, on the tasis of the EXE¥E extraordinary growtin of t.,.he basic chemicals.
industry, as well as of tiqe ccke .Llen}ic.:.als. and, retroleun refining industries , which

.

are the sources of the organic~ materials emplgyec'i h the KX major high explosives. '
It was the alcohol nitrates - ryroxyli'n' and nitroglycerin, that were the first
to appear. At the end of theé Ninetcenth and the beginning of the Twentieth Century,
nitro derivatives of N¥MEK¥XIE aromatic comppund's (pieric acid, trinitrotoluene,
vetryl, ‘ : PR
FEX¥FIY etc.), whosc properties render X§ them considerably less dangerous in
production and handling, were incorperated into the arsenal of arms. The fact tIEX
more
that they could be handled/safely made it possible to employ them widely in filling
shells.
In the period during which World War I was in preparation, the countries

stk
that were to launch it p»pawii%rge quantities of munitions. However, the

consumption of shells was greater than had been presumed. It became ¢* war that

artillery fire was the most ANEE destructive of means and inflicted the greatest
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losses.

The expenditure of munitions in the period 1870 - 1918 is illustrated in

Table 1.
Table 1
" Period . ‘ Country » EQua.nt.ity of
: ‘ Shetls,
Million Tons
1870-1871 (Franco-Prussian War) . | - Prussia .
1904-1905 (Russo-Japanese War) ' Russia . 0,68
1914-1918 (World. War, I) ., © Russia i 5:-”
The same - _— - Auatro-ﬂmgary 2
"o . . ,England "
w0 e !‘rance o d

The.hig.ﬁ .con:-s\mptiori o.f-munitim.is during'the !"irét Werld War induced an

. . . -
.o . .

. increase- in the explos:.ves mdustry. Ha.ny polyni z-a compcunds of the aroma.tzc ,

o
L8
.u‘

hydroca.rboné obtained in the ccking-o;‘ coal and the p'}rroly‘sis of pétrolmnn,’ ware .

) ma&e use of 'in nunitionse A In’order to s_at,.'..afy the -risipgj demand for explosives,

‘mixbﬁres baged ‘chiefly on e.nmonim nitrate came into wide use for the ﬁ.liing of

’
v

shells. : . : o T .

. . .
..THe Second World War required an even greater -quantity of ‘explosives. The
consumption théreof éreatly m.e.xcee'de‘c_i ‘that duri.ng the First World War. Thus- .

. for example, in 1910, the.world production of 'éxplos.ives mm; constituted

« ’ . Ll o @

390,000 téns; whereas a MEREIAMEMKX¥I considerably larger volume than this was
produced in Germany alone during World War II ; as Ii is evident from Table 2

Table 2

b ,
: _
a o . d)
e s 2
o ::8 , 0.6 58

a) Germany, years; b) Production in thousands of tons; ¢) Explosives (including
NH,NO3); d) Powder

o et ey o PN . -
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However, production of explosives even on this scale in Germany did not

fronts ,
satisfy the needs of the m'which came to 600,000 tons & year. As is evident

———
>+ s s

from the data presented, this figure was not reached. The effort was made to
meet it by a wide use of ersatz materials. The shortage of exploaives/(ah.aout
10,000 tons per month) was substituted for by the use of table salt (a mixture
of 50% TN'f, L6% table salt, and 4% of a special emulsifier was empleyed to fill
artillery shells).

) The acute shortage of explosives resu..ltad in efforts to extend the list; .
thereof by employing new types of raw material, but these efforts did.m';i 'm.;et' Lo
with success. W'e note only nitroguan’dine, production of which ca.n;e; to 200‘(.?.t.ong" ‘.
a month in l9l4‘J+. However, nitrognanidine did not gain extensive §6§ﬂ§i€y as u’xj
explosive, but was employed chiefly in the powder industry. |

Thus, despite the substantial expansion of the scale pf production,. Ge.ma.n '
industry did not cope with the problem of providing 'the army with quality cx.plosivgp
in sufi:icient qitantity.

331,000,000 377,000,000

In the United States, XBXXEXIXTSX shells, XFLGRMIIIXHX mines, 5»,900,000 tons
of aviation bombs, and tens of millions of tons of other munitions, were manufactured
in the course of World War II.

&‘NT was the major high explosive employed during the Second World Warg uxereas 5
during the First World War, other KIXE¥ nitro derivatives ¢f the aromatic hydrocarbons |
were employed along with 'I’NTf in considerakle gquantities, during the Second World War,‘/
TNT or explosive mixtures employing it as base (ammonites, alloys of T™NT and hexogen,

etc.) were used particularly extensively. Thus, the share of INT in the German industry . ~

o e e T T e e MO s M R 811 3 P e T
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was more than 50% of the output of all explosives, as is clearly evident from

Table 3 (Bibll).

Table 3
a) . b) c)
d) 16 600 21000
!;)) 820 140
h 16 30
i 680 950
R ‘ 1 580 5000
k). 2216 B B0

e
a) JExplosive; b) Productiog,)June 1943, tons; c) Production planned for June 1944,
‘ {KDX

tons; d) TNT; e) Hexogen; f) Picric acid; g) PEIN; h)Tetryl; i) Hexanitrodiphenylamine;
j) Dinitrobenzene; k) Total

These data show that the most powerful explosives - hexogen and PETN, which
were not employed in World War I, were widely used in World War II. Particular
attention was given to developing the industry producing substances in countries

that did not have sufficient resources fcr the production of explosives based on

. aromatic compounds. For example, in Italy, mass production of hexogen and PETN

began as early as 1932 - 1933. Both thsse substances were employed by the Jtalians
for the fiiling of munitions, not only in the pure or phlegmatized form, but in

mixtures with amon:lﬁ" nitrate. In Germany, hexogen was widely employed to fill
) \ .

%

ARSI B¥YIRE armor-piercing a.nd shaped-éharge shells., PETN and RDX were also
P < .
produced in France, EXMXEMEEE Czechoslovakia, MMX Canada, and the USA

Like the First World War, the Second again required extensive employment of

ersatz filling of artillery munitions, and this in turn meant that detonating devices

i
i
s
!
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- caps and detonators - had to be rendered more powerful. The most powerful

explosives - PEIN and RDX - came to he employed therein.

2. Classification of High Explosives

Today, a large number of high explosives are known, but only a few of
them are of practical significance. .
Explosives may be solid, liquid, or gaseous. Examples of solid explosives
are TNT, picric acid, and pyroxylin. Liquid explosives include nitroglycerin,
nitroglycol, and a solution of nitrobenzene in nitric acid. ‘Gaseous explosives
include a mixture of hydrogen and oxygen, methane and air. EI Only solid and
liquid explosives have achieved practical employment in engineering and military
affairs.,
In their applications, explosives may be cla_ssified‘ into four groups:
[WB
1) initiating explosives/\ ; 2) high explosives; 3) propellent explosives or powders;
L) pyrotechnical mixtures. The present volume shall examine only high explosives.
In composition, high explosives are classified into two large groups: chemical
compourids and explosive mixtures.#‘l‘he first group includes the following important
classes of explosives:

a) Nitro compournds, which are organic compounds containing one or several

C-NO, groups. The polynitro derivatives of aromatic compounds are of the greatest

significance. A considerable portion cf the nitro compounds of the aliphatic
hydrocarbons are also explosives, but only a few are of practical significance;
b) Nitroamines, which are org&nic_conpoundl containing the group N-N02;

e e by o e e A s 1 =
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¢) Nitric esters, which are organic compounds containing the O-NO, group.
The nitric esters of alcohols and carbohydratss are employed as explosives;

d) Nitric acid salts. The most widely employed is ammonium nitrate (NHZ,’N03),

as well as the .nitrates of organic éompourds X% (guanidine, urea, methylamine etc.).

The second group is comprised of explosive mixtures ccntaining or not
oohtsir{ing explosives. . . V o .

The most- mpom'ant classes of explosive mixtures containing explosive
components include' ‘
N Ammonites S - .

"a) m or ammo-num nitratc explosives, consisting of mnxtures of

¢

i anmonim nitrate' and nitro gomboi'mds:

b) Allo s and mixtures or nitro compoundsg .

c)’Nitroglycerin e.xx;losﬁre's (dynamites): I K

‘ . . . .
a) Ch!or‘.te ‘and perchlorate explosives - mixtures of salts of chloric or
e S ——

: chlorous aclds/nitro compounde, etc. . 0 -

. .
'. N s . LN

The mi.xt,ures consisting of.noqe;cplosiir,e coinponénts ‘inc'lucie,combﬁstib'lee

and substances -cori.tainin.g substantial amounts of o;{y'gen"or gome ' other oxidizer.

v

"+ Under these circumstances, the explosion res.ction consf_ts.ts of oxidation'of the’

elements composing the combustibles ‘by'the oxygen in the oxidizers. Explosive

mixtures of non-explosive components may be'm classified as follows:
saltpeter
a) smoking powders — mixtures of NEXEXFUXFE and coal- b) oxyliquids, m:lxturos of

liquid air and combustibles; c) Mixtures of concentrated nitric acid or some other

liquid oxidizer with combustibles.

nitrate
The ammonium MIN¥NXEN explosives are the most important in the category of




explosive mixtures.

Artillery poses very rigid specifications for high explosives. They must be
highly powerful, safe to handle, be sufficiently sensitive to the initial impulse,
and stable in storage. In addition to all the foregoing, high explosives used in

armaments must have an adequate XMKXXIXX availability of raw materials, and th

-

!
s
|
|
; {
. method of production.must be sufficiently simple and safe.
? N Thé gxp.ld'sives .cufr;ntly gmplc;yed areg ;‘ar from KIXIEYAE¥ satisfactorily meeting
the re(;uirem;nts indigated and, there.i‘ére, the s.'earch r&;- new powerful explosives
having .thle""brSp;rties- indicate.d e.).bgve‘ is & very rimpor;.ant. problem for the scientists
ahd',engiri:éers working in th::;s field. E;Qual.ls'f ixréent 'is@the problem of improving
tbe t,'echnol‘.ogy,' v xplosives produptior} to redu?q the da;xger involved in

N . manufacture and to increase labor productivity and, as a conseciuence, to reduce

the ‘cost of the.preduct.

@
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PART I }»
I. NITRO COMPOUNDS
Nitro compounds are substances containing the nitro group (N02). In these
compounds, nitrogen is attached directly to the carbon atom of the molecule. Both
¢ oxygen atoms and nitro group are of equal X¥ importance, and therefore the
structural formula appears as follows:
e
—N
)
0
However, the structure of the nitro group is now believed to be
0 e _»0
—_ or, what amounts to the same thing, —n e
~o o
.is)
This structure will become comprehensible, if itAassumed that tle nitro
group is formed from the nitroso group, as follows.
0
R—N.‘=o+o—>R-—N// .
Herein, an electrostatic reaction arises between the nitrogen atom and
the second oxygen atom, because, in establishing the valence bond, the nitrogen
atom expended, not one electron from its outer shell, as occurs in the ordinary
kind of ¥EEXXEKE covalent bond, but two, and thus acquired one positive
elementary charge. However, the oxygen atom, not only did not yield a single
0~
L Zd

electron for formation of the doublet attaching it to the nitrogen, but acquired
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one electron of the free nitrogen pair, i.,e., it acquired one elementary negative
charge. Thus, the bond betwsen the second atom of oxygen and the nitrogen is a
semipolar bond.

Nitro compounds are isomeric KXEMEXI¥ with respect to the nitric esters R-ONO,
containing the monovalent radical O-N-O, isomeric to the :utro group.

The nitro group usually strengthens the acid properties of organic compounds,
tending to give them or to reinforce polarity. The presence of the nitro group
cdmplicates the nitration, sulfonation, chlorination, Friedel—‘}afts, and similar
reactions. In the aromatic nitro ¥X compounds, the ni?ro group dirgcts
substituents chiefly inlo the meta position.

In terms of the number of nitrc groups, niﬁro KKﬁK'compOundQ are glassified

as mono-, dinitro- compounds,etc. The mononitro compounds,ag:'the aliphatic

series R-NO, are classified, depending upon the type of radical, into primary (I),

_secondary (II), and ternary (III):compounds:

R R
N
R'CH,—NO,; CH—NO; R">C— NO,,

R”" R:,,f’
1 1t m

The aromati¢ nitro compounds form various isomers which differ from each
other in terms of the relative positions of the nitro and other groups in the

benzene ring.

10
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CHAPTER 1
GENERAL DESCRIPTION OF THE AROMATIC NITRO COMPOCUNDS

The polynitro compounds of the aromatic series, such as INT, TNX, HINIIHNENEMFX
! dinitrophencl, etc., are MEXE¥I explosives and have found wide applicatien ir
practical use. The C--NO2 bond is of adequate stability, and it makes for

the high stability of the nitro compounds (for example, TNT AKEK does not decompose

basic
at temperatures of up to 150°). The X@dUPe cxplosives in this class are of

polynitro
comparatively low sensitivity. All the aromatic BEI¥NIXS compounds are solids,

which makes ii easy to 7139' them-in various types, of munitions, particularly

.
.

shells. : : ’ . : ) ’ T

. .
. -

The starting material for explosives of this class consis'.os: of ‘aromatic

hydrocarbons, phenols, and nitrating mixtures. Aromatic hydrocarbons are produced

{

!

{

|

!

i

| . :
|

!

i

|

; in substantial quantity directly in the coke,chemical,and SEX¥HX¥X petroleum m

industries, and phenols are obtained synthetically, for the most ﬁart,, from bénzene,
which is also a product the coke chemical and petroieum industry. The H¥EXE

gynthesis of nitro comy unds does not present ms,j‘or difficulties. The synthesis

o : . [
of nitro compounds of the phenols is somewhat more complex . ad requires special
\ precautionary .
: PEENEYEREFF measures, due to certain specific properties XKi¥iX¥ thereof.
z’ c :
-

‘ corresponding
; The aromatic nitro compounds are produced by nitrating the FENBENIIKE compounds

by a mixture of sulfuric X¥XA and nitric acid. Technically, the nitro product
a

is rarely pure substance. Usually, a mixture of various isomers results in the

course of production.

o o PR
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. as explosives, As indicated atove, the dinitro compounds are explosives. The

%ro compounds are widely employed in the aniline dys industry as starting |
products wh’o production of corresponding amines. They are also manufactured

in large ¥X quaniities in the explosives industry, as they are, in addition,

intermediates for the production of poiynitro, compounds - tﬁe basic high

explosives. In the past, mononitro 'compounds used to be ‘added, as an independent

B

product, to the 'explosive trinitro compounds, ¥For example, ¥X mononitro naphthaléne

. e
. . . .

. was emploi;ed in an alloy with pieric acid, to phlegmatize the latter. The

’ ., menonitro compounds’ do ¥X rot have explosive properties.

. .
. - .
. . " . .

The dinitra compounds do have explosive properties. Some of them are . .

. . .
. . .

employed 'in explosive mixtures. However, they are ot employed independeatly

tetranitro compounds are also explc;sives, but are less stable and more sensitive

L2
. . . .

to mechanical action, and therefore they do not, as a rule, have practical value,

o Exp.losives of the nitro compound class have a nunber of cox.nmon properties'.' .

A characteristic reaction for them is the reduction reaction .

"Ar=NO,+6H — ArNH,+2H0.

REE Reduction of the nitro compounds takes place th;ough the medium oit@a re

number of intermediate stages. In an acid medium, ¥X reduciion préceec.is energetically,

first to the stage of nitroso compou;xds agd .then to the stage mof the derivative [t
hydroxylamine, further reduction of which ¥ y::.elda‘f:he ‘ami?e’:
Ar == NOg —» AINO —» AtNH (QH)-».ArNH.. .
In an alkaline medium, reduction goes less enor.go,tically. .‘Itlu tomi;;nnl “

s ¥ e ey mpenenn e L e e e e R SRS i, S T 1
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products are the nitroso compound and the derivative hydroxylamine, which

undergoes condensation into the nitroxy compound:

Lcchcsumae——.
s S P A

ArN0+ArNH(OH)~»Ar-—aI-N-A1+Hg0.
(o]

In certain cases, the reduction reaction of nitro groups a.tta.chefi to an
arcmatic ring, proceeds in special fashion. If the nitroso compc;imd unde"géing
reduction contains the methyl group in para position relative to the nitro gz;oué_,
one or two atoms of the hydrcgen of the methyl group will cleave off, resulting

in the formation of dibenzyl and stilbene derivatives (Bibl.2):

cIH,—CH,
VANV AN
| ) n, n! - dinitrobenzene
CHy N/ N
n/\ N(Bg Né)g
\I) CH = Cl|1 ‘ R
VA VAN ) o
NO, —s{ | k i n, n'- dinitrostilbene
N /s ) :

Né), N!), ‘

Nitro compounds do not react with dilute sulfuric acid., However, witﬁ the
- ‘OH] pery
concentrated acid they form saltg-like ion compounds, such as [ CgH;——l? \/\0 ] HSO,. !
They react, in similar fashion, mét aluminum chloride and like substances. Moncaitro
compounds react more readily with sulfuric acid than do the I¥# di- and trinitro
compourds, The formation of complexes containing stoh makes it difficult to
nitrate them, whereas complexes with Alcl3 createﬂ difficulties in alkylation and

acylation in accordance with the Friedel-frafts reaction.

Because they contain acid nitro groups, the polynitro compounds are capable

of reacting with the caustics, the XIXX alcsholates, and ammonia, with formation




of tinted products of ?uinoid structure. This is the basis T for Yanovskiy's
qualitative test for nitro compounfis.‘ He found that solutions of nitre compounds
in aleohol or acetone with caustics yield a characteristic bright color (see
Appendix .l for the characteristic colors of nitro compourds in caustic solutions).
" This reaction may be employed successfully tc? differentiate mononitro
derivatives of benzene from the di-~ and ﬁrirli‘oro derivatives. Thus, in thol
presence of acetone and alkali hydroxides, the mononitro compounds of this series
do not color the solution, the dinitro compounds give it a reddish violet color,
may

and the trinitro compounds cause it to become blood red. The color reaction ME§
be lacking if a large number of substituents are present, as is the case, for:
example, in trinitromem

A study of the Yanovskiy's reaction resulted in the discovery of a number of
regularities: 2,4-dinitro compounds color Malkah K¥# hydroxide in acetone

ortho-

golution sky blue, if a methyl group is in the ¥¥XK¥ or para-position. However,
if some other group is in this position, the coloration will be red, Di- and
trinitro compounds whose nitro groups are in other positions than these form
colorless solutions, or yield a pale yellow tint.

The presence of hydroxyl or amino groups in the ring inhibits the reaction.
Acylation of the hydroxyl group yields no result.s, but introduction of the m -

group instead of the hydroxyl eliminates the effects of the jatter..

According to Hantzsch and Kissel (Bibl.3), the reaction of aromatic nitro

derivatives with alcoholates and alcohol solutions of the caustics results in the
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formation of salts of the following structure:

At = NOg + CoHiONa T2 A1 — N-/-gNa
NocyHy

However, this structure A¥EXH does not explain the coloration of the resulting

substances.

Meisenheimer (Bibl..) suggested that under the effect of alcohol solutions

of caustics, the benzoid form of the ring converts to the quinoid form, and the

*
.

compound ‘ L.
resultant ¥SEXNHNAE is a salt of quinolonitric acid. Later, Hantzsch (Bibl.5)

pointed out that the sky blue coloration of the reaction products of aromatic

" due
nitro compounds and alcoholates is HMEA to the presence of the following X¥SHE

N‘0‘
oup =
group N

OMe.

I.V.Stefanovich (Bibl.6) isolated monoy bi; and trimetallic derivatives of ‘
X¥8 2,/-dinitrotoluene, 2,4,6-trinitrotoluene, 2,4,6~trinitro-m-xylene, LFEFEXX
1,3,5-nitrobenzene, ¥RAXERYFFY and 2,),6-trinitrophenylmethylnitroamine and
tetryl, and found that }except for tetryl, these su’x;stances attach themselves, in
an KXKFAB anhydrous toluene-alcohol mediuml to the molecule of the nitro compound
in the molecule of the alcoholates of the alkali metals in a quantity equal to
the number of nitro groups in the substance. It is proved possible only to

attach three molecules of alcoholate to the tetryl.

When caustics act in the presence of oxidizers upon polynitro compounds

. containing a methyl group, the result is dark-brown substances of complex and

composition.
heterogenecus popbdbeex Copisarov (Bibl.7) regards them as derivatives of dibensyl

and stilbene resulting from nitro molecular oxidation and condensation. =~




In shock sensitivity; the metal derivatives of the aromatic nitro compounds

{(at 0{ , -

approximatohinit‘ia.tors, but their sensitivity to friction is considerably lower.
Some of them have very low flash points, for example, in the case of the ammonitm
derivative of INT, it is approximately 50°.

Korczynski (.Bibl.e) showed that when XNiE gaseous ammonia acts upon nitro.

derivabiver of the aromatic hydrocarbons, the consequence, depending upon the

conditions, will either be a salt or an addition productg.’ At low temperature

(of the order of -10°), salts are formed that’contain more ammonia than might have
FNTERETEE¥Y stoichometrically.) .

been expected FXNKIKKEEFIE Thus, for example, he obtained the following

salts: 2,6-CgHg(N0p)0H * 2NHg; 2,l,6~CgHa(NOp)a0H 'o 2MHg; 2,4-CgH(NOZ)2000H

‘ 2NHg; 1,3, 5-06H3(N02)3 ¢ 2NH3 and various others. These salts are termed

Korczynskilts' o ) : :
KEREKINEEXFXE abnormal’.salts.. In addition, additidn products are obtained.

With increase in temperature,, the Mabnormal salts'" dissociate into ammonia

normal T .. .
and HE¥EX "ammonia salts™ which yledd the initial nitro products under the infiuence

of dilute mir;e;ral acids. .'I'pe produc‘;s'of addition of a.u‘monia. :co the nitro
derivatives of the aromatic .Hydrogar:bon al;s; lose part of their ‘ammonia when
the 'temperat.ure is raised, but neii‘.her in the presence of dilute miner.a.l acids
nor under other circumstances do they regenerate the crigilnal nitro derivative.
The presence of moisture, and of low temperature, significantly raise the
ammonia reaction ¥XX rate.
The compounds studied may be arranged in the following series of diminishing

sensitivity to ammonia:

1, 8, 5= CgHly (NOgy > 2, 4, 6 Cohly (NO)y CHy >2, 4, 6— m —
-cm»(uo.').(cu.n>z 4 O-Com?:)a(c";)r




Trinitrobentene reacts almost instantanecusly with anhydrous gaseous ammonia

at 15°, but trinitrome‘g\étylene does not change at all even when subjected for

‘ many hours to moist gaseous ammonia at 15°.

. The accumulation’of nitro groups. in the nucleus facil:!rtates reaction with

" caustic reactang', the new substi;tuent being sent into the ortho- or para-position.

: o pas-bumibdengee (0
: Thus, TNB)regula.rly yields picric acid upon oxidation in a caustic medium,

IYBXAFNT 1,3-dinitrobenzene converts, with NH,OH, into 1,3-dinitro-2,4~diaminonenzene.

»

13 Orthoe and para-dinttro compounds really exchange one of the nitro groups for a

. hydroxyl, alkoxa;l , or amino group under the effects of caustics, alcoholates, or

T, amines, respactively (Bible9)e °

' . eontaining
Many aromatlc nitro compounds, particularly those ¥HMKXKIREX the nitro group

-

. in a side
in thé orthoeposition IKKXIE chaln, are llghtesensitive, and this results in

.

ghlfting of the oxygen atom of the nitre groupe Thus, light causes an

. . 3 L]

.. ! ‘ ortho-nltrobenzeols aldehyde to undergo, virtual&y complete conversion into

‘e
. hd d
. L]

; ortho~-nitrobenzolc acids ] e
i

Polynitro compounds undergo similar conversions due to light at the cost

. in
| : of the nitro groups/the ortho-position in the side chain. This usually is accompanied
I

oy : ' :
¥XK the formation of dark~colored products (Bibl.10).

-w

i y
- upon -
The &8ffect of sunlight over a periocd of ssveral months MK a mixture of
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aromatic nitro compounds and other organic compounds will cause the nitro 1
compounds to manifest their oxidizing EIEEE¥XINEY properties. “hus, undar the

conditions described, a mixture of nitrobenzene and NEEKEKEXINHE nlphthal&:ill

reveal traces of ANXNX B'—naphthol/ and a mixture of nitrobenzene and toluene

benzoic i
to yield an insignificant quantity of HEN¥HIN acid and para-sminophenol. Nitrobenzene

paca~aminophenol,
ard aniline yield nitrosobenzene, phenylhydroxylamine, BIFAXEGRXKEKKENE
agoxybenzene, and ortho-apoxybenzene. When light is applied for a long period
to a mixture of ortho-nitrotoluene and aniline, the consequence is the formation
2-benzoago-metacresol.
of par&-e.minophenol 2—methylalo:qrbenzene, and RREEHESKESOSEXRIGEEY The light
sensitivity of the n}tfo cdmpounds has had rather detailed study (Bibl.11).
The nitro group improves the acid properties of a phenol XK hydroxyl and
reduces the basic character of the aming group, particularly in the ortho- and
4 3 > .
para- rog‘tlons. Thus, for example, nitrophenols are stronger -cids than are
phenols. The basicity of the amino group in polynitro derivatives of

aromatic amines drops so considerably that these compounds lose the capacity

to form salts in combination with acids.

The
X¥KE nitro group of aromatic compounds is capable of activating replacement

groups and the hydrogen atoms of the benzene ring which are in the ortho- and
para-positions relative thereto. The activating effect of the nitro group is
expressed in weakening the bond of the second nitro group or another electrically
negative substituent with the ring, and therefore these groups are readily
replaceable bir others.

dinitrochlorobenzene, )
For example, in CECEXPEANIDOOBOINZE, the chlor®y is readily replaced by hydroxyl
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urder the effect of 7% solution of caustic soda at a temperature of 100°C:

e
NOs | oNaOH — NO2 | NeGI + Hy0,
R

while the presence of a catalyet ~ copper - and & temperature of 300 - 375°C is
required for the same reaction to occur in chlor>benzene, so that the process is to
be conducted in an autoclave.

With increase in the number of nitro groups in the ring, their mobility usually
increases, so that the possibility of replacing them iﬁproves.

In ortﬁo—nitrophenols and ortho~nitroanalines, a hydrogen bond is fr-med cof the
’ 0

'd

i

following type C0H4< ' with a consequence that bonds of this type differ from
O\u , |

the para and meta izomers by lower boiling and fusion temperatures, greater volatility,

I‘nore' inte’r'me 'ceioratio'n, solubility in liquids of low polarity, etc. (Bibl.12).
Aromatic nitro compoounds have a very pronounced capacity to form addition
products. This capacity increases with increase in the number of nitro groups in the
ring.
Methylized nitro derivatives go into condensation reactions with aromatic nitroso
compounds and aldehydés., In the former instance, for example, upon condensation of TNT

ard 2,4,6-trinitrobenzaldehyde and dialkylphenylenediamine:

’ (NOy)y CgHy+ CHy + NO — CyHy == NR; —» (NO3)y CgHg = CH == N =~ C4Hy — NRy;
HCl
E‘B (NOg)y CgHy:CHO 4- NHg ~~ CgHy — NR2.

In the latter ‘ca:.\e, stilbene derivatives are formed in accordance with the following

reaction No. No, o
0N CHy +HOCd ™ DN (CHy)y > ON¢ “NCH = cH¢ TTOIN(CHy ),
6, 2 Ny (/N (CHan
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: hydrocarbons,
The polynitro v/’ compounds form complexes with the aromatic hPERSFRESFRRTF}

phenols, and esters thereof, with amines, etc. The complex compounds of polynitro
compounds, particularly the picrates, are employad to identify aromatic compounds.
The chemical structure of the substance and the nature of the substituents qffect its

. Q
explosive properties. The amount of internal energy increases with rise in the number
. s [

& s

of oxygen—contain:fng groups (nitro-, oxy-, and ethez;s)i and diminishes with the entry
of groups not containing o:g,gen (CH3, NH2 and others). The shock sensitivity of

aromatic nitro compounds rises with increase in the number of subsituents in the

'x:ing. .The influence of the CHj group is weaker ihan that of the OH, Cl, Br groups.

The increase in shock sensitivity-upqn introduction of substituents testifies to the

. . . decomposition
reduced stability of the benzene ring, facilitating. thHeCIIMEOEISIOh of the molecule.

All the aromatic nitro compounds have harmful effects upon the nervous system and

dominantly upon the blcod, and destroy the oxygen supply to the orgarfism. Certain

nitro con.lpounds (for;' example dinitrochlorobenz;ne) also strongly ql,ffect the skin and
give rise to skin affections (dermatites); The degree of 'hamful effects oi’ the
various nitro compounds va.riee;. "In the general cas’e; toxicity diminishes with
increase in the number of nitro groups)a.nd, if that number is the same, with the
presence of the methyl or the sulfo group in the ring, the toxic effect diminishes.
For example, dinitrobenzene is more toxic than dinitrotoluene or dinitroxylene.

A characteristic sign of poisoning by aromatic nitro compounds is dizziness and
headache. The poisoning takes place through the skin and the respiratory tract, due

to the volatility of the nitro compounds. Quinine and oxygen are used in first aid in

this type of poisoning (Bibl.13).
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first employed in 1846 in the produétion of pyroxyline :

CHAPTER II

THEORETICAL FUNOAMENTALS OF THE PROCESS OF NITRATION OF
AROMATIC COMPOUNDS °

The great majority of the high explosives in munitions fall into the category of

nitro compounds.

The nitration reaction was discovered in 1834 by Mitcherlikh, who produced

nitrobenzene by reacting nitric acid and benzene. The nitration reaction acquired

. dyes
practical significance in the production of synthetic AXMK after the discovery, by the

s ®

. distinguished Russian chemist N.N.Ziain, of the nitrobenzene reduction reaction in

aniline (1842)., This latter substance is, as we know, the basie product employed in

’ dyes,
the production of synthetic ATHHX

.

Since 1842, -nitration has been smployed to produce picrie acid from phenol, which *

dye o . :
was utilized, until 1885, as a &IK for silk and wool, and subsequent tc that year, as

a high explosive. In the explosives industry, i‘m the nitration reaction was .

Thus, with the appearance of the synthetic-¥¥& dye and the high-explosives *

FERRIFRA (acquir *
industries, the nitration reaction extraordinary practical significance,

A. Methods of Introducing Nitro Groups . .
The choice of nitratimagents employed in nitration depends upon the properties
-

of the compound being nitrated and the degree of nitration ¥ desired. Nitric acid
and a mixture of sulfuric and nitric acids are the HXXEX nitrating agentsmost

frequently employed. However, there are some cases in which it is necessary to use

other nitrating agents, such as a mixture of nitric acid with acetic acid or acetic




introducing 1
15 anhydride, nitric acid salt, or,/ to employ indirect methods of KENNEEIEE the nitro

group [a review of indirect methods of nitration is presented in the work by Hodgeon

(Bibl.14)].

Section 1. Nitration with Nitric Acid

In general, the nitration reaction may be ¥ié¥ represented as follows:

ArH4HONO, — ArNO, +H,0,

where ArH represents an aromatic hydrocarbon exchanging its hydrogen atoms for the

NOg group. This equation presents an idea only of the results and not of the course

of the reaction. The latter passes through a number of stages, and it is not the

nitric acid itself, but its conversion products that enter into reaction with the
aromatic compound.
Many compounds undergo nitration with exireme ease under the influence of

@

nitric acid (phenanthrene, anthracene, naphthalene, phenol, etc.). However, the

{ water liberated in nitration reduces the strength of the nitric acid . and weakens its
i

1 ' nitrating effect, as the nitration velocity constant depends upon the strength of,
the acid. Therefore, when nitric acid i3 used alone, as the nitrating agent, it

proves impossible to make use of all of it. When the acid strength has been reduced

o
to a specific level, the reaction virtually ceases. However, dilute nitric ac'i at
elevated temperature ( the temperature is increased to accelerate the nitration)
frequently exercises wore of an oxidizing than a nitrating effect upon an organic
compound.
Reduction in temperature is a means of substantially reducing the oxidizing
) the 1
processes; as well as S YNIKGXXERFANX nitrating capacity of the nitric acid -

a
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diminishes to a lesser degree than its oxidizing action: This phencmenon is particularly
noticeable when nitric acid acts upon readily oxidizable compounds, which are capable
of being nitrated only at low temperature and in the presence of excess acic.

These circumstances sharply diminish the use of pure nitric acid in industrial
practice.

Section 2, Nitration in the Presence of Water-Removing Substances

In order to avoid the harmful influence of dilution of the nitric acid, and to
employ it more fully, water-removing substances are employed. That which is most
generally employed in production is mixed sulfuric and nitric acid, in which the

and
sulfuric acid serves to remove the water/simultmeously transforms the nitric acid
into an active nitrating form. This permits a sharp reduction in the consumption of
nitric acid per charge, reducing it almost to XEE that theoretically required for the
formation of the nitro compound. ‘Sulfuric uacid has the further advantage that it
veduces the oxidizing effect of nitric aci;i. The nigh boiling point of sulfuric acid
makes possible, when necessary, the performance of nitration at high temperature. A
technical advantage of mixed acid over aitric acid, of no mean importance, lies in the
fact that it is capable of baing stored in iron apparatus, as it does not induce
corrosion, a factor of great importance in industrial practice.

Other than sulfuric acid acetic ¥MX anhydride, phosphorus pentoxide with
polyphosphoric acid a.nd boron trifluoride are emp’oyed as agents for XXNi the removal
of water (Bibl.15). As noted by Krater (Bibl.l6), the cost of nitro products depends

chiefly upon the method of removing water from the reaction zones and the method of

recovering the water-removing substance. The cheapest product would be obtalned if

23
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nitric acid alone were used for nitration, and if it were then neutralized, or if it

were used in absorption towers XNXINWEEENNEX for the production of nitric acld.
However, in view of the difficulties involved in the employment of this method,

and
nitration is most frequently performed K¥Xi with a mixture of nitric/sulfuric acids,
with subsequent, recovery of the latter from the spent acid.

Other water absorbents, such as acetic anhydride, are very expensive due to the
high cost of recovery and moreover, induce undésired side reactions complicati:.g the
purification of the end product. Acetic anhydride is used rather widel; in the
pharmaceutical industries, in the perfu.e industry, and also in the high explosives
industry in the REENY manufacture of RDX as a water.absorbent in nitration (Bibl.17).

In recent years, boron triflu.oride,. thich is an active accelerator and dewatering
agent in the processes of sulfona.tion' and nJ'_.tra.tion has gained industrial use in.the
production of nitro coﬁpounds (Bibl.15).

When sufficient boron trifiuoride is added, nitration and ¥HXX sulfonation may be
performed by stoichiometric amounts of sulfuric X¥X¥ and nitric acids. When this is

done, the reaction proceeds as follows:

RH + HNOy 4 BP; —» R — NO, + BF 3. HyO;
RH + H;80, + BFy — R — SO;H + BFy.H,0. —

If, upon completion of the reaction, sufficient water is added to convert XEE

BF3 ¢ Hy0 into BFy °* 2H50, this latter compound may be driven off in vacuumff as a

heavy colorless liguid. KE¥EN Boron fluoride is liberated from the dihydrate by the

addition of calcium fluoride and subsequent heating of the product by the reaction:

2BP4.2HyO + CaPy— Ca (BP)g + 4H,0;
Ca (BF )y — 2BF; + CaP).

2
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Section 3. Nitration by Nitric Acid Salts

In some cases, the nitric acid is replaced by salts thereof, which, when mixed
with sulfuric XX acid, form nitric acid:

NaNO, + H,S0, -~ HNO;+ NaHSO,.

The advantage of this method lies in the fact that it makes possible the use of
a completely anhydrous nitrating substance and, what is most important, one that does
not contain nitrous acid. Nitrating mixtures of this type/ induce virtually no
oxidation processes (Bibl.18, 19, 20), according to experiments conducted by
rgrof. A.V.3tepanov and dcademician A.V.Topchiyev. A shortcoming of these is the
impossibility (at ;'nresent)‘ to make any use ;af'the sodium bisulfate whichis the nitration
was.i:e. From this point of view, it is more rationa; to employ ammonium nitrate, as

. ’ 'd..

the ammonium bisulfate can be used as XKB fertilizer.

More recel:lt work (Bibl.21) refutes the conclusion that the intensity of the

oxidizing processes is diminished upon nitration of toluene by a mixture of potassium
' T
nitrate and Mg sulfuric acid¢ the oxidational product yielded was nitrotoluene and
¥

metanitrobenzaldehyde, the yield of which increased with increase in the temperature

of nitration.

—
V.G.Georgiyevskiy (Bibl.22) found that the nitration velocity of aromatic compounds

by a mixture of ¥MXX sulfuric acid and various salts of nitric acid deperds upon the —

nature of the substance being nitrated, upon thé nature of the nitrate salt, and upon

the quantity of sulfuric acid. For example, when a.ninonim nitrate is employed, bentene

undergoes nitration at & considerable velocity, whersas diphenyl virtual],v does not

go into reaction at all. The effect of nitratessdiiie of strontium, barium, and copper

25
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was
K8 studied. It was found that when benzene is nitrated to dinitro benzens, the

highest velocity is achieved when copper nitrate is employed. It has been proposed
that nitration of organic silicon compounds be performed with copper nitrate (Bibl.23).

Nitrate; smiske are also nitrated in the presence of ammonium chlcride and boron
fluoride. The reaction rate in nitration with salts is always lower than in nitration
with nitric acid (Bibl.18).

One of the methéds of introducing the nitro group with the KXXEX aid of salts
of nitric acid is condensation of ammonium nitrate and formaldehyde, resulting in the
formation of EEEXKXEINBXKFISHEXMIENXK¥YHKEX cyclotrimethylenetrinitramine. The reaction
is performed in an acetic anhydride medium and in the presence of boron fluoride as
catalyst (Bibl.2h).

It has been stggested that nitration be performed by stable nitronium salts such

as nitronium tetrafluoroborate, hexafluorosilicate and hexafluor}ntimonate (Bibl.25),

-as well as by nitryl chloride (Bibl.26).

+ Section L, Nitration in the Presence of Acetic Acid

a

A mixture of nitric and acetic acids or acetic anhydride is empléyed as a nitrating
mixture. IX

The use of acetic acid as a medium is desirable in the nitration of & side chain
(Bibl.27). As we know, this kind of reaction will proceed only with dilute nitric acid
and with heating, as a consequence of which the nitric acid net only nitrates of th;
side chain, but oxidizes XX it to a considerable degree. Dilution of the nitric acid

by acetic acid makes possible a substantial increase in the yield of nitro compounds

having the nitro group in a side chain, without the need for resort to increasing -
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temperature.

It is held that in nitration with nitric acid salts in acetic acid ag medium, it
is possible to obtain only one of the possible isomers, whereas if sulfuric acid is the
medium used, a mixture of isomers results. This assertion is based in part upon the
fact that nitric acid salts are employed to nitrate, in an acetic acid medium, only
those benzene X¥XMA derivatives having in their rings substitute groups which send the
nitro group into ihe ortho or para position. When a nitro group is oriented in the

~
met}fa position, nitration does not occur (Bibl.17).
</

acetic
In some cases it is more desirable to IX employ XMEEEiX anhydride, which also acts

acetic acetic,
as a water absorbent, instead of mypxetiex¥¥ acid. In addition, mmEwkix anhydride

reacts with nitric acid, converting it into acetyl nitrate (Bibl.28) in accordance with

the reactions

2HNO, + (CH,CO), O 2> N,0,+ 2CH,COOH;
N0y +(CH,C0),Q = 2CH,COONO,.

As was demonstrated by A.I.Titov (Bibl.29), ;;;;i;x acid also reacts with nitric
acid, ylelding a compound of low stability: HNO3 °* CH3COOH.

It is stated that the nitration mechanism when this methodioemployed is unique, ize.,
that acetylation occurs first, and is then only followed by nitration (Bib.33).

It has also been suggested that MM nitration be performed with a mixture of ritric

e et acetic
#It should be borne in mind that Xmmebtix acid and acetic anhydride, when heated, are
subject

themselves FHEJMNXMI to the influence of very astrong (95%) nitric acid. Acetic anhydride
may also serve as a good initial substance for the production of tetranitromethane

(Bibl.30, 31), and the last may serve as a nitrating substance (Bibl.32).
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acid and trifluoracetic anhydride (Bibl.34).
Section 5. Nitration in the Presence of an Inert Solvent

An inert .solvent (one that does not react with the reacting component) is best
used if the reacting substances do not dissolve inh each other. It goes without
saying that the solveut must be one in which the initial substances will dissolve and s
if possible, in which the reaction product will not. The use of an inert solvent, in
this case, will make it possible to run the reaction in homogeneous conditions, in
which it will go more readily (at a higher rate) thanks to maximum concentration of
reacting substances in the sphere of reaction. Under heterogeneous conditions, the
reacting substances will either be in different layers, or will be only partially
distributed inte each other.

In chooéing an inert solvent, it should be borne in mind that certain solvents,
which clearly do not react with the dissolved substance, are nevertheless capable of
forming addition preducts of low stability with them (solvaies), and this may also
effect the course of the reaction itself., Successful selsction of a given inert

{ o e
solvent frequently is of major significance to achievement of the mostﬁresults.

If we vary the amount of solvent, we are able to regulate the reaction rate,

am
inasmuch as increase in dilution reduces the concentration of the reacting components
per unit volume, This is made use of, not infrequently, in nitrating substances which
react with the nitrating agent at high velocity, thus making@ control of tha
reaction) and wiseh lea.d/t:éo sudden changes in temperature when the raaction does take

place (Bibl.35).

In laboratory practice, there are .:any solvents that may be used. However, in
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industrial practice, it is dichlorcethane and acetic acid that are employed as solvents. ;

Section 6. Nitration by Organic Nitrates

Organic nitrates: ethyl nitrates, benzoyl nitrates, and others are weak in nitrating
action, but do not cause oxidation. Therefore, they may be employed for the nitration
of highly EXJX¥X oxidizable substances, such as the amines (Bibl.36). Thus, ethyl
nit.ate will quietly nitrate anilines to mononitroaniline. In the presence of aluminum
cnloride, the process goes more vigorously. Benzoyl nitrate in carbontetrachloride or

\

chloroform solution nitrates benzene, toluene, and mesitylene to their mononitro

" derivatives (Bibi.37). In all cases, the yield of ortho- isomer predominates.

Consequently, benzoyl nitrate permits the production of the ertho-nitro derivatives even
in cases in  .ich the para isomers are the major yield when other methods are employed
(Bibl.?5). 3In reaction between benzoyl nitrate and polyalkyl-substituted benzene
derivatives, the nitro group, under certain circumstances, enters not the ring, but a
side chain (Bibl.39).

Acetylnitrate is a more vigorous nitrating medium (Bibl.40, 41). Its advantage

1i2f
over benzoyl nitrate lies in the fact that it is easier to produce and, moreover, acetic

acid results instead of benzoic acid which is difficult to remove. Acetyiritrate readily
converts benzens, toluene, benzyl chloride, benzoic acids, phenol, anisole, naphthalene

into their mononitro derivatives, to virtually theoretical yield (Pibl.31, 40).

Section 7. Producing Nitro Compounds by Substitution of the Sulfoe, Amino-, or Diazo

Groups by Nitro Groups

The sulfo-, amino-, or diazo groups may be replaced, rather readily, by a nitro

group. This method of iniroducing the nitro group is of major significance. For example,

if it is necessary o add to the first nitro group, & second in the ortho or para position,

29




19

resort«is had first to producing the aminoé‘ or diazo derivative, and then to IRMX
replacement by ,

BXIOEREI of these groups WIXIN a nitro group in accordance with the method or Sandmeyer
(Bibl.42) by mixing a neutral solution of diazonium nitrate (if an amino group were
present at the outset, diazotization is first performed) with an equivalent amount of
sodium nitrite. Subsequent mixture with pulverized cuprous oxide in suspension results

| the .
in the X¥¥ formation of ¥ nitro derivative. Under this reaction, the diazonium nitrite

is first formed:
ArN=N—ONO,+NaNO, — ArN = N=0—NO+NaNO,,
which converts into the n?.tro compound :
AtN=N.ONO — ArNO, + N,.

The replacement of the sulfo group by the nitro group occurs by treatment of the
sulfo deriyati“ves with nitric acid, This reaction is of major significance in
production of the polynitrophénol derivatives: . .Under specific circumstances, nitration -
by this method proceeds withou* significant oxidizing processes. ~Thus , for example,
certain phenolsulfo acids, which in the x;:ajo;ity, of cases are readily produced from
phenols and concentrated EdX sulfuric a.cids,,. a;-e capable of being transformed by nitric
acid into nitrophenols. When phenol is nitrated by this method, it is easiest of all
to rerlace the sulfo KX group in the para position relative to the hydroxyl (Bibl.L3).
This method is employed in producing picric acid (Bibl.Al:) and & number of other
products (Bibl.45). —

Acids of nitrogen may be employed to replace the sulfo group by nitro group
(Bibl.46),.

A mmber of other groups, such as the carboxyl, may be replaced by the nitro
group (Bibl.47).
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19 Section 8. Nitration by Nitrogen Acids (Bibl.L8)

LY
l{' [
From the time Qﬁt the‘rtr;nthetic: method of producing nitric acid from nitric oxide ,

obtained in the process of contact oxidation of ammoniwm followed by oxidation of the

; oxide to nitrogen dioxide, chemists KIREXEESHXE were attracted by the possibility of

i employing ’

: INE¥EFIRE in nitration, not the nitric acid as such, but the intermediate product
produced in the syntheeis thereof - nitrogen dioxide. Numerous ¥XIX studies in this
direction demonstrated the relatively low practicality of nitration of aromatic
compounds. by nitrogen' oxides. This reaction may still have some significance in
nitration of aliphatic hydrocarbons; The investigations determined that, among the
aromatic compounds, the phenols and amines react readily with nitrogen dioxide, yielding
primarily mononitro derivatives. Benzene does not react in the cold with nitrogen
dioxide, but upon heating, this reaction goes partially in the direction of
production of trinitrobenzene arn. nitrobenzene, and partially in the direction of

formation

: oxidation, accompanied by the YSMEMIKXXEK of trinitrophenol, carbonic, and oxalic acids.

This reaction was discovered by Wieland, and he ascribes the following equation

thereto (Bibl.49). At the site of the double bonds, there proceeds attachment,

simultaneously, of six NOp groups, followed by decomposition of the resulting

vy
20 hexanitrocyclohexane into three molecules of nitrous acid and trinitrobenzene:
\ H_Nos -
, 1 j + 30, — N8| NO2 _, auno; + ] - :
s MK ON\ /N0 :
W > N0, :
NO; H :

Only then is the trinitrobenzene oxidized to picric acid.

-

H
i
. i
In his experiments in the nitration of toluene with KIX¥XE nitrogen acids, A.I,Titov ,r
]
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discovered a difference in the direction taken by the reaction depending upon IKEX

whether the monomeric or dimeric form of nitrogen dioxide was acting upon the

toluene. It was found that when the nitrogen dioxide was highly diluted by toluene

(raising the degree of dissociation NZOLZ 21'u02) s, the yield of nitrotoluenes was

sharply reduced, . with a simultaneous increase in the amount of nitration products in
by '

the side chain. Saturation ¥X a mixture of ¥WE chlorine (Bibl.50) or oxygen greatly

accelerates the reaction (Bibl.51).

The fact that the monomeric form of nitrogen dioxide is similar to the radical
made it possible for A.I.Titov to suggest t‘hat free radicals also arpear in the cempound
being nitrated:

RH 4 NO; — R. {-HNOy,
and, further, that the reaction of the radical with nitrogen dioxide must lead to the
formation of nitro compounds:
R-+NO3—+R—NO; or R-+-NyO4—> RNO;+NOy-,
where NO3 is the active molecule.

The nitration B¥ of aromatic compounds by nitrogen dioxide in the presence of
almnj.nmn chloride and ferric chloride (Bitl.48, 52, 53) proceeds through a stage of
formation of stable complex. Water decomposes the resultiag compound, and the
organic residue CgHg * Ny0j, splitting off HNO,, convertsﬂ to nitrob?nzene.

AI.Titov (Bibl.54) determined that this reaction proceeds stepwise,

Sulfuric acid (Bibl.55) or boron fluoride (Bibl.56) may be employed as activator
of the aromatic ring in nitration by nitrogen oxides. When nitrogen oxides are

introduced into a mixture of sulfuric oxide and hydrocarbon, complete absorptiom,
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of the oxides occurs. In nitration, only 50% of the nitrogen oxides are employed,
the other half undergoing reaction with the HyS0;,, to form nitrosyl sulfuric acid:
CyH + 2NO; + HySO; — C{H;NO, + NOOSC,H + H,0.

The desirability of utilizing this reaction depends upon successful sclution of
the problem of recovering the 50% of the nitrogen dioxide which is incorporated into
the nitrosyl sulfuric acid.

Battegay (Bibl.57) suggests that this may be done by oxidizing the nitrosyl

sulfuric acid in accordance with the reaction
2NSOH-04+2H;0 - 2HNO,;+-2H;S0,.

this
According to A.I.Titov, XXE same objective may be achieved by ‘a.dding salts of

persulfuric acid to the reaction mixture after the first reaction phase (Bibl.54):
ArH4+-HNSOy+K3S50s = ArNO;+H;SO4-+S0;+ K,SOs.
N,N.Vorozhtsov holds that the process of nitration of nitrogen dioxide in the
presence of sulfuric acid proceeds due to the nitric acid formed as a consequence of

reaction between nitrogen dioxide and sulfuric acid:

2NOs+HySOy = HNOy+NOOSOH.

A.I.Titov
XITIX agrees with this, but offers a somewhat different reaction equation:

ArH+NsOu+nHsSO¢ mHsO— ArNOs+HNSOy+ (1—1)H;S0, + (m—I1)H,0,

thus emphasizing the profound relationship between the nitration reaction and the
process of saturation of the force fieid (the coordination field) of ¥¥Xi¥ sulfuric

acid by elements of nitric acid and water.

It has now been determined, with the aid of Ra?m.n spectra (Bibl.58) that the
S’

following ions exist in sulfuric acid solutions of nitrous anhydride nitrogen dioxide, —
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21 and nitric anhydride:

N20; + 3H;80, 72 2NO 4 3HSO® + 1H,0P;
- N2Oy+ 3H80, 22 NOP - NOP + 3HSOP -+ H,09;
N0+ 3Hy80, = 2NOP + 3HSOP + H,09,

of which the NO?IW\ are the ions of the active nitrating agents.
; It has been remarked that when nitric oxides are employed as the nitrdting
. agent without adiitives, there is a change in the orientatlon of the nitre group
introduced when compared to its S¥IEKERX orientation when nitric acid is the agent

| employed (Bibl.59, 60).

. Section 9. Nitration in the Presence of Catalysts

The first studies connected to the discovery of catalysts for the nitration
reactior go back to the beginning of the present century. In 1901, M.I.Konovalov
(Bibl.61) found that the addition of a small amount of potassium nitrite to the
i reaction solutions facilitated the reaction. Subsequently, A.I.Titov (see, below,

"the Nitric dcid Nitration Mechanism") demonstrated that this phenomenon relates to

the fact that weak nitric acid (M.I.Konovalov used weak acid) will nitrate lonly in
the presence of nitrogen oxides, which are added, in the given instance, in the form
of KNO3,

It was noted that boron fluoride had a XXXEE catalytic effect upon the nitration
reaction rates (Bibl.15). A detailed investigation XEEMXXX showed that this substance
is simultaneously a water absorbent, and that this alse facilitates the nitration
reaction (Bibl.18, 19). It was found that when nitration of benzene and toluene by

S 4 nitrogen dioxide was performed in the gaseous condition, silica gel was the best of

the various catalysts (Bibl.62). However, this catalyst is quite weak in its action.

%
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The reaction proceeds only to the formation of the mononitro ccmpound.

Mércury nitrate has a strong influence upon the nitration process. This was
first determined by Holdermann with respect to anthroquinone (Bibl.63), and was
later verified with respect to the XKIX¥XXEEX nitration of a number of supstancea:
benzene (Bibl.&l), toluene (Bibl.65), naphthalene (Pibl.66), benzoic acid (Bibl.67),
and others (Bibl.68).

Wolffenstein and Boters (Bibl.é4) observed that when moderate~strength nitric
acid reacted with benzene in the presence of a mercury salt, a considerable quantity
of nitrogen oxides was released. Investigating this plhenomenon they found that the
major reaction products are oxynitro compounds: dinitro- and trigfmtt;opheﬁ;i"md B

nitrobenzene in small quantities, They discovered that the reaction depends upon

ot

the strength of the nitric acid: st.rong nitric acid (or @ied-ﬂtgic and 'su.lfuric
acid) yields only nitrcbenzene in the presence of a mercury salt:. When dilut; nitric
acid is used, the amount of nitrobenzene formed difninishes ,. but there is a
simultaneous increase in the juantity of nitropheno.‘.s formed.

Addition of a mercury catalyst yields no oxidizing effect in cases of nitration
of aromatic compounds containing nitro groups (Bibl.69). Nitration of nitric acid in
the presence of mercury, leading to the formation of nitroxy compounds is termed
oxidizing nitration. The oxidizing nitration of benzene to dinitrophencl has been
elaborated, and may be introduced into industry (Bibl.70, 71, 72, 73).

The significance of mercury in oxidizing nitration has been clarified by studies

due to EX A,I.Titov and N.G.laptev (Bibl,.70, 71), Westheimer (Bibl.74), Kermack

(Bibl.73). They proved that the mercury nitrate in the reaction mass reacts with the
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compound undergoing nitration, Lo form a mixed organic mercury compound -

arylmercuronitrate:
AtH4Hg (NOp), = ArHgNO, + HNO,.

With increase in the strength 91‘ the nitric acid, the depth of mercurization
diminishes. In the absence >f nitrogen oxides, the reaction goes no further. The
organic mercury compemnd reacts with the nitric acid, recovering the initial
hydrocarbon (until equiljb.brimn i; established). The mechanism of mercurization,

according to A.I,Titov (Bibl.70,71) may be expressed by the following diagram:

r )
“ . / "
N
[ s/ o °
Artieng (wo) ===|ar] === Ar - HgNoy + R
~
N
"o
';(. s

In nitric acids containing nitrogen oxides, the organic mercury compound rapidly
is
reacts further to form nitroso compounds. It/most probable, according to A.I.Titov

and N.G.Laptev that the action occurring is that of the nitrosyl-nitrate form N2O,

in accordance with the following equation:

NO;
f'w_— 0

Ar —iig W0y + 0 M= 080y ——AT] imo--AeHo+1g (W5)s
X “g——0

Nitroso compounds in nitric acid containing nitrogen oxides can convert to

oxynitroso compounds by two different paths. Ten percent is converted via the diazo
compounds:

AINO 43NO — ArN=N-NO,,
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22 which decomposé to form the oxy compounds, which are readily nitrated to the nitrophensls X
\

%

by dilute nitric acid:

" N=N-NO, OH ’
N |
+ HO —| |+ nxo,+x,
' \' N
OH OH
AN N .
. | | +2mv0,—| |77 + 200
NS
NO,

, 90% of the nitroso compound converts to nitrosophenols which are then oxidized to

nitrophenole:
i-nu
NO
— +m Ay
+*

: - ~H,0

|

[23 The slowest reaction determining the rate of the process is the formation of

benzene
] benzolmercuronitrate. The rate of catalytic nitration of the KWHE¥I increases markedly

with rise in the concentration of acid (for example, when the HNO3 rises from 47.5 to
| 60%, the rate multiplies sevenfold). This is due to the increase in the solubility of
! the benzene and to an increase in the activity of the mercury ion due to the reduction
in the degree of its hydration (Bibl.74). -

In one of his papers (Bibl.75), A.I.Titov demonstrated, using the oxynitration of

: toluene as example, that the relationship of the reaction speeds of transformation of
nitroso compounds in the two directions depends upon the nature of the nitrogo compound

and the composition of the reaction medium. Conversion of nitroso compounds into

;M
L

para—oxyhydroxylamine is favored by increase in the strength of the acid and increase

in temperature. INXEE Increase in the strength of the NO has the contrary effect of

I o 7
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accelerating conversion of the nitroso compounds into diazo compounds,

"

Section 10. Nitration by Nitric Acid, with the Water Driven Off

A significant shortcoming of the most common method of nitration is the nleod to
make use of sulfuric acid. Recovery of the EHX sulfuric acid from the spent material
which contains not only water but nitrogen compounds and organic substances requires
sp.ecial equipment and expenditure of heat.

Recently, a number o'f suggestions have appeared (Bibl.76) envisaging nitration by
nitric acid without the use of sulfuric acid. Elimination of the wat;r formed in the
reaction is by steaming in the form of an azeotropic mixture with an excess of the
canpound baing nitrated, or a specially added solvent (inert relative tp nitric acid),

Many hydrocarbons form azeotropic mixtures with water. Thus, benzene and water
forms a -

TEFEXENE mixture that boils at 69°, whereas toluene forms one that boils at 84.10. At
the same time, the boiling points of the individual. compounds are substantially higher.
The boiling point of behzene is 80.4°, ’t‘%mt of toiuene is 110.8%, If the temperature
in the reactors is held equal to the boiling pbint: of ‘the XX azeotrope, the w.a:ter )
formed in the process of the nitration reaction may be'eliminated.t An advantage of this
mettod is the fact that it does not result in_ spent acid and consequently- there is no
need to recover the latter.

Under this method, the water vapor entrains a considerable quantity of nitric actd.
To eliminate this, and to return the hydrocarbon, a fractionating column is employed.
As the difference in boiling points is great, only a small number of theorstical plates
is required for distillation at atmospheric pressure.

To separate the continually boiling mixture, KM an intermediate settling tank is

provided, In this tank, the hydrocarbon and water layer out and the hydrocarbon may
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then be reused for nitration., Thus, if the rate of nitration is controlled by the \

rate of removal of the water formed, the type of column used makes it possible to

maintain the required strength of the nitric acid. Under these conditions, nitration
performed

is with the minimum quantity of nitric acid. Nitration proceeds at a greater

rate when gaseous nitric acid is employed, the vapors of which, diffusing into the

hydrocarbon, make for greater homogeneity in the mass and the maximum reactant surface

contact. ‘

In the opinions of certain scientists, nitric acid in the vapor phase has
stronger ni:hrating effects than in cther forms.(Bibl.77). The decomposition of ‘nitric
acid at high KX temperature has not been studied in detail. All that is known is that
the formation ¥R of t.he following occur: Nng, NO, Oy, and Hy0. However, apparently
nitric acid also dissociates in accordance with the scheme

HNO3—HO .+ - NO,.
The -hydrqul radical fonneii in this procedure converts the hydrocarbon into an alkyl
or aryl radical:

RH-}-HO + —»R « + HOH,

The NO2 radical also reacts with the hydreocarbon:

RH+ - NOg —> R - 4 HNOg; B
R . 4. NO; — RNOy,
end the reaction consists of the attachment of two different radicals, in which an -
electron pair is formed (Bibl.77).
The advantage of this type of nitration, in addition to elimination of the
consumption of sulfuric acid and the need to recover it, is the absence of cooling,

and high rate of output. The process lends itself readily to contlinucus-flow
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production. A shortcoming is the need to employ quality stainless steel.

The water of reaction, in the form of an KX azeotropic WXEIHIEY mixture, may te

Y Al P

driven off in the nitration of benzene and in the presence of sulfuric acid, the sole
difference being that the distillation must be performed in vacuo. At the end of the
nitration process, one obtaines nitrobenzene and sulfuric acid (in a strength equal
to the initial strength), ready for reuse.

It must Dbe borne in mind that if dilution is‘adequate and temperature high (over
100°), aqueous nitric acid reacts not with the aromatic ring, but upoﬁ the side chain

the

{according to/M.I.Konovalov reaction). Therefore, in the nitration of high-boiling-
point substances (naphthalene, nitrobenzens, etc.), the water may be driven off in the
form of an azeotropic mixture with a specially added dilusmt, such as low-boiling
petroleum hydrocarbons, to avoid having to conduct the nitration at high temperature.

A number of other methods of'introducing the nitro groups are known, but they do
not have pr'acjti'cal significance for the production of explosives of th‘e nitro derivatives
class.

Of all the methods of introduction of the nitro group listed above, only four

are of practical significance in explosive synthesis: nitration by mixed acids,

nitration by pure nitric acid or in a medium of acetic acid in th? presence of’acetic -
anhydride, and substitution of a nitro group for the sulfo group. The method of
nitration with driving off of the water, and nitration in the presence of mercury -
nitrate also offer possibilities.
B, The Mechanism of Nitration

Summary chemical equations do not refer to the actual course of chemical resctions, -

Lo




‘9

L et . ot s NS AR

25

but describe only the initial and terminal condition of the system.

actual course cf the chemical processes observed, and of their mechanism, is of

interest not merely as a matter of knowledge, but in practical terms, because it makes

it possible to find means for increasing the rate and the yield of the required products.
A theoretical investigation of the nitration process may, tc a considerable degree,

agsist: in solving a number of technological problems and may provide the means for

controlling these problems in terms of considerations of economy and safety in manufacture.
Over a long period of time, themﬂg%ﬁounds

that of other substitution reactions, was studied without consideration of the s'tr-ucture

of the reacting components or of the reactions and equilibria)preceding nitration.

has

Only during the past 10 - 12 years Xi¥E the study of these reactions made it possible
to set\xp a rigorous picture of the nitration mechanism, which provides a satisfactory
explanation for the factual data observed in the investigation of this process.

Section 1. Mechanism of Nitration by Nitric Acid

A study of the

Ei
b

mechanism of nitration of aromatic ccmpe@c
Se=ntbrabionepuesens, 28 well as

In 1887, Armstrong cffered the suggestion that the nitration reaction passes

through an intermediate stage - the attachment of nitric acid to a double bond in the

aromatic compound:

A more detailed elaboration of this theory was performed by Hollemann, and

41
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subsequently by Wieland (Bibl.78), who attempted to clagsify the additional products

of nitric acid with the unsaturated hydrocarbons, naphthalene,and anthracene.
S.5.Nametkin (Bibl.79) and B.V.Tronov (5ibl.80) have taken exception to the Armstrong-
Wieland nitration mechanism, holding, justifiably, that the supposed intermediate

nitro alcohol
product -~ the NXXMFIXKIESREL - tends to various oxidation reactions and, to a lesser
degree, to decomposition into an aromatic nitre compound and water. Therefore, the
smootfl‘;&conversion of an wunsaturated KXX¥¥X nitro alcohol into nitrobenzene is improbable
for all practical purposes. LlLater researchers have lemonustrated the erroneousness of
the'experimental data upon which the XEREX¥XEXX Armstrong-Wieland nitration mechanism
rested (Bibl.81, 82, 83 and others).

S.5.Nametkin (Bibl.79) suggested that nitration goes through formation of an

intermediate product by addition of the hydrocarbon to the nitric acid as follows:

o 0
P A2
CHy+N=0 - CH;—NZ0oH ——"C. c.H,No,.
o \oH

In this case, the intermediate product retains its aromatic nature.

B.V.Tronov (Bibl.80) offered the hypothesis, by way of supplementation of this
mechanism, that two molecules of nitric acid, possibly in a complex, participate in
the reaction. A.V.Topchiyev confirmed the correctness of the experimental results of
B.V.Tronov by a series of studies in the nitration of aromatic compounds by nitric
acid and its salts in the presence of complex/ forms (Bibl.gl).

The authors

of these studies built the nitration mechanism on the assumption that the

process is participated in by molecules of nitric acid, and left out of consideration ;

the possibility of conversion thereof under the influence of the medium in which the
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reaction occurs.

' Study of the physical-chemical properties of nitric acid shows that, depending
upon its strength, it may take various forms: either neutral molecules HONOz (anhydrous
nitric acd*.d) , which may partiaily be transformed as a ccnsequence of hydrogen bonds in

the dimer (Bibl.85,86):

¥

Y AN
0—N7 N =0,
No—H '

or in the form of ions formed according to the following equation (Bibl.87, &8, 89,

90, 91, 92):

2HNO, 2> NOF < wOf + H,0;
W

N0z
2HNO, 2 H,NOP 4 NO$;
HNO,;+ H,0 2 H;09.- NOf.

The reaction whereby N205 and 1\102e are converted into HNO3 is associated, in
terms of energy, to the process of solvation of water and of each of the ions by one
or two molecules of nitric acid, by such processes as (Bibl.83, 93):

. SHONO, 2 N;0, + H,0— — HONO,. '

Anhvirous nitriec acid contains atout 87 molar dissociation products (Civl1.89).
Upon addition of the water, the nitric acid forms unionized complexes of the following
composition: (Hy0) * (HNO3)2 and (H0) ° (HNO3), which agpear as a result of the

2 o U
hydrogen bonds (H30) * (NO3). The equilibrium in the reaction whereby nitric acid

dissociates into solutions containing little water:

. PR
L4 .
1

t  HNO, 2 H®+NOP

is displaced in the direction of the undissociated acid, the content of which in
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dilute 48% HNO3 is estimated at from 5 - 10%. The more dilute solutions are almost
entirely dissociated (Bibl.86). The degree of dissociation diminishes with increase
in temperature (Bibl.90).

Ingold (Bibl.87, 94), and Millen (Bibl.95) advanced the suggestion that in an
aqueous nitric acid solution, the nitrating substance is the HNC 36 ions. An analogous
point of view had been put forth previously by Usanovich (Bibl.96), who based his work
upon that of Hantsch (Bibl.97), who believed possible the reaction between two
molecules of nitric acid, in whi;:h/ one HNO3 molecule plays its normal role of acid,
and the other functions~ as a base.

" The work of A.I.Titov {Bibl.83, 98), as well as the subsequent studies due to

Ingold (Bibl.99, 100, 101) showed that the self-ionizaticr of nitric acid leads to

. . ® .
the formation not of the }121\10369 and HBNOj0 cations, but tc the formation of the

-

Noz"’ cation in acdcordance with Titov's scheme.
4HNO, 22 NOP+NOf . . . HNO,+ H,0%.NO¢.
In accordance with Ingold, ionization proceeds through formation of the nitracidium

ion:

fast

HNO, + HNO; == H,NOP+NO;

slow

H,NOP =——=NO®  H,0.

It was found (Bibl.93) that the solid nitric anhydride has the following ion?
S & ]8 .
struct.o. [NO]™ ¢ [NO3]”, whereas, in anhydrous nitric acid, a temperature of -40°,
!
3.4% of the substance undergoes dissociation, forming 1.2% of “he nitronium ion
P ' ° '
(NO2)", 1.7% of the nitrate ion (NO3)” and 0.5% water. Upon addition of water, the

N

concentratioh of NO:6 drops rapidly,snd reaches zero, for all practlci:l purposes,

IR A

{
é
|




RO _..__V--

27

at 5 - 8% Hp0 (Bibl.93,95).

An investigation cf perchlorate nitracidium [H3NO3]0 6. [0104];?; identified by

£
£
1
3
1

(nitryl) ©
Hantsch showed that this salt is a mixture of nitronitm,‘perchlorate‘ [N02]°°[Cloh_]

and hydroxonium perchlorate [H3OJO . [ClOMQ(Bibl.lOl). This confirmed the fact that
the positively charged ions of nitric acid do not have the struciure H2NO3° and H3N03°‘,'
out Nog®.

A.I.Titov (Bibl.83, 98, 102, 103, 104, J=.O5, 106) demonstrated, in a large group
of aromatic compounds (phenol, its %mmologs, naphthalene, benzene, toluene, etc.) that
the formation of the nitro derivatives in strong nitric acid proceeds via the reaction
of molecules of the aromatic compound with the nitronium cation O =N = 0, yielding

.

trangitional complexes of the type

®
- N0y

thanks to the presence of a nitrogen atom ¥KEX unsaturated in terms of coordination.

He termed this type of process, constituting replacement of hydroger by the nitro group

by the following procedure

known e
anormal nitration (Bibl.98),

Ac the formation of NOZQ proceeds by a reversible reaction of at least the fifth

order, its concentration in the HNO3 solution is low, as a& consequence of which the

rate of nitration is highly dependent upon the strength of the nitric acid. Therefors, »’-

L5
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%
although the gain in energy in formation of the transition complex is of the required ‘g
i
f

§

magnitude:
Ac—l.(vc'"‘“'-s.og,)

compounds of the type of nitrobenzens are capable of being nitrated to any significant
degree only By strong nitric . :id, due to the very low EEXENXINNXEX potential of the
electron XE in N02®. Acid of medium strength will nitrate even active aromatic
compounds only at low velocity.

The nitration of dilute KXXFMEMK nitric acid (specific gravity 1.4 or less),
not containing the NO;Za ca;tion, proceeds only in the presence of nitric oxides, by
reaction between aromatic compounds with various forms of nitrogen dioxide (Bibl.107).
A.I.Titov calls this type of nitration catalytic (Bibl.98, 105). In this situation, *
the molecules of nitric acid serve as the source of nitrogen diczxide in accordance with
the following procedure

2HNO, + NO — 3NO,+H;0.

Side processes of oxidation regult in an increase in the strength of the nitric
oxic'le; in the ni:tration process.,

’{l.I.Titov eMes the redction mechaniam with consideration of the influence of -~
the médium and: other factors upon the equilibrium of various forms of nitrogen dioxide:

ON ;‘NO, 2 2NO; 2 O =N —0—NO, === ON®+NOf-HNO,
B C. D

In a polar mediym, the oxides have form‘ D, and in non-polarized, their forms are

those shown as A and B, 1f the acid is strong enough(a polar medium), and if the

temperatures are low and the concentrations of nitrogen oxides are low, the arcmatic
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28 compound will react with the nitrosyl cation:

- ,No® /NO
AtH+N=0® - Ar —Ar¥ ~ Ar=Na=O4H®,
NH \H

Dilution by water reduces the rate of catalytic nitration by suppressing the
dissociative effect of nitric acid upon Ny0,. An analogous (but stronger) effect is
causéd by the addition of nitrates (Bibl.108). Titov states that the activity of the
nitrosyl cation must necessarily increase with increase in the acidity of the medium,
and diminish in selvents basic in nature, due to formation of complexes of the type

elect{rophilic
0 = ¥%---0Rp, in which the SXSX¥BSKJLXE nature of the nitrogen will be diminished.
The conversion of nitroso:compounds into nitro compounds also proceeds cnly in

the presence of nitrogen oxides (Bibl.71, 83, 98) as follows:

i

’ [ . /0
M‘*’F=‘0‘+'0N0'——Ar-—u’—‘oﬁ\-ﬁl=0- Ar— N/ +N=0
]

In an unpolarized medium, XX reaction with N50), and NOp results in the formation

&X not only of the nitroso compounds converted, at a second'stage, into nitro compounds,

but also in direct formation of nitro compounds: ’ .
o d‘"‘xno—onoz : . —
Ar—H+Ny 0y == Ar’ e e
\\- " ——wm Ar—N = 0+N0y +H
, Bo—0TNo,
[ X Vid
Ar—H +¥ 0, —= Ar’ e o -
\\,H —== Ar— NOp+ N0, + H .
When the medium is of low polarity, the reaction has to pass through a cyclic
modification of the transition complex (Bibl.83):
M ANO—0
" , Ar—N =0 4 HNO,
A —H+- N0y A - Snod -

N
yiol At — NOy + HNO,.

&7
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28 Direct oxidation of the nitrosc X¥# group to the nitro group at the instant it

* et ek

appears is facilitated when the ArH(s6'> 5) is a good electron donor. This is evident

from the example of catalytic nitration of phenol and naphthalene by nitric acid.

The nitration products of these chemicals are virtually lacking in nitroso compounds. '
29 , Under the conditions of nitration, nitrose compounds are also subject to other
| transformations (Bibl.71, 83), the most important of which are the formation of oxynitre
compounds and diazo compounds.

The increased ¥MXBIXHY rate of nitration of phenol, aniline, and their derivatives,
upon addition of nitrogen oxides to the nitric acid, as brought about by Ingold, and
others {Bibl.99, 107, 109), is also explained by the participation of nitrogen oxides
in the nitration reaction in the form of the nitrosonium ion (NOG). They contend ‘l-:ha.t
the reaction proceeds in two stages: first with formation of the nitreso commound,
which then rapidly undergoes oxidation by nitric acid into the nitro compound. As this
occurs, the HNO3 converts to HNOp, which is needed for the first aﬁd slow stage

. : of the reaction:

ArH+ HNO, — 2" A/NO -} H,0;

AINO + HNO, — ¥

- ArNO, 4- HNO,,

The scheme envisaged by A.I.Titov is alsc confirmed by the work of the late
Blackwell (Bibl.108), who studied the kinetics of nitration of para-chloranisole by
nitric acid in an acetic acid medium. The process was apparently catalyzed by nitrogen

oxides, on the basis of which it was demonstrated that, under these conditions, the

nitrating agent is the nitrosonium ion (NOG) and a molecule of the dimer of nitrogen

0

s ' former :
dioxide (Nzoh). It is found that the XKXXE¥ operates ten times as rapidly as the latter.
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The BSSXEIXET interval of concentration of nitri¢ acid in which the transitfiin
from the catalytic reaction to normal nitration occurs, is determined by the nature

of the aromatic compound, the concentrations of nitrogen acids, and the temperature.

Very active aromatic compounds of the type of naphthalene are nitrated by a catalytiec
mechanism at high speed and to high acid stremgth (up to 80% HNO3). Aromatic compounds
wb:u.m

oflactivlty (such as benzene) are nitrated by nitrogen oxides at a very low velocity
and only by very weak nitric acid (10 - 20% HNO3)(Bibl.105).

The nitrosyl cation and the electron N0y, of the same order of potential, and

electrophilic

NO-ONO,, are considerably less FISCtHOPEIIII than the nitronium cation O = W - 0.
Therefore, it is only compounds having high electron donor MK capacities (Bibl.83),
whose relative electron potentials are 0.1 or more.(naphthalene, anthracene, the
aminea. and the m]'qnnglg) that are capable of rapid nitration through intarmediate
react:ion with these oxides. Entiy .:'.nto the ring oi’ substitute groups such as the
nitro group must str?ngly reduce the potential of the electron and cgrrospondingly
reduce the rate of nitration via the catalytic mechanism. .

With incr;ue in the strength of the nitric acid, the accelerating effect <'>=f the
nitrogen exides ceases to be manifested, and the nitro derivatj.vesjcontent of the
reaction product increases. These nitro derivatives l.roﬂfomcl by the NOZQ cation,
i.e., without participation of nitrogen dioxide (Bibl.lQl, 105).

The rate of nitration by the nitronium cation is, because of its high activity,

substantially less dependent upon the polarizability of the aromatic compounds.

Dilute nitrie aeid, not containing uitrogen oxides, is not oapable of nitreting

even such readily mitretable compounds as maphihalens. =
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The theoretical hypothesfis were verified by A.J.Titov, experimentally, upon
a number of products. When nitric acid of 1.4 specific gravity was employed to
oxides, mononitronaphthalens
treat naphthalene in the presence of nitrogen EXXEE} nearly 907 IENEIEECEESIREIERS

was formed within a few minutes, When nitric acid was employed under the same

experimental conditions, but without nitrogen oxides, the naphthalene remained

unchangsd (Bibl.82).

In work by Bunton (Bibl.110, 111) on exchange betwsen the heavy hydrogen in

water with HNO; and on the HIX¥E nitration of toluene, nitrophenol, and other aromatic

compounds by aqueous (70 - 85%) nitric acid at 0°C temperature, it was shown that in P
i aqueous nitric acid of lower than 70% strength, an exchange bestween heavy hydrogen
and HN03 proceeds only in the presence of nitrogen diox‘de. At greater strength
tha.h this, the exchange occurs in the absence of nitrogen oxides. As the strength
‘ Comparison
of the nitric acid increases, the reaction rate X¥X shows a rapid rise, BilGEX

3((" of the rate of nitration with the rate of oxygen exchange reveals that the rate of

nitration approximates the rate of exchange (Bibl.111),

On the bé.sié of the foregoing, the authors contend that, in dilute nitric acid,
nitration preceeds through nitrogen oxides, whereas in strong nitric acid, the

nitrating agent is the nitronium ion.

Recently, the processes of WIXEEE nitration of arcmatic compounds by nitrie

acid have been the object not only of theoretical studies but have acquired broad
practical significance. Nitration by nitric acid on an IJESIEIE industrial scale

is performed either with excess nitric acid, or with removal of the water formed

' by driving it off as an azeotropic mixture with the substanse being KEXEK M.mm) or, <
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diluent )
by a specially added MXXREIEEI (Bivl.112)., Nitratiom in the vapor phase has

also been suggested (Bibl,113).

dissolve compounds
The high capacity of nitric acid to XXNMEXE the majority of organi RMKEEX
makes it possible to perform nitration under homogenous conditions. Increased
reaction velocity should be facilitated by the large modulus of the nitration bath,.
XK¥ and the good solubility of the initial produect in acid. Upon nitration by
dilute nitric acid, nitrogen oxides should be present in the latter

Section 2. Kinetics of Nitration by Nitric Acid

Nitration by nitric acid alone proceeds with the use of a considerable excess
thereof over the theoretical. This is due to the need to eliminate the influence of
dilution of the acid by the water liberated in the course of the reaction. -

An investigation of the kinetics of nitration of benzene, toluene,/sthylene benzene,
under similar circumstances (5 moles of nitric acid per 0.1 mole of the compound
being nitrated) has shown that the nitration velocity remains unchanged until all
the substance being nitrated has undergone reaction. Consequently, the reaction is

constants

of zero order. The nitration velocity EMWEXENEE of benzene, toluéne, and ethyl benzene

are identical, and not dependent upon the concentration of the compound being nitrated

" (Bibl.114).

Upon nitration in acetic acid or nitromethane, the order of reaction is determined

by the nature of the substance being nitrated. Nitration of aromatic compounds

) procesds
MIE adequately sensitive to reaction involving electrophilic substitution FIREENEI

at virtually identical velocities and in the sercth order, whereas in the case .of

substances having low capacity to react to this substitution, it is of the first
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order (Bibl.99).

Nitration of aromatic compounds by XX nitric acid, particularly in organie
solvents, is accelerated by additions of sulfuric f.cid and inhibited by additions
of metals and water, which dissociate nitrates. Additions of the latter not only
diminish the velocity, but in some cases change the order of reaction (from the
zeroth to the first).

Ingold
On the basis of these facts, YIEXXXX (Bibl.99) assumes that the velocity of

nitration depends upon the preliminary process influenced by the solvent. He
EOUXAEE considers this process to be the formation of the nitronium cation by
o disruption of the bond in the ;nmm Hants;h é.a.tion: :
| ON 4-OHP — ON® 4 Oty
The hypothesis that N02®' is formed from .H2N03@ is based upon the fact that the

nitration velocity increases upon aadition of the 'stronggr acids (.I'I2S°L,,): whi "h

facilitate conversion of HNO5 and thl03@. Thus, a proton joining the molecule of

nitric acid, 'is supplied either by the nitric. acid itself:

fast .
HNO, 4 HNOy === Hy¥OP + NOg; (a)
HOP s NOP -+ 10, (v)
or by the stronger acid (HzSO):
fast ‘ ° (a)
HNO3 -+ Hy80, == HyNOP + HSOP;
1
H:?'O?-w‘mf-l-ﬂﬁ‘ (b)
31 The second process in nitration due to Ingold is the process of reaction

b : beiwesn the nitroniwm cation noz@ with the aromatic compound undergoing nitnt:lonx'
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m?+mﬂ'i-. Ar(iz .

Fast

+nor % MO+ Hoy

If the latter reacts weakly, the total reaction spsed is governed by the
velocity of this particular process, and the order becomes first-order in terms
of the compound undergoing nitration. The velocity constant of the first order

depends upon the nature of the compound undergoing nitration. However, if the compound

to be nitrated is sk of high reactivity, it will react with the nitronium cation

more rapidly than thé composition of HZNOB“‘ occurs. Therefore, in this instance,
the reaction velocity constant does not depend upon the nature of the compound
being nitrated, arnd the reaction is of zero order.

Nitration of nhenol by XX nitric acid in aqueous solution is a complex

.

autocatalytic ; . ’
W reaction (Bibl. 115) Its velocity increases with increase in the

strength o£’ the agid, and diminiahes with increa.s.e in the concentration of phenol.
Nitrous acid is a str?ng positive cat;lys” for this reacti;n.. In the ab;once of
nitrous acid, BEMKEI¥ phenol undergoes virtually no nitration by nitric acid., With
nitric acid of a specific strength, the reaction velocity is directly propértioml
to the strength of the compound being nitrated and to the nitrous acid. With increase
in the Qtrength of the nitric acid, the rate of nitration increases sharply.

A comparative study of the kinetics of phenol nitration in an aqueous medium and

in acetic acid medium has shown that the reaction velocity, given equal strength of

. an .
acid, is considerably EKFEXX higher im/acetic acid medim than irn an aqueenus mediwm,
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The rate of nitration of aromatic compounds of nitric acid in acetic anhydride as
medium is determined by the nature of the aromatic compound (Bibl.116) and incressss
in the following order (the nitration velocity of benzens is taken as unity):
benzene (1), EEXEXEFINNE meta-xylene (7), mesitylene (25), pseudocumene (28), In

the case of the halides, the sequence is as follows:

COHACI ON18) < CoHyBe MIN CHCH, IS
< 4-CHyCHL 05) < 8 CHCHLLLIS) < - CHCHELIS.

Chohen and Wibaut (Bibl.31) contend that nitration by a mixture of nitric acid
and acetic anhydride proceeds through the stage of formation of a mixed anhydride
- acety]ipitrate (CH3000N02). It is shown that under these circumstances, too, the
rate of n;.tration is increased catalytically by nitrous acid, the effect of the latter
being weakened when the particular maximum concentration thereof in the mixture is
attained.
Section 3. The Mechanism of Nitration by Mixed Sulfuric and Nitric Acid

When aromatic compounds are nitrated by nitric acid, a nitro compound and water

are formed:

ArH 4- HNO, — AtNOy 4 H,0.
Despite the irreversibility of this process, the water liberated diminishes the
nitrating effect, as a consequence of its effect upon the state of the nitric acid,
and does not permit the acid to be fully employed to form the nitro compound. Therefors,
since the last Century, the process of nitration has been performed, in
industrial ccuditions in a sulfuric acid medium, the sulfuric acid being added for

the purpose of taking up the water. However, as far back as 1899, V.Varkewikev

(Bibl.117) observed that sulfuric acid is not only & water-removing substimes, but
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also serves to increase the nitrating effect of the nitric acid (the mitrating

offect of an KNEJEXZE anhydrous mixed sulfuric and nitric acid is higher than

' phenomenon
that of anhydrous nitric acid alone). As an explanation of this JNENNNEEE he

hypothesized that,whcn sulfuriec and nitric acid react, a nitro sulfuric acid is

formed in accordance with the following equation
HNO, + H,80; &> HOSO,ONO,+ H,0.

In the opinion of V.V.Markovnikov, nitro sulfuric acid has a greater tendency

to substitutional reactions in nitration than does XXX nitric acid
HCSO,0NO; + AtN — ArNO, + H,SO,.

One proof of this analysis of the reaction mechanism was held, by him, to be
the emission of much heat in the prepa.ration'of the acid mixtures from the
individual m compo?'lents thereof. The highez: nitrating e'i‘fe;:t of mixed acid
act that this mixture readily nliraies
nitrobenzene to dinitrobenzeltle,: whereas concentrated nitric acid will nitrate
this product only with difficulty even upon boiling, '

At present, nitric acid compounds are known whose E¥ structure is analogous to
that of nitro sulfuric acid: acety%nitrate CH3C00N02 which is formed in ac,corda.nco.

with the reaction ‘ ’ }..
2HNO;+- (CH,C0O),0 — 2CH,COON,0 + H,O_

(and which has a higher nitrating effect than nitric acid) (Bibl.31, 118, 119, 120),
and a compound of nitric ac.id and'oulfurie anhydride HN03 i 2803/ produced in 1939
by YOKIXXERRE V.V.Filipchuk, and later by others (Bibl.121).

spasokukotskiy (Bibl.122) mmi this compound to be an elestrolyte of the

following strusture: [W0,1%, (53,0, . The accwracy of Spasciuketaeicy’s hypethasis
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Raman '
was confirmed upon study of the RIEEK spectrum of this compound (Eibl.95) amd

determination of the melting peints of a mixture of nitris acid and sulfuric
anhydride (Bibl.123).
Subsequently (Bibl.124) a further series of nitric acid compounds in the
NOZ’ form was found:
INO:]?’Isaov].i [NO,]?v[S;O,ole;
[NG,I®-[SOF]*; [NO,[BF %
[NO,)®-[PFI%  [NO,I® [RuF|;

[NOJI® [AsF,]®% [NO,]®.(SbF°.

physical-chemical
A.V.Sapozhnikov studied the F¥BIFCEREBLERY (Bibl.125) and the nitrating

(Bibl.126) properties of mixed acids and found that sulfuric acid increases the
nitration velocity only uﬁ to the point at which a specific concentration of water
in i.‘m; acid mixture is attained. IR# Belcw this concentration, the nitratinmg
capacity of the mixture of MMEXT sulfuric a.nd., nitr:ic acid diminishes. This interesting
phgnomanon; showing tha:t sulfuric acid plays a more complex réle in the nitr-ation
reaction t:ha.n merely that of freeing it of water was expla.in'ed by A.V.Sapozhnikov
in terms of the effect of the sulfuric acid upon the condition of the nitrie acid .
in the acid mixture. A.V.Sapozhnikow}'s theory of nitration has been accepted by all
scientists throughout the world and has not lost its significance to this dey,
although IX another scientific interpretation of it is given.
physical—chemical , , |

A.V.Sapozhnikov's investigation of the XEjIGSOHNENSEE properties of texnary i

mixtures HNO3~HaS0,-H 0 showed that when nitric acid is added to sulfuric acid, the

exsrcises
electrical conductivity increases sharply. The sulfuric acid WEFKEFIEES s sigmificant
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influence upon the vapor pressure of the nitric acid, As sulfuric acid is added
to the monohydrate diluted by the nitric KXER acid, the vapor pressure inoreases
and; attaining a maximm at a ratio of HNO, + n(HyS0, * Hy0), it begins to
diminish. However, the vapor pressure drops not in proportion to the drop in the
strength of the anhydrous nitric acid in the mixture, but somewhat more rapidly
the

than this, i.e. as would be the case if a portion of/HNO3 had disappeared. These
ohservations enabled A.V.Sapozhnikov o assume that a reversible process

occurs in mixed sulfuric and nitric acid:
HNOy+1H;0 - H;804 7 HNOj (1 — x) H;0 + H;S04-x Hy0.

Consequently, according to A.V.Sapozhnikov, the nitric and sulfuric acids
in the ternary mixture }mo3‘H20'stol, are found as hydrates, and the sulfuric acid
hydrates come into being as a consequence of dehydrat'i_onref the nitric acid hydrates.

In cases of equimolecular relations between the s;xift;ric acid monohydrates and
the wat.er, complete dehydration of the nitric acid occurs in the mixture, and the
latter is in the state of free monohydrate, despite the presence of water in the
mixt.ure. This coincides with the maximum vapor pressure of HNO3. Thereafter,
addition of the sulfuric acid monohydrate results in reduction in the vapor pressure ‘
of nitric acid. A.V.Sapozhnikov explains this fact I as follows) Wik when the "‘
amount of water in the mixture becomes inadequate for formation of the hydrate
HaS0, * HZ0, the unhydrated sulfuric acid cleaves water away from the nitric acid, “
converting it into the anhydride N205, thus ro&ucing the strength of the HNO3, and

éomequently its vapor pressure. Thus, according to the views of A.V.3aposhnikov,

the nitric acid vapor pressure over mixed acid is governed by condition of the nitric 4
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acid in this mixture.

Assuming the existence of a relaticnship between the dur” of dehydration
of HNO3 in the ternary mixture H,S0,-HNO;-H,0 (characterized by the partial pressure
of the nitric acid) and the nitrating capacity of this mixture, A.V.Sapozhnikev

compared the data he had EE¥ gathared on the nitrating capacity and the vapor

pressure of the nitric acid in the corresponding ternary mixtures. In so doing,
he discovered a coincidence between the maximum of {}¢ nitrating activity of the

mixtures with respect to cellulose, and the vapor pressure of nitric acid. Moreover,

i baging himself upon the experiments of Vieille, who showed that 78% nitric acid,
; corresponding to a composition of EX HNOj3 * Hp0, does not nitrate celiulose,
A.V.Sapozhnikov suggested a theory of nitration mixtures in accordance with which

IXXIXH it is only the unhydrated nitric acid that has the capacity to nitrate. As a

consequence, the degree of nitration of cellulose is directly related to the condition
of the HNOB mixture. When the mixture is HpS0; * Hy0, all the nitric acid is present
as the monohydrate, and the acid mixture has maximum ¥XX¥¥E nitrating capacity. When

the amount of water in the acid mixture is increased, nitric acid hydrates )HNO3 * Hy0,

come into being therein. This reduces the reactivity of the nitric acid.

The nitrating ability of mixed acid diminishes also if the amount of water

is inadequate to take up the entire sulfuric acid as hydrate HZSOh * Hy0, in which
case the unhydrated sulfuric acid cleaves water away from the nitric acid converting

it to N20s.

Saposhnikov was in error in asswming that mitric anhydride yields a lower vaper

pressure than nitric acid, and does not cause nitration.
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Fig.l - A.¥.Sapozhnikov's Diagram

A.V.Sapozhnikov depicted the data of his experiments with respect to vaéor
pressure and the nitrating activity of mixtures on & Gibbs! phase rule plot (F‘ig.l)..
The vertices of the triangle correspond to 100% composition of each of the

The sides of the triangle correspomd to the’
components of the mixture HyS0;, HNO3, and Hj0. 4'1;;!3 compositions of the
respective binary mixtures. Each point within the triangls represents the composition
of a ternary mixture. The compositions of the mixtures are given in molecular percent.
The solid curves on the diagram correspond to mixtures having identical nitric acid
vapor presa?re. The broken lines represent mixtures having identical nitrating
capacity for cellulose.

Graphic comparison ;I;llustratos the presence of a specific relationship between

the direction of the curves bounding the regions of the cells having an identical

degree of nitraticn, and the direction of curves aqual to the partial pressure of
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Fig.2 - Change in Strength of Nitro Mixture in the Nitration of

Mononitrobenzene

the nitric acid vapc;r in ternary mixtures.

A.G.Gorst (I.Bibl.i27_) showed that A.V.Sapozhnikov's 1';heory of 'nitration'is
a.iso applicable t_,o the case in w.hich aromatic h&drocarbons are nitrated if the
acid mixture is.characterized not by "its nmxmc initial but final canpos.ition.
This necessity arises from the fact that the composition of the acid mixture changes
substa:ntially in the process of nitration of aromatic hydrocarbons. The change in
composition is due to the low module (module is the ratio of the weight of the

nitration

mixed acid to the weight of the substance undergoing nitration). In the
of cellulose, the module is high, and therefore the composition of the acid mixture
during the entire period of nitration remains wvirtually umchanged. Change in the

ltrmgthA of the nitro mixture in the process of nitration may be illustrated

graphically on a diagram (Fig.2), in which the compositions are expressed in

molecular percent.
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In the process of nitration, the -ohr‘ peroent of sulfuric acid in the nitre
mixturs remains unchanged. Therefore a mixture whose initial composition is x
will react with the conponmd undergoing nitration until its composition, varying
along the straight line BEXY xy achleves a limiting value y, at which the
reaction ceases for all practical purposes. This same point of cessation of )
reaction y will be achieved with any other nitro mixture ) the initial composition of
which lies between x and y. The yield of nitro products when acid of composition x
in moles per mole of nitro mixture is expressed by the straight line xz, as this
straight line measures the consumption of nitric acid.

curve

The ¥¥¥¥EE AB 1a the curve for acid mixtures of the limiting composition.

_The aclid mixture of ;i.miting compésition is that in which the nitzcgtion reacti:on
virtually ceases. This curve is analogous tc the cux;ve dbtéinefi by KXSNEMERT
A,V.Sapozhnikov foxl' qelluiose ni‘.brates; )

A similar investigation was conducted in 19l+c; by Lewis and‘Suen (Bipl.128).
They determined the partial pressure of nitric acid and water vapors over mixed
acid, and also studied the reaction rate of nitration of nitrobsnzene by acid
mixtures of various compositions. The results of measurements of vapor pressure,
applied to a phase rule plot, or compared to the curves for constant velocities of
nitration (isobells). The authors emphasize the r@kable parallelism between
nitration velocity and vapor pressure above the reaction mixture. Assuming that in
the ternary mixture stoh-azo-}m% only HNO; and HZ0 are at all significantly volatile,

Piwo.

the authors XK hold that the nitration velocity is a function of the ratie .
Pz
A shortcoming of A.V.Saposhnikov's theory is the errerecus comcept to the effest




that nitric anhydride is formed in the process of dehydration of nitric asid

by sulfuric acid, and the assertion that N205 is incapable of nitrating cellulose.

35 The concept of the structure of nitric scid and its mixtures with sulfurie

acid presented by Hantsch on the basis of studies of cryoscopy, slectrical

|

conductivity, and spectrum analysis, made it MENNTEEX possible for Farmer (Bibl.129)
to carry further the theory of A.V.Sapozhnikov.
According to Hantsch (Bibl.97), nitric acid plays the role of a base in

: acid
mixtures of nitric and sulfuric acids, and sulfuric X¥ITE acts as the acid.

j Aqueous nitric acid has the structure of a salt [330]@[1«03 P, W};en sulfuric acid
is naddued thereto, the latter removes water ‘from the hydroxonium salt of nitric
acid:

[H;O]” [NO,|® 4 H,8O, > HONO, [H,0]%-[HSO,)®
and thereby increases the content of pseudo nitric acid (HONO). The addition of
a specific amount of sulfuric acid to the nitric acid make<it pcssible to convert
it completely to the pseudo state. Further increase in XKMK the amount of sulfuric
f acid and reduction in the water content of the mixture results in formation of
nitrocidium sulfate [H2N03]®[SOAHj@ and, correspondingly, to a reduction in the

amount of pseudo nitric acid.

In Farmer's opinion (Bibl,129), it is specifically the pseudo nitric acid that
participates in the nitration of aromatic hydrocarbons and the etherification of i
alcohols and cellulose.

Other investigators {EXEIXXIEJY (Bibl.130, 131) have advanced analogous views

g .uith respsct to the mechaniss of nitration by mixed acid.

The large mumber of studies dewted to investigatien ef mined eeid ant of tihe
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nitration reacticn published in the postwar years, in which i pride of place
mut be given to those of A.I,Titov, Bennett, and Ingold, indicate that nitronium
cations, disscciation preducts of nitric acid, are present in mixed acid XN as vall | I
as in strong nitric acid.
The appearance of the nitronium cation from ¥I¥ nitric acid in the presence

of sulfuric acid may be explained by the dissociation of nitro sulfuric acid:

. HNO,+ H,S0, > HOSO,0NO, + H,0.
i o HOSO,0NO, = NOP + HSO®;

water reacts with H,50, to form hydroxonium ions H o® and the bisulfate 130,
. (H50, : 30 . A

-

L . | H,SO,+H,0 2 H;0%+ HsO?.
| ’I‘hérefore, the reaction between nitri;: and sulfuric acid may be expressed in terms
‘ of the equation
HNO, +2H,S0, = NOF +H,0%+2HSO?.
. The numsrous studies representing investigationsof the structure of the acids

have finally confirmed the validity of this equation, in accordance with which

S

gulfuric acid converts nitric acid into the NOZ(*) cation (Bibl.98, 132, 133).
Determination of the reduction of the freezing point of 100% sulfuric and

pyrosulfuric acids upon addition of nitric acid has shown that this is actually

)
accompanied by the formation of four particles for each molecule of nitric acid,
as the equation presented demands (Bibl.13%k, 135).

The high electrical conductivity of mixed acl.s, discovered by

A.V.Saposhnikov (Bibl.125), and studied in detail by other investigators confirms

! the formation of ions when nitric acid is dissolved into sulfuriec.
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XX Upon electrolysis of HIK)3 in olewm solution, it was found that nitric acid
moves toward the cathode, and consequently nitric acid in this solution is in the

form of a cation (Bibl.136).

The absence of free nitric acid in the nitrating mixture, when it contains
less than 10% water, and in an anhydrous mixture is confirmed by A.V.Sapozhnikov's
discovery of the exceeding low vapor pressure of nitric acid over such a mixture
(Bibl.125, 137).

In investigations of the Raman spectra of solutions of nitric acid in

sulfuric acid, a 1400 cm'l line was found, the intensity of which diminished with

fincrea.se in the water wcont.e‘nt of thé mixture (Bibl.138)._ On the basis of analogy
with lineé yi;lded by blatomic and linear triatomic particles, it is held t.hat the |
A = 1400 em™1 . . ® )
line of that frequency/represents the nitronium cation O=N=0 (Bibl.1l37, 139).
The Raman spectrum method has now been employed to develop a procedure for
guantitative determination of the nitronium ion in hitric acid and mixed acid (Bibl.140).
It was found that the Raman spectrum line correspond@g to the N02® ion ciisappears
completely in nitric acid when a water content of 5 ~ 6% iz attained, but at a
consiierably higher water content in mixtures with sulfuric acid. —
Inasmuch as, in ternary HNOB-HZSOh-HZO mixtures, the water is taken up p?inrily
by sulfuric acid, it will follow that the presence of the nitronium cation may be

noted at higher water contents (Bibl.132, 141). Reduction in the No2® content with

addition of water to mixed acid is explained by the formation, under these

conditions, of the hydroxenium and bisulfate ions:

: __W ) S
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| MO+ KO HO 4+ HoP,

which shift the equilibrium of the nitronium cation formation reaction to the
left.

From measurement of the brightness of lines at 1400 cm™l in the Raman
spectrum of this light, the equilibrium constant of the reaction referred to
above is found to equal approximately 30 - L4L2. From kinetic data, the value of
this constart would be 31 - 36. Consequently, if a su.t‘ficientfy X large oxcua'
of sulfuric acid is present, and if the water cc;ntent is small, nitzfic acid |
undergoes virtually complete transformation into the nitronium cat:;.o_n (for exm;ple,
in an O.2-molar solution of nitric acid in 98 - 100%.sulfuric acid)., However, in
an 87% sulfuric acid solution of the same amount oi‘" r;itric acid, only 12.7% of
the mmmam nitric acid goes into nitronium cations (Bibl.132, 142). y

In anhydrous mixed a:cid, increase in the nitri'c acid content is accompanied
by a reduction in the degree of conversion thereof into nitronium cation, as is

evident from the data in Table L4 due to Chedin (Bibl.138) on the basis of the

* brightness of the 1400 em~! line in the MEHA Raman spectrum.

Table 4

HSO, | 98 [ 9% |85 | 20 | 60 | 40 | 20 | 10

a) )
HNO, 5|10 15)] 2| 4| 6 | so

b) ' 100 (100 | 80 |62,5]|28,8(16,7]9,8

8
8




‘s

According to A.I.Titov (Bibl.98), the formation of nitronium cation in
mixed acid begins with the attaciment of a proton to a EI¥ nitric acid molecule

in two possible directions:

(o ) o
0 ZHO~N? 1 SOH (a)
’ HO—N< +Hs0 L O NoH
: (o] Qﬂ\g /0
\ | . 9, JFsos (v)

nitracidium
In accordance with eg.(a), it is the Hantsch YMEWSEiGixm cation (I) that is

nitroxonium cation
formed, whereas in accordance with eq.(b), it is the YDULESOSESROGKK XER (II). The

_latter goes into an equilibrium reaction with the second molecule of the sulfuric

acids

0 H H

N D as < '® &
; NS0+ HS0y H e 0= = 0 + 10— H+50,H (c)
| 0 | | ¢

which results in the formation of free nitroniwm cation. As a consequence of the
acid-base nature of the reaction (a, b, ¢), the formation of nitronium cation in
strong acids grows very rapidly, in proportion to the acid function of the

reactant, whereas in the ordinary nitrating mixture or in strong nitric acid,

L it occurs almost instantaneously.
37 Formation of nitronium cation with other strong acids, for example, with boron

fluoride,IX follows analogous equation

| BR,
BPy 4 H~0--NOy— H'}O*’-NO::(BMOH)W-

S
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As the nitronium cation (NO,*) is the most emergetic nitrating mediumm, the
activating
essence of the NEDHBAXIKY effect of sulfuric acid and certain other substances
lies in the conversion of nitric acid into nitronium cation.

proceeds via
The assumption that the nitration by mixed acid FEEXJFSEENEE the nitronium

cation is confirmed by the following fact. In 90 - 95% sulfuric acid, tho.

nitration velocity changes in proportion to the concentration of N02+ (Bibl.143).

The concentration of nitronium cation in the nitrating mixture may be considerably

higher than 100% HNO4 (for example, 100% HNO; contains 1% NOz*, wheraga in a mixture

of 5% HNO3 and 95% HpS0),, virtually the entire nitric acid goes into nitronium
increased

cation), and this apparently explains the IREEEKNEXIK nitrat:l_ng effect of mixed

acid when compared with nitric acid.

In a paper due to Bennett (Bib1.14L), the nitration of 2, hedinitrotoluene ia

employed to present a kinetlc proof of the nitrating effect of the NO2* ion, confirmed

_ by the presence of a velocity maximum upon nitration in a homogeneous medium for a

specific strength of suifuric acid. According to the scheme he suggests

HNOj3 + 2HsSO, = NOP + H,09 4 2HSOP;
HaSO04 -+ HyO 2 Hy0® + HSOP;
CHyCeH3 (NOg)g+ NOP + HSOP —» CH,CoHs (NOy)g + HeSO¢
CHyCeHy (NOg)y + NOP - HySO — CHyCeHy (NOy)3 + HySOP
the process of nitration is regarded as a simultaneocus reaction of the NOz" ion and
an acceptor proton of HSOI._' or stoh. He holds that the reaction rate of hydrogen
with HSOh' is considerably INFEEE greater than with HpS0;. In fuming sulfuric

H -—
acid, the 58207‘ ion may also serve as proton acoeptor. The optimwm conditions for i
67




reaction are etermined as a consequence of the competition between these two

equilibria, inasmuch as, on the one hand, an increase in the strength of the

sulfuric acid increases the number of mz@ ions, whereas on the other hand it reduces
the quantity of the most active proton acceptor: the I-IBOLS‘D ione

Thus, according to Bennett, the nitration reaction is the result of an

three
encounter among X#EiM particles: molecules of the aromatic compound, the nitronium

jon ¥MX N02®, and the proton acceptor which ma;gb Hsop. The velocity of this

" réaction depends upon the equilibrium between the first two reactions proceeding

. ! in the mixed acid., A change in the velocity may be induced not only by reduction
: @ . : the .

in the NO,™ contents but by a change in/proton‘acceptor; for example, in an

anhydrous mixture, H,S50, will be the proton acceptor. Under these conditions,

the effect of the nature of the compound undergoing nitratioh u.pon the nitration

o o ‘ - speed is left out of consideration. |

Views analogous to those of Bennetft" have been put'forth ‘b.y .other investigators
(Bibl.145, .111-6). However, as shall be indicated below, studies of the nitration
rate, employing isotopes, fxave refuto;i this pattern.

The course of nitration of aromatic compounds by the nitronium cation is

expressed by A.I.Titov (Bibl.83, 98, 147) as an ion-complex reaction:

" 1) '
) No; N0z o
+NOy == 0<“o"—.. g +H
LA A

When the N02® reacts with the ring, a critical complex is formed, partly as a

1
!

result of the energy of activation. Hydrogen then splits off ia the form of an ieon

o ‘
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to a
of the solvent of high polarity, and the couplex converts XM nitro compound.

The emergy required for activation of formation of the nitro compound must be the
smaller, the deeper the reaction between Noz@md ArH can go as a consequence of
complex formation as such.

AJJ.Titov believes it pcssible that the capacity to nitrate may be manifested

electrophilic
by such highly EXEAKNAFK¥IXIY compounds as

H
Ve
| NO,— ONO; ;  NO,— OSOH ;  NOg—0_
N
i R
R

! ‘ No o/ t

. — .

: \Am,

in view of the fact that the condition of the NO; group therein is similar to that

for .t‘.he‘ nitroﬁiﬁm cation. Consequently, the activating effect of such additions to

nitric acid X¥ as Hp50;, 41Cl,, BF3, etc., is explained by an increass in the

electrophilic . ‘
&IatPopsiiffe nature of, and the fact that the nitroggen atom of the nitrating

:
i
;
t

agents of the structure indicated above are not saturated in terms of coordination.
In the extreme case, a nitronfi.um cation N02®, of maximum activity appears. However,
in the pure condition, ¥KMiE when solvation has not occurred, Noz@ny exist only i
in the gas ¥EKEE ovhase, according to A.I.Titov. However, the activity of NO2® in

solven'ts in which it is formed depends upon the degree and nature of its solvation?

(Bibl.98).

For example, A.J.Titov explains the diminished activity of a mixture of nitrogen

©  and hydrogen fluoride by the deep solvatiom of m2® by hydregen fluoride and the o [
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fluoride ion, due to the small sise of the fluorine atom, .

According to AJI.Titsv (Bibl.98), sulfuric acid, and other nitration activatoers,

in
also play a negative role/that they are capable of reacting with aromatic compounds

to yield complexes, salts, and ¥X caticns, for example

- 0 ¥ .
‘ CeH,. . .H,S0; C.Hy. . .AICl; [c.H,N/’ ] [SOH]®.
NOH

Compounds of this type undergo nitration considerably more slowly than do

the initial compounds, as a consequence of the sharr reduction of electron density
therein.

" It is from this aspect that A.I.Titov exnmine‘s the causes -_for reduction in
nitration velocity of ma.ny-compoumis‘ by mixed aci& ¥XEEX when the strength ;f
the sulfuric acid is increased above a particular value. The reaction rate of
nitration is d;temined by the n#ture of the compound being nitrated, which is

g «
N i
capable of reacting ;anly with ‘nitric but with sulfuric acid. The reaction with

sulfuric acid in the presence of nitric acid occurs only when there is an excess

of the former.

Later, analogous views were set forth by Gillespie (Bibl.148), Ingold( and

Samuelsen (Bibl.99).
A.I,Titov's theory provides a ready explanation for the nitration of many
aromatic compounds (benzene, toluene, mononitrotoluene, etc.) MEEXE both by nitric

acid alone, and by mixed acid. In mixed acids containing more than 10% water, the

! quantity of N02@ oation will be small, but in view of the acid-basic nature of the

~ «feaction by which it is formed, and the highly nuslecphyllic nature of aromatie
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compounds of the typs of tolusne, the loss of noz@ sation due to consmmption

in the process of nitration should be made good very rapidly (Bibl.lh3, 149).
Studies made in the last few years have provided final confirmation of the

nitration reaction EMX mechanism suggested by A.I.Titov. Thus, Melander (Bibl.150),

deuterium,
having studied the effect cf the rate of cleavage of the proton, JSSFIREY and

mupon the nitration rate of toluene, benzene, naphthalens, etc., has shown'
that the rate of cleavage o{ hydrogen of variou:; atomic weights dsea not affect

the nitration reaction velocity. Identical velocities QIX were found by‘othei‘ authors
on the nitration of nitrobenzene ;md pentadeuteron nitrobenzene (Eibl.151), as well
as o.f benzene ax;d monodeuf.eze’\benzene (Bibl.152) in a sulfuric acid medium,

‘On the basis of theoretical considerations, -the stage in which the disruption
of the bend between the hydrogen atom and the aromatic ring occurs, in the case of
tritium, )

ORI, )um:uolA only about 20 - 30 as fast as in the case of protium (Bibl.153).
Therefore, the absence of differences in the nitration rates testifies to the fact
that this reaction occurs in two stages, the slower of which (that which determines
its velocity) is the stage in which the bond hetween the ca.z;bon atom and the hydrogen
atom replacing it is not broken.

Bennett (Bibl.154) ,"')c’liscussing the question of the effect of sulfuric acid
upon the nitration rate of an arcmatic compound, abandoned his theory previously
advanced (Bibl.14)). He points out that the rate of nitration depends upon the

solubility in sulfuric acid of the compound being nitrated and upon the degree to

which nitric acid is converted into the 302@ cation under the influsnce of a large

excess of sulfuric acid.

n
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N Ingold and his associates, abandoning their former views with respect to
the chain mechanism of the nitration reaction (Bib1.11%, 155) advanced a two-atage
mechanism for the reaction, in which, like A.I.Titov, the proton loss does not
affect the reaction velocity. According to XMX Ingold (Bibl.99, 108, 109), the

. formation of the Noz@ cation proceeds via the following stages:

2HNO, 22 H,NOP +NOS (1.2 fat )
HNOi 5> NOP+H,0. (8 siw )

As this cccurs, atrong acids such as sulfuric acid may also serve as hydrogen

donors in the formation of HZN()3®° The nitro compounds are formed in two stages:

/,"\ . 72 /H .

| || + NOf = f (4 stow )
NO,

P \. B N4

z, \ - r/\/H s o\ ~NO, 5 .

[ . J\No2 —*( ” +H® (§ fast )

| ©. - )

XX Thi; mechanism assumes that after the nitroniun cation has joined with

.
———r o e o .

a
the aromatic atom of carbon, ¥E&# proton JIN attachei to this atom cleaves off

almost instantaneously. Thus, this mechanism rules out the trimolecular reaction
assuned by Bennett.

Proceeding from consideration of the effect of sulfuric acid as a highly polar

i A TR

solvent, IX Ingold holds that the reaction rate of nitration in anhydrous sulfuric

acid has to be from 2 -~ L times faster, but the sitwation is complicated by the fact
that the compound being nitrated forms salt-like complexes with sulfuric acid. They

ncapable of reaction, and, upon the addition of water,they underge partial
72 :

‘
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dlssociation which, under these ciroumstances, facilitates nitration (Bibl.99, 156).
Williams
Howsver, KSKIEE and associates (Bibl.157), oriticising Ingold's theory, holdg that
reduction in the nitration velocity occurring-when one changes from 90% to 100% H,S0, ,
in no longer explicable in qun.ﬁtitttiw. terms.
From the foregoing it is clear that Ingold's latest theory is highly similar
to that of Titov.

Section 4. Kinetics of Nitration by Mixed Acid

a) Nitration under Homogeneous Conditions

The kinetics ‘o'f the nitra."bion reaction of aromatic compounds by mixed acid
has' had rather adequate investigation. One O'f the first s;.udies was one 91‘
Martinsen (Bibl.lsB) who .studied the relat.ionship ;)f tr;e nitration velocity of a
numbe‘;; of aro;natic ENEH compo;m.is to the sjcreng’hh of sulfuric acid used as the
medium. The sulfuric acid was taken in consi‘derable‘ excess with respect to the
ni‘.tric acid .and the compound undergoihg nitration. Therefore, the reaction occurred
‘mder hom'ogeneoua conditions, and the strength of the sglfuric acid u;xdemnt
practically no change. The nitra;(.ion .velocity const_.ar;‘t';s were computed by };Lartinsen -.
on the equation for bimolecular reag:t.ionﬁ, and, h;wing found. them to be in good
agreement for various time intervals, he demonstrated that the nitration reaction is
a second-order reaction. Data on experiments with nitration of nitrobenzene in

of

sulfuric acid YE¥ various strengths are presented in Table 5.

When these results are presented in diagrafhtic form (Fig.3) one readily sees

a maximm in the curve of niiration velocity constants, corresponding to a content

of 0.63 molecule of water per molescule of sulfuric asid (representing 89.5% ‘*25010-

it A o A L
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Ky K,
f) 0 » K.'
0,0480, 0,0% 0,2 6.t
& 0,30Hs0 0,088 1.5 17,8
i 0,88H50 - 0,280 3,22 11,8
5 1,03Hz0 0,017 0,18 10,6

Table 5

P a) Hy0 or S05 Content per 1 mole HpSO,

A.V.Sapozhnikov :
Thus, Martinsen, llke xxmmmm demonstrated that the posltive effect or

sulfurier acid upon nitration velocity occurs only up to a specific strength limit.
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b) Mole H,0 per mole HyS0)

respoct.ively.

to the negative effect of sulfuric acid of high strength.

°

When this limit is passed, the sulfuric acid ceases to play the role cf a reaction

promoter, and a sharp drop in the curve of the nitration velocity conetants testifies

Subsequently, it was found by thLe work of

other investigators (Bibl.131, 144, 159, 160) that

the nitration veloéity constant of the majority of

diminishes

aromatic compounds XIMIKIUKMH by a factor of

3 = L when the strength of the sulfuric acid is

increased from 90 - 100% having first passed through
a maximum obtained at various strengths, 89.5% in

the case of nitrobenzene, and 93% in the case of

dinitrotoluene),

T

For compounds such as bengoic

acid and benzene sulfonic acid, the reduction is by a factor of 18.5 and 1l.5,

The maximum in the constant of nitration veloeity by miwed acids is explained

LY

i
H

-
!
|
1
{
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Tatle 5

1 b KH'
A, K
| ) RN
0,01804 | 0,036 0,22 | 6.1
0,30H,0 | L 0,085 1,50 17.6
0,63H,0 ’ 0,080 3,22 11,5
1,03H,0 ‘ 0,017 | 018 | 10,6

a) HzD or 504 Content per 1 mole H,50,

4.V.S5&pozhnikov
Thus, Martinsen, like XXMXSUSEXKXKE¥ demonstrated that the pvsitive effect of

sulfuric acid upon nitration velocity oceurs only up to a Speci'fic etrengt,h limit,
When this 1imit is passed, the sulfuric acid ceases to play the role of a resction
promoter, and a sharp drop in the curve of the nitration velocity constants testifies

to the negative effect of sulfuric acid of high strength.

S:ub_seqﬁéntly,‘ it was found by the wofk of

K at 25° .
|03 at J ;\3.22' .
-Wlf' % 028 other investigators (Bibl,131, 1h4, 159, 140) that
| ] ,
\ 102 .
‘, 2007t the nitration ve.‘LOcity constant of the majority of
v | M )
[ diminishes .
m’h-- // aromatlc compounds AMMXKINNMA by a factor of
e \
f;?;; 0017%% 018 ,
‘ a) mag 07 04 06 08 10 3 =4 when the strength of the sulfuric aeid is
: , b) ) . . o -
\ increased from 90 - 100% having first passed through
B Fig.3 - Martinsen's Curves - & maximum obtained at various strengths, 89.5% in

a) Mole S04 er mole sto&_. , the case of nitrébonz'one', -and 93% in ‘the case of
b) Mole H,0 per mols HSO : . S :
) Mole Hz0 per 2% dinitrotoluene). For compourds stgh &s benfolq
acid and benzene sulfomic acid, the reduction 1s by & factor of 18.5 and 11.5,

respectively..

.

™o maximm in the constant of nitration velocity by mixed acids is explained




vy lennett and associateg (13 5,77 o uie fact +wrat ilfferent rartl:les act as
proten accepters in sulfuric acid of different strengths: l-lS(‘)hQ bo‘{ng the .«
" accopi;',or in dilute acid, Hy50), in anhydrous acid, a'n'ql‘ H$20791‘in,7dcid conh‘q.ining‘
free sulfuric anhydride. However; as has airoady been s.hown, yho speed jo\r the
nitration reaction is determined only by"the repidity with :_which the et:itica.l
complexes At‘ormed, and is not dependent upon tk;e speod with which the pr?:ton léaves,

)

and) consequently, cannot be d;temined by the nature of ﬁ;'oton acceptor (Bib1:98, 156).
'Thelm exi?tence ofl a’ maximem in the nitrationv rea.ctiqn?sr,aeé al -« given
sulfuric acid stfength may be explained on the basis of ths theory of A.I.Titov
(Bipl.98, 247), in accordance with which the activating additives play a dual role.
On the one hand, they convert nitric acid into its active nitrating form, whils on
the other they play a negative role in that t};qy are capable of reacting with a.ranatiq
_ compounds to yield complexes. The entry of aromatic compounds into a complex acts

upon their reactivity in a manner similar to the Xi¥ introduction of meta-orienting

.’ substituting groups into the ring: nitro groups, sulfé groups, etc. It is from this
point of view that Titov examines the cause of reduction in the nitration speed of

many compounds by mixed acid when the strength of the sulfuric acid is raised

above a particular level. Samuelsen's data completely confirm this new poin£ (Bibl.99). ~

i s st e e

The equation for the nitration reaction of, for exaiqale,; nitrobenzene; as.’

conceived by A.J.Titov, may be written in the following féqrm ' ; =

HNO, + 21,80, 2 NO{ +2HSO]’ + H,0¥ o
CiH:NO;+NOF — C4H, (NO,), + H? | L
,/O P I Con :
CeH N, + H,S0, 2<C6H5—N' ' +HSO? o N
\oH - o S

I

, R ECE R
) - CHi =N )+N0?~CeH.(No,),+2H’B o
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Then, the expression for the reaction spesd will appear as follows

LG TN _ k, [NOF] [CeH,NO, + K, [NOF) ['\’C,H. —N”O \}M
\ \OH

Here, it is only the first term, expressing the rate of reaction with free
nitrobenzAme that ﬁas real significance, as the velgcity of’ nitra"eion of the cation’
of the nitrobenzene complex is exceedingly low.

An increase in the strength of the. sulfuric acid, which raises the content
of nitrating agent (the nitronium cation,)‘} at the same time cont;lnually converts .
the free nitro?en;enq into the ina;ctive condition of the cation. The dual andw
mut'ually'opposing 'ef,fe’cts of the sulfuric acid upon the nitration speed is what
is r‘e:;;onsible for the appearance‘ of a maximum. _fhis explanation is cenfirmed by
the fact that the maximum disappears when,the‘ content .of the cc;mpo‘und 'b‘eing
nitrated is ir'xcreé.sed_. In‘ thi‘s situation, the relative loss of the compound being
nitrated, caused by ‘its c"onYersion‘ into‘ a cofnpi"ex, will be diminished,

Gillespie (Bibl.161), studying the basicify _of'nitro.coﬁ:pohx;ds by determining

the freezing points of their solutions in sulfuric aeid, with trinitrotoluene and

other substances, demonstrated the possibility of substantial ionization in accordance

with the following mechanism

© BY}H,80, 7> BIISOH > BH?+ HSO?,

in which B is an aromatic ‘nit.ro or sulfo compound. He det:gmimd that & O,l-molar

solution of trinitrotoluene undergoes only 9% tonisation in anhydrous HéSQh, Faeyee®

S 76
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. KIXXAK while nitrotenzene is 41% ionized, and para-nitrotoluene is' 70% ionized,

approximately ¥¥EX (in 75% stOh).. Erand ani associates (Eibl1.137), having

.

determined the ionization constants of aromatic nitro eompounds in 99% sulfuric

1
-

acid, obtaiﬁéd analogous results for TNT, para-nitrotoluene, and nitrotenzene.
It is assumed (Fid1.1A2) that the distinctive features of the absorption spectra.
of sclutions of aromatic nitro compounds in sulfuric acid may be explained by

the presence oi' compounds of the type ArNO, * H5S0,

ArN SO:
O 110

gompbupds-of this ~vpe must KE¥X¥ necessarily undergo siower nitration.

Gillespie (1it1.1¢3) regards thte solution of organic compounds in sulfuric
acii as the ipitial chemical process, and that it EK¥##¥¥E proceeds in accordance
with the.equation indicated atove. épectroscopig datg (Fik1.142, 143) make it

possi-le to conéludg that the complax formation of nitro compounds ends when the

Eﬁrength nf tre Fo50; s QG - QR7. Reduction in the formation of the ArPH ° Ha50), )

. N achievable
complex or of its cation ArH* in the nitrating mixture is AXHHEFLAHKE by addition

*

of potassium bisulfate (HSOA") and cther bases, including excess nitric acid

(ribl1.145) and nitro compounds {¥irl.137).

~ existence
However, the ¥¥KEEKEE of o maximum of nitration velocity is also found in
* -
-

-

compounds not subject to complex formation even with 100% sulfuric acid. Therefore,
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. probaBle that this ‘chahge in the nature of the solvent must necessarily result in

addition. Ne.N.Vorozhtsov (Bibi.léh) sees the reason for this in the greater acid

. function of fuming sulfuric acid and in the higher degree of ionization of organic

N.N.Voroghtsov (Bibl.1é4) holds that the reduction in the reaction rate upon
shangeover

IEXKETIXEN from 92% sulfuric acid to a stronger «cid may also be due to the

change in the nature of the reactiocn medium [the changs in the reaction rate is

sometimes measurable by a factor of hundreds when the solvent is changed, as was

noted by N.A.Men'shutkin (Bibl.165)] a long time ago. 90% sulfuric acid is

ionized to a congiderable degree, but anhydrous is ionized little, and it is quite

a reduction in reaction velocity.

It has been BKKE observed that compounds that are not subject to t:he addition
of a proton have minimum nitration speed in 100% sulfux"ic acid. This speed
increase; upon addition of ¥XXE¥ either wat,ler or. sulfuric ‘anhydride to th.e‘
mc;nohydrate. At the same time, the rate of reactior} iri fuminggtilf}xric aci& is

lower than in 100% sulfuric acid in the case of substances EXX¥ capable of proton

substance conditioned by this fact.

In IM introducing corrections into the degree of ionization, and in computing

the reaction velocity constants, with consideration for the strength only of the
existence of a
unionized substance, the/minimum velocity constant in 100% HS80, is also observed

in XX other substances.

The probable explanation for the minimum reaction velocity in 100% sulfuric

dielectric constant
acid lies in the fact that the RENEHEINXMSKNXEEIE of 100% HyS0, is greater than

that of the dilute acid and of fuming sulfuric acid (which are more highly ionised
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(N

than is the monohydrate). Inasmuch as upon nitration, the formation of ihe

transient complex

AV
. [( |aNoO, e( \No,]

is related to the distribution of the charge formerly characteristic of the

-

nitronium ion to the aromatic ring, it follows / that.in accordance with the

)

general theory of the effect of the solvent, the velocity of this type of

has
reaction ¥E to increase with%duction in the dielectric constant of the
- »

*
»

solvent (Bibl.iL8).
also instances

A.J.Titov (Bibl.98)/explains EXEEGMINONER of this type by the effect of
the composition upon- the dielectric constants, the, solvating properties of the
medium, and other factors, while simultanecusly holding it to be possible ‘that

' ‘ ' I electron )

complexes of the aromatic compounds may be formed with EXEXX¥X¥ donor particles,
such as H0, NOBQ, as well as the possibility of conversion thereof into 'anions.
Conversion of aromatic compounds into such states increases their activity when
subjected to nitrating agents.

A.I.Titov explains the very pronounced increase in nitration speed when water

is added to a solution of N¥kY aromatic acids in an anhydrous mixed acid by the

coincidence of the above processes. Substitution of a medium of low polarity (CClh) -
by one ha.ving a high dissoclative capacity (CH3N02, H20) greatly accelerates the

reaction with the nitro phenols. A.I.Titov sees the cause of this in the increase

in the degree of conversion of nitro phenols into electron donor anions (Bibl.103). -
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Under industrial conditions, the process of nitration normally occurs under
heterogeneous conditions, i.e., when the two layers are present - an organic and
an acid layer. The principles of Ki¥J homogeneous nitration‘ exanined abovo|cannot
be applied in all respects to heterogeneous nitration. The reason for this is
the fact that the speed of heterogeneous nitration is naturally less than that
of homogeneous, and depends upon a larger number of factors.

" The speed o'f homogeneous nitration depends, as we know, not only upon the
nature of the compound being nitrated, but upon the temperature and the
composition of the nitrating mixture, which is a function of two independent
variables, inasmuch as the mj:;cture congsists of the following conmon;nta: sulfuric
acid, nitrie acid, and water. Under conditions of heterogoneous' nitration, it
also depgnds upon ‘t}ie composition of the organic ¥¥ phase, the relative XX volume
of t};e tw;) liquid phases, and upon the mgthod and degn‘ae "oi‘ mixing. Under.
heterogeneous conditions, it i; necessary to make clear the volume of each ghaée
m the phase interface.

. The corplexity of t;he problem of studying reaction velocity in a system having
two phases lies in the fact that the reacting components may be distributed among
both phasea, and the rate of reaction in each phase will be determined by the

these . -
concentration of/components therein. The reaction may also proceed at the phase

interface.

Under heterogeneous conditions, the reaction begins and proceeds, to some

degree, whers the substances of the different phases first meet, i.e., at the
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interface. The reacting sutstances have to approach this interface, and the
reaction products must be able to leave it. Consequently, in the general case, |
the phenomenon of diffusion, and methods for accelerating it are of considerable
importance for the course of the reaction in a heterogenecus medium. The rate of
upon the
conversion therefore depends MEEMXK rate a% which the reacting substances are
transferred from the different phases to the reaction zone, upon the velocity
cf the chemical reaction, and upcn the speed with which the reaction products are
removed from the reaction zone. Moreover, the speed of the total process of
conversion is determined by the speed of the slowest process involved, and the
overall regularity is governed to a greater or lesser degree by the relationship
between the velocities of the processes constituting the whole.

In the case of slow reactions, the process does not succeed in occurring at
the interface, and the rea..c'tion zone expands to include the entire volume of the
phase into which the reacting components penetrate. Whsre reactions of this
type are concerned, the area of the interface has a less significant effect upon
the degree of conversion t.l;lan does the volume of the phase in which the reaction
occurs. In this situation, agitation serves only to saturate one phase with the
other.

Readily nitratable substances react at the interface, and the speed of this
reaction is significantly affected by the size of the surface, which is, in turn,
frequently governed by the intensity of stirring.

Substa.ncu‘that nitrate with difficulty react chiefly in the acid layer,

whereas in the organic layer the reaction velocity is quite low (for example, in the

8l




cage of nitrobenzene, the nitration velocity and the organic layer is only

one tenth as great as that in the mineral layer (Bibl.128)]. The lower reaction
speed in/dé.i'gmic layer is explained by the fact that it is chiefly nitric acid
that goes into this layer. As we know, in the absence of sulfuric acid, this

substance has a lower KIX¥X nitrating capacity than otherwise.

speed
The reaction/under heterogeneous -

"ﬁ; conditions depends upon the composition of
o '
i 4'[ ‘ A : .
‘ o ‘ the acid mixture in each layer. The temperature
a6 —1+ 71 N
ot — ‘ dependence of the speed of the nitration reaction
']
0 a¥

under heterogeneous conditions is somewhat lower
Fig.4 - Dependence of Ratio of than under homogeneous conditions. Thus, when
NO?/HNO3 Concentration to
. temperature is increased by 10°, the reaction
Strength of Sulfuric Acid,
Expressed as HQO/HZSOI* Ratio speed rises by less than 100%. This latter

fact is sxplained by the fact that, under the

given conditions, the velocity of the process is determined by the rate of

diffusion, When two .layers are present (as is normally the case IX under

industrial conditions in nitration), one does not see a maximum velocity at any

- particular strengt'h of sulfuric acid. The reaction speed (at a constant nitric -
acid strength) is approximately directly proportional to the ratio
X

H

On the one ha.nd, this ro.tio detominos tho aolvont !
i KRNI ' , capacity of the acid and,
Y consequently, the concentration of the iR compound being nitrated in the mineral
3
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phase and, on the other hand, it governs the concentration of uoz@. inasmuch as o

it depends upon the strength of the free HyS0) ( not bound in the form XXX of

H3C4 and HSO;®).

The fact that there is no velocity maximum on nitration in i h,eterogoneous

concentration
medium is explained, according to A.I.Titov, by the fact that the NXEENEN of
the substance being nitrated is constant and by the relatively smaller losses
thereof, as a consequence of attachment to the sulfuric acid in an inactive
complex, and also by the increase in the solubility of the substance being
nitrated in the acid layer, where the reaction chiefly proceeds when sulfuric
acid strength is increased. Moreover, in a KMXENSENNNHE hsterogeneous process,
usually

relatively more HNOB is HEEX¥IT¥ employed for nitration than in a homogenecus.
However, increase in the nitric acid content in strong sulfuric acid leads to
increasing the content of t.he N02@ ions, as is evident from the curve in Fig.h.

Q. ' .
B@gffect of Substitute Groups upon Velocity and.Result of Nitration

The nature of the substance being nitrated has a major influence upon the
nitration reaction velocity, and also upon the composition of the isomers of the

nitro compounds resulting. In the case of aromatic compounds, this effect is

B

determinedAprimarily by the substitute in the benzene ring. A large number
group

of experiments have established the fact that the new substituting KRR enters

the aromatic ring in a position determined primarily by the nature of the

substituting groups already present in the ring, and is governed only to a very
small degree WX by the properties of the new substituting group. It h:a bean
Zfound that substituting groups present in bensene guide the newly entering

|
BRI |
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substituting group into specific positions with respect to themselves.

Golleman divided all substituting groups into two series and arranged them

with BEEEK each of the series in terms of the relative capacity to govern position.
The substituting groups guiding the new substituting group into the ortho or
para ;;oaition are called groups of the first order, and those guiding into tho
meta position are called second-order groups. Substitution in f:ompoundu containing '
first-order substituting groups usually goes more readily than in the initial m .
(unsubstituted) MMSEKE¥HXE compound. Contrariwise, substitution in grou‘ps,containix\'lg
the meta-oriented group proceeds with greater difficulty than in the initvial
compounds, requiring higher temperature, higher reactance strength ,ote. At present,
orientation is held to be re}éted to t};e polarity of the substituting group and
that of the reactant.

Substituting groups of the first typé, whic'h are electron donors, increase

. para- ' :

the electron density of the BM¥K and ortho-carbon atoms, and consideratly increase

their reactivity. Theesecond type of substituting groups, which are electron

acceptors, pull electrons away from other carbon atoms in the ‘benzene ring, and

ortho-
this occurs primarily from ¥¥XKE and para-carbon atoms, with substitution proving
possible only in the meta position.
The usual substitution reactions are induced by reactance of the

elcctroph‘yl’ic type. From this it follows that if the ring has a substituting

group that repels electrons -~ an electron donor - it will wtiv& the benzene

R

ring, commmnicating a negative charge to the carbon atoms, Contrariwise, a

substituting group that attracts electrons and communicates a positive sharge
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deastivate electrophilic
to the carbon atoms, will BEEEXXMKIE the ring with respect to the

is the
reactance, and consequently with respect to the Noz@ cation, which XIEXK nitrating

agent.

views,
In accordance with current WY nitration XX falls into the category of

electrophilic
EXHEEENIIIIE substitution reactions, inasmuch as it incorporates an attack by

electrophilic ®
the SXSEXFEXWFIXIX residue NO,™ upon an ¥X aromatic ring, which may be expressed

by the general-equation

AtH +NOP — AINO,+HS.

electrophilic
The AXMAXHSPAFKXXXE substitution reaction proceeds in two stages. In the

electrophilic

- first stage, the EAXFIFEFXXXX reactance, which in the give}l case is N02+ (having

electrophilic
a nitrogen atom not saturated in terms of coordination) joins the UXUIAKEFIFEIIX

compound and forms a transient complex of a donor-acceptor character. In the

second stage, the atom of hydrogen leaves as a proton, and the electron pair is

retained by the aromatic compound

NOP+ArH — NO, -~ Ar®—H;
NO,~Arf~H+ B - Ar—NO,+HB?.
It is a.ssﬁmed that the lidteration of.the proton is immediately followed by ,}-
its attachment to the base B. However, the nitration velocity is determined
solely by the speed with which ‘the E¥XE critical complex is formed. . ) aud
The electron density of individual carbon atoms in the aromatic ring, which

is determined by the presence of substitute groups in this ring, governs both

the orientation of the nitro group entering the ring, and the speed with which

this process occurs. Substitute groups in the ring orient the nitro grewp,
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affecting the direction of motion of the Nozg, and the degree of stability of

the transient comnlex formed,

Table ¢ shows the effect of substitute groups in the bengene ring upon
the position of the entering nitro.group (Bibl.166, 167). It is evident from
this that the amount of meta iscmer increases not only upon intreduction of
electrically negative substitute groups, but upon extension of the side chain.
The latier has a particularly sharp influence upon the relation between the
ortho~ and para-isomers. With increase in the hydrocarbon radical, the yield
of ortho-ison.ler diminishes due to the increase in pa.ra-isomgr yield. This

-

phenomenon may perhaps be related to the steric effect of the alkyl group 'upc;n

substitution in the ortho-position.

Table 6.
b}

a) o | & | e
-F 12,4 f) 87,6
-t 30,1 . 69,9
-~Br 37.6 | .1 624
-J a,n . ] 587
—CHj 58,8 4.4 36,8
—CH,C1 40,9 4.2 54,9
—CH,CH, 5.4 | 65 48,2
—cn{ghe 30,0 71 62,3
_ci‘é{’.: 15.8 1,5 72,7

\CHy ‘

—~CHCly - 1 2,8 38,8 29 .
—~CCl, . 6,8 64,5 28,7 '
~COOC,Hj 2,3 63,4 33 -
—COOH 18,8 80,2 1,8
—NO, 6.4 93,2 0,28

Group in
a) IX/ring; b) Isomer content, in %; ¢) Ortho—; d) Meta~; e) Para~; f) Treces




The rules governing the substitution are obviously conditioned by the
relationship between the velocities of substitution of the individual atoms of
carbon in the benzene derivaiive ring. In unsubstituted benzene, all.the six
atoms of hydrogen 'are of equal importance, and when the first substitute group
is introduced into the benzene, each of the hydrogen atoms must necessarily
undergo substitution at the same speed as the others, i.e., six parallel
reactions have to procced at equal speeds in benzene substitution. When the
second substituting group is introduced into the singly-substituted benzene
dt;rivative, three isomers are formed (ortho-, meta-, and para-) as the consequence
of the five parallel reactions of aromatic attachment (in accordance with the
number of hydrogen atoms being replaced) with the substitution reactant.

Dearing in mind the facl that there are two ortho- and two MEXMXKENIXIBKEE
meta-positions, of equal value, and one para.-positi;m, the consequence is that
only three isomers are formed, and the relationship between the quantities of

ortho- (x,), meta~ (x,) and para- (xp) may be represented by the following equations

Zo Ko, x»_ Kp

T Kt 1 Wm; Xoik 1Xp==2Ka:2Kpy: Kpy

where K, Ky, and K, are the velocity constants of the substitution reaction of

the corresponding carbon atoms. If K, = Ky = Kp, the relationships between the
quantities of the isomers will be Xoia X, = 2:2:1, i.e., 4LOF ortho~ and meta-isomers
each, and 20% para~isomer should be formed. However, in practice, the relationships

between the isomers formed is entirely different. Either a single meta-isomer (with

some admixture of ortho- and para-isomers) or a mixture of ortho- and para~isomer
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(with an admixture of meta-isomer) is formed. This relationship indicates that

there is a difference in the velocity constants of formation of the individual

isomers. ?

Determination of the composition of the mixture of isomers obtained from
the various benzene derivatives, as well as determination of the relatif:nshipu
between the reaction welocity constants of substitution of the benzene derivatives
make it possible to compute the relative substi'f.t‘z'tion speeds of the individual
carbon atoms in these benzene. derivatives. Thus, if we set unity as the
s‘;ubstifcution ;peed of one atom of hydrogen, we .obta?.n the following substitution'
speeds (their values are enterer'i at the appropriate positions in the benzene
ring) in toluene, chlc;robenz.en.e, and the e.thyl ester of Benzoic acid:-

w9 gooc
4:1/ \|;3 3,1.10-27\8,1.10~3 2.640“/\'2.6-10"

o,n.lo-’l\,lo,l-w-' 1.9-10-"\,1.9.10'-'
14,7.10~3 0,9-10-?

These figures indicate an increase in the substitution speed in all the
. particularly
positions of the toluene ring,/pronounced in the ortho- and para-~positions with

respect to the methyl group. At the same time, in benzoic ester, substitution

is retarded il:l all positions, and particularly in the ortho- and para-positions

with respect to the etherificated carboxyl group.

When compounds KKFIKE are nitrated with substitute groups of type two,

2o R et I St s Y L

containing oxygen (NOZ‘ SO3H; CHO; COOH), with predominance meta orientation,
the ratio of the ortho to the para is usually more than two to one, or else the
velocity of nitration in the ortho-position is greater than in the para-positiem.
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To clarify this JENXXXEX phenocmenon, the hypothesis has been advanced that the

formation of addition product in ortho-position facilitates the attraction of

a positively charged nitrogen atom of the nitronium cation by a negative recharged

atom of oxygen in the ring of the substitute group.

]
K
H
H
i

i K The difference between the ¥RIBEXX¥Y velocity constants of formation of
the various isomers may be determined in the general case as the d'ifference
between factors independent of temperature, and as the difference in the

energies of activation. It has been determined by experiments that upon

suhstitution in the aromatic series it is a rule that the AAXXKMK difference in
the 'xje_acti:on velocity of formation of the individual isomers is determined qnly
by the difference in the energies of activation. Tenrperature-indepem?nt factors

. in the velocity constants of. subsi.:ituticn in the various positions with respect
to the -subst.ituting‘ group .KXX are virtually. ident.ica.l.

For example, in the nitration of toluene, the energy of activation of

substitution in the meta-position is highest, and lowest is that in the

para-position with respect to the methyl group. The difference in the energies
of activation and the various positions of the toluene ring is determined by —
the ratios:

B Eo=1490 cal: Ey—EZ,=138 caL

A nscessary consequence of the differences in the activation energies of

substitution in the various positions (with respect to the substituting group

already present in the ring) is the change in the relationship of the velocity

=
pE—

constants of formation, and consequently of the quantities of various isomers
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upon change in the temperature of substitution. The isomer having the
lowest velocity of formation will be formed in the relatively greatest quantity

with increase in temperature (Bibl.164).

In his studies, A.I.Titov (Bibl.98) notes the parallelism between the
influence of. substitute groups upon the heat effect of the nitration reaction

and upon velocity of this reaction. .

Martiﬁsén (Bibl.158) ¥ERXIBS studied the influence pfAsqutitute groups

" on the nitration vélécity constant and determined ‘that there is a sequénce of

values
position of the substitute groups in the corresponding series: The BN

' constants )
of the nitratien velocity ESX¥XAXK of various aromatic compounds and of their

nitro ¥X derivatives, due to Martinsen, are presented in Table 7.

nitration reaction velocity, the substitute groups may be arranged in the

following order:

NO, > SO4H > COOH > CI < CH, < OCH, < OCH; < OH,

wherein
X¥X the groups to the right of chlorine accelerate the reaction. Moreover, this

acceleration is the greater, the farther to the right their location. Those to
the left of chlorine inhibit the reaction.
lLater investigations along these lines confirmed the validity of Martinsen's
£heoriea (Bit1,168, 169) but also revealed a mumber of exceptions testifying to
the complex relationship existing between reaction veloc;ty and the effects of :
substitute groups in orientation. Thus, only groups having a powerful effect in !

orienting to meta-position are entirely subject to the rule and very strongly
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inhibit the reaction.
A significant influence upon the direction of the nitro group entering the
the
ring is brought to bear by the strength cf/sulfuric acid employed in nitration
(Bib1.170), by the nitration catalyst (boron fluoride, Bibl.171), and also by
the substitute grovps in the side chain. According to Urbanski (Bibl.172), weak
nitriec acid (45% HNOB) nitrates phenylnitromethane to the meta-nitro derivative,

while, as we know, nitratio'r} of toluene under, the same conditions yieldé the

ortho- and para-nitro derivatives.

Table 7

Substance Being Nitrated At Kps0 At K350
Nitrobenzene 06H5N02 .
Meta-dinitrobenzene CGH!*(Noz).g ]
. Benzene sulfonic acid CgHsSO3H ) -
Meta-nitrobenzene -sulfonic acid CéHh(Noz)(SOBH) 26 | _
Benzoic acid CgHg5COOH | 0 | -
Ortho-nitrobenzoic acid CéHh(Noz)(COOH) 100 -
Meta-nitrobenzoic acid CgHy,(NO2)(COOH) °~m -
Para-nitrobenzoic acid CgHj, (NOp)(COOH) 0000009 -
2,4-dinitrotoluene CgHz(CH3)(NO2)z2 - 0.000043
2,l~dinitrometaxylene CgHa(CH3)2(N02)2 0,004 0,013
2,l~dinitromesitylene CgH(CH3)3(NO2)2 6,65 -
Ortho-chloronitrobenzen CéHhCl(NOé) : ;;: . 23—
Meta~-chlorcnitrobenzene CgH),CL(NO2) 0.18 0.47
Para-chloronitrobenzene CgHj,C1(NO3) 017 -
2,4~dinitroanisole C¢H3(OCH3)(NO2)2 0,65 - -
2,h~dinitrophenetole 06H3(002H5)(N02)2 0,85 -

2,l~dinitrophenol CgH3(OH)(NOg),

"he introduction of a second nitro group into the pher\ylni..tromethane ring
(Bibl.173) occurs only ¥X under the effect of strong mixed acid ( 50% HNO3 and
50% HgSO[b)‘ at 65°C.

The chemical activity of the aromatic compound and the orientation upon:

also |

nitration/depend, according to studies by A.I.Titov (Bibl.98, 103) upon the

form in which they enter into the reaction period. For example, for phencls,

L T ——
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these forms may be:

. H
AtOH; Ar—8< : AtOH; A1OH; ORy; ArO,
BF,

Activity in this series will rise from left to right, whereas for the

cation ard complex containing BF3 , the orientation will be entirely different

(Bivl.171).

The influence of substitute groups in the benzene ring indicates that the

-conditions of nitration of different compounds have to be different. This is

reflected primarily upon the composition of the acid mixtures employed. Stronger

. . : groups .
acid mixtures have to be used as JX¥EHEX tending to inhibit nitration are

introduced into the compound. Thus. when toluene is nitrated to mgnonitrotolgene P
. the sulfu;ic acid must be of no less than 70 or 72% strength, whereas in nitration
| : of-mononitrotoluene T,o dinitrotoluene it must not be lower than 80 -82%,_ and in
nitration of dinitrotolueqe it must be not ‘l'bwe‘r than é? ~ 90%. When the streng:bh
of the su]..furic acid is( .reduced bglow thejse limits, the nitration reactic;n does A

not occur at all, for all practical purposes.

A significant effect upon the ni‘;ration reaction is exercised by the nature
of the attacking agent, reaction conditions such as the medium (Bibl.174), the
temperature, and XNd other factors.

Depending upon the nature of the attacking reactant, and &lso upon the

factors indicated, the molecules of certain substances say KEX manifest either

- ¢lectron donor or elestron acceptor properties. Usually this manifestation of the
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-as does the medium in which.the reaction occurs (Bibl.176). An increase in '

mutual influence of the atoms which affects the susceptibility to redistribution

of electron density, occurs at the moment of chemical reaction and is termed

dynamic, Uynamic influence in the moleculs is transmitted by the same methods

as is static influence, i.e., by a chain of simple bonds - as inductive influence,
or by a conjugate chain - as the effect of conjugation.
The dynamic redistribﬁtion'of electron density under the influence of these

factors may have as consequence a change in orientation. For example, we know

that temperature'(Bibl.l75) affects the relationship between the resultant isomers,

tempergtuge upoﬁ nitration of toluene carr;es with it an increase in the yield

of the meta-mononitrotoiuene, formation of which éhquid not occur, as the CH3 group,
which is an electron donor, reiﬁfOrces ﬁhe electron & density of the ortho- amd
para-~carbon atoms, and thus M¥XENKE orient§ the entry of the N02+ cation into the

ortho- and para-positions.

Brown (Bibl.177) in a study of the toluene substitution reaction, introduced

the idea of the ¥¥XX existence of various degrees of Mactivity" of the attacking

HET

particles, upon whicﬁ there depends the relationship along the isomers formed. This L.

relationship frequently runs counter to the orientation determined by the substitute

groups already present. ;.
Influence of the nature of the nitrating agent upon the chemical ;ctivity and

orientation has been revealed by A.I.Titov (Bibl.83, 98). Nitration begins with

compiex formations as a consequence of the introduction of &n electrophilic




" nitronium cation. The maximm activity will be ZTMKIN¥K displayed by NO,* in the

atom of nitrogen of the nitrating agenis into region II of the electrons of

the ring in accordance with the mechanism

ArH 4 NOy X— HA™ — — . NO, X*,

The formation of these complexes is accompanied by the appearance of a tint,
the stability and depth of which is proportional to the readiness with which
the corresponding aromatic c.:omp;und ArH is nitrated (the coloration of the
complexes becomes deeper, from cblorless to ruby red, in the following sequence:
benzene, naphthalene, anthracene).

The capacity of oxygen compounds of nitrogen NOoX and NOX to undergo complex
formation and the nitration react‘qn has to be determined both by the degree
at which théy are electrophilic, and by the_ degree to which the N atem is not

saturated in terms of coordination, In an identical coordination mumber

activity is determined by the eleétrophilicity, and the most.antive will be the
free nitronium cation 0=N=0 solvation greatly reduces its -activity. A.I.Titov
explains the reduction in the selectivity of 'the nitro group entering the ring,

upon increase in XNIEHEENXN¥NY temperature, by reauction in solvation of the

gas‘phase, when it reacts exceedingly rapidly and in all positions, and is not

subject to the usual rules of orientation.

T R

D. Effect of Temperature upon Nitration Reaction Velocity
Temperature is an important factor in nitration. With increase in temperature,
the nitration reaction velocity risas, as is clearly evident from the data in :
Table 8. The temperature coefficient of the nitration velocity constant is o
» J




approximately itnree, i.e., a 10°C change in temperature is accompanied by &

threefold
INEEEXX¥YX increase in reaction velocity*.

Table 8
' ™K
al K Koy ',;!‘
, 2
i .
. b) 0,013 0,00¢ 3,25
<) 0,47 0,18 - 2,01
d) 1.8 . 0,39 3,15

a) Substance; b) 4,6~dinitrometaxylene; c) EEFE Para~chloronitrobenzene;

d) Meta-chloronitrobenzene

50 Nitration is, as a rule, accompanied by oxidation, and the velocity of this
3 reaction varies IX with temperature in approximately the same way as the w}elocity
of the nitration reaction. Hdweve‘r, the oxidation reaction demonstrates a

peculiarity in that {;he oxidation products - nitrogen oxide - usually accelerate

| it, and therefore, as they pile up, the oxidation velocity rises progressively.
Inasmuch as the nitration reaction is exothermic
(the amount of heat emitted upon the entry of a single nitro group is 36.4 -

36.6 keal/g-mole and, moreover, heat of hydration is emitted), therefore, on the

. % Table 8 was compiled by Martinsen (Bibl.158) for homogeneous nitration conditions.

Upon nitration in hetervgeneous conditions, the temperature coefficient of the

-—
nitration velocity of the substances illustrated in the Table is lower as, under
i
these conditions, the process governing the nitration rate will be the process S
! of diffusion. :
}
|
| |
- ) |
} 95 -
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one hand, it is necessary, in a number of cases of nitration, to have recourss

g to external cooling of the apparatus, and on the MEREEK other hand to apply a

continuous addition of nitrating mixture to the substance being nitrated.

|
|

For each cgmpound and particular composition of the mixed acids, there is
an optimum temperature, above which the oxidizing processes begin to go at a
higher velocity, reaulting in reduced yield of the substance pr;xiuced s and which
may even be the cause of a.n e:-cplos.ion or flare up if velocity procesds to too

C )

high a level. In‘“accbrdance’.with the introduction of electrichlly negative

substitute éroups (SOBH;‘ NO5; C1) into, the hydrocarbon molecule, 1;50 compound‘s
become more stable :Ln terms of_ procgéses of oxidatioﬁ (the reaction capacity of
the sub;tanc.és), énd therefore nitration,. thereof may be performed at a higher
temperature. HUWG:'V?:].‘., bl
substitute groups‘((.)HB;, NH33 .CZ‘H5).is..the _.cause of the ﬁigher reactivity of these
t compour(ds ,-and comec;hen;.ly of their rea.ds;. oxiéijiza.bility. Cofnp;)unds .9.1‘ this kind

not only. must not be nitrated at’ high temperature, but sometzimes it is necessary,

in order to reduce. reactivity, .fir'st. to introduce into the molecule an electrically

e e v

negative sﬁbstitute grou.p such'as SOBH‘, and 'only then tb prp;:eed to nitrate. ‘_
As is evident from the foregoing, the tamperature conditions of the nitration
reaction have a major effect upon the behavior and results c;f the nitration reaction, -
and therefore require careful control and regulation.
E. Side Reactions Acco ing Nitration
The yield of nitration products is 90 - 95% of the theoretical, but not
ﬁ infrequently it is considerably less than this. This is due to the fast that the =

%
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nitration reaction 1s accompanied by other processes, the most important of which

is oxidation, which results either in the formation of products that are dissolved
with comparative ease in the spent acids and water (substances containing the COCH,

or
KE OH groups), K¥ even to formation of gaseous products of complete oxidation.

Thus, for example, ¥EE in the nitration of tolﬁene‘, ‘the nitro dérivatives of
the- Co tetranitromethane
benzoic acid snd the destruction product of/benzene ring - INXPIRIBKITERNXNIRE -
are always formed. In the nitration of naphthalene, there is formed not onlj‘tho
nitration products but dinitronaphthol (from 0.5 to 3.5%) (Bibl.178). In the
nitration of benzene, the formation of nitrophenols, and even of étyphnic acid

(2,4,6-trinitroresorcine) ‘XX has been observed (Bibl.179). In the nitration of

the sulfate salt of dimethylaniline, one also observes the formation of

" 2,4,6-trinitro-3-oxyphenyl-N-methylnitroamine.

" The mechanism of formation of products containing the OH group is not completely
cleax".‘ It is held that the entry of oxy groups into the compound occurs at the
outset in accordance with ‘he usual laws of substitution, followed by riiﬁration
of the oxy compbund. The oxy group is foﬁned I'Jy reaction not .of the nitrogen of
the nitrating agents, but of its o:qyéen, with the arox;mtic compourd, -in accordance

with the following mechanism (Bibl.98, 178)

ArH <+ OHNO, — ArQH + HNO,.
] compounds
The oxy HMEENNX formed may be subjected to nitration, in which case the NO, -

side products of oxidation .icreases with increase in the sulfuric acid content of

the nitro mixture.

i

i

|

H

group is directed into the ortho-position relative to the OH group. The number of 1
: §

!

|

J

!
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According to A.JJ.Titov (Bibl.98), oxidation in the nitrating mixture may

-

also proceed XIIEMYNE via the nitronium cation. Inasmuch as in the nitronium

@ peri-bond
cation O0=N=0 the electrons of the are considerably displaced toward

nitrogen
the cationoidal atom of nitrogen, the NIXEERKNK atoms must also be strongly
electrophilic in nature. Therefore, the attack by Noz@ upon the aromatic ring

. ’ those
may be performed either by the nitrogen atoms or by of oxygen:

r ~H 5

Ar—H+0‘9='-—§x-~o-.[Ar< —~Ar=0—-NmO4+H?,
\No,

The aryl nitrate thus formed HEH¥E¥XE converts to phenol:

Ar—O—N=O+H®— ArOH +NO?,

which is converted by the nitrating mixture into polynitrophenol.

Formation of oxy compounds may also proceed from the stage of a nitroso’

- compound, -BEXAIRE derived from the aromatic compound upon reaction therewith of

YKAXNIXEEEN the nitrosyl cation (N0®) or of a group EEK¥I containing it, such

as nit.rosyi sulfuric acid (0=N-OSO3H) BIXXKEXRXXEE or the nitrosyl nitrate form

' . N 0 ‘ .
of nitrogen dioxide O-N-O—N{o . by the mechanism
/O
ArH+0-N-O—N\o—,‘AtNO+HNO.. -

The nitroso compound may, further, under conditions of nitration in reaction

.

with nitrogen oxide pass through the stage of a diazo compound to an oxy compounds
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AtN = N-NOy+ Hy0 — AtOH 4 HNO, 4+ N;;
ArNO 4 2NO — ArN=N-NO;

ArNO 42NO — AtN=N-NO;; !
AtNe=N-NO,+H,0 — AtOH 4 HNO, + N,, !
J

and, upon reacticn with nitric acid, form para-nitrophenol:

’ [\T+HNO,"~| | +HNO, -
OH

R o
[+HNOy —| | +HNO,
AR

Then the phenols, as well as the para-nitrophenols undergo nitration to

tha FEXFEX nolynitra comnonnds -(Rih1.70; 71). Thus, in accordance with tha views'

. . +
* . . is facilitated by- .
of A.I.Titov, entry of the oxy group into the ring INEIXXXKXREXXKE the presence

of n.itrogen oxides in the nitrating mixture.

The oxidizing processes are frequently so congider;.ble that the consumptibn‘
of nitric ‘a.cid therein often attains 180 = 200% of that theoz;etically required for
nit;ration. ’I"he oxidation pro"cess is accompanied by the formation’of nitrogen
oxides which, as already indicated, react with the compound undergoing nitration,

converting it into a nitroxy compound. Moreo;rer, in the nitration of a number of

aromatic ¥¥MEE compounds, the nitrogen oxides diminish ths velocity of this
reaction (Bibl.156), due to two processes: reduction of the strength of the sulfuric
acid

HNO, + 2H,S0, 2> NO®4- 2HSO +H,0°




i

g

a
P
§4

&

and reduction of the strength of the nitric acid
HNO, + HNO, = 2NO, + H,0.
In the cas® of strong oxidizing processes, as a consegquence of which a
considerable amount of nitrogen oxides are formed, nitration is substantially

inhibited by this side reaction. However, the nitration of aromatic amines and

* phenols is promoted by nitrogen oxides, and thus thé side reaction (oxidation),

leading to. formation of nitrogen oxides.is, in the given instance, the cause of
positive catalysis,
The‘ catalytic effects of nitrous oxide is explained ‘{Bib1.180) by the

presence of a nitrosification reaction yielding nitroso- compounds which are then

" oxidized to nitro compounds. Nitrosification is induced by the nitrosyl cation NO*

or NZOI;. Although the latter are less active, the céncentration thereof is

" ‘considerably higher.

The gitrOSyl cation is a considerably weaker elqctrophilic reactance than
is the nitronium. cation'Noz. Therefore, it is only able to attack highly reactive
aromatic compounds (such as the a.};lir;es , phenolsf phenol esters, etc.), and
therefore 3:t is only the nitration of' these ;ompou'nds that is' promoted by nitrous
acid. ‘ ’ -
In some cases, t.he formation of products X¥EEX containing the nitrosoc group
has been observed in nitration. Thua. » in the nitration of toluene to trinitrotoluene,

the formation of the dimer of dinitro-nitrosobenzoic acid occurs. It is held that

this compound results from the oxidation, by nitric acid, of the methyl group to

an aldehyde group, and subsequently, in the absence of nitric acid, by the
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oxidation of the KIXENJE aldehyde group .o the carboxyl group, this ccourring XX

at the expense of the nitro group in the given molecule (Bibl,181):

40
A S
O.N NO. witheut HNO,
2™ k | 0n voy 9 O INO,
/_ A4 H,;80,
. NO, " NO,
. COOH COOH:
N 0
_ o,N,/ I—N<O>N——i/ \!No2
N \/
' NO,
NO,

In the nitration of a.romati;: hydrocarbons under certain circumstances,
'the entire masé is observed to "pecome darker, resulting sometimes in the appearance
of a flaky wéne—bl;ck deposit. The degree of IFHKE darkening and the aubseguent
development of the process is far from identical in all instances. Sometimes
the pxjoces-s is exceedingly vigorous, and the reaction mass begins to fume, and this
not infrequently results in eicpulsion of nitro mass from the apparatus.
The formation of a tlack side product upon the nitration of benzene was
first described by Battegay (Bibl.57), who observed this in nitration by nitric -
oxides in a sulfuric acid medium, and who drew attention to the dark and rather
stable coloration ;f the spent acids. TMisappearance of the colors set in only -

upon addition of water or nitric acid. Battegay assumed that the colored product

is the complex consisting of benzene, nitrosyl sulfuric, and sulfuric acids: ;

| XM FNSOH. . ZHSO,

H
i
!
,,,,, z
2
i

According to & study by Ye.Yu.Orlovs and S.S.Romanova (Bibl.182), toluens,
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under these conditions, ylelds a complex of the following composition:

C,H,CH,- SONOSO,H-8H,$0,,

the formation of which facilitates an increase in the strength of the mixed lo;d{
an increase in temperature, an increase in the content of nitric oxides, and a
reduction in the strength of the nitro compounds.

Formation of the complex proceeds in two stages: darkening and, subseque. .ly,
foaming, as temperature':'increases s le.a.ding to the appearance of a black deposi’g,-
usually resinous. This complex is capable of being broken up by nitric -acid. The
strenger the acid mixture, the more readily this process will occur. In a weak.
acid mixture, the ccmplex does not undergo destruction #X even when there is a
large |
XXFERE excess of nitric acid. Consequently, destruction of the complex can be
pérformed only by the nitrating form of nitric acid. Thus, the process of
destruction of the compiex of nitric acid resolves itéelf to a process of
nitration of the hydrocarbon bound in the complex.

In order to avoid formation of a complex upon nitration of the aromatic

hydrocarbon by mixed acid, it is necessary to eliminate the possibility that the

hydrocarbon will come into contact with the spent acid free of nitric acid.

102

However, if such conditions do arise and a complex is formed, steps must be
taken immediately to destroy it. The work of Ye.Yu.Orlova and S.S.Romanova showed
. 3_

that destruction of the toluene complex should be performed at a temperaturs of !
é

LO - 50°C, At this temperature the rate of destruction of the complex is higher ’
!
i

than the speed at which it is furmed. When the nitro mass darkens and the complex f
i
i

has not yet been broken, temperature must not be permitted to rise (specifically,

i
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in the case of toluens, above 65°C). Otherwise, fosming will begin, and this
will result in the formation of an NEENENENEE amorphous brown substance. The
initial stage of nitration is particularly dangerous in terms of the possibility
of complex formation. later, as the hydrocarbon is transformed into the nitro
compound, this latter inhibits the formation of the‘ complex.

Complex compounds of "hydrocarbons with nitrosyll sulfuric a'gid are re;.dily
oxidized and resix;ified,i as‘ noted above, particuiarly at elevated temperature,
The velocity of oxidation and resinification of the hydrocarbon is affecﬁed by
its temperaturé. Benzene is most stable thereto., However, its homologs having

substitute groups
electrlcally positive BMENXIXHEEE are less stable and oxidize at high velocity.

The stability oi the hydroca.rbo.n is the lower, thev greater the number of
substitute groups 61‘ this type in the benzene ring. The number of substitute
groupz; being eq.ua.l‘, the hydrocarbon BXIXX oxidizes ';.he more rapidly, the lower
is the chain of substitute groups. For example, ethyl benzene oxidizes mors
readily than does toluene,

The number of substitute groups being equal, oxidation velocity depends upon
the relative position of the substitute groups. Those hydrocarbons oxidize most
readily whose anhstitute groups are in the ortho-position with respect to each
othery oxidation is more difficult where the para-position obtains, and the
WIXEZE meta-substituted are the most stable., Thus, of the three xylenes, it
is ortho-xylene in the trimsthylbenzene series that oxidizes most NERXEX¥] rapid;.y.

Pssudocumene oxidises most readily, whereas mesitylene oxidiszes with greater

difficulty.
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CHAPIER III

ICTRATIRIDCSXADSNERT |
NITRATION FLOW SHEET

A, Factors Gove the Nitration Flow Sheet
0

- The optimum conditions for the production processes are determined by the
m physical-chemical properties of the substances participating in the various

stages of the chemical XIFKNNEX transformations. Thesé properties are basic to :

the choice of the condition to be maintained in the production unit, and the

relationship among reactants, temperatt;re, pressure, duratiorn, the need for a.nd _
possibility of emplos'»ment of" aolw}e.i;ts ,.‘ catalysts , etc.

The production proces;e; involved in the aynﬁk}esis of high explosives are
carried out unde‘z" various ten.lperat.n-n:e corditions and common condit‘iona for the
reactants. In the majority of cases they are performgd in liquid media (in a
single liquid phase, in a m,ixti;re of two liquid phases, by' reaction between

liquid and gas, or between liquid and a pulverized solid), and this facilitates

the decision and simplifi.es-t'he design of the apparatus.

The basic process in high explosives synthesis - nitr&'f.ion - is accompanio&
by the emission of a considerable amount of heat due to. the exothermic nature of
the rogctiona occurring: KIXEEXXEY nitration, hydration, and not infrequently,

oxidation., Therefore, as the process is usually conducted, if provision for

withdrawal of heat is lacking, the temperature of the reaction mass rises to a

- O specific level, whersupun, as the reaction velocity diminishes, heating diminishes

¢ po
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snd the temperature begins to drep.

Inagmich as nitration proceeds under ‘, specific temperature conditions
governed by the properties of the substances participating in the process, this
temperature is maintained at the outset by cooling and toward the end by heating

the reaction mass. Violation of the temperature conditions of the process may

result in decqmposition of the nitro product, oftgn ending in a YN fl}re up

or explosion. A"fh?-e up or explosioh isA frequently the copsequence of violati;n
of the i“low sheet.‘ and in,abilitﬁr to detgmﬁne in tir.n‘evthe reagons fgr a sudden
rise in temperature.

It mustl be borne. in mind that explosives are dangerous only under specific
conditions.. The job of the tlechnician is to be able to prevent thesje‘ conditions
. . : . . developing under in;iustrial circumstances.

The nitration flow sheet should be such as to assure KX ma.:dmum outpu.t' and
efficiency, i.e., maximum yield of the final product perAunit of raw material.
This is determined to a considerable degree by properly designed X¥ acid
circulation. At the same time, a number of other conditions must also be met:
an adequate margin of safety, and prevention of oxidizing and other side reactions. | —

the

Aside from the foregoing, the type and arrangement of/apparatus employed is
also determined by the overall condition of the materials being processed; The -

apparatus employed must bs designed simply and must be carried into compact and

readily controllable installations.

i&. Fulfillment of these conditions makes it possible to set up produstion that
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will assure high labor productivity and low product cost.

BEach method of production of polynitro compounds is characterized NI by:

1) the number of stages of nitration; 2) the sequence in which the components are
charged; 3) the nature of the acid circulation; 4) the processes cycle.
Section 1. The Stages of the Process

The affect of substitute groups in the benzene ring govern the changes in
the conditions of nit-ratior'x at various stages in this précpsa. As nitro groups
are Introduced into the ;ompourxd,‘their inhibiting influence upon the nitration
velocity x;lakes necessary the use qf increasingly stronger acid mixtures. The
consumption of acids in the production of polynitro compounds depends, to a
cons,idez.'able degree, upon the number of stages of the process.

®
3
Ju
o+
]
(5
Q
3

via the
XHENHJK. mononitro compound or the dinitro compound, in three stages, and in three

stages with the ¥HEXII subdivision of the last into a number of sub-stages,

Nitration in a single stage as performed, for exsmple, in the nitration of

toluene, follows the following equation:

- CGgHCHy + 3HNO, -~ CH,CH, (NO,),+3H,Q.
In this procedure, all the spent acid is dﬁ.luted by the molecules of reaction : i
of water and must be of maximum atrenéth in order for the third nitro group to
enter the ring. In this comnection, the consumption of acids is at a maximum,
and the acid mixture has to be made up of the n:l.xtur;a of highest concentration:

strong ‘
(oleum and nitric acid). A considerable amount of the trinitro compeund

remaing in solwtion in the large volums of stromg spent acid, amd this %
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reduces the process output rate.

Nitration in two stages via the mononitro compound:

CaH,CHy -+ HNOy — CoHICH, (NOJ-+ 314,0;
CeHyCH, (NOy) + 2HNOy — CyHyCH, (NOy)s + HyO.
In this method, a weak mixed acid is used in the introduction of the first ]

nitro group, amd the strong mixed acid, which satisfies the requirements for the
latter

" introduction of the third group is expended when the two nitro groups are

introduced. Therefore, this method is more profitable #Kil than the first.

Nitration in two stages via the dinitro compound:

CoHiCHy + 2HNO, — CgH,CH, (NO,), + 2H,0;
CeHy,CH, (NOy); + HNOg — CiH,CHy (NOy); + HO:

This method is more profitable than the preceding one, inasmuch as the
strong mixture is emgloyed only to introduce the third nitro group, and ‘a weaker
mixed acid is employed in the introduction of the first two nitro groups.

Nitration in three stages. Under this method, the strong mixed acid is

expended on the introduction of only the third nitro group into t:he, ring, a
weaker is used to introduce the second nitro group, and a very weak mixture for -
The consumption
the first., EXREKENEIER of strong acids in this process 1s sven less than in
nitration by methods referred to above. ' >
Nitration with geparation of a third gtage into gever
Under this method, the consumption of strong acids is reduced even further. By

breaking nitration up into a number of stages, it becomss possible, in the INFESK

firet of these, to employ mixed scids of lower HIENE strength. Inasmmsh as
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the nitration in this case will proceed in the presence of exsess compound

undergoing nitration. It is IN only the final stages that require ¥ more

concentrated mixed acids as the active mass of compound being nitrated is
reduced,
Increase in the number of stages in nitration complicates the factory
eguipment and results in greater expenditure of labor. However, with a rational
flow sheet, and successful design of tl-ae equipment, t}'m nﬁmber of stages in
nitration can be increased considerably (Bibl.183). S'eparatirn of the process
into a large number of svages is preferably reserved for the last stage (introduction
of the third nitro group), inasmuch as the greatest'amount of s1.;rong acid is
required due to the difficulty of this érocess.
The degree of nitration may vary in the various stages. The process may be
performed witk adherence to precige molecular .ratio among the reacting components,
or without adherence to this’ precisi.on. In‘ the former case for example in introduction
of the first nitro group, the entire hydrocarbon is nitrated to mononitro compound,
in the second, to dinitro compound and upon introduction of the third, to trinitro
compound. This flow sheet makes for ready monitoring of the intermediate products, -

for examplp, IX imperfect products ¥X are noted immediately, etc., whereas when conducting:

the nitration in a number of MEN¥ME buildings, the purposs of sach bullding is quite -

distinctive. The nitro product produced has various specific properties (physical-

chemical constants and characteristics).

In the latter case, for exampls, upcn introduction of the first nitre k3 ¢ growp
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TRIE the first stage, toluene IX undergoes only 50% nitration to mnitrotolu&&

with the purpose of maximum utilization of nitriec acid from the .-pont scid, In
the second stage, the process is conducted so that the nitro produet ootained is
liquid at a temperature of 30 - 35°C, which is achieved when mixtures of nitrq
products containing 50 - 75% dinitrotoluene and correspondingly 25 - 50%
mononitrotoluene are employed. The liquid nitro product is more readily separated
from the spent acid and it is then that nitration to trinitrotoluene is performed.

Section 2. Procedure of Charging of Components

In each of the methods of nitration listed above, the sloquence of run-in of

run-in
the components may be different: of the acid mixture to the compound being

nitrated ("direct" run-in), or run-in of the compound into the mixed acid (™inversen

2T Ter £y

ra_dm)  Aw fle admnldn . a
n), or, finally, simultanecus cha

methods -are suitable only to cyclic processes, whereas the third may be used in

continuous process.

The sequence in which the components are charged has a substantial effect

. upon the cost and upon the result of nitration. ILet us examine it, employing the

niﬁration of arcmatic hydrocarbons of the mononitro compounds as our example,

In "direct™ charging of the components, the full quantity of hydrocarbon to

XEE be nitrated in a single operation is run-in it once, followed by gradual addition

of the mixed acid. A special feature of this sequence of mixing of the components

When
is the presence of excess hydrocarbon during the nitra.tion.m\ghil sequence

process
is omployed, the nitration/rate is IMNER low at the outset, becsuse of the slow

below

addition of the mixed acid, and consequently EEEXNEE nitric acid comtest of the bath, |
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This latter circumstance may also result in a side reasction between the capomd

being nitrated EMX (if there is no nitro group in the ring thereof) and the

nitrosyl sulfuric acid, resulting in the formation of the Battegay complex (Bibl.57)

(CeHy) 8 (NHSO,) 5, - (H,8O() g,
resinified,

Congruents of this kind are readily oxidized and FEENRIEIERXY particularly
at elevated temperature. Therefore, when the direct method of run-in is employed,
low temperatures must be maintained during the process.

As indicated above {pp.99 - 105(Bibl.182)], formation of the cowplex
facilitates an increase in the strength of the mixed acid, an increase in
temperature, and in the amount of nitrosyl sulfuric acid present. This last
circumstance is the major obstacle to the utilization of components of the
nitrating mixture from spent acid, in direct run-in, inasmuch as spent acids ,
almost always contain nitrosyl sulfuric acid.

Iy

In "direct" run-in of the components, the cooling surface of the &pparatxfs )

-

*

is inefficiently employed, inasmuch as the volume of hydrocarbon is um{ally less,
by a factor of two to three, than the volume of acici’ mixture. .
The sole advantage of direct charging of the components, coxﬂif:%:med by the
presence in the apparatus of an excess of RIX¥IE nitratable éompounci , is the
possibility of producing pure mononitro compounds without admixture of dinitro
compound, and maximum utilization of MXXNXX nitric acid to form the nitro compcund

(Bibl.185). However, in the synthesis of polynitro compounds, the momonitro -

compcund 1s an intwpdiatc product in further nitration, and therefore there is
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no need to produce it in the pure fomm.

A

In the case of "inverse” run-in of the components, IX the entire acid
mixture is charged into the apparatus, and then the hydrocarbon to be nitrated
is added gradually as the nitration proceeds. A special feature of this

method is the fact that excess nitric acid is present virtually throughout the

nitration process. Under these circumstances of nitration, no complex is
! formed, inasmuch as the hydrocarbon is immediately converted, upon contact

with the acid mixture, into a less reactive nitro combouml, which neither

..sinifies E¥ nor oxidizes. In "inverse™ run-in, the ’end of charging of the
components is readily determinable. -So long as there is nitric acid in a mixture,
it has a bright yellow color, but after the nitric acid has been'consumed, the

colored
bateh grows darker inmsdialsly Lecause of the formation of tne uuuug complex.

"inverse charging”,
In MOOEEFEEWHKEEEIHEY the heat conditions of the process are more favorable.

. . . . . A special feature of this process is the formation at the onset of nitration,
of a dinitro ;:ompound (up to 10%) as a consequence of the .fact that a strong
T T ’ . admixture is .employed, containing a large amount of nitric acid. Under circumstances
in which the ;nononitro compourd is an intermediate product in the production of —
\ ‘di- and trinitro compounds, partial nitration to the diproducts in the first

phase is actually desirable, as it reduces the consumption of the stronger acids -

in the second stageé of nitration.

EA

A process proceeds a good deal more smoothly in simultaneous charging of the

components, which is vsually employed when the continuous process is used. The )




reactant components are run into an apparatus filled with spent ascid. The

capacity of the apparatus must be adequate to make it possible for the components
to remain therein for the period of time required for the ruct:’uon to come to

completion. Under these conditions there is no unnecessary excess of one of

the components, and therefore side reactions are held to a minimum, and some of j

them are actually absent (for example such as the formation of the complex or

the formation of a dinitro compound).
sa Section 3. Acid Circulation

In nitration of mixed acid, the sulfuric acid ABE¥XH is ¥X not consumed in
with

the process of nitration, but is merely diluted/water and XK goes out of the
process in the form of what is termed spent acid. In order to economize on
sulfuric acid, the spent acids from the higher stages of nitration are employed,

in multiple stage processes of polynitro compound production to make mixed acids

for the lower stages of nitration. . For example, the spent acid from the third

stage goes pa.rtiaily or dompletely to preparatioh of mixed acid for the second

stage, whereas the. spent aéid from the second stage goes to make mixed acid for

th§ first stage.

This utilization of spe - acids from the higher stages of nitration to make
mixed acids for the lower stages of nitration is termed acid circulation. A
rational acid circulation makes f;or minimum acid consumption factors and high i
yields and quality of product. Inasmuch as stronger acids are required for the \
higher degrees of nitration than for the lower, it is clear that the spemt asid

B frem the higher FENJEE stage of nitration may go to make the mix for the lewsr.

12
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" reduction in the total consumption of sulfuric acid, but there is also &

Thus, countercurrent between product and acid is rationmal in a continuous

nitration JEAEX process.

In accordance with the nature of the acid rotation, the methods of conduction
of nitro compounds may be classified as follows: acid ecirculation lacking,
incomplete acid circulation, and complete acid circulation.

From the point of view set forth above, the met}?od riot employing acid
circulation is rational only in a process in which it is not necessary tpat the
procedure be broken down ;i.nto various stages. In the multiple stage method (fo#
example, in nitration of toluene through three stages), acid circulation was absent “,

and

only in the earliest period of development of this method of production, FNEEEENE

the acid mixtures for-each stage of nitration were prepared from fresh acids, and

the spent acids were ATEENER discarded.,

The ‘method employing incomplete acid circulation remains in use to this
. _ ' Xylene '
day in the two-stage method of ‘nitra.ting XFERX to trinitro:gylene.
Complete acid circulation, in which the Qpent acids from the higher stages

of nitration are employed in their entirety to MMEMNX make up acid mixtures for

the lower stages is the most profitable. With this method, not. only is there a l -

reduction in the consumption of nitric acid XX as a conse'quenc‘e of its more ‘ i -
: upon ‘

complete utilization. Recovery of spent acid &l denitration is facilitated, as

it emerges in the form of the most weakiy spent acid from the first stage of

nitration, containing 60 - 70% HpSO,, and a no;ligiblo amount of nitro compounds.

13
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Moreover, extraction of the nitric acid and decompesition of the nitrosyl
sulfuric acid in denitration proceeds the more readily, the weakor is the sulfuric
acid in which they are dissclved.

Where "direct™ run-in of a mixed acid into the compound being nitrated is
employed, acid circulation is permissible only under the condition that the
.spent acid be most carefully cleansed of the dissclved nitro products, if the
spent acld is to b.e employed in making mixed ac':id‘. " This is. done by cooling the
spent acid.a.nd settling it for a lbng time (up to' 20 déys). Otherwise, o;tidation ‘
and resinification will go farther.

The situation is different in "inverse™ run-in., 'In this procedure, there is

. always an excess of nitric acid, and the hydrocarbon charged is immediately converted

to a nitro compound that does not react with the orga:nic admixtures present in the
mixed acid. Consequently, in inverse cha.rging, Jt is . not. essential that the
spent acids be cooled end set.,tled if they are to.be used to make mixed acid.
Therefore,’ the spent acids are sent directly from the sepa.raﬁor"to the lower-stage
nitrator, mixed with nitric acid and nitration is begun wi£h the mixed acid thus
prod-'uced.. This type of acid circulation is called hot. Its adva;ntages‘ are:
1) Tllw HE¥IX need for long~term preliminary settling of the spent acids, which

requires large capacities, 1s eliminated; |

. 2) The need for special acid-mixing apparatus is eliminated;

3) The acid department cf the plant becomes simpler and more compact, and

the nmber of workers is essentially reduced,
Most desirable of all is a closed acid circulatio ich the spent asid

1
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. nitration processes are the mére advanced. As a rule, they are considerably

leaving the nitration department is ccupletely returned nitration after denitratien
and increase in strength. 1In this kind of acid circulatien, the sulfuric deid
required as 2 reaction medium is employed in production in a closed sycle, and

it is merely a small amount of fresh sulfuric acid that has to be added in order

to make good the loases.
Sectioh k. Production Cycle

In terms of the produ.f:tion cycle distingtidn is made ’betwe'en‘ periodic processes
of nitration (short cycie) and continuous nitraf.ion processes (long cycle, usualjy
interrupted only to repair the apparatus, correct disturbances in the pfocess »
and for other such reasons )". ”

The interrupted -pr?cess is characterized by fl,he_ fact that its various stages
occur in a bsingle place, a.nd that time req;urements vary. It is carried out in
batch gpparatus. In the periodic process, the final prodﬁct is discharged
from the apparatus at specific time intervals. After discha.rge; the initial
components are cha;'ged into the apparatus and the production cycle is repeated.

The céntinuous procéss is c.h_aracteijized by the fact that all its stages occur
simultaneously and tha't "c}}e end product is in a s.teady condition, with digcharge

continuous. It is performed in continuous-type apparatus. The continuous

safer, readily subject to automation, require less XE labor, are more productive

and economical.

»

A
l(i\ncgttin side of XX nitration in continuous apparatus is the fact that the

nitration employs & mixed acid of minimal activity (the nitro batch in the

apparatus is virtually spemt acid), as & consequenmse of whieh resstion velesity

15
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is low, but this in turn pro\nnta lmtm»u heating of the bateh. Not
infrequently, in order to ac;'.ievo h:lgh output in the reactor, the reduction in
nitration velocity (due to the low strength of the nitrating bath) is compensated
for by ¥X running £he process at high temperature. This last circumstance does
not always have a favorable effect upon yield (losses due to oxidation), and
also upon proper quality (for example, in thé nitration of toluene, the yield of
metanitrotolusne increases de
In continuous .action apparatus, the problem of ‘repair.is more complex. .In_
.t;he repaiz: of a sinlgle apparatus it is frequently neceésa.ry to, stop others combiz;ed
into a single continuous installation. Cox:saquently, a go?d organization of
maintenance work is essential in the operation of continuous installations. I'f..
monitoring is inadequate, it is possibie t'r?at, in the continuous process, the
product will not be up to st'a.ndard., and ;.t is not always possible to rectify this.
The considerations set' forth above must l;e bomé in mind in deciding the
type of cycle to be employed in nitrating any given product, inasmuch as, despite
the theoretical ,ﬁdvantages of the continuous process, the possibility that a
bateh proce'ss may prove more adva.ntageoué is not to be ruled out. Batch-proceases
ars employed chiefly in comparatively small i-nstallatio.na , and in situations where
aatisfacto;'y solutions have a problem of 1:>roceuoa in continuous apparatus have . )
not yet been found. Thus, the batch process must always be regarded as a transition

stage to introduction of a continuous process.

Installation of continuous equipment creates the EENEE basis in materials
and technology for WA raising labor productivity and reducing cost of predustiem.
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However, a supsrior process can only yield maximm economic effects if it is
used correctly, rationally, and with skill.
B Mixed Acid 10 in Nitration
Section 1. A Pra?.tical Description of Mixed Acids
The nitration of the majority of aromatic hydrocarbons is performed with

nixtures of sulfuric and nitric acid. The relationship between the sulfuric

. and nitric acids in t'he mixed acid is set in such fashion that the nitric acid

will go completely into nitra:tion.

It was shown, in Chapter II, that the nitrating activity of mixed ‘acid is
determined bjr the ratiq between the sulfuric acid and water. In the mixed acid,
this ratio changes as the nitric acid is consumed in nitration, inasmuch as a
molecule of water is liberated for each molecule of nitric acid consumed. In
additién, :che nitrating activity of the mixed acid is also changed. The ability
;)f the mixed acid completely to yield the nitric acid it contains to ‘nitration of
the aromatic gompound will be determined by the ratio between sulfuric acid and
water in the spent acid. This ratio has come to be called the ANKRI¥SEXI dehydration

index ( DI):

DI = Quantity of H;S0, in mixed acid (%)
Amount of Hy0 liberated in nitration, plus amount of Hp0 in initial
mixed acid (%) j
The value of the dehydration index of the acid mixture is determined
experimentally.
Tomlinson and Groggins (Bibl.146) described the acid mixtures by a variant
of the dehydration index, called the dehydration value of the sulfuric aeid (vvs),
a7 -
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and computed in accordance with the following equation

"

DVSem—3

including a coefficient for the consumption of nitric acid in nitration.

In this formula N, is the nitrogen coefficient, which is arrived at as the
product of the weight of the material undergoing nitration by the weight ;t the
nitric acid required for nitration; S, N, and W are the pei'gentage contents of
H,S0;,, HNO3 a.nd H0 in the initial mixed acid, and W, is the amount of v;ater
liberated in nitration. They hold that at a given tenylp'erjiature and a given Nr"
the prc;d;ct yield is a function of the D\;B.

cumber.some s .

Considerably less . MEMENFEXEEY more accurate, ia.ml, in our opinicr, clearer,
is Lhe ;:uxlcept of the riitrat‘ing capacity of the mixturs which characterizes it by
the nitrating activity factor suggested b& N.A.Kholevo (Bibl.127).

The nit?ig acid going intg t};e mixed ac}L.d is not consymed in the nitration
progess , but only chagges in st;re'ngth as the nitric acid gdes into nitration.

Inasmuch as the utilization of nitric acid for nitration is .accompanied by

liberation of an EANIMEXENEXKE equimoiecular quantity of water, the strength of

the sulfuric acid will be constant when the composition of mixed acid is described

in molecular percentage.

The same relationship, as expressed in percentage by weight will be as

follows, due to N.A.Kholevo:

‘ 0= N, -
| s!‘s: ‘w_N‘ ’ ‘

s s T




where S, and N, are the strength of the sulfuric and nitric acids in the aoid
mixture in percentage by weight, relative to the total weight of H2S0, + HI!O3 +
+ Hy0, and 8y and N; are the concentrations of the same components in the ,

‘ s

. be
middle or at the end of the nitration process. If NXX Nj/taken as zero in this

] has
expression, then S; will take on scme specific value, which N.A.Kholevo IX termed

the liberating ¥X factor of nitrating'aétivity of the mixed acid. The factor,

termed P.n.a. may be computed in accordance with the following equation:

f.‘n.a. —S, i“T‘l‘.—N:.

The activity factor expresses the strength of the sulfuric acid on condition

. that the nitric acid KKE is completely used in ‘the nitration process. His equation

was derived as follows.
The weight of the spent acid after complete consumption of the HNO4 upon

nitration is

100 = N, + %Ne = 100 — 0,714N,,

where 100 is the weight of the mixed acid, —%g— N, is the weight of the water
liberated in nitration, 18 and 63 being the molecular weights of the

water and the nitric acid respectively. !

The strength of the HyS0; in the spent acid or

‘ Sl 140-8,
f.na. = 100 .0, 114N =N,
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Ascording to thiv eguation, one may compute the maximm nitrating aotivity
of the acid mixture only if it contains no nitrogen oxides. When the spent

acid is used to make mixed acid, nitrogen oxides will generally be present.

Nitrogen oxides go into a compound with sulfuric acid, combining to form nitrosyl

sulfuric acid, with liberation of water:

D= O

-~

‘Reaction of one part of Ny05 per weight takes up HoS0), as follows

%%3-2,58 perts by wt,

and the Ho0 liberated is

18

—7?-0.24 parts by wt,
and the HNSO5‘ is

‘-2.—7‘:-1—-'3.3‘ parts by wt.

‘ : it is
62 In computing the factor of nitrating activity/necessary to proceed from

the active composition of the mixture, i.e., the composition less inactive
matter.

Therefore, the formula for computation of the F.n.,a, will te as follows:

100 (8, — 2,584) - e 100 (8, — 2,580)
100 = 3,348 + 0,248 — 0,714N, 100 = 3,106 = 0,714V, '

- 1

f.n.a- -

where a is the N203 content in the acid mixture, in percent.
This last equation may be employed in production to compute the F.n.a. in
the spent acid on the results of analysis. The spent acid usually contains a ¢

dissolved nitro product, the content of which is taken into comsideration iz




-~

computing the F.n.a., the formula in this case having the following appearance:

fora 3.5+ 0 3 0, TN, —7 *

where b is the nitro product content in the spent acid, in %.
Thus, the factor of nitrating activity for the initial mixed acid and
for the spent acid obtained after uf.'ilization of this mixture is ic'iontical
only if oxidizing pr;cesses he;.ve not occurred in the course of nitration.
Howevex.', if oxidizing proces's»es did occur during' the nitrat:?.on, a portion of
the sulfuric acid will be taken up b.y the aitrogen oxides libera.ted‘.th'erein to
form nitrosyl sulfuric acid. This reduces the factor of nitrating activity of the '
spent acids.
In terms of the activity of mixed acids, the following are valid: 1.) of two
or more mixtures having identical factors of activity ( F.n.a.), f.hé nore, active ’ '

at the outset will be the one in which the concentration of n.itz":%c acid is higher;

2) of mixed acids having identical nitric acid concentration, the more active ¥IIIN

S s et e e T e e

will be the one in which the factor of activity is the higher.

The characterization of mixed aclds by XK¥ factor of nitrating activity, due
to N.A.Xholevo, has had a very favorable effect upon the development of the
manufacture of a number of polynitro compouhda primarily TNT. It has demonstrated

their

that mixed acids of various compositions may be used, provided that Fen,a,

is identical. This is turn, has solved the problem of employment of spent acids

for the preparation of mixed acids.
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Section 2. yption of .
The amomnt of nitric acid going to make up the nitrating mixture is determined
by the amount theoretically required for nitration in accordance with the .
stoichiometric reaction ;qu,a.tion
_ Aiﬂ+ XHNO;— Ar (NOy)yx +x H,C.

To the quantity of nitriec acid found in this manner, there must be added a

faction thereof - ’ .

'specific YIEXEFXET necessary to cover the nitric acid EEREEYX consumed in oxidation,

evaporation losses, and residue in the spent acid. This excess is BEEIX¥ determined

experimenta‘lly for each specific case.

The determination of the consumption of sulfuric acid required in nitration

e e = -

' ~ 1is another matter. This -problem is facilitated if the limiting factor of

¥

nitrating activity required to obtain a given degree of nitration of the initial ‘

EMMEEE cowpound is known. Table 9 presents the F.n.a. values unploy;d in practice,
and the practical consumption of nitric acid as percentage of the theoretical
required for n’*- ‘tion of the most important aromatic compounds.

The employment of acid mixtures, the spent acid of which will have an F.n.a.

higher than that required to nitrate the given substance, is unprofitable in terms

of sul“uric acid economics. The use of acid mixtures of low F.n.a. results in
incomplete utilization of the nitriec acid in this mixture. If we know the F.n.a.,
it is not difficult to determine, for each specific instance, the amount of sulfuric
acid required to carry out the nitiation process. .

Let us use Gy to indicate the quantity, in kilograms, of nitric acid at a

strength N (£) NN of HNO; , and let us employ G, to demote the quaatity, in
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Table 9

rmo3 Consued in Mitration

Substance Being Nitrated ‘,.n.a. in % of Theoretical

(.

Bengene to mononitrobentene 70 103108 )
Mononiirobensene to dinitrobenzene 88 110118 '
Toluene to moncnitrotoluene _ 7 103105
Mononitrotoluene to dinitrotcéluene 82

. 110=118
Dinitrotoluene to trinitrotoluono° . .
three-step method 9 .. 180200
multi-siep method ’ : ' 8; 170180
Xylene to dinitroxylene go C ’;:::‘15 ;
Dinitroxylene to trinitroxylene . . ol 5 : 08—1:: S
" Naphthalene to mononitronaphthalene 7 ; 130—140

Mononitronaphthalene to dinitromphthalen‘o [

kilogra.ma , of sulfuric acid, at atrength s (%) of HpS0, required for nitration.

In the spent acid after nitration there will be: all the sulfuric acid (Gg),

the water in the nitric acid

and the water liberated in the process of nitration. The amount of the latter

is computed from the stoichjémetric equation for the nitratioﬂ reaction -

ArH 4 ngao, — Ar(NO,) +H1’80’ .

It will come to
Qy-N-18 N :
63100 02860 1G5 : i

the weight of
Thus,/KXX the spent acid is written as a sum

Oy (10— N) . 0.28Gy-N _ 100 — 0, 714"
G"' T T O""G”L__ﬁfﬂ'

However, the amount of HySO, In the spent acid,XX in percentage (F.n.a.),

is expressed 2s the ratio of the amount of sulfuric acid monohydrates employed in
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64 nitration (Gg -i%-o) to the amount of spent acid:

3
e

' na = 0y:8.100 ,
- fena 100- Qg + O (100— 0, T14N) 1%

from which

‘ - o ' f.n.a, Gy (100—0,714N)
Os= G f.na) 100

or

Qy: fn-a ¢ 140=N )

Os="0 (3= f.0.q,

If we use this equation, we are in & position readily to compute the
amount of s'ulfuric acid required tq make up the mixture.

It is evident fx.'om‘ the formula that the consumption of sulfuric acid is
i ] determinegl to a considerable degree by the difference between the concentration .
of Hp30), in the sulfuric acid- employed for nitration (S) and the concentration of
Hzéoh in the spent acid (f’.n.a.). As a consequence of the high value of the
Fer.a., particularly in the nitration oi-i‘ dinitro ¢ pounds, it is necessary to
employ sulfuric acid of MIEXE maximum strength (x}ot infrequently containing free
803)+ to make the mixed gcid; However, even under these conditions, the consumption i
of sulfuric acid is considerable, and sometimes several times as large as the
consumption of nitric acid. . et

The formula also shows that the composition of the acid mixture may change
considerably in accordance with th§ concentration of the initial acids employed

i to make up the mixture. At maximm concentration of the initial acids, the
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consumption of sulfuric acid will be minimal, and the percentage content of thtmg

nitric acid in the acid mixture will be at a maximm. On the other hamd, if

the initial acids are weak, the strength of the nitric acid in the acid mixture
final

will be minimal. In such mixed acids, it is only the IIIXXIKE nitrating activity

that will be identical, whereas the nitrating activity of the initial mixtures

differ.

The init:%al nitra‘h:ing acti:vit.y of acids containing much nitric' acid
will be greater and, con;quently, the nitration v_elocity‘ by these acids at the
begin'nir;g of the process v;vill be higher. . This is of significance only fo;'
batch-‘t'ype processes, .in‘ which the compound to be nitrated is run into the
mixed acids. .Ni'.tra*.tion in continuous pro;:ess apparatus has a rule (particularly
for readily nitratable compounds) occurs in point of fact with mixed acids of
nearly maximm composition. Upon coi'lt:'!.nuqus nitration in a nitrator, the x;ixed :
acid and the compound undergoing nitration are measured IXJin simultansously,
often at a rate close to the speed at which they react. Under these conditiona‘,
the nitrator is filled with a nitro batch cbnsisting of nitro products and the

!

HX nitrating mixture, similar in composition to spent acid. Consequently, in the

. . mixtures
case of continuous processes, the characterization of the acid on the

basis of maximum nitrating activity F_.n.a. will be the mo_st accur.ate.
It follows from the foregoing that in continuous processes, the employment
of acid mixtures composed of weak acids instead of mixtures composed of strong,

has no significant affect upon the nitration velosity. At the sams time, compounding

the mixed acids of wealk initial acids is often economically advantageous. For exampls,

12,
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in miltiple~stage nitration, it permits the use of the spent acid of the him?g
]

stages of ritration to prepare mixed acids for the lower stages of nitratiea.

;

C.Apparatus
Nitration is the major stage in the production of explosives of the nitre
derivative class. It includes two major processes: nitration as such, and

s'eparation of the derived nitro nroduct from the spent acid. Below we examine

. the specifications that have MK to be met in designing the principal types of

apparatus employed in these processes.
Section I!... I;Iitrators
The nitration reaction is carried out in a.ppa.fa.tus termed nitrators. These
great to satisfy
apparatus are m§de in a XXXE variety of designs, but they all have xmnxn
specific 'requirements detemin;d'by the naf,ure of the reaction occurring.

‘The nitrator design must be sufficientl‘;;-simple, it has to be accessible to
inQpection and convenient for servicing;‘ This .is‘ particularly important for
apparatus in whi;:h the resultant nitro qompound is of inadequate stability in
its unpurified form. Long-term retention of t:his product ¥ in parts of the
apparatus inacceésiblel to i;xspectifm ma.y result in decomposition of the 'proguct

.

and acf:idents.

A nitratop employed to produce nitro compotinds having'eml‘os:lvo propertiea
must ha.ve‘a. drainage outlet of adequate cross-section, for cormection with an
emergency reservoir. The ¥¥E# drainage cross-section must be such as to permit

the contenta of the apparatus to be dumped into the emergency tank very quickly

125




‘ conditions, ’
In order to maintain the required heat ERRIYIIEN] the nitrator should have,

H

adequate surface area for heat exchange. This is usually achieved by means ef

The coils parts
coils. EEXXE/are the most sensitive NlME of the

apparatus. They go out of order rather easily, as

a consequence of corrosion. Entry of water from

the coil into the nitro mass may result in an

accident due to the sudden temperature jump as a

heat
Fig.5 - Diagram of Cooling congsequence of heating of the centents by the IEKX
Coil of Nitrator (showing
of nitration, and boiling up, or, under the most
direction of water in the

expulsion
coil) favorable conditions, in EXNXNNINN of the nitro mass

from the apparatus. Not infrequently, coil leakage is the cause of a fire or even
an explosion,

To avoid accidents, coils must be examined periodically., It is desirable that

the delivery of water into the coils be by suction. This may be achieved by, for
exanple, placing the tube ’c.haa.tT removes the water at a level signif:i:cantly below that
of the coil (Fig.5). 1If, ﬁth such an arrangement, the line into the coil forms
i an XJk¥ aperture, what will occur at first is only a suction of nltrc mass into the
coil.l In accidents, niyrog;n oxides are released from the funnel accepting the water
emitted from the coil. A much mbre reliable arrangement would be to transmit the
coolant water through the coil by means of vacuum or & centrifugal pump.

Not infrequently, as & consequence of the high nitration velocity of certain
eompounds and, consequently, of the considerable ”uount of heat emitted in wmit

tims as it ocours, the output capacity of the nitrator will depend upom its hest

126
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‘of coil and jacket),

data. The output rate of nitrators under these conditions are proportiomal to

the amount of heat that can be withdrawn from the reaction batch in unit, time.

In this situation, it is desirable to have nitrators of a design that would
provide maximm coolant ¥l surface area.
pern
Sometimes XX recourse has even had to the provision of additional coolant
surface areas beyond those within the apparatus (for example, as a combination

_Condensers shell
ESRNEREEEE or tubes extending beyend the nitrator ¥KEEI may

serve as such surfaces. To increase the withdrawal of heat, cooling is very often
accelerated by special brines cooled to low temperature. This is ¥l apparently
more desirable than additional coolant surfaces, ard is fréquentiy engaged in in
the manufacture of explosives.
In order to_provide rapid contact. between the components delivered into
the apparatus, intensive agitation is required. Towards this end, nitrators. are
equipped with propeller or tﬁrbine type mixers. Other types of EFIXEXIER mixing
may be exployed. Intem i‘s aiao necessary in-nitration to achieve more ‘

intensive and uniform heat control from the entire nitro mass in the apparatus.

must contain no overheating

" The apparatus JKEXEERENXREXX stagnant zones, as local IOHKIXIKE of the nitro mass

due to inadequat'o ¥ withdrawal of heat may occur therein. Such a.n overheating

may lead to the sharp increase in the velocity of the FFEINEXE principal and the

side reactions, and this is highly dangerous. Intensive stirring upon nitration in

a heterogeneous medium also facilitates an increase in the speed with which the

process goes.




The material used to build the nitrator is chosen on the basis of the
properties of the reactance it will contain. In nitrating aromatic hydrocarbons
by mixed acid of high concentration, containing no more than 20 - 25% water, the
nitrator may be made either of cast iron or standard steel. Should mixed acids

of lower strength, or pure nitric acid, or mixtures of the latter with acetic

acid be employed for nitration (for
example, in the production of hexogen), ‘

the nitrator is made of special stainless

{ A N steel or some other acid-resistant
1 .
s .

| 3 . e

| 1 y material.

? ] '

" " A thermometer is provided for

) -purposes of following temperature
" conditions. The nitrator ‘must have:
) | " . adevice for removing the gases and
" vapors developed during nitration.

. As we see from Fig.6, the nitrator
Fig.6t - Batch-Type Nitrator . . . , i

1,2,'5 - Entry r:angoalor component pipe is provid.ed‘ with coil and jacket. In
lines; /4 - Agitator shaft.bearing; 5,6,7 - -

. the given instance, the coil has the
Intake flanges for coolant water; . . .

8 - Overflow flames; 9 ~ Thermometer; purpose of delivering coolant water,
10 - Shéll; 11 - Agitator propeller; -
and the jacket serves to deliver steam
12 -~ Hatch
. additional

if ENSKIXIERE heat is required. Heating l

of the nitro mass is sometimes necessary at the end ‘of the nitrating process, when

the heat of reastion is inadequate to maintain the temperature required, as a
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consequence of the low atrength of the resctant components. The stesm may
algo be delivered into the coil, in which case one may dispense with the jacket,
as the latter makes it difficult to examine the sl;oll from without.

A propeller-type agitator is uus;.mnded on bearings from a frame. The
agitator shaft is provided with an oil-trap to prevent lubricant from entering
fhe nitrator. This would result in combustion if the ni*#ro mass contalns acids
of high strength. The agitator shaft passes through the cover vi# a hydraulic
seal filled with 93% sulfuric acid. The inspection hat‘ch in the cover of the
apparatus alsc has a hydraulic geal filled ﬁth the same substance. The hatch,
which is not battened down, facilitates safety in thg operation of the nitrator.
If oxidizing 'processes a.ccompé,nied by the emission of gaseous products arise or
become intense in the nitrator, the increase 'in vinternal pressure due to the -
accumulation of these products beneath the cover is eliminated; as these products
1lift the EXEEKY hé.tch. This faciiitates preventien of accidents, pafticula.rly

when nitro products burn in the appara.tus.

Section 2. fquipment for Separating Nitro Products from Spent Acids

" After nitration, the nitro product producei has to be separated from the

spent acid. The des‘ign' of the apparatus used for this purpose varies widely. The

difference in princip‘l among these designs .jdint
f 18132088146 T5401 TR AR ERE

is determined by the XKMEFKXX state of
the NSESKKNNXEX components to be nitrated. If the nitro product is liquid 1X¥ and
is of a specific gravity different from that of the spent acid, it may be separated

from the spent acid by the settling. If the nitro product is a solid, separation of
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process makes for safety, assures the required quality of products and permits

the spent acid is by filtering or squeesing out.

et P

Separation of the products by settling is carried out in separators of
various designs. These apparatus have to assure good separation at maximwm

speed. An increase in separation speed is XKNIXIK facilitated by reduction in

o !
thickness of the layers, increase in the temperature of the mass being separated, X
etc. The separation speed is highly dependent uﬁbn the separator design. .In

in the interior .
TuandoxXy to reduce the thickness of the

some geparator's R shells-a.re. proﬁdﬁ
layer;s. Separators employing centrifugal i.‘orce are als_o .adducive. )

Solid ni»tro.' products are sqba‘rated from spent acid by filtering over XWNE
fu:npela or ‘centrifu.g.:‘mg, with the use of vacuum or pressure fil’c.e'rs7 Safety
requiremer{ts are also taken into consideration in making the choice of apparatus .

. . must not -
For erample, highly sensitive explosives EAKNEX be separated from the spent acid

on centrifuges. The use of pressure filters is dangerous if the substance is

of reduced stability in the unpurified ¥X condition(for e‘xample as is the case

Ignition
with PETN). ZSMEN¥XINH of these substances under pressure may result in explosion.

U,

D+ Control of. the Nitration Précess

In the chemical industry as a whole, and in explosives manufacture pé.rticularly,

produstion control is of decisive significance. Correct conduct of the technologlecal

reduction in consumption of power and raw materials.

In controlling the nitration processes, much importance attaches to temperature

readings, inagmuch as temperature is the major factor governing the product yield

and, what is most important, safety “n the process. Also important is observation of
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and checking the condition of the medium in whioh the reaction occurs. Ome of ‘
the most -important manifestations of proper process course are the charast "’

i
of the intermediate products and the end products: specific gravity, freesing
temperature, or melting point.,

Rece.ntly', particular attention has been given to the problem of automation
of the mo.n:!.torin‘g of production. In 'additi;.m, t.he problem of automatic co;ztrol
has been advanced. This. is parﬁicula.rly Apre.uin'g and important for fields of
.manufa.ctur‘e in which explosion is possible or: which are harmmful to hun'm health,

as is the_ case with the manufacture‘ of 9::;)1031*1@5. Automa‘tic. regulation of 'the

process makes for optim{nn conditions of appa:ratus function, and thia_ results in
‘incregse in apparatus capacslty, and an improve;mont in the quglit;r of the product,
and a regiuction’ in indices of consumption. |

In a.utomatiﬁg the ;;roduction .of ex:plosives and sel?ct.ing the corz:;sponding
m'o'nitoi'ing instruments, i'lt is necessary to take into consideration the explosion
dangez_'.a.nd the degree to which the roacta.n.ts exercise corrosive effects. Moreover,
s.uch fundamental processes (which are als_o those ¥MME most in need of automation)
as nitration are rather complex in terms of monitoring inasmuch as they include not
only the problem of observaticn cff tempefature, but deteming.tion of the
com;.aos‘ition‘ of the mixed acid and the product undergoing nitration. Therefors, the
first step in the direction of complete automation has to be automation of inmdividual

s
processes, which create the basis for general automation. @_&ppm that the

process of automatic monitoring and regulation of temperature will be the simplest

to solve.




Various literature data indicate that the problem of automation of the
,,,,, . ,,g

production explosives is being given much attention. Thus, a description IX
{unfortunately, very brief) of a wholly autémated process for the production of
r.itroglycerin (Bibl.186)has appesred. This example demonsirates that automatic

monitof-ing and control over the process flow in the manufacture of explosives

is entirely a realistic objective.
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CHAPTER IV . |
ACID PROCESSES

A. General Description of the Acids Fmployed in Nitration

The ¥ENERY consumption of acids in nitration excegds considerably the
consumption of the starting compound, in explosives manufacture. Table 10 presents

deta with respect to the approximate consumption of--acids per ton of certain

(civil engineering)

basic X¥DEXXY explosives (Bibl.183). i : ) .
Table 10
b) )
c) . d)
a) )

e) £) q) “h) i)
) 1500 ' 1300 - 250 700
k) - 1800 - 1 —
) R - 2750, -
) - l - 10000 - -

&) E:mlosi&e; b) Consumption computed as monohydrate ir; kg; c) Sulfuric acid;

d) Nitric acid; e) Oleum, with 20% SO3; f) Commercial sulfuric acid 93%; " BXX
EDEEREHXREE g) Strong acid (98’}6,@63); h) Mixed acid.(not less tha‘w.n,S.'Z% HNO,4
and 7.5% HpS0,; i) Weak acid (55% HN%); j) ™T; k) Dinitronaphthalene;

1) Tetrrl; m)RDX

A large volume of spent acids containing sulfuric acid primariiv are obtained
. as producti;m by—prodﬁcts. The spent acids are preworked and recycled. -
, |
The consumption and circulation of acids at explosive plants exceeds severalfold
the volume of finished products. Even if enterprises of XEE this kind have their
own acid-producing enterprises, the nitration shops have to have large reserves of '
u | 133 B
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acids so as to assure no interruptions in KNSEEEEXBEJXXX this connection, the

ar

necessity arises for storage and special provision for moiﬂng acids from

69 suppliers. Other auxiliary XNEK shops are necedsary, to perform such functions
"as the purification and processing of the spent acids. This system in iis
totality is termed the acid department of the enterprise. It includes absorption
installations to trap vapors and gases emerging from the nitrators. .

: The basic chemical industry and thé acid shops of explosive plants offer.

sulfuric and nitz:ic a.c~id of part;i c:ula.r RN 'grades, corresponding ’;o specific
requirements,. for sale. These specifigatic;ns are éoverned rigidly,. on the one

hand, by conditions of production and transportation and, on the other hand, by

! ' the conditions of utilization both by the chemical indus.t;ry and by ¥KX the
explosives industry.
Pure 100% sulfuric acid (monohydrate) is a heaw'ry oily liquid ,wi'th a specific
i gravity of about XXEXK 1.8356 at 15°. When water is addeci 80 that‘ the ‘strength
becomes 97.25%, specifj:c gravity rises 1.8415, but a further incre.ase in the
i amount of water results in a reduction in specific gravity. The monohydrate

begins to boil at 290°, decomposing into SO3 and Hp0, whereas 338°, a continually

boiling mixture (azetrope) containing 98% HS0j, and 2% Hy0.is formed.




When the monohydrate is saturated 'ith sulfuric anhydride, fuming sulfurie

acid results. A major component of fuming sulfuric acid, or oleum, is vmcnu}h

acid HyS,0q, which may be regarded as

o,
. :;' _— X a solution of sulfuric anhydride in
na 71\
V4
( -\ Il BAN : sulfuric ac!d monohydrate. The g
v, " ] |
. composition is therefore expressed in

percentage of anhydride. The specific

Fig.7 - Relationship of Temperature of gravity of oleum increases with

I Soliditication of Sulfuric Aied to Its
increase in SO3 content up to 30%,
Composition '

a) Solidification point in °C; b) HpS0, but diminishes thereafter.

contents, %: c) S04 content; % : .
The solidification temperature of

.

. | . sulfuric acid is a function of its composition or, to be more exact, of the content

of water-of free sulfuric anhydride. As is evident from the curve (Fig.7), the

freezing point of commercial sulfuric acid, i.e., of 75% strength, 92% stoh,
20% 503 (oleum) is lower than that of acids of somewhat greater or lower strength.

r&»t/) , the requirements that ha.ve to be met by sulfuric acid are also determined o

‘ . Winter
“by conditions of transportation, particularly in the areas in which the ¥IX¥E and

Fall [
IXIX are cold. Acids at other strengths would more frequently present the problem ; :

of X¥EEN freezing in the tank cars in transportation.

The effect of sulfuric acid upon metals varies, depending upon its stremgth. B
| THE Weak nul!;uric acid very readily erodes (dissolves) iron, but does affect lead,
} - as, on the contrary, strong sulfuric acid attacks lead readily, but has no effect
o)
upon iren. This difference in the effect of swifuric acid in variouws stresgihe is
-
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, preocess

explained by the passivation of the metals. XX Cessation of the SENENEEEE of - .
. g

solution of metal in acid is due to the formation, on the surface of the metal,

of a protective film not soluble in acids of salts (rosoh or PbS0L). "

In practice, iron containers may be used to store sulfuric acid having no
more than 25% water. This same strength is also the maximm in the storage of
mixed acid, Mixtures of sulfuric acid wi.th nitrogen oxides lead to corrosion of
70 . lead, in the absence of nitric ;cid.

of tl_le variéus acid-resistant allo;r's curr;nily eméloy.ed in the chemical
industry,. chromium iron and the;'ﬁxosilid ar;s ONONREEX stable to sulfuric acid
:Ln any strength (even at elevated temperatures). The so-called acid-resistant
ch;'omium nickel steels are stable to suifuric asid only if it contains nitric

acid. In the absence of HNOB, their stability does not exceed that of ordinary

steel.
! o ' ' ' Nitric acid for industrial use
o ]
-10 1
- ”’: N must meet special requirements, just
%) el \ _
-5 \ as must sulfuric acid.
-§0 s -
-7, ‘ o
b) Nitric acid in the form of the
Relationship of Freezing pure monohydrate is an instable compound
Fig.f - TREOXERKCONKEIREDEIELITY
IEXF Temperature of Nitric Acid to Its ard readily decomposes in accordance with
Strength
the following equation‘
a) Freezing temperaiure, °C; b) Strength .
of HNO, w fHNO,—dNO,-}-O,-O-SHp. 7

However, its aqueous solution are
stable, and the stability increases with increass in the water content. The beiling

point rises simultanecusly. Strong nitric acid boils and decomposes at 86°. Aa

D S R L S s ing
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acid composed of 68% MNO; and 32§ H,0 boils without decomposition at 120.5°, W;

yielding an aseotrope.

As distinet from sulfuric acid, nitric acid has a considerably lower
freezing point, which permits its storage in unheated bliilfl'ingi even in the
northern portions of the country. Weak ‘solutions alone represent an oxcept{l.on
to this. F.igure 8 shows the var‘iat..ion in fr;ézing point versus stx:engt);.

_ Virtually all metals diss;alva in nit;'ic‘ acid. Alminﬁn is stable to strong. .

nitric acid (over 80%). High tempera.%ure, and admisture sulfuric acid increase

the solvent action of nitric acid upon aluminum. As distinct from the pure

. metals, there is a large number of alloys that are stable to nitric acid. These

. . chromium-nickel )
are chiefly EXGHIKIROIIEEEX steels of various grades.

The a.bil'ity of nitric acid to corrode may be reduced‘by adding sulfuric acid
to strong nitric acid. The addition is efficient if WEEXXEEMXIWAXK the sulfuric
acid constitutes not less than 7% of the nitric acid and there is no more than
5% water in the mixture. This mixture (melange)can be st',oreq in iron apparatus.

B. Trangportation and Storage of Acids

Acids may be transported either in .special or 'ordina.ry railway tank cars.
Oleum, commercial sulfuric acid, and melange are transported in ordinary steel tank
cars, whereas strong nitric acid is transported in chromium-nickel ‘or aluminum
tank cars.

delivered .

Upon arrival at the plant, the tank cars are to the acid dopmnt.

The acid department includes storage for fresh acids, a device for emptying the acids

from the railway tank cars, agitators, measuring equipment, vacuum installations for '
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charging the syphons, a pumping statien, mixing kettles, storage for the nitre mixture

[3

and the spent acids, and a testing laboratory.

The acid is drained from the tank cars after analysis has been made and omly if the |

- acid arriving at the enterprise satisfies the specificiations, The acid is emptied

»

through the filler flanges by syphoning, because tank cars for acid haulage sre
‘usually not provided with bottom drdins. 1Thc ayphon is fi}lbd either from a special .
pz;imer presslfre tank or by pump. In‘tha latter é.llcerna.'tive » the recelving tank must
b;a lower than the tank car bottom. Emptying may also be df)pe b;frvacuun.

Figure 9 illustrates the procedure for

emptying the acid by syphon primed from a piessure

tank having a permanent reserve of acid, This ’

tank is filled EJX by the same puinp that serves

to transfer the liquid from the receiving tank

to the storage reservoirs. Primipg of the pump
Fig.9 ~ Bdptying Acids by Syphon a : ‘
. may also be done from the pressure’tank, Because
with Pressure Tank

1 - Tank car; 2 - Receiving tank; of the difference in levels between the tank car

* 3 = Pump; 4 " Pressure tank ‘

and the receiving tank, the liquid is then

transferred by g;avity.

Figure 10 shows the method of emptying acid ;
fron railway tank cars by means of a syphon filled by pump, serving simultanecusly to
transfer the acid from the receiving tank to storage. In this arrangement, the receiving

a

tank must always retain INE quantity of acids sufficient to fill the syphon.

Pigure 11 illustrates the emptying of acids ffom railway tank cars inte s

receiving tank under vacuum.




@

n After the receiving tank has been filled with acid, the.tank is always emptied
. . ° %

!
b

by pump into the storage reservoir. .

The emptying oi‘ oleum is more complicated 40 winter time, because it freeses at

-119C (20% oleum) XK in the tank car, when ehipped by rail. Frozen olew may be

Fig.10 - Emptying Acids by Syphon . ' Fig,11 - Vacuum Emptying of Acids

and Pump - S I - Tank car; 2 « Receiving ta.x{ks; 3 - Py
1 - Tank car; 2 - Receiving tank; 3 ~ Pump  a).Vacuum

.

emptied in one of several ways. One ENi¥X congists of. placing the tank car into a
. L L.
(o special steaﬁ-heat.ed structure. The tank car remains in the structure until the entire
frozen mass of oleun has melted, whereupon it is then drained by one of the methods .

indicated above. -This method is uneconemical

al because of the large amount-of steam that has
. - ;
A -3 \ 1& to be expended. Moreover, the tank car must -
: (k2] » B
. %ﬁ& sometimes remain in the heated structure for
E a oeriod of days. -
?
72 Fig.12 - Diagram of Circulation Thawing A more practical procedure is the
of Oleum :
. circulation method of heating the olewm’
O 1 - Tank car; 2 - Pump; 3 - Heater;
" I « Pressure tank for thawed olewm (Fig.12), performed by sending premeated oleim
a) Steam; b) Condensate ' -
]. ) s ®) : (1500 - 2000 1tr) inte the tamk owr, Its




72 heat causes a portion of the frosen olews to melt. This melted olewm is WM?
pump, driven through a heater, and returned to the tank car, until all the olewm °

therein has melted, whereupon the pump is switched to delivery of the olemm into the

storage collectors, and the tank car is emptied.

Acids capable of freazing during the cold season of the year (oleum, 96% commercial

[

sulfuric acid) are stored in heated buildings.

8. Calculation of Acid Mixtures
Mixed acid for nitration may be made either from fresh acids or mix:buros thereof,
‘or from spent acids. Calculation of the mixed acids , particularly when three-component

initial mixtures are employed, is rather complex arithmetically. It is much simpler

-

.t0 solve this problem analytically or graphically. Nomograms must.be available if

the latter method is to be used. ITHE

a

The analytical method of computing mixed acids by comi:iling balance equations.

Let us assume that 1£IX is necessary to prepare an acid mixture of N% HNO3, S% HoS0y,

and W% Hy0, in the volume of G kg, consisting of three initial mixtures:

' HNO;” HgSO( % H0%
first mixture . o« o ¢ ¢ ¢ o o ¢ o o o m $ w,
secord mixture « » ¢ ¢ ¢ ¢ ¢ ¢ s o o o ’ ‘? i
third mixture « « « ¢ ¢ ¢ ¢ o o ¢ o o " 5 ot}

In order to obtain G kg of mixed acid, one needs x kg of the first initial mixture,

¥ kg of the second, and 2z kg of the third., The sum of the weights of all the components

of the required mixture is EXHKAE equated to the ¥ weight of the mixture to be prepared

(& weight equilibrium equation)

shytsmom g

- The ameunt of nitric acid monchydrate that will be in the mixed asid im preparetien

o
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is expressed by the following equation (nitric acid balance equation)

: X8y by Ry 8 Ry ON, '

v

the amount of sulfuric acid (EEBEXXEEX (sulfuric acid balance equation) is ' |
X84y -8+ 28w 0S | (3)
and the amount of water (water balance squation) is
X0, 4y W+ 2 - w,mmOW, _ (%) :

When we have joiritly solved egs.(l) - (4), we can deétermine the weight of the |
,comp;nents.

inasmuch as, in p'z-actir;e, mixed acids 31.-9 usually prgpued from individual acids,
and not from mixtures thereof, this computation is 'considera..bly simplified.

Graphic ﬁgthogi 91; calcuiatink mixed' acids. ‘In the Gibbs triangle (Fig.13), the
v;rtices repraserit one hunda'.d pércent content of the respective components, the sides
represent Jbinary mixtures, where-a'.s an in;‘fL.nite number of acidomixtures of ternary

lies ’ )
composition XIE within the triangle.

Assume that the probim is to prepare a' mixed acid of ’;,he r.equ;lred cémposition D

from the initial acid mixtures A, B, and C. 'if

ANy , we join the points corresponding thereto, A, B,

and C, we obtain a triangle within which lies , P -

‘/« point D, If, from the vertices A, B, and C, we |

oo

draw transversals Aa, Bb, Cc, we obtain point D. -

The segments Da, Db, Dc are termed the basis of

Fig.13 - Gibbs Triangle for
the transversals. We EEEIXEE know from gecawtry

that the sum of the ratics of the basis of M

Computing Mixed Acids
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transversals to the transversals themselves equals uni.t.y, i.0.

Da ;, Db , De
awtaute="

where -Ei— is the share of the first initial mixture;

Db is the shars of the second initial mixture;
Eb

.Dc is the share of the third initial mixture.
Ce

IX If point D iies on one of the sides of the trfwgle ABC, it means that the acid

mixture of ¥4 the ‘requirqd composition may be prepared from the two initial .acid

mixtures alone, Howovér, if point D lies out.side triangle ABC, this ﬁoam vhat an .

acid : ; )
NEIXE mixture of the required composition ¥X¥X cannot be.obtained from the given acid

mixtures.

As we see, the gra.p}mic method is simple and obvious. A shortcc;ming'ia its
relativelyh low accuracy. Therefore, it is desira.bl.e~ that t‘his. be used mex"ely"ft;r
control and for rough ‘computatiore. |
D. Preparing the XX Mixed Acids

Every explosives plant acid department has an installe;t;ion for the mixing of acids.

. ’ and -
This installation includes equipment for metering, mixing,/storing the ready acids.

The mixer must be FERCIHIDIBEGHNIEX .such as to assure an adequate degrde of mixing '

and must have a cooling surface to remove the heat emitted as the acids are agitated.

.

When sulfuric and nitric acids are mixed together, the temperature must not be allowed

to rise beyond 4L0°C, Higher bemperature results in partial evaporation and decomposition

of the nitric acid. High temperature is particular}y dangerous when spent acid,
containing EXXX nitro product,is employed.

The simplest method of mixture is that employing the bubbling of &ir threwgh the




I

acid (Pig.)i). However, it is used only in rare cases, 2s the Eubblm wndergo
sxtraordinary corrosion ani XEX beccms clogged with deposits of mineral = uxa.
Moreover, HNO3 and S0y is expelled from the mixed acid, and it undergoes dilutien by
the moisture of the air.

A more widely used method of mixing of wi;&s is that employing a circulatica
pump (Fig.15), which permits the mixture to be driven through a condenser at the same
time.

.Upon completion of the mixing, the ready mixture is forced out of the
mixer, when the first approach ..’cs used, by EEEKI¥¥E compressed air, through the
‘conder.m‘er into XK# storage, whereas under the second approach, delivery of the
mixture i:nto sjtprage is pérfemed by the same pump.

Me;:ha.nical mixture of acids if a proper copling surface is present within the

mixer (Por example, a coil or jacket) is a higher-output method, and requires less

space (Fig.16), and therefore it is employed at all plants where ready-made mixed

Fig.l4 - Compressed Air Mixing of Fig.15 - Circulation Mixing of Acids
Acids 1, 2 - Metering devices; 3 - Mixer;

1, 2 - Metering devices; 3 - Mixture; 4 - Condenser; 5 - Storage; 6 ~ Pump

4 ~ Condenser; 5 - Storage

a) Ccxpressed air

g AR e 5 Rt TR 3 e s e gl Rt e A e R :
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% acids are ussd. The mixing speed is determined almost entirely by the heat-engizsering [

data‘ for the aspparatus, and tharsfore, & speeding of the cooling process in th;:;tm
makes it possible to increase the output capacity of the equipment. |
The mixes has to be provided with a local type of ventilating device, because
a gas phase containing nitrogen oxides is present above ‘the nitro mixture.
Because of the aggreasiveneé; of the acids, the sequence in which the components
are cha.rged into the mixture is of major significance in batghwige mixing. If the '
mixer is of a standard steel, the acids must be charged in the following sequence:
1) HEHEEX strong sulfuric acid (ole@,br commercial sulfuric a;:id)‘; 2) nitric acid;
3) water. The mixer is of chrome-nickel steei, the sequenee with which the components

are charged is changed to: 1) nitric acid; 2) strong sulfuric KK acid; 3) water.

Fig.16 - Mechanical % of Acids Fig.17 - Continuous Mixing of Acids
1, 2 - Mefering devices; 3 - Mixer; 1,2 - Pressure tanks; 3, 4 - Metering -
"L ~ Storage; 5 - Pump devices; 5~ M'ixor; 6 ~ Receiving tank;

. - l

s

7Y
Batchwise mixing of acids usua.lly'\e‘mployed only where the mixed acid must be
. Whereas
accurate to very high precision, and consumption is comparatively low. XX achievement

of high accuracy in mixture composition is a positive quality of this arrangement, the
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L dg/ ‘5

bulkiness of the equipment often compels this to be abandoned, and continucus miving }
“wmg
to be substituted therefors. k

Continuous mixing of acids is performed in accordance with the diagram illustrated

in Fig.d7, wherein we see that components coming from pressure tanks KX are delivered

continually into the mixer by gravity, via metering devices. .The finished mixture flows
into the receiving tank and is then pumped continually into storage by:éontrimga.l
pump. The output rate c‘>f 13,71 equipx;xent for continuous mixing is increasing very
rapicly, and is limited only by the removal of the heat XX emitted upon mixing. The
temperature in the mixture H¥X is usually held to not over 50°C, for the reasons
indicated above. The charging of the components
is virtually sﬁultmeom , in continuo;xs mixing,

but when the unit is started it is necessary,

if corrosion is to,be avoided, to use the same

‘ 4
.. . sequence of charging as in batchwise mixing.
| S T
i A principal piece of eqﬁipmont used consists
) ﬁ_ o ;___, . s = of a mixer and metering device. The simplest
. 1! . .
3 - 5 .
design of continuous mixer is that illustrated
! .
2 - in Fig.18:; The apparatus consists of a -
cylindrical vessel with a spherical top and bottom. |
The upper portion of the cylinder contains a -
Fig.18 - Mixture . " drainage flange for emission of the finished
1 - Shell; 2 - Jacket; 3 - Coil; -
. mixture, whereas, within the cylinder, and
L - Impeller shaft; 5 - Drainage .
flange; 6 - Drainage trap opposite this flange, 1s a drainage trap, making
' -
U5 R i




7 it possible to remove the nitro mixture from the lower portiou of the apparstus. The
components to be mixed are delivered to the EiE upper portion of the q:pmtul
location of the coil, the passage of the agitator through the top of the apparatus,

‘the thermometer and other details are analogous to details found in batch-type

i nitrators. Continuous metering of the components can be performed through metering

plunger
devices of various designs: varisble-area flow meters,INAEXIXEK and membrane :umps,

etc., for liquids; and hoppers with belt or worm convbyors , in the case of solid

substances.

E. YEi Reworking phe Spent Acids ‘

Section L, Denitration of Spent Acids

The “mnction of the d_enitra.tion shop is to process the spent acid so as to extract

the x.xitric oxides and nif,ric acid converted into weak nitric a.c.id by means of a.n
ab.soz"ption' sy.‘stex;. .E‘urti'xer processing of the denitrated sulfuric ac;td thus obtained
o ' in the conéentratio;q sho‘p makes it possible to produce an acid ¥¥X suited for recycling
‘for nitration. Thus s a denitration installation, co;rtbined with a concentration

installation, makes it possible to set up the closed cycle of utilization of sulfuric

acid, as a nitration medium, and to return for nitration in the form of weak nitriec x

acid, the nitric oxides and nitric acid in the initial spent acid.
Special requirements have tc be met by the spent acid if the denitration process

is to be performed successfully and without danger. They pertain to the level of

76 nitro product content therein, ami the strength of the sulfuric acid. The presence of

nitro products in the fpent acid is undesirable, KX inasmuch as they are driven off into

the denitration column and, entering the apparstus of the absorption system, sontaminates




() the nitric acid produced with products of resinification.
The acid to be denitrated must not contain more than ¥ nitro predusts. b:l!lr,

¥

the presence of any nitro product is permissible only in the form of the mononitre

derivative. The presence of polyniiro derivatives may make the process subject to

explosion. However, mononitro derivatives may also undergc nitration,to di-, and,

) partic':ula.rly to the highly explosive trinitro derivatives in the process of denitration, |
and this must always be b.orne in mind. The spent acid is subjected to long-iem
settling before it goes to denitration, in order to extract HXE¥E the nitro products

to the maximum degree. -

Spent acids conﬁainihg polynitro derivatives as impurities (resulting from the

Rrodt;ctioja 9f TNT and picric acid), must undergo special clea.nqing to avoid
' ‘precipitat.ion of the volatilized nitro products in the upper portions of the condenser,
and the explosion that may result as a consequence . Usually, polynitro compounds are
v extracted from ¥X these spent acids by means of organic solvents.

As already indicated, denitration is a process of ¥X(¥#A extracting residual

o w4

nitric acid and nitrogen oxides combined in nitrosyl sulfuric acid HNSO;, from the

e

. an
mass of dilute sulfuric acid. Nitrosyl sulfuric acid is itself XX unstable compourd,

the crystals of which rapidly decompose upon heating. However, solutions of nitrosyl
sulfuric acid in sulfuric acid at 75% H2S80), and higher strengths are very stable. When

decomposition -
the strength of the sulfuric acid is reduced to 70%, mngnnm of the nitrosyl

sulfuric acid proceeds quite rapidly. Increase in the rapidity of decomposition 1s

also facilitated by increasing the temperature and by the presence of nitric acid,
O - '
This latter is explained by the following reastion: .

fL HNOy+ HOSOONOZHSO+ N0, | - : I

147




However, the concentration of sulfuric asid in the spent acid is the chisf faster
Y
determining the denitration process rate. With increase in concemtration, the r&

Giminishes, and vice versa. The optimum concentration of spent acid is 70 - 72% HgS0L.
At lower concentrations, an exceedingly weak denitrated acid is obtained, whereas

inerease . n strength to over 72% H2S0j, reduces the output capscity nf the denitration
column,

Thus, complete sébaration of nitric acid and nitrogen oxides from mixture with

sulfuric acid requires dilution of the la.t“,ter'to. 70%, .followed by heating to a

temperature ;c.hat makes for complete driving off of the volatiles. The nitric acid

vapors resulting concentrate into liquid in which the nitrogen oxides are absorbed.
Final oxidation of the nitrogén oxiasto ¥¥ nitric acid occurs as a consequence of
mixing with the oxygen of the air.

The pfocess of denitration of the gpent acid is most 7 simply performed in a

.denitration column provided with condensers fc;r cooling the nitrous gases, and with

an absorption column for -absorbing them, with subsequent conversion to nitric acid.

cb.”*i& ¢

" design of a denitration system consisting of a

Figure 19 depicts the A

dmitré.tion column, a condenser from which the nitro product"with the weak nitric

* -

acid flows into a separator, where it undergoes separation, and the nitric acid:flows
it
into’a receiver from which a gentrifugal pump delivers/to concéentration. The spent

acid is delivered from the settling column to a pressure metering tank, from which it

flows to the column into which live steam is delivered through a tube. The denitrated

" acid flows from the colﬁxm through XKEXXE an hydraulic seal intec a revelver from which

1@ is delivered to concentration by a centrifugal pump. The acid receivers are equippet

i

o
x3
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Yu4 with coils into which water is delivered for cooling.

b

The denitration column is made of acid-resistant material with packing., The
column i3 made of stsel lined with acid-resistant plates. In rocent years, columns
consisting of 12 - 1, individual rings of silicon thermosilide mounted on a foundationm
of a.cid-rosista:nt cagt- iroh, have come into use. Between the rings, plates with
C " : ' . y )

" central openings are fastenedy they have' flanges covered by a hood with apertures

left for the passage of gas. At the top, ‘the column is ‘épvered by a hemispherical

cover with the flange for removal of nitrous gases.

Fig.19 - Diagram of Denitration System
1 - Denitration column; 2 - Condenser; 3 - Separator; 4 - Nitric acid

recéliver; 5 ~ Pumps; 6 - Settling column; 7 - Metering tank; 8 - Nogzle

for introduction of live steam; 9 - Sulfuric acid receiver

The spent acid is sent into the upper portion of the column through a distributor

L]

in the form of a stream KX that irrigates the packing, passes through tl.» slit between
hood and plates, and drips ‘downward countercirrent to saturated XEX or overheated

/7. stesm (250°C) delivered into the lower portion of the column.

The chemistry of the denitration process may be explained as follows., The spent

»
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™ acid entering the column is heated, and the nitric acid it contains undergees esuplets

decomposition in accordance with the following equation R

HNO, + HOSO,0NO 52 H,80,-+ 2NO,.

under the influence of the stemm,
The remaining nitrosy) sulfuric acid decomposes IEIXXEEEEEXINEEBPXINLIEXMEN]

as it passes through the column, in accordance with the equations:

{
2HOSO0,ONO + H;0 = 2H,S0, + NO + NO;;
HOSO,0NO + H,0 2 H,S0, + HNO,.

The nitrous acid that is formed decomposes further, because of its imtability,

in accordance with the following equations:

2HNO, — NO 4 NO, + H.0;

The nitric acid and nitric oxides ¥k obtained as a cpnsequénce of the decomposition,

as well as the nitro products dissolved in the spent acid.are driven off from the

column into a condenser by ‘live’ steam. The nitro product nitric acid and steam
78 condense in the ~ondenser, and the residual gases go into the absorption column. The

denitrated spent acid, containing 67 - 70% H2S0;, IK emerges from the iower portion of

the column ‘through a.n hydraulic seal into a cool collector. The products of the
denitration apparatus, weak.nitric and we:?k sulfuric acld, then go to concentration.
Section 2. Concentration of the Denitrated Acids‘

The sulfuric acid obtained after denitration is concentrated b;" flue gas., The
process occurs by blowing the'ga.s through two or three chambers in direct or
countercurrent motion, with the XXE aid of bubbling tubes, through & system consisting

-

- of strong-acid and hot flue gases. The flue gases, at 650 - 10000 temperature, are

= produced in a free-standing furmsce by burning residual oil, ) -

|
I
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The denitrsted-acid:: coming YSEN for concentration has to EEX contain m%‘?

than 65% HgS0y, not more than 0.05% N203, and not more than 0.5% nitro produet. ‘

Fig.20 - Unit for Concentration of Sulfuric Acid
1 - Furhace; 2 - Joncentrator; 3 - Condenser; L4:- Collector for
steamed acid ' '
a) Fuel; b) Air; c) Flue gases; d) To electrical filter;

d) Denitrated acid

.

-The drum-type concentration a‘.ssembly (Fi;g.zo)‘ consists of XX g fum?.ce, concentrato:f,
a.nd a.n elestrical filter to trap the sulfuric a.cid.ful?les s & coilector for the .acid~
being vaporized, a condenser, and a collector for the vaporized acicil{ The .furn\ace and
the cdncentratqr are on high foundations XXX to permit the acid to fiow f‘rom the
apparatus to the condenser by gravity, and t.heh to f‘low into the commercial sulfuric
acid collector.

AThe furnace comiaté of refractory XX brickTwork in a steel jacket lined with
sheet asbestos. It is separated, by m a grillwork barrier, from the chamber for
combustion of the fuel and mixing of the heated gases with the reheated air. The air
required for heating, as well as the reheat INE air, are forced into the furnase under

pressure which asyures bubbling of the heated gases through the layer of asid in the

concantrator chambers.
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The concentrator is a horisontal welded cylinder of boiler iren lined dﬁ?
layers of asbestos board, and the asbestos is lined in turn with sheet lesd and w
andesite rock over andesite putty. The drum \’/i‘s internally divided by partitions
into two or thres chambers, depending upon the strength of the commercisl

sulfuric acids to be taken from this installation. The two-chamber concentrator will

‘provide sulfuric acid at 92 = 93% HpS0y,, whereas the. three-chamber will yield 95~ 968

HQSOA,' The,threo—cﬁamber-type EEE concentrator has a larger furnace and three
bubbling tubes instead of two, as.one finds in the two-chamber coricentrator.

The concentrator has an electrical filter, lined with andesite and provided with

" graphite carbon or thermosilid plates; a corcna-discharge electrode is NMEEE shppo‘ndod‘

in each tube. The gases obtained upon the burning of liquid'or, gaseoﬁs. fuel in the

furnace, have a temperature of 650 - ;OOO°, enter the first,chambejr of the concentrator '

fmde'r pressure, then go to'tl;se‘secdrlld, apd third, from which t:hey; p?oceed to the.
ele‘ct;'ic&l‘fiq.ter and then i.nto‘ ﬁhe é.tmosp};ere.

The dvenitrated hot acid proc;eds cdn'?inubusly by g'rav'ity—through a.n acid. line
from the dénitratiéh column to a pressure tank and then, ;.‘gh:Ln by gravity i"low, moves

along with the acid X¥BHX deposited in’ the electrical filter to a concentrator from

which; mpvj.ng countercgrrént to the heated gases, it passes through the vaporisation

chamber and enters the condenser in the hot state (at a temperature of 220 - 250°).
The commercial sulfuric acid leaves the condsnser at a temperature of 45°C, and flm.u
into a collector.

The commercial sulfuric acid obtained as a consequence of denitration and
conoentration is either reused %o make nitrating EKEMEX mixtures, or 30.. to preduse

oleum.




() P. Avgorotien of the Nitrie Qxides

One of the important elements im the acid department of an explosives piant ofmeists
. L]

of absorption installations for absorbing nitric oxides liberated upon thie demitratien

of the spent acids, and from the nitration apparatus. Absorption of nitric oxides

has two purposes: removing harmful elements from work 'areu‘, and eliminating losses

‘of valuable products (NO, NO2, HNO3).

Fig.21 = Two-Tower XIX¥NX® Nitric Oxides Ahsorption Unit

L, -~ Receivers

.

|
} T 1 ~ Pump; 2 - Abscrption column; 3 -~ Pressure %ower;
!
l

3XXI Satisfactory.absorption of nitric oxides is achieved if there a:re, two abuorptior;
! tc;wers as shown in Fig.21. An increase in the number of towers makesXX for more
complets abaorption of the nitric oxides.

The mixture of gases c&ntaining nitric oxides is driven, by fan, into the
absorption column filled with Raschig rings and irrigated with water, which enters
the colunn from a metering preasure tank or water main. Oxidation of NC to NOp occurs
in the first column., The nitric acid converted in this colt?:n flows into a collector

and 1is delivered from there by puwsp to the acid department. The gases smitted frem

the first column are directed to the second colmm for reabsorption. This colwmm has

RS
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79 the same setup as the first, in which the reflux of the sulfuric acid ceming ﬂ’
i

the pressure tank ocours. The nitrosyl sulfuric acid formed in this colum tlwi?

into the receiver, from which it is pumped back to the denitration department, and

partially into the pressurs tank. \

80 - . Figure 22 shows another .design of three-column absorption setup. The first }
c;olumn ‘unde'rg.oe‘s weak nitpic acid ¥¥ reflu.;;:, the second has water reflux, and thg
third - lime water from pree;su;*eu_ ta.nk.

The nitration departmentsalso have gbsArption installations of this kind, as
considerable guantities of nitric oxides, nitric acid vapor, and in some cases, even
vapors of the nitro products are liberated from the nitrators in o;;ération. The gases z

are picked up from this apparatus into a gas line, and channeled to the absorp‘tion:-

stations. To trap the nitric acid and nitio product vapors, the gases are passed ?

-b)

Fig.22 - Diagram of Three-Column Installation for Absorption ;
: : i
of Nitric Oxides |
1 - Absorption columns; 2 - Pressure tanks; 3 - Fan; 4 - Pump .

a) To atmosphere; b) v HNO3 collector; ¢) To waste drainags

into
through a special condenser, from which condensate flows XNENNEK a special tank, from

I ‘whish it is driven into the weak nitric asid etorage.




during World War I, other aitre derivatives Sl of arematic compounds were employed ; -

CHEMISTRY AND TECKNOLAGY CF NITRO COMPOWDS OF
_ARGMATIC SERIES

S <
»

THT is obtaimed by the nitratiem of telusne., Six iscmers of THT are knowmt*,

ot
nm.-; tho same gmal fomh 0652(102)33113, tL differing by the differemce im the

-puitiou of the nitro groups im the benxeme m riu, and therefore hav:lu . :

different physical-chemical properties. The THT that has pmt:lul utilisation
consists prinu-ily of q‘?trieal. o; X a-igomer mnm trinitrotolusie.

T s first preduced inm 1863 (Bibl.1), and il_xtro,ducod. into munitions use
at the begianing of the Twentieth Ccntu'y It’m becane the most :.pmas
‘u:pl(uin as early as Werld War I. Its produstica uuc;.d particularly large
scale during World War II, as is evident from c;ata in Table 1l. The capscity
of some plaits making ™T reached 40,000 tons ﬁr yeoar. |

‘World War II, . . . .
$ ] THT was the major high explosive. Whereas,

in considerable quamtities im addition to TNT, durimg XK Werld Var II, TNT or

nixtures based thereon (smmetels, alleys of THT and 20X, etc.) had the field emtirely -

te themselves. Thus, foruqlo,f.honumuyntputotthomﬁrm

ﬁnwumzmcmmmmum.mmmm

2 s

Wm. obtained l" m in 1900 (Hbl.l)‘

135
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8 was (in tems): ™

TIT ¢ 0 v ¢ 000 00 06506 06006000060 c0ss0aec0 ﬂ,m
Ploric 863d ¢ ¢ ¢ ¢ ¢ ¢ s ¢ 6 s 06 606 60606 06e¢6 000 00 850

m..."...'l‘.....‘..Q....‘.C.. m

Mﬂlitrlt&..................-.. 18,0@0

, Table 11
4 5)
4 10 BT c)
d. - s . 9860 | 19 131 (1949)
) .= 60000 - 180000 (1939 i
f) - — - Goxee 1000000 (1945)

a) Country; b) Annual T cutput im tons; ¢) Second World War; d) Gerwasys _
¢) England; £).USA ~ . SN :

THT is also 3X widely employed to produce industrial explosives, the demamd for

attains
whish hundreds of thousamis of tons per year.

‘ brisaat
The chief advantage of TNT is the fact that, although it is & bright
explosive of rather high power, it is comparatively insensitive to mechanical effeots,
which makes possible its use in the loading of all kinds of mmanitioms, incluiilt‘
armor-piercing shells. A lar: .~urce of supply for INT preduction is lﬂillbh.‘
its . . '
Thanks to XEE high chemical stability, the chemical and explesive preperties of THT are
retained sven upen lemg years (decades) of storage. Hewever, its limited resctivity
makes it possible to use it in the mamufacture of a mmmber of ether explosives, fer

example, various mixtures amnd alleys with REX, asd mixture with ammenimm mit=ate,

Thty ituproves the supply of axplesives, whish is an emestingly impertiat faster in

we tine.
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a Sestiom 1. l‘ : :" \ e Propast J - = AF .
and the Intermedisies Produses in ihe Couree of the Symihesis Theresf

nitrie
The starting materiak for the manufasture of THY are: telusme, JEMNEE and 2

+

sulfuric acids. Pure teluems C4lis-CHj is a colorless, highly refrestive, tremsparent
liquid. Its melting peimt is ~95° (Bibl.3), ite boiling peimt 110.6°, specis .
{1 oevity die = 0.867. Telusne jgaites resdily amd burne with a smeky flme. It is

- am excellent solvent for organic substancss, and is itself readily soluble im aleshel,:

ether, and other solvents. Chemically speaking, tolueme is a highly reastive substamce.

e AR .

The hydrogen atoms in the bensené ring EXXIETAERE @me of tolueme are readily replased

by various groups or atoms (WO, 803H, OH, J, C1, etc.). Under the effect of |/

o s

exidisers, tie side chain BNX oxidizes through the carboxyl group, and the I telueme
converts to bensolc acid.

Coal and petroleum are matural sources of toluene. Tolueme is obtained frem ceal

coke-ovea
by treatment with coal tar, dry distillation producis, and trappimg of INEXJEKESEXER gases.

o Toluone
is derived from petrolemm either im dire¢ct distillatica er, mest frequeatly,

|

with the purpese of enriching the first fractions of pstroleum with arematic hydreearbeas.
subject.ed
These, the keroseme fraction, are first JHJJEIWK to pyrolysis.
Toluene is also obtaimed by catalytie arematisation of maphtheme and pareffin
hydreearbons in petrelewm. This process was widely wsed im the United States during
82 'orldﬁrn,udhotm countries in subsequemt years. The separatien amd fimal

cleansing eapleyed therein inelude aseetropic distillatiem, extractive distillatiem,

extrastion by'nlv-tl, and cleaning by heat.

- () As & consoguence of the relstively lov sentent of telueme in mstural seuress,

Eh gl st - Ty v



2 naanfasture by synthesis is nesessary. mmhpﬁuhaﬁd

wyst

1) frem bensene and Mhl;el (an industrial method widely empleyed in Germenmy);

shlsride, :
2) from bensenes and dichlercsthane‘im the presemce of alwminwm EENIEEY with

' . subsequent hydration by diphemylethame im the presense of miekel;

3) from benzens and methylchloride, alse iz the presemce of alumimwe chleride.

In view of the low boiling peimt of methylehloride (2°C), the substitutien reastiea.
has to be performed under pressure. This cemplicates the precess aad is a shortceming

" of the method.

; Synthetic tolusne derived from bemsene and dichlorosthane is comtaminated by
4 ‘ resins and diphmylot.mo,/ and when obtained from bensene and methylchloride, it is
contasinated by :vlonn". Tolusne ‘obtained frem matural sources is also not a
‘chemically pure product., Toluene from coal centains pauff:h.ip and ohfin&c«lvdnclrbn.,
‘ whose boili;g point approximates that of tolueme. Impurities may rum to 4 er 5%.
Aside from ,‘,'m:m., tolueme contains approximately 1 - 1.5% of bemsene, 0.5 - 1%
xyleme, and inoimificdnt; quantities of phenols and pyridine bases. In petrelewm amd
o ' subjested to “
: pyrogenetic tolueme, mot FEEJEEIXIE special cleansing, there are gaselines, semetimss
l.t‘tuﬂ.n" 10 - 15% of the whele. !
Nitration of centaminated teluwene yields a EENIINEEE ocentami.ated mitre cempeund
and algo results in elevated comswmptien of aitric acid im the u:l;ltio-. of sertain
of the impurities (paraffins, phemels) (Bibl.st). Hewever, it is Meld, in Germemy mad
W,mmm«wuuntmwuinﬁnwm

‘w> " mmmmmmumw;mnmm ’




mutumwummwmummﬂuwm‘%u
1s eomsidersbly casier te drive them off (Bibl.5). ! ’
- The meet undesirable impurities arc benseme and especially xyleme. Anm-;
of bemsene in toluems reduces the freesing peist ;: the rew THT ebtained by 0.35°,
whereas the presence of 1% xyleme reduses it by 1 - 1.2°. Gaselimes alse cemstitute
harmful admixtures im tolueme. They oxid:ho in the pr;oun of nitratien. in additiem
}bo the conswsptien of mitric acid this gives rise te, it results in dilutiom ef the,
-nzm”mdorgqm nitration by the -nt;r emitted ia ;m sourss of oxidation. Each
1% of gasolimes in the toluene requires appreximately am lddit':lon.l B 25 kg of
n:ltri:.e,a;:ld per XIEEE ton of MT. Thounuturttod hydrecarbons accompanying the
tolusme also oxidise in 1‘:ho process of utr;tio;. The consumption of »itric acid upem ‘
the oxict'ction thereof Q, when computed for 0.1 gm bronino mmber of-tolmnc,_ e-‘;c
te 6 kg psr tond of THT, o 0.5% by weight of the entire amount of nitric asid u.]nldul'
upen nitration.
Thus, the cemposition of the toluene has a sigaificant effect upem the quality
of the INT, raw mw o%uﬁptin, and the yiald upuity of the apparatus. Therefers,
the i-puritm content of XXX toluens uod for nitration is held te speeific limits. . !
Thus, toluene frem seal is required to be 2 colerless IEEJ traaspareat liquid ef
specific gravity 0.365 1 0.003 at 15°C, distilling at temperature withia the ramge ef
109.0 - 111,0°, .cerrespending to a centent of net mere than 1% bemsens amd ©.3% xylems.

Tolwene frem il sheuld have & specific gravity of 0.865 + 0.003 at 150C, and sheuld

.m'ﬁtnmporm,o-nms'. sorrespending to no mere than 2.2%5 gaselimes

therels (xyleme is net found in telwme frem edd).




3 in peirelows telueme is due te the fast that a greater quastity of impuritiss 8-

permissible. This, it is understesd, remders nitretien and the prodwstisa of gality

THT mere difficult.

The wnsaturated hydrecarbens cemtemt of telueme is determined by titratiea with

bremine.. The breaine titer shewing the mumber of grems of bremine needed te take wp 2
{ ,E . . .u . ‘e * ’ A
' the msaturated hydrecarbeas iz 100 es of teluene sheuld net exeeed 0.8 gn for coal
toluene, or *0‘.‘1@ gn for petrolewmm toluene.
The quantity c. unsaturated hydrocarbons is alse determined by testing with
. ) ‘ ' attaching
- sulfuric acid. Sulfurie acid reacts with the umsaturated hydrecarbems, N teo

them at the deuble bond, with the formatiom of XEEX esters:

R=CH HO R=~CH,
| + >sox- |
R—CH HO R—CHOSO,0H,

P

as well u'wly;orust.in 7ud condensation preducts, dark in celer. By eemparing the
P intensity of the co:.lontin of t.olmo.nind with an equal volume of semmercial
sulfuric acid, and a standard sample, ome determines the relative ecentemt of 'ohné‘. *
The temperature at whiech the tolueme fraction begins to beil is affested by
bensene, whirsas the temperature at which beilimg terminates is affected by xyléme,
umsaturated hydreearbens, and gaselines. In the ease of eeal telusme, the temperature
of the emd of beiling (indicating the presense of xyleme) is the mere impertant

sharasteristic, whereas for pyregemetic telusme, frem which xylems is lasking, the

temperature of the emset of beiling is mere impertant.
In nitretion of tolwems, 5K variews isemcys of mono- di~, ani trinttretelnme fosnd

in osquanee in varions raties.

¢ A T
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i
aeid, en the equatien L

CH,CyHy + HNO, — CHCH, (NOy) + H,0.

»

isomers: orthe, meta, and pars

CH, CH, CH,

(\JNO" /ﬁ AN

Y% k/"°= U
orlho- /ANT meta - MNT parfno-’m‘r

Mononitrotolusne XX was first produced in 1838 (Bibl.6) by the actiom of nitrie
acid upon toluen;. In 18,1 (Bibl,7), monomitroteluene was again ob.tainod, and on this
ocoasion its boiling peimt (225°c): and its specific gravity at 169C, 1.4, was
determined.

' The properties of various menonitrotolnens izcmers (Bibl.8) are illustrated im

Table 12.

The result of this resctien is the feormatism of a mixture of three menemitretelusnme

Table 12
Momonitro-| Preeszing Poizt | Boilimg Peimt] Specific| Golor and State at
tolusne . % -} at 760 ma Hg | Gravity Room Temperature
Isomers ; oC Y : .
o |
Orthe- ~9.27, medifies- 21,7 | 1,163 | 0ily liquid, strew-yellbw
. tiem a, ‘ celer
| metastable
~3.17, wedifica~ - .
{ tiem B,
stable ,
Pars- | 51.6 ' 2985 1,120 | Colerless erystals of
{ ‘(ut 54° | rhembie system
Neta 16.1 1 1,268 | light yellew liquid

{
'
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eolor dependizg dpin the impuritiss. The coler of mememitrotelusme is explained Wy

: , 3,5-dind and 3, 5-diaitro-erthe-
the presemes of nitrearesels (Bivl.s). W

eresel (Bibl.8 and '9) have boem found in tesimical NNXE memenitrotelusns. Its speeifis
gravity varies with tmperature .nd is 1.162, 1.143, and 1.125 at 20, 40, and 600C

respectively.

The approximate percenmtage sompesition of mononitrotelusme obu:lnoil by aitration

of toluene with mixed acid, and dopudont. npoi temperature ‘er nitrlt;ioa, is pm

in Table 13 (Bibi.8, 10, 11):

' Table 13
a) i b .
o | ww | » o | —w
: ¢) . 38,3 %1 |36,5-37,3] 38,1 ' 3,3
.dj 1 59,8 59,2° |59,4-50,5| 30 | 87,2
ey | 81 47 | 4142 39 | 35

a) Nononitretolusme isomer; b) Nitratien temperature °C; ¢) Pare-; IJX
d) Ortho-; o) Meta-

The KIS nitration temperature influemces tho‘ qm;;iutivi riﬁntimh;p ail‘
the EEEX ,mitr;toiuu lscmers formed. Whem it is incressed, the quantity of moti-
and orthe-isemsrs increases mt; and the quantity of the pare~isemer diminishes
(Bibl.12). |

Pespite the substaatial para-isemer comtent, this isemer having a freesing point

of 51.6%, mmmundmnummmwu-m,

although the pive~isemer begins te freese at udewt 0%, This preparty is emplaped

42
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use of the comparstively greater differemee im the beiling peints of these twe (eee

Table 14
a) i b) - .
20° 80°
® 0.0¢ 0,08
K 0,50 " 0,81
0 - 1,56 2,00
s 2,73 12,28
8 19,8 20,14
9% 2,2 33,9 °

a) Streagth of H—JSGL, 1; b) Selubility
in percentage (ycight) at the following

temperatures

351,13 for & petexticmetric method of

deternining meta-nitretelwene ia a mixtwre

‘thereef with erthe-nitetelusne).

luontrotohﬁo,‘h: virtually inseluble
in a"t;u-,‘ ‘but resdily soluble ia ergeaie
aolvght-.

The 'nlubility of 'toch:uiul;
lolq‘a.itr'otelmo in sulfuric asid h.

preseated in Table M.

Monenitrotoluene is highly reastive (Bibl.lh presemts the mhﬁiq of activatien

of the methyl growp in nitretoluenes).

Itl(lx‘! para~ und eortho-iscmers reast evea

with weak caustios in accordamce with the equations

NaOH

No.

This reastien does net preseed with the meta-isemer.

Menenitroteluesae is net an explesive.

phlegmatiser of explesives of Ligh semsitivity. A substantial ameumt of

sonenitrotelume is euployed in the predwsiien of teluidine, which 15 wed in the

No,

CH, - CH,

NO,

CH-cH cu, coou

1( )i ( "”°’"*( P

No, No,

It is used, to sems extemt, as &




85 syathesis of eertain dyes. B -
Dinitretoluene is ENE obtained upoa the nitratiem of memenitrolelwens by atapd
2e1d in ascerdanse with the equatien ;
CHCyH, (NO;) + HNO, — CH,CyHy (NOjhy - HiO.
{ Fitration of technical JAERITINEX menonitretcluome, which is a mixture of three
isomers, yields technical dinitrotelwens, cemsisting of a mixture of six isemers..
3 Ascording to De Beule (Bib1.8) the EEEEE perceatage composition of teehmical
| R
! dinitrotoluene is:
2,“mtr°t°lm. LA A AL A A A R o . o'o . 75.6
‘ .
? 2,6—dmtr°t°1m. e o 0 o @ e o 0 6 06 06 85 06 0 o 0 19.7
; ‘B,Hmtmt.ln.n. e o o o 0 ® 6 o 8 0 6 6 0 0 o 0 2057
!
f 2)3-d.initr°t°1u.” e o o o ® 0 00 00 0 00 00 loM
; 3,6—dilitrotoln0no e o o o 0 e © 0 0 0 0 0 060 0 0 0061
g 3,5—diaitrotolucn0 o 0 0 0 0 6 o0 0 6 0 0 060 o6 ’ 0.08
§ .
? D Upon nmitration of cach’ of the iscmers of monenitrotoluene, the follewing
quaatities of iscmers Ik of dinitrotoluene are obtained (Bibl.s, 11, 15, 16, 17, 18 19):
] CH, - CH, cH, CH, .
o \l 100 /N0, 68.7% (\IN'O, 2.3% ON/ \‘I\O, o
) I | | | . -
v NS N N ' ’
No, NO; . ‘
(e, o
| N Y| , R
| 84,69 30,8% 13,006 1.8 )
‘ ch, ch, cH, ch. ' :
o, (Moo ()
o, Loy U, wol o
. NGO
- () )
16k .
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Table 15 (Bibl.8, 20).

Table 15
a) ' b) )
2.4 69,95 . d)
2,6- 63,1
3,4 58,5
e 2,3- 1 59,23
s e = 3,6.(2,5- e 50,25 Es
. . 3.5‘_ L ] 92'1

a) Dinitrot.oluono ilm: b) Pronin. point, °C; o) Boiling point oC;
d) Boils with decempesitien at 300°C nd mormal pmlm °
Toehnieal;dix.titrotoluino, cmi;th‘ chiefly of 2,k-isomer, comsists .of a
crynt@ﬂine gubgta.gco., FEXYEXIH yellow in color, with a MQ’ling poi!lt of 5_9.-. 5&9,
and .cmidorab"lc oily impurities. Its specific gravity at 719C is 1.32;.its specific
heat is 0.33 keal/kg/°C.

Technical dinitrotoluene dissolves better in orgamic solvents than does

_ trinitretoluee, but its solubility in water is negligible.

The selubility of techmical dimitroteluene im sulfuric acids of varieus stremgths

. e

is preseated in Table 16,  °

" I8 may be seen TEEN (Bibl.21) for freesiag peimts of alleys ef 2,k-dinitretelmeme

* *"with pars-senemitretoluwens; (Bibl.22) prevides the refrestive imdices of allm of

pars-asnonitretelusme, 2,k-dinjtreieluens, and 2,h~trinitretoluens. A diagrem IEX of !
. ' ;
FURNEEEOPIEEIEESE the fesibility of mixtures of 2,h-dinitretelvens with 1., 3=, aad |

SArinttiroiemens is shom ia(Bihl.23), -




87

a) b |

20 © 50 ") 70 % 00 | 12
800 | 1.2 | - 2.5 - 3.8 | — - -
868 [ = | a8 87 s8] 63| Gil! Tl &
87 | 61 | w0 | 28] w3 | = | ~ b Y o1
900 .[ 8.5 - 88| — | 0o = | = i
90 | = | 264 | 338 | B34 | 583 893 | 2.4 | 668
%8 | = | 7208 | 18" | a7 |na” |ue” | 1360 -

a) Strength of HpS80;, in %; b) Solubility of dimitrotelueme (in 100 gm acid) in gm,
at JMIEANEX indicated temperatures in °C '
Unlike monenitrotoluene, dinitretoluene is an explosive, but a comparatively weak
one. In the erystalline form, with cap No.8, it produces a 210 cc expansien in a

lead bomb, but in view of its poor semsitivity to detonation, it is EX not employed

. XEEENEORXXEXE by itself as an explosive. A small quantity thereof is employed in

where it is

the fabrication of nitrogkycerin powier, XEEEXIZ used as & plasticiser.
THT 'is obtained by the nitration of dinitrotolueme with mixed acid, sccording to

the scheme .

-+ CaHly(NO,); CHy + HNO, — CiHy (NO,h CHy o+ HO.
1Iitr|.tion' of t;ochni;tl dinitrotoluens wh.ich consiste of six isomers yields
:boemicd Tl'r,a.ho coiniéting of six isomers, the approximate quantitative relatiesship
anong which is shown in Tble 17.
Not infr‘qnontly,. TNT also contains some amowmt of 2,4~ and 2,6~dinitreteluene
{by the results of colorimetric d@mhltim of the isemers of dinitreXi and

trinitreteluene (Bibl.8)].

The nitration of each of the isemers of dinitreteluene yields the fellewing

quantity of isemers of trinitrotoluene (Bibl.8):




86 Table 17 . ¥
a) b) '
30° 800
¢) 95,80 95,10
d) 1,25 1,36
e) 2,47 2,69
3 027 | 400 0,20 | 4.4
i g) | 0,000 0,009
' h) 0,002 0,002
i‘ 0.30 0',33) ]
j‘) 0,13 ¢ 0,40 0.15 } 0,8
K) 0,06 0,06
a) X)X Components; b) Composition of technical TNT im accordance with nitratiom
temperature of toluene to menonitrotoluene, ¥; c) (2,4,6)-trinitrotoluene;
d) B(2,3,4)-trinitrotoluene; e) v(3,4,6 and 2,4,5)-trinitrotoluene;
! £) n{2,3,6 and 2,5,6)-trinitrotoluene; g) ¢(2,3,5)-trinitwotoluene;
h) 5(3,4,5)-trinitrotoluene; i) 2,3-dinitrotoluene; j) (3,6 and 2,5)-dinitreteluene;
( k) 3,5-dinitrotolusne ‘
87 a) nitration of 2,4~dinitrotoluene m yields only symmetrical a-trinitrotoluene

x " b) nitration of 2,6-dimitreételuens also yields EKX only a-trinitretoluene

‘

D " (Bib1.8).

+*
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I ! A
B e, - A

“w . - .

Icua CH,

N

CHy - CHy

N/
O3

167

o,y'/\,no, - o,Nl/ ‘)NO,
/

“N=NO, O;N-—/\T—No,
| - l/

with 80, 85°C XXX as the freezing poimt of the chemically pure product (Bibl.l, 8, 2h): .

a~trinitrotoluene;

a~triritroteluine;

o) nitratien of 3,k-dinitreteluens yields two isemers y-2, b, 5-(3,h,6)-

trisitretolusns (SS) (Bib1.25) asd p-2, 3, k~trinitretelume (16%) (Biv1.8, 2): ‘

|

_ o~
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CH, .
|/\|N°' B-trinitroteluene
/ \ N02
CH, / NO,
o
NO, Y\, CH,

3™ on)
\_NO; Y~trinitrotelusne
NO, .

d) nitration of 2,3-dinitroto]ncno also yields two iscmers s-(2,3,lv)-trin1trotoluu

(62.2%) and 1f)--(2,3,6- ‘or 2, 5,6—)-trinitrotoluom (15.58) (Bibl.26), and 22.3%

2,3‘-dinitrot;o."mono rminn unreacted (Bibl.8)

CH, A ’
OaNI/ \NO, - n-trinitrotoluene
N/ o, ; ‘ '

NO, e ‘ .

N/ \ cHy . ‘ . ‘

. AW r \No, ‘
No2 g=trinitrotoluene )

NO, {

2,3-dinitrotoluene nitrates with connidorablj greater difficulty than 2,k4~,.2,6~, and

3,4~dinitrotoluene; . ‘ , ) .

. . ” . . £ -
e) dinitrotoluene 2,5-(3,6~), like the.2,3-iscmer, alsc nitrates with difficulty,

*

and yields 66.7 - 69.7% y=(3,4,6- or 2,1;,5—)-trinitrotoluc;:o, 8.2 - 8.6% n-(2,3,6~ or
2,5,6~)-trinitrotoluene and 21.7 - 25.1% remains SXREXEIZEEXE unnitrated

2,5-dinitrotoluene (Bibl,.8):

‘ ( \No, y-trinitrotoluene ' % 7
: CHy A 0RNI\ J ¢ '

ONNL cth :

n -trinitrotolu;c;‘




P £) mitratien of 3,5-dinitretolwene wader ordinary cirounstanses leads te partial
destructien (Bibl.8, 26). Hewever, the main bulk of the 3,5-dimitretelmens remuins f
vnchanged, Whem it is nitrated with mixed acids stremger than the erdimary, nitratiom

accompanied by oxidatien oceurs. The result is 73% umreacted 3,5-dimitreteluems,

11% of 2,3,5- or e-trinitrotoluse (Bibl.27), 2§ of 3,k,5- or s-trinitreloluens

. (Pibl.28), and L% is lost by oxidation (Bibl.8):

CHy

i
‘ ( \,NOz € =trinitrotoluene
X | OgN\ }NOQ '
] CHy '
. , ’/\J /
. . ! ON{_ /NO2\,
- MUINR
N OQN\)NOQ‘ 6 -trinitrotoluene.
i NO,
|
|

The ireezing points of iscmiers of trinitrotoluene are illustrated in Table 18

{Bibl.8. 29).

Table 18
a) ‘: ’ b)
& 102,3
. d) 110,3
C T s L. : 109,8
s | . f) : 95,2
, 132,0

| 0

a) Isomers; b) Freesing poimt, °C; c) y(2,4,5 or 3,4,6)-trinitrotoluens;
d) p(2,3,4)=trinitrotolusne; e) n(2,3,6)-trinitrotoluene; £) e (2,3,5)-
trinitrotolueme; g) 6 (3,4,5)-trinitrotoluene =

Zhe specific gravity of all the isemers is approximately 1.62. The flash peinmt is
. (|, 290-310% Ia the Treusl block, they show idemtical expanaien, ad virtually

identical seasitivity em the impast testing maskinme.




Tochnisal THT centains met emly the nitre derivatives of telusme, but small
mmewits of oxidation and resinifiecation preducts as well, plus aitratiem predusts
of toluene impurities.

The oxidation produsts im INT inclulle substances of phemol character, comstituting

_ nitrocresol. and derivatives of diphenyl or stilbeme (Bivl.30). In the mere powerful

»

ox:!dis:!.ng pm;.m invelved in oxidation of the methyl greup of .tho tolmno;
trinitrobensoic acids are formed from the c-and other isomers of TNT. Sy;-itriul
trinitrobensoic scid yields COj by eleavage rathor' easily when’ h‘o’atod"&nd wndergees
conversion to trinitrobenzene. This cocurs primarily when the 'TNT is washed with l'pt
water, ‘K/hynatrical trinitrobentoic acids undergo hydrolysis when boiled with water,
to form dimitrooxybenzoic XXXXEAXAXK acids,

The quantity of exidatiom products in speat acids of TNT mamufacture rises from
stage to stage and, in the third stage, constitutes about 5% of the weight of the,
raw TNT obtained. The oxidatien products are, for the most pa;-t, nitrobensoic acids,
but a small amount of nitrocresels are also present.

Under severe processing cenditions;(lug periods of comtact or high temperatwe
of the exder of .12050) , the TNT undergoes l;l high degree of oxidatiom by the nitre ;
nixture when it is of the following compositior: 84.05% HyS0, and 16.65% HNOy (about
10% loss in weight per hr), A K rodu;tion in the nitric acid share of the mixed aeids,
and FEEX reduction in temperature,will reduece the processes of oxidatiem. A 10°
redustion 1; tempsrature (in the 85 - 115%) imterval) euts the intemsity ef the |
preessses of exidatien virtually im half.

As a eonsequense of the oxidising processes iavelving destrustien of the bemseme




() ring, te*~anitremsthane, which gives THT the edor of nitrie oxides, is formed in e
ritration dinitretelusne.

It has been established (Bibl.31l) that the nitration ef tecamical dimitreteluene

accempanied
is KEEEEEEEIXE by oxidatiom with liberation ef gaseous produsts comsisting ehiefly eof

carbon monoxide and carbon dioxide. It is héeld that this oxidatiod oc’ci'x’-.,‘aitf-‘iihi

expense of the, triaitrotoluo"n;, but of the dinit.rotolnono.
; The ujc;r TEEFIXy 1-p\;ritiol zo\.md 1n substantial quantities in TNT are iscmers
ti{roof and of dinit:rotoluono. Inasmuch ;i.thf isomers of TNT, amd those of
dipitrotolucno as wo.ll, in pl'.!ft’.lr. fomod frol _utni*.rotﬁuono, this lut. is the
primary sonre; of inpurit'.iu. 1A'm'. In poi;\t: ol faet, 'if. the lononiij.rotoluu.c

liverated from the meta-isomer is nitrated, it is possible to produce THT at.a

. P R [ § P e .. Yo X — *3 -
Ireesing poiay Ui abous (7 LLIIVULY LUl VBl puriide

The uy-atricai trinitrotoluenes and other impurities present in raw INT reduce

"the freezing point of TNT to 75 - 779C, to form multi-component eutectic alloys of

low melting point with a-trinitrotoluene. - Some of these alloys are liquid at roomm

temperature,/oily in appearance, and are therefers termed trotyl oil.

¢
»

In storing munitions in which the filler is rew TNT, one observes a leakage of
trotyl oil, resultimg in a reduction of the demsity and stremgth ef the explesive ihoil. B

This makes such munitions dangereus amd of low guality (duds). In the case of

artillery shells and mines; this may be the cause of premature explesions whem fired. s
Incomplete explosioms and duwis are usually explained by the fact that the oily bur'itiu,f

£1lling the spase between the prepellant and the explesive charge, EEEEX ebstruet the

latter, and if they peastrate inmte the fume, temig te impregmate the detemater ani -

‘ m

i < St e <
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may be ﬂ A by
make it peorly semsitive to the cap. Premature explesioens . the fast

that the leakage of eily impurities from shells destroys the memelitkic mature of the

explesive EJEX charge,causing it to become porous, whish may, whea it is fired, result
in dangereus intermixtures of explosive stbstance.
impure

As a consequence of the causes indicated above, INJXINXEEES TNT should be
esployed only for the manufacture of explosive mixtures designed for early use. for
example, for excavation by explosives.” However, THT to be empleyed to £111 shells
which is planned to store for a long period must under all circumstances bs cleaneld.
Shells are filled with cleaned "HT, consisting of a virtually pure symmetrical
2,4,6- or a-1somer tr:lni_trétolnom.

o light

2,4,6- or a-trinitrotoluene is a white substance (growing yellow in the MNKXE)
and having two polymorphic crystalline forms.

/n x-ray study of 2,1;,6-trihitrotoluono has shown that this compound may exist in

either monoclinic and ortho-rhombic forms. The wnit cell of the monoelinic foim has

the following dimensions: a = 21.35 + 0.55; b = 0.05 + 0.03; ¢ = 14.96 0.05 ) T

g = 111,15 + 15, while the data for the ortho-rhombic form are a = 20.7 * 0.68;

b= 6.09 %0.54, ¢ = 15.03 + 0.07 & (Bibl.32).
gravity
The freezimg point of 2,L,6-trimitrotoluene is 80, 85°; specific IEXFEEXPEEER
1.663, while that of the X fused materials (at 829C) is 1.467. The gravimetrie

density of KB crystallime trinitrotolueme is 0.9 - 1.0.

The demsity of compressed a-trimitrotolucne depemds upon the pressure and reages

i
!
;
{
i
¢
‘
i
1
!
!
i

frem 1.5k to 1.62 as pressure is varied frem 1450 to 4350 kg/cm?. The demsity of a
sasting ebtained wpem IEEX repid cceling and agitatisa of fwsed x-trimitretolusme |

flustustes ia the 1.55 - 1,60 range, while the additiea of imsignifiesnt quantitiss of

e
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other nitre compounds vhich prevent proper erystallisstise of o- trintretelsems dakes |
for an increasée in the demsity of the casting.

The densith of solid and liquid trimitretolusnes at varieus temperstures are
presented in a work by Lewis (Bibl.3p). For data on the rate of lipear orystallisation of
trotyl, co'ntainj;ng ditfe;-enf. amounts of diniirotolue.n(o'x" ‘ot.ho‘r aromatig nitro
compounds, see elswll;erq (ﬁiﬁl.. 34).

The latent qim. of fusion of a-trinitrotelusne is 2141 cal/gn, the heat ‘o't
S crystallizstion is 5.6 kecal/mole (Bib1.29), and the heat conductivity lt~25°c‘ .
is 0.00055' cal/sec/cm3 °C. The vapor p.rounru of TNT at various temperatures Via
offered in(Bibl.35).

The hygroscopicity of XINIXIEX a-trinitrotoluens is about 0.05%, and therefore
t ie not necessary to geal it aixvtig.ht for storage.

The solubility of a-trinitrotéluene in water is low. Thus, at 15°C, 0.02 parts
mx‘dinolvo in 100 parts waier, and at 106"0, 0.15 part a-trinitro;l.uono dissolve
in 100 parts water. . | ' '_ .

The low solubility of z~trinitrotolusme in m.to.r‘ is a favorable property that
makos it easy to use water to wash it free of acids, Nevertheless, this solubility
results, on the one hand, in some loss of product, and on the other hand, in cemtamimatiom:
of?\':itor. Water containing 0.15% a-trinitrotolueme cannet be discharged iate bedies

of water, and therefore prior to discharge therein, it is subjected to ceeling and

o e ey h

allowed te settle,with tiv object of separating cut the main mass of the disselved THT,
a-Trinitretelusme disselves quite well inh erganie selvemts. Its best selveats

are: pyridime, seetens, benseme, B¥X tolweme, and ehlereform. o-Trimitretelwsme =

A o Ao s

m




9 disselves peerly in sther amd mbu‘hﬂ.ﬂlo. Table 19 (BIb1.36) shews the selmility

|

of a=trinitretolusne in varieus selventa.

Table 19
g ) b)
{ a) P | o | T
. g ]| el H|g| h 9] I I 9 I {
i * ) o |

! o [oon | —~ | 28| 87| 13/ -~ 0,2 08 | — | —

15 |0012) — | 48| 92| %| - 0.5 Lt | 28|03

% |o08| — | 55| 00| 6| -~ | - 1,2 {33105

< 2  |0018| 158| 67| 132| 88| 70 0.8 L5 | - -

2 |o0r| ~ | 84| 15| 13| 100 - 1.8 | 4,6 |08

: i B j002| 215 104 187 44| — 13 | 23 | -1 —

i 8 [0047] 370| 208| 376| 284 | 300 32 | 46 | — | -

60 0,067 600| 367 600 478 | — 69 | 83 | — | —

70 |o0067|125 | 8261350 [1024] — | 173 | 151 | - | —

78 | 0,097 | 2460 | 1685 | 2678 | 2028 | — | 24,3 195 | — i —

o 100 (0,147} — | — | — | —| - - - L, -] -

a) Temperature, °C; b) Selubility of a-trinitretoluene, in gm (im 100 gm of solvent);
¢) Water; d) Pyridine; e) Telusme; f) Acetone; g) Bentene; h) Dichloroesthame; -
1) Carbemtetrachloride; 3) 95% ethyl alcehol; k) Bther; 1) cg_rbo*hnlﬁdo

91 The i:ost solvent for purposes of crystallization is that which is of adequate.
dissolving capacity at elevated tépeuturo and rather low at m;n temperature.
Ethyl alcohel l.ml ear.bo*otruhlorido possess these properties. The advantage of the
former is that it is less wﬁe, and of t‘.ﬁo latter, is that it is virtually nonflammable. : -
9T dissolves rather well im sulfuric acid (see Table 20). The high solubility

of a~trinitretoluens in sulfuric acid is am wmfavorable property upem mitratiom, L -

inasmmch as when TNT is separated from speat asid by separation, a portiem remains in

selution,

1%
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Table 20

) b)

0 | 1 | o | s | w ) 100
0 - [ 0,30 0,40 06 | 20 3.8 | 120
10 - 4 030 0,48 07 | 22 | 40 | 138
20 - | 03 | o5 0.8 2,5 4.8 15,0
23 - 0,32 0,58 0,9 2,8 5.2 18,8
30 - - 0,35 0,60 1,0 2,7 | 60 16,5
© 0,2 0,40 | 0,68 1,3 3,0 70 [ 18,0
50 0.2 0,45 0,70 L7 35 8,5 21,0
60 0,22 0,50 1,00 2.3 52 | 110 | 240
70 0,35 0,70 1,60 3.3 7.0 | 13,5 29,0
80 0,60 1,30 2,40 4.8 100 [ 18,0 36,5

a) Temperature, °C; b) Percentage solubility of a-trinitrotoluene in sulfuric
acid of various percentage strengths
When a small amount of nitric acid is added to sulfuric acid, the solubility of
a-trinitrotoluens in the resultant mixed acids diminishes somewhat (Biv1.27). Eowever,
larger quantities of nitric acid in acid mixtures have the opposite effect, K increasing

the solubility of a-trinitrotoluense.

Figure 23 prnonts’:? graphie illustration of the solubility of p~trimitrotolueme

A AYAVAVLOAN) .01 4, Y5
3%, AVAVAV . 7AVAV. VAVA /A Mo, ‘
00NN NN

Fig.23 -~ Percentage Sclubility of a~Trimitrotolueme (a~TNT) im
Mixed Acids st 25 amd 50°C '
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in mixed asids, in accerdamce with the compesition of the latter, at 25 amd 50°C,

The selubility of a~trinitretelwems im nitric asid is very high, even in the
case of dilute acid (see Table 21), This property is employed im sagimeering in the
purification of techmical TMT by recrystallisation from nitriec acid.

‘

Table 21

cay | b c) d | e £)
o 100 ‘ a3 100

88 | -. 1% 4 150

7,2 56 200 84.7 s | 200
89 250 54 300

81 S0 N 2% . 150

4 100 o8 34 200

s |". 150 . ' 45 800 |

80,4 s | om s 0
s | 250 34 . 235

88 100 47 376

46 180 497 52 458

22,3 0 1 we s 1 e
54 250 61 | . 830

a) Pcrcontagﬁ strength HNO3; b) Temperature °C; c) Solubility, gmy ofo~THT (im .
100 gu HNO3)

a~TRT is of low reactivity, and this is a grut“ndmtago» thereof as an explosive.

As & neutral lul;nt.anco,‘ it does not react wi'th; the Iutal of the shell, amd its
low reactivity makes it possible to use it in mixtures and alioys with other substances,
such as ammwonimm nitrate. This last circumstance makes it possible to imcrease the
mmount of explosives by using TET-base mixtures amd alloys.

a-Trinitrotoluens forms a eutestic with tetryl. The eutectic- cemtains 70.9 melar
percent o-BIT and melts at 68.82° (Bibl.38), end M)f\orn. ome with 2,k,6-trinitre-:

neta~xyleme, centaining 17.9 melar. pcnut G-m; and ulul( at '7.(.7' (Mb1.39).

2 »
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The melting peiats of various a-TT-trinitrophemol mixtures may be feund im Bibl.40.

The bekavier of o -THT with variews chemisal reactants differs. Thus, stremg
sulfuric acid, wvhich disselves ~THT at romm temperatiure, does not react with it,
X At high temperature, the TT undergoes XY oxidation. Thus, heating of 10 g
TNT with 10 gm strong sulfuric acid at 155° results in scme gas formation, with

liberation of SO2. After 3.5 hrs of heating, the INT remains unchanged, but takes

_on & light brown celoration. When this same reaction is rum im a sealed tube,

pronounced decomposition of tlie INT sets in after 3.5 hrs, the tube bursts, and all
that remains of the THT is a sooty mass. Al 155°,,' decomposition begins omly after
6 hrs. These experiments show that & weak reaction between TT and sulfuric acid at
ending
elevated pressure is capable of increasing greatly and NEEEMIIEE with zomplete
decomposition.
Strong nitric acid not only dissolves o«~TNT, but even at 1109, slowly exidiszes it

to trinitrobenzoic acid, in accordance with the equatien:

CH, COQH
. | /l
LN N NO
ON= ] N0 anNo - ON | T 4aNo+3H,0.
. ~
, !
'NO2 NOz

It is entirely probable that the exidation process goes through the stage
of trinitrobensaldehyde formation. The further tremsformation ef the aldehyde growp
inte the carboxyl group may occur in the absence eof oxidiser. We lmow, that due to
their high reactivity, the nitrobensaldehydes tend toward cxidation-reduética
intreamelecular precesses, as & sonsequenee of whieh nitrebemseie asids m t;!-‘. ;

Consoquently, the fellewing reaction may ocewr ia this sitwatiea Lo

m
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in the fimal EX analysis what will fesuli, evidently, is nmet dimitromitrebemseie acid,
but its dimer, attached through the nitroso group thanks to the high resetivity
thereof (Bibl.A4l). )

At high t;-porstnn (‘11-5 - 130°), strong mixed acid oxidises *-TNT,with
destruction’ of the benzene ring. The oxidation product, im ldditiog to gases, is
tetranitromethane c(l()z-)[,.

’a-m' does not react vs.lth water either whox; cold er upen heating.

The a.'c;quis&tion of a red color by TNT, accompanied by an increass in oiliness,
which occurs under co;lditiou of industrial washing of the product, is apparemtly
dnduced by th‘o coasiderable overheiting of TNT cpnf.aining admixtures of KX
uymtriefl trinitrotoluenes when XK aubjntod’ to the direct effect of live steam
ani high temperature (of th; order ‘of 15w0°). The hardness of the water has a major,
offoct‘ upon the reddening of éhg Tll?,upon w-;hing. Caleiwm saltsin the water form
c}ark brom metallic dcrintiv;l with Y. These doriuti:vu decompose upen boiling, -
with formation of condensation prédnctp.

a-TNT reacts with aqueous and alcohelic solutions of bases to form metallic |
dorivi\ltina, dark brown in colo:;, AEFEEEET] errenvous]ly termed trotylates, because %
this term should be iapplil'd to salts of tretyl m a base, whereas this is net the ;
strestwre of the metallic derivatives of THT.

Colerimtric qualitative and quantitative metheds (BSblik2, 43) of deteswining

‘ |
m |




93 a=-THT and others of its isemers are based wpon the reastiem with causties, ' g
The qualitative routio’x; is performed as follows: 1 ee 0.01% alcoholis selutiem |
of ‘nitro cempound with 4 cc acetone and one drop 2n * NaOH yields a celer charasteristic
for each isomer of THT, as shown in Table 22.
- Metallic THT derivatives are most readily obtained by the action of petassim er
| ' ;o’;iim hll‘eohohto upon a solution of MT in tolusne.
R .Si':udies (B4b1.44,45) have shown that as many as three molecules of the alooholate

9l (CH30K) may attach to one molecule of a-TNT im XXK an anhydrous medimm. Accerdimg to

Meisenhedner (Bibl.46) th’o‘alcphohtn‘,gf quinoid structure:

CHs. ,OCH,  CH,

. <OCH; o. CHy OCH?lO,
’ ON--" \-NO, ON ; “=N{ SN=s ' =N _
' Q/I o I NOK; KO VoK.
, 2 | ol oen e
o {_/OcH, CH,0—  '~OCH,
i N7 i H - HH
| { A | H
| ok OK
.
\ .
-Table 22
Isomers of Coler Observed :
™? . Remarks
Immediately after 5 min later
Peuring
a(2,b66)- | Deep red | Doep red with slightly | Carmine after 15 mim; pi-k ;
J : ' dirty tint after 30 min; pale pink after :
| | L5 min -
% v (2,4,5)~ | Bluish gray  Gray Pale gray after lsai:,
B (2,3,4)- Green | Pale yellow, and After 30 min, yellow
 elightly reddish ‘
n(2,3,6)- | Pinkish white | Almost colorless After 30 min, colorless 5
5(3,k,5)- | Bright vielst ' Bright violet After 20 min, pale brewn;
. ‘ . - after 30 min, pale yellew
£ (2,3,5)- Carmine red  Carmine red | ‘After 15 min, pale red

m
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The wetallic derivatives of o=-THT are explesives having a comsiderably lever
flash point and higher sheck semsitivity tham a-TET., As the mumber of molecules of
the aleoholate attashed increases, the flash point ef the metallic derivatives is

a
reduced, inasmuch as for INEXEEKEMEEL woncmetallic compound it 1s 148°, and for a
trimetallic it is 1179,

These substances are exceedingly unstable. I.V.Stefanovich (Bibl.sk) has
observed cases in which, when & substance of the composition cn3c6n2(lo2)3 * 204H50K
was heated in a thermostatic container, it exploded at 50° after 15 min of heating,
whereas compound CH306H2(l02)3 * 3C2H50K exploded at 55 after 20 min of ’hﬁtin;.

shock sensitivity '

The EEKIXIHIY of the metallic dorivatiwa of a-‘rl'l' X is oqul to that of
initiating explosives.

™

eple and run in adr. Whea they ars

ynbjoctod to dilute mineral 'lcidl;, the «~THT is not rocovo'rod, as is the case with
trinitr hentene, but nitrogen oxides and deep red (elmest black when dry) products
insoluble in water, bensens and ether, but r.ad.ny soluble in alcshol, are Liburated,
These black MEEXREEE products vary in composition, c.lcponding.upon the strength and
properties of the acids, and also upon the length of time the acids have bun'atv' work.

The flash point is 220 -~ 260°, and their shock semsitivity is similar to that of 1@
agide. It is held that when mineral acids resct with metallic derivatives ot‘m-'ﬁ:!‘,

what osccurs is the nitromolecular oxidatiom of the CH3 grewp at the expemse of the i
oxygen of the NO2 group and subsequent coulagution of the exidized medules imnte mere

cemplex compeunds, dibemsyl derivatives.

Aquoous selutions of the causties act uwpem o-THT im & somewhat different msuner, -
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Whereas the effect of sodium aleoholate upen the tolusns EX solution of 2 -TNT results

v e e ek bt

in metallic derivatives m beidg libersated in tﬁo foera of a precipitate of coastamt
compesitions, wvhen am aqueous solutiom of caustic acts upem 2-TNT, the latter dissolves
slowly therein to form a dark solution. After the water has evaperated, a brewn (almest
black) substance of unkmewn compesition remains of the solution, as the caustic that

does net go into reaction cannot be washed away without subjecting the product to a

destructive reaction.

The mechanismsof the reactions between aqueous caustics and nitro cﬁpou.ndc,}un
KX had inadequate study. It has been established that a series of reactions follow
rapidly one upon the other. Mtiou of formation of additive cumpounds, substitutioam
products, a.n" condensation products may occur simultaneously or ;m XE after the
other (Bibl.lm.

An investigation ‘of the ro‘xplonin properties of the reaciien products of a-'i'l-'!'

+

with an aqueous solution of KOH show that the flash ﬁoini fluctuates between 104 amd

157°, depending vpon the amount of caustics, and .t'.ho shock sensitivity is greater than
that of ‘lud uido.-

a~THT reacts not only t'dth streng canstics, but dth 8¢ weak a one as lﬂ,ﬂﬂ.

I.V.3tefanovich Nas obtm ;-niu derivatives in two ways: by diuol;in;
«=-THT in an K aqueous solution of ammenia or by mixing a tolueme selutien of a-TNT
and an aloohol solution eof l-;h. When the ammenia derivatives n are dried in a
‘dmicator cmn sulfuric acid, liberatieon of nitregen ;x:l.du is ebserved, testifying
te the instability ef these compeunds.

Selid o~TNT alse reasts with gasesus ssmemia, .noprecmhuulmtd'htho

presmes of moisture and whea tewperature is reduced (Bibl.kh,s8). If c-TNT is plased

1
W 5
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im & vessel with gaseeus amenia, the ammonia is abeerbed, amd the preperties of the
a =TT wnderge & promounced change. First it turns 1;01, then it asquires a darker and
darker celeration, amd fimally is conmverted into a thick-blask-tarry substance, whish
transforms into a perous substamce after XIX dessieation. This substance doss met
explode upon shock and burns with difficulty upom caleimatiom. The intermediate
product from the reaction of o¢-TNT with gaseous ammenia is highly semsitive to sheok

and has & low flash peint XXXEYX (110°).

.

The question.of t..e formation of utallic derivatives of o«-TMT is not only of

~ theoretical but of NKJI wajor practical significance. Presviously, soda solutions were

exployed to wash TNT, and alloys of THT with potassiue and sodium nitrate were
employed along with BREEIEXIX amotols. In 1916, an explesion occurred at a plant
where 7NT was veing fused with potassium nitrate. The conclusior o arn expert

commission was that the explosion occurred as a consequence of the formation ef a

‘particularly sensitive metallic derivative of T™NT (Bibl.l9).

The sheck sensitivity of the wmmotols increases very significantly with the

length of time for which shells filled with them have been stored. Along with the
increase in the shock sensitivity of the ammotols, there are cises on record of flash
at low temperature. Ammotol-filled shells remaining at th_o_ close of the war were

during the -ton
emptied. Cases of ignition and burning were moted at t:llu ulth;

out of the ammotols. The increased shock sensitivity amd the reduced flash point of

amotols is to be explained by the formatiom of compounds of TNT and ammonia, which may
form from the NHL W3 upon reacticn with the metal shell case. Te aveid the fermatien i
of dangerens FiE ceampounis of TT and :amenia whea lhlh&roﬁ.lld with aametel,

the mmmetel must be therewghly imsulated frem eemtast with the metal of the shelll
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sasing and the fuse, by means of lacquer or a cartridge type of nmu.

A stuly of the causes of ignitiem occcurring ia the memwfasture of TNT (Bibl.5#)
showed that .when lead and irem ast upon TT in the presemse of nitric acid, explosive
metallic compeunds come into being, Alumminum also yields compeumis of this type, but
these are less semsitive te ignition. "The presermce of such salts im TNT shops may be
the cause of accidents.

Sunlight affects «~DT, causing it to darken and change in properties (primarily,
tl;s toeezing t;npcrcturo). - This is apparently due to photoisemerisation. [the effect
of “ultraviolet. rays upon a<THT ( B.i}:.gl.Sl)] .

.L:;;ght has a lo_i'a pronounced offoef: upen the flul; point. A product of the
1m&ntion of a~TNT with J'.ight'hu-l. 'fluh .point of 230°, and 76% shoek semsitivity,
‘1...:, 1ts semsitivity is greatsr Liea cist of teliyl. o

G.Schultz and K.Ganguli (Bivl.$2), who subjected THT to long-term solar
irradiation, derived a "red dye" (it will dye wool) therefrom, constituting & mixture
of two substances, one of which is & hygroscopic brown powder readily soluble in EMK

and not soluble:in ether, bensene,
cold water and cold acetone mxnmnnlmnmnn and chloroform; the other

3

“'a black &morphous pewder which dissolves with ;ro'ator difficulty in water and does net

*

dissolve in acetone and other organic solventa. Both substances have the same
elementary composition and molecular weights as TT. From this, the authors draw

the conclusion that both substances are products of intrameclecular regrouping of

have been
2,4,6~TNT, which would appear te be correct, as the same gubstances W cbtained N}

upon irrediation of TT by solar or ultravielst light in an atmesphere of exygem,
hydregem, nitrocem, and in vacuwm. These substanees are apparently isemerie, s |

their absorptien spestra RRXMIEIEEIIEX are virtwally idemtical, ani the Wrewn substsnce
| 8




9% gradually cemverts to the blask when disselved in aseteme. A1l this provides m
Lo assme that vhen light sste wen a-TNT, phetelssmerisation thereof cocrs. Ths !
invelves the formatien of quineximes and nitrosephemols as a consequence of a shift
of the oxygen of the nitro greup in the ring.

Photolsomerisation occurs at the expense of the nitro groups im the ortho pesitienm,

with formation of twe isomeric compeunds in accordance with the follewing mechanism

CH,OH
ON A NO
1
(l:H; ‘CHaH -1 CIHQOH / ) NS
| . : |
ON—7N—NO, | (')ON‘“/ \\|NOO _ ON7 \INO - NO:
. L HO. . CH,0H
/ %2 NN ON\/,'\? _NOH
: NO, . NO, \\ AR
} i le) /"\l'/". .
NOj,

I - are derivatives of'oxftho-qninoximx l;—nitro-2-nitrolo-l-’ozh‘thy1-5,
6-bouo;;pinono-6-oxiu (insoluble in cold acetons);

[ 3 II - is a derivative of para~quinoxime: L-nitro-é—nit#oswl—oxyntlﬁl—Z,
5-'bogzoquinon;-2-oxj.u (i'olublo- in cold ucotono').‘

The phenomenon of photo:l-mriutioﬁ pr_ocudl oxcluniﬁly at the expense of the
nitroggroups which are in the 2 and 6 pesitions. This is proved by the fact that i
the dinitrotoluche u‘orin,‘ only‘ the 2,6~-iscmer yi‘oldl., in.‘a manner analogous with
a=-T0T, to products of reactiom with solar l.:lght similar thersto,

Pavlik (Bibl.53), accepting the view of Schults and Ganguli as l’:il starting data }
contends that the absorption spectira of -nbtme’- formed froem TNT as a consequemce of

the action of light, heat, sulfites, and caustics, are very similar, and that this

similarity is apparently due te the similarity of their chemical strwstures.
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The capacity eof THT to wnderge iscmerisatich wnder the inflwemce of swalight,

the fermation
with IETEEREXIER of semsitive cempewnds, is merely of theeretisal intsrest; inssmaeh
as; im practice, TNT is net subject te the effect of light, as it is usumally heused
4in soms object or sealed up.

@ ~THT is capable of reactimg, via the methyl group (which is more active thereia
than in asymmetrical isumers), with a series of compounds (Bibl.54), as, for example,

para-nitropo-dimethylaniline and bensaldehyde. In the former instanmce the EENE

consequence is trinitrobenzaldehyde:

: NO, -
o >CH, +0N<'__>N (CHy); —
—Xo,
NO, -
- 0N, /CH =N DN(CHy), ~
NO,
_No,
on’ // ung ONNIOHD.
VN / Q H PRGNS NS
NQ, .

and in the latter, trinitro derivatives of stilbene:.

Vs N\? . 0\ /TN solutlm o
O’N\ CH3+ C __/ in alcahot
NO
. —N\o
—.No,< Sen=ctil_ .
E] N 2

Like other nitro compounds, INT is poinomn; and the preper safety regulatiens
have to be observed in working wit' it (Bibl.55).

Explesive properties of ™NT (Bibl.35). Purified trotyl is virtually chemically
pure a-trinitrotoluene. It is & good explosive: physically amd chemically stable,

readily subject te preesing, and yielding castings of high quality.

185




* as well as to prepare sapping materials and intermediate detemators.

Its basic explesive prepertiss are as fellews:

I

Shock SORBILAVALY « o o o o 2 o ¢ 0 0 o o s 0 0 b b o oo s oo oo u-um
(at p=10kg, h = 25 em, and a2 sample of 0.05 gun; explodes
upon the drepping of a 2 kg weight from a height of 100 em)

Plagh pointf . . . . . . Gt e e e e s s s e ss s es s ee 200

Expansien in Trausl bleck .

e e s s 00 00 e ece ou e e 285ce
Brisance:
due to Hess .‘..-,...._..~..,.‘............. 16 mm
dnoto-lut'....‘.;.........».‘...‘.........‘ 3.9m

Velocity of detonation (p = 1e62) e e o o o ¢ ¢ o o o s o o s o o s 7000 w/see
The volume of the gaseous ax.plonzton' products 1.3'7301 1tr/kg, the heat of
explosion 1010 kcal/kg, and the temperature of explosien 3106°c.
The sensitivity of pressed T to dotonl.tiox; is EIXXEIX satisfactory. 'rho limit
of the initiation charge of mercury fulminate for pmu{l T is 0.38 gu. éut ™m?
is comsiderably less.demsitive to detonation. It camnot be detomated by a ii Ho.¥

detonating cap,and therefore intermediate detomators are used t,o' exploede it.

In the pure form, THT is employed to fill artillery shells axd aviatioea bombs ‘

In Germany certain type shells . . ’ ‘
IR XIREIIAXSIIEMTER of medium and large caliber (ammor-piercing and

concroto—pi;rcin‘) were loaded by the nnlt::\.plo-;nrtridp method with phlegmatised ilr.
T is widely employed in the form of alloys with other .upluim, primarily RBX,

as well as with dimitronaphthalene. . Mixtures of T™T nd ammonium nitrate are the

most widely employed both for military ud for peacsetime purposes., For the filling

nixtures -
of special mumitions, specifically, for shaped charges.and mimes, EONIEENED of INT )

*In accordanes with the data ef EXXEIJX Eibl.35, 475% Im this ease, the tempersture
éf detemation wae takea at the Mtﬁ that weuld indwoe detenstion within 5 see.




and RDX, THT, RBX, and alwminwm pewier, are emplejed. Typical mixtures empleyed im
the Gernan army are presemted im Table 23.
Table 23
Nasie of Mixture Mixture Composition, % ‘ Uses of Mixture
‘ ™r 50 | Aerial bombs, shells, gremades,
Pp 50/50
; Ammonium nitrate 50 nines
) ™ 70 < T
Fragmentation and fire shells,
Trialene 105 RBX 15 |
. nines, and bombe
Aluminm 15
™T- 50 :
Fragmentation and fire shells,.
Trialene 106 RDX 25
. nmines, and bombs
Aluminun 25
. TNT " 20
Du~1 Ammonal
) Amsonium nitrate 70 Sane
- Aluminum 10
R %0 ~ ,
‘ B . Naval shells, mines, IKEREIEN
8.1 RDX 2y | »
torpedoes
Alminum 16 | -
| INT 65
Naval shells, mines,
"8=3k RDX 20
torpedoes
Alwminum 15
™ 4o ,
Ammotex RX 10 | Fused aireraft bombs, terpedoes
' Asmoniwm nitrate 50
™T ™T 100 Ingineers muniticns (blasting
cartridges, detomating cartridges, -
L ota.)
In Germany, compositions with high samonium nitrate comtent were not empleyed,
as the method of f£illimg by pouring employed there did mot permit the ammeniwm nitrate
{ Y gemtemt to be raised above 50%.
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Sectien 2. THT Napufecturias Techmelegy
The pr;uu of preducing TNT comsiste of the follewing stages:
a) nitrating tolueme to TNT;
b) washing the TIT free of acid with waters
°), froeing the THT from iupnriity;
’d) drying the THT,
A aiat;netin characteristic of virtually all stages in the manntastire of THT

is the liquid state of the intermediate products and the pr&lncta in the process of

‘production, «s a comsequence of the fact that they are carried out at ¥l temperatures

higher than the melting points of the- substances referred to.

a) Nitrating Toluene to TNT

Nitration of toluene to monomitrotoluene (Bibl.lz,: 2@, 56, 57, 58, 59). Study of
the roution't;t nitration of toluene to nononif;rotoluono has been directed chiefly to
rodncix;g the yield of ut&-nitrotolt;\om, 80 as subsequently to obtain THT with minimm
impurities. Invuf.igatiou have also been made of various characteristics of the
nitration of toluene under heterogeneous conditions: solubility, distributiom of the
components in the various layers, effect of stirring upon reaction spu;, ct.c'.

"I'ho solubility of toluene in sulfuric acid of varions strengths at 559 is
illustrated in Fig.2} from which it is seen that at acid stremgths of less tham 80%
113.10),, the selubility of toluene is very low, and inasmuch as nitration thereef is

usually cemducted with an acid mixture comtaining mere than 20X water, it cemsequeatly

escours wder hoterogeneeus conditions with lew selubility ef the tolweme im the

‘mm-
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9 The velecity of telumme nitratieon under heberegensous comditioms is highly
dependent upen the rate of agitation, and the medulus EEE(the ratie of the velumes

of the mimeral and erganic phases). The effect of the intemsity eof agitatien EX wpem

:
a ) .} :; .,
”
aj d l . [[] r
amm < aj e :
" ‘
a8 2
L2 e sawm )
VAT W8 vy 0°100 300 500 700 900 Tpm

Fig.2h - Solubility of Toluene in Fig.25 — Influence of Intensity of Agitatiom
Sulfuric Acid of Various Strengths X upon Toluene Nitratien Velocity .
at 559 " a) Yield of mononitrotoluene

a) Toluene dissolved in 10C gm acid

the degree of nitration of toluene (at a temperature of 30°C and a modulus of 3) by a
mixed acid of the composition: 64% H2S04,; 11% HNO3; 25% Hp0, and having a factor of
pitrating activity EX f.n.a. = .69% and 30 mix,

nitration time, is illustrated in Fig.25. The

%
80 —3 .
& // ‘ ef2ect of the modulus upon %he degree of : —~
al / ' !
. 2 7 nitration of the toluene (at temperature 30°C
0 F4 3 mdu;us

with a mixed acid of composition: 55% H280L; -

. m m3; 18’ Bﬂ ’ with IX f.n.a. - 68’, and
Fig.26 - Bffect of Modulus upon

Velocity of Tolusne Nitrationm 50 nin nitratiom tims) is illwstrated im Pig.26.

a) Yield of monenitretelusne
Figures 25 and 26 shew that the higher the

intensity of agitation, and the greater the velwmetris share of the imergmmis layer,

pmmb i e
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99 the higher the telwume mitration resstion velocity.
The coeffiocisnt of distritution of nitris acid m;m the tolueme amd |
sulfuric asid layers (at 5% and 70% H2S0,) is 0,066, but with weaker HySOj it is serc.
This testifies to the fact that in heterogeneeus nitration of toliueme, nitric acid

. enters the organic layer to only a negligible degree, and therefore the portiom of

‘ the reaction occurring thers is practicslly squal to sero.

IJ [
.o ' The low solubility of the toluene in mederute sirength sulfuric acid, the 'f“tA

that the nitric acid does not enter the organic layer, and the pronounced dependence

a

100 of the tolusne nitration reaction velocity upen the intensity of agitation amd the

volumetric share of the mineral layer make it possible to assume that the toluene

nitration reaction in heterogeneous conditions occurs near the interface between the

layers. In this case, the velocity will be determined by the strength of the reacting
components at this aurff.co, and this in turn is determined by the rate of diffusiom of
. 1 the reacting components from the depth of the layer to the into;'faco, and the rate at
: which the reaction products move away from it.'
; These processes, as \n.;Ll as the state of the mctiugv component, depend upon the
t-poraturct‘ the strength of the mixed acid, and the intensity of mixing. The dependence
* of the X toluene nitration rat;, upon temperature (time 30 min, f.n.a. 70.9%,
modulus 7.'9) is iumtr;tod in Fig.27, MEIE while its dependence upon the factor of
ni"c.:;gtingz activity of the mixed acid (at temperature 55° and 30 min time) is showm in
Pig.28,

A change in the factor of mitrating astivity frem 64.5 to 74% results in a chamge

in the velecity by a faster of 2.2. A cemparison of the telwsne nitratiem reastion




velesities in heteregemeons and hemegensous comditions shews that the reactiem of

velocity im heterogencous gomditions is less than im hemogeneeus condiiiems. Thws,

R — .
T ‘ A—Jr o A
2 | 2l
]
4

Y0 45 50 60 7 °

J

% fn.a.

Fig.27 « Effect of Temperature Fig.28 - Effect of Factor of Nitrating
upon Toluene Nitration Velocity Activity (f.n.a.) of the Mixed Acid upon the
a) Nitration velocity in _%:_i.:_ Toluene Nitration Velocity

T

1) Nitration in homogeneous mediwm; 2) In

heterogeneous medium

o= mols

a) Nitration velocity in
) v 1tr/min

for a mixed acid in which f.n.a. = 73% at 559, the reaction vologity is J.us by a factor
of four.

The manufacture of Mil complicated in f'.fu. tirst stage o“f éiﬁraiien by the
undniral;lo formation of. meta-nitrotoluene. 'l'h;‘for-i.tion of*5 - 5% of this isomer <
leads subsequently to tormation of 5 - 6% of asymetrical T, comtaminAting the TT.

 Table 2 1llustrates the relationship of the freesing peint of THT to the =
KXY asymmtrical isomers derived from meta-monenitretolusne (Bibl.1l) it comtaims. ;
The freezing point of TNT is ro;lnood by the ny-tr;.en isomers preseat ia

accerdance with the following relatiomship: tepges = (80.80 - 0.465¢), where ¢ is

the percentage conteat of meta-nitretolusme in the initial memesitretelwene.
191
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Table 24 . |

Neta-moncaltretoTome — Ut
“‘d‘ ‘ 0 an )| 3. ‘.u 3,78
Freesing peint of | 0.0 ™8 | ™28 | w0 7,13
™, oC 2N : o

Investigations have shewn that the yield of n}pnitrotolmo may be reduced: 4
a) by reduction of the temperature of mitratien (see data of Table 25 and Pig.29),
illustrating the influence of the temperature upen the isomeric cempositiom of the

.

mononitrotolusne in the nitration of toluene by mixed acid im which f.n.a. = 72.5%,

%
’ t
a) § e - . ‘ ?
| a I=
¢ ' - . ] -1 I
s S T e ] 5
T : X fre

Fig.29 - Effect of Temperature upon  Fig.30 - Effect of Facter of Nitrating

Yield of Meta~Nitrotoluene (m-MNT) _ Activity (f.n.a.) upon Yield of
a) Yield m-MNT Meta-Nitrotoluene (m-MNT)

) g.) Yield m-MNT

49 100 min). Reducticn in temperature from 70° to 3b° results in a reduction in the

yield of meta-nitrotoluene by a factor of 1.6;

Table 25
Temperature, in °C 0. L] 70
Percentage campesition of
mononitrotolunens
b ‘ 35,0 9 | n,3
nota~ ; 4.8 , 5.3 7.5
m : ”“ l ”',‘ 1 ”’2
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b) wpon inurease in the faster of nitreting astivity of the mixsd acid,(Pig.30

L e e conNY

1llustrates tho effect of the f.n.a. upon the yleld of meta~nitretolusns whean telusne
in nitrated for 100 min by a mixed acid containing 10% HNO3 at a tempersture of 550);
when the f.n.a. is raised frem 68% to 82.7%, the yield of meta~nitrotolusne is redwced

by & fastor of 2.4}

¢) upon introduction of sodium nitrite into the mixed acid (datd of Table 26 and

-

Fig.31, where the effect of the quantity of

% Na¥O, upon the yield of meta~nitrotoluene in
) 4 | " nitration of toluene by mixed acid, with f.na =
al s
2 " ,
' = 73% containing 10 HNO3 at 559, for 100 min,

0 36 9 u%NND, :
- is shown); addition of sodimm nitrite induces a

reduction in the ameunt of meta-nitrotoluene by
Fig.3]1 - Effectcof Sodium Nitrite .
upon ¥ield of Meta~-Nitrotoluene nearly 50%.
{m-MNT)

The cptimum quantity of sodium mitrite making
a) Yield of m-MNT '

1t for the production of THT having the maximm
freezing point of 79° in further nitration of mononitrotoluene to TNT, is about 6%.
A further increass in the addition of XXX sodium nitrite results im the appearance
of mxidation products and nitration products in the THT side ch&ﬁi, ro-ult.i:ng in
z:oduetion of the freesing point of the TNT.
The effect of sodium nitrite upon the yield of uwt;itrmtoluom may be explained
ip terms of the concepts of Brown and others (Bibl.60) whe hold (true, t;r alkylisation)

that the quamtity of meta~iscmer formed is charasterised by the selectivity of the

effect of the substitute group attacking the telusns. MNoreever, the mere active the ;
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Table 26

®ax02 in 4 0 1.8 8,0 48{.8,0, 7.3} 48 :II.G
Percentage yield of meta~ 84| 3] 41| 8.8 - \ :
mononitrotoluens ‘ uk 3. 17] 28 t
| e 7,00 70,78 78,78 r3,08 18 a' 7.9 17,0 ,
Freesing peint, in °C, of 't " o T
T ’ o

reactance, the greater the degree to which substitution im the meta position ocours.

However, the activity of the KE attacking reactant is determined by the degree to
addition

which it is electrophilig. If it be taken that, upon KXXEEXYY& of NaNO,, the

nitration of toluene will proceed not only due to the llO,‘9 cation INE(formed from

"the mlo,), but due to the NO® and FO, (formed from NaKOy), them the reaction with

: reactances,
the latter, as the less electrophilic FMEEXENX] must result in & smaller yleld of

mta—ni’trotoiuono .

As & consequence of these investigations, the following regularities have been
establigshed for the process of nitration of toluene to menonitrotolnens, umder
heterogeneous conditions:

a) The process rate is apparently determined by the rate of diffusion of the
components in the reaction zone, imasmuch as nitration occurs primarily at the layer
interface; ‘ R I

b) The nitration rate under heterogeneous conditions is comparatively little
dependent upon temperature, while at the same time, the yield of meta-nitretolusne -
diminishes with reduction inm temperature. Comsequently, it is desirable to mitrate i
the tolueme at low temperature. This will fuintato a r«l'untion in the yield of

meta-nitroteluens, and will have cemparstively little effest wpem the rate of

19




7)

aitration;

@) Aa imcreage in the fastor of activity of the mixed asid fer redwstien in 3
vhe mata-nitroteluene content, and an imeresse im the quality e the rew T™T;

d) It is desirable to make use of tie most inteasive agitatiom, with the
object of increasing fuct:l‘on, rate, particularly under low-temperature cenditieas

of nitration. This results in an increase im the productivity of the system.

menonitrotoluene :
Mitration of WENSNTOGMEDITIIFININEE to dinitrotoluene (Bibl.58, 59, 61).
- .

Little attentior has been gim to XKE investigation of the reaction of nitration

mononitrotoluene
of EERAIIIEIEINAEE to dinitrotcluene. This is understandable, to some degree,

inasmuch as, in the production of MNT, this stage is an intermediate link between

~ the first and third stages. Mononitrotoluene comes to this stage from

the first stage, and sulfuric acid in the form of spent acid comes to it from the

.4

third stage. Nitration of muonii,ratclﬁ‘ai to dinitrotoluene is usually performed
with the utiligation of all the spent acid from the third stage, and with stroag

3

or weak nitric acid. This stage presents no great difficulty in the preduction . .. .

.

. process. . . : .

In a work by Kobo.l.nd u-ocia.toa V(Bibl.61) R a study .m porforu'd of the
influence of various fa.cto;n upon the nitration of the ?rtho- and BEENX -
pars-nitrotoluenes XSl to dinitrotoluenes. They determined that ortho-
and para-nitrotoluenes undergo nitration at virtually idemtical velecity. ;-
Under optimum process conditioms, the yield of dinitrotolun. from : .
ortho-nitroteoluene 1; 100%, and that frem para-mitrotolusne is 98%. The eptimm | %
!

comditions are the fellewing:
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. .

O

, -
!

toluene teluene
Number of parts at uzso,‘ per part of
””ut““mu o e 0 0 0 o 0’0 o o o 1.2%~-1,73 15
Percentage str h of Hy80, in ¢ .. ‘ h N
tm,i:.gtooooooooooo 1899 1=
Reaction time inminutes . . . ¢ ¢« ¢ .+ &«

Pigure 32 shows the effect of the EX amount of 90% sulfuric acid upoa yield
of dinitnét_olulono. Figures 33 and 3 show the temperatures and streagths of
sulfuric acid, and Fig.35 shows the time and temperature (nitration, in the last

of these cases, was' ;crfoxiod‘ in & medium of 808 HzS0L).

% .
107 =y Y g
.* T =
i P e s SR Y
100 T . /f |
wl 12 0 ‘ !
, =204 1,50, 0-MNT}
a) % a) P e-ast Y
sre 0l— i - 4
i A " i
it — | 50 1 ' /
_.L_% ‘ .m-MNT § [l
”m : ) 400 3 . - . ‘
: By S0 80 70 0 AT W 70 W %

Fig.32 - Effect of Amount of Fig.33 - Effect of Temperature upon

90% Sulfuric Acid upon a Yield Yield of Dinitrotolusne (DNT). Nitration
of Dinitroteluene (DNT), Nitration of ‘i;rth;- and para-mononitrotoluens (MnT)
of the individual isomers of in a medium of sulfuric acid of various
mononitrotolusne (MNT), lt;ron;tho V
1 - nMNT; 2 - o-MNT 'a) Tie1d of DNT -
a) n.ﬁfmﬂ; b) Quantity of H;SO

«

A.G.Gorst and A.I.Trufanova have determined the following HEJNIEXEXX regularities -
in heterogeneous nitratien of para-nitrotoluene.
The nitration of para-nitretolwene gees at noticeable speed at 70°/performed

with mixed asid im which the facter of mitratimg astivity is 72%. An imerease therein

to 79.04% imereases the veleoity five-fold (the data in Table 27 amd Fig.36 arve :
196
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Jig.3, - Effect of Strength of Sulfurie Fig.35 - Effect of 'l‘-pouturo upon
Acid upofx Yieild -of Dinitﬁtolncno (mrr)' Iiold of Dinitrotoluono (Dl'l') l:ltrltion

* Fitration of Ortho- md muum of Ortho- and Para-nouonitrotoluono

P&rmnonitrotod.uono (mrr) ’ (Hl'r)
a) Yield of.DH‘r; b) Stron;th of H,50, a) !iold o' ‘DNT

.

descriptive of the influence of the factor of nitrating activity of the mixui‘aoid
upon the nitration velozity of para-nitrotoluens at 70°}.

Figures 37 and 38 present the relationship between the nitration velocity of

pars-nitrotoluene and the temperature and intensity of agitation. The nitration of

para-nitrotoluene was performed by a mixture of the following ccniwsitionx."?% HoS0.; .

L% HHO3:J/%3$ Hy0, for 30'-in. 'In the first inai.:a.nco, the temperature changed; in the
second i£ was constant (70°). |

The data of these experiments show that the reaction velocity of nitration of
mononitrotoluene under heterogenecus coadit.ioni depends, as does that of tolueme,

upon the iztensity of agitation (the sise of the layer interface). Hoewever, this

relationship is BAJ somevhat less distimct than in the case of telueme.
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10k Table 27 :

a) nes | vor | mo2 | 7 | mw
om0 163 | @9 | 08 | 744 | 880
Urfrin

b) ' 178 | 465 | ¢5t | 787 | 688

a) Factor of mitrating activity im £; b) Quantity of nitrated monomitretoluene, £

The relationship of. the nitration velocity of menmonitrotocluene EX under

* : testifies
heterogeneous conditions to the intensity of agitation JANXIXIEE to the fact that

.nitl'-ition occurs, to a considerable degree, in the vicinity of the interfacs. In

addition, nitration occurs in the mineral layer, whers the concentration of

'nononitrotolucne under the conditions of this proco_ss' is sufficiently hiéh (see

. the solubility of momomitrotolusns im sulfuric acid, £.142),
[ ' .
. %
20—
) ': -
w _ L
m - n- 34
- 5
L1 7 1
L™ / X p
”n . -
» »
‘ $fna oA 3
Fig.36 - Rffect of Facter of Fig.37 - Effect of Temperature upen .
Nitrating Activity of Mixed Para-nitretolusne (MNT) Nitration |
Acid (f.m.a.) upen Nitratiea Yelecity
Veleaity of Para-ritretelwens a) Quantity of mitrated MNT

at 70°
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HNO3, dissolved in 12 moles H3SO, increases when one converts from the use of 87%

Nitreticn eof dinitretelnens te iriaitretelwepe (Bibl.59, 62, 63, 64, 65).

The nitratien of dimitretolusme is the slewest stage im the procm“of prdu’iu %Y,

rs,
speed at which a third mitro group in additi 1
the two mitre grewps already ia :

!
g

as a consequemce of the pronomq
bensens ring, efohiecEpEa\ONICRCURANIDENNOUREPICURINTS. This is clearly evidemt
on the basis of the nitration of dinitroteluene by strong nitric acid, whieh reacts

with it at an insignificant velocity. Au increase in temperature has little effeet

upor this velocity, it only makes for the d‘iveio;nqut of powerful ox:i.dili.n"

. properties (Bibl.62, 65). The mized gcids, particularly strong mixtures, mitrate the

dinitrotoluene at a l;ighor rate than does pure nitric acid alone.

The nitration rcacf:io.n':nloeity ﬁndor_honqmooﬁs conditions depends upc‘m.
the concentration of sulfuric a.cici, and, according to Beanett a.adBrand (Bi})l.63)
follows the regularity. illustrated in,’l’ig.'39‘. The auth‘oz;s' p;rro;-u pitrltil.cn of O.4 mole
of diﬁy:otolmno by‘ 0.2 !;oleAv.:f HNO3 dissolved in 16.8 m;loa of HySC;, of various
strengths at 90°. |

According to studies by Yq.In.(;rlon (Bibl.59, 65), this FEEEXEIFIX regularity

changes as the strength of the HNO, in mixed acid rises. As we see from Fig.0, the

“ rate of nitration of dinitrotoluene taken in a quantity of 0.70 mele, by 3.8 moles of :

to 100% HS0,. There is mo nitration velocity maximume in this range of acid
strengths.
It is not difficult to demonstrate by computation that, im mixed acids havimg

a large amount of RIOB, only a pertion thereof sonverts to the active nitratiag
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form W,5. With the ineresse in stremgth of the N30, the share of MO
insreases, and the nitratiem nlgoity,rhu. Under these comditions, the :

nitration velecity maximmm sppareatly shifts imto the regiom of higher sulfurie

acid strength. .
) .
o X
” PR
(44 ”
y /
“ . £\
Jo0 1 \
0} 40 " / '
%0 7! - L SRAN .
20 : AL
Y4 - | —\
0 e 7000 rpm O 57 D% R,
Fig.38 - Effect of Intensity of Fig.39 - Effect of Concentration of.
Agitation upon the Rate of Nitration  g)pynic pcid upon-the Rste of Nitration
of para-Nitrotoluene (MNT) . of Dinitrotoluene gndez; Homogeneous
a) Quantity of nitrated MNT Conditions( Sulfuric Awid with Low Content
of HNOB) ‘

In the production of TNT,. the nitration of dinitrotoluene, like tha_.t‘ of

toluens and mononitrotoluene, occurs under heterogeneous cenditions. In this

.nitmtion, the process rate consists of the rates of the processes of diffusion -

of the reacting components from one layer to the other, anmd thenm of nitration,
The total velocity is determined by the velocity of the slower process. If the =

velociiy of nitration is higher than the velocity of diffusiom, the resstiom will

usually ocour at the interface, as takes place in the case of nitratien of tolusne

and menenitrotelusme. At lew mitration velocity, resastiom will eceur withim that
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. Fig 40 ~ Effect of Sulfuric Acid

IXEE layer in which IEE resctant cempements exist.
It is evidemt frem Fig.kl that the velocity at which dimitretelwemeé is
nitrated under heteregensous conditions is abeve seme specific figure and is

practically independent of the imtemsity

e 1507 of agitation (nitration was conducted for
ol " oy -
R 5 1A :
i:].,, 4O min by & mixed acid of the following *
il 7 = oo T SRS S SR
" /' I ’ " ' "
* e ‘ . composition: 81% S0, 16% HKO;, temperature
S —t . ’
TR W8T WRRST,

90°, and medulus 1.5). This permits one to-
conoclude that the bulk of the nitration of .

Strength upon Dinitrotoluene dinitrotoluene proceeds not at the interfacs,

Nitration Velocity under
_Homogensous Conditions (Mixed “Acids

with High HNO, Content) however, to ease the diffusion of the-reacting

conpohonte“in the reacting zome.

Dinitrdtoluo_no readily d'islolvu in sulfuric acid but the colqﬁility of TNT
therein 1s considerably poorer (data on solubility.at 100° are prasented in Table 28
and Fig.42. ~

The solubility of alloys of dinitrotoluens and trinitrotolusne lies
batween 1:.110 .61nb111t1;s of pure dinitrotoluulo a.nd.puro trinitretoluene, and

composition

depends upon the SMIXTIME of the alloy. With increase in the TNT costemt, the
solubility of the alloy YK diminishes., A substantial reductiom in selubility is
observed whenr 20 — 308 TNT is added to the dimitrotoluems. Further change im

solubility ocours mere smeethly, amd solubility is reduced in prepertiem to the

inerease in the MIT sonteat in the alloy. The solubility ef the produsts depenis

201

but within.the imrs. ~Agitation is necessary,
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a.) b)‘
& | et | @

100 10,7 21,8 l 54,0
6 9,0 16,0 ] 36,0
58 8,7 14,7 1 30,4
35 7.7 12,0 25,7
16,6 6,9 11,8 22,8

0 61 | 10,8 19,7

. a) Dinitrotoluens content in alloy arith THT, %; b) Solubility of alloy, %,
in sulfuric acid of various strengths, %

.

%o
» ."?a L—l—
30 ok | 4% 5% K, 30,
i EE Y ="
W 300 500 700 rpm . ‘ % ;‘-g—l—rm :m%mr

Fig.il = 'Etfoet of Intemsity of Fig.42 - Selubility of Dinitrotolusme (DNT)
.Agitation &X wpon Dinitrotolusne and Alloys Thereof with Trinitrotoluene (TNT)
(DUT) Nytration Velocity | i a Sulfuric Acid of Various Stremgths
a) Amount of DNT nitrated a) Dissolved

® . -
. .

greatly upon the strength of the sulfuric acid and, to a considerably smaller degree,
upon temperature. .

When the dinitroteluene - THT alloy umdergoes partial sclutien, the
dimitrotoluene is distributed betweem the layers. Dinitretclueme, as & product ef
high selubility, gees imto the l:lnu'sl layer im larger quéntity than does WT. Thws,

the minerel layer besemes enriched ia dimitreteluwsme, vhen scmpared to the ergeaie -

O ———




 layer. Bevertheless, the seefficient of distributien dinitretelaens is very small
(0;3 ~ Ook), dwe to the lew pelubility ef the alleys im sulfuric acid. This
testifies to the FNBENK comparatively low stremgth of the dimitretolvenme in the
nineral layer.

of
The relationship of the coefficient of distributiesm/dizitretoluene and the

solubility of a 50/50% dinitrotoluene -~ THT alley in 90% Ho30,, relative to

i temperature, is 1l]ustrated in Table 29":9:1, in Pig.43, whereas Fig.h illwstrates
the effect of t;n strength of the sulfuric acid at 90° upor. the cooffie:i.on‘t of °
| . 'dhtribution.

) ‘ The coefficient of dh@rib}ztion of nitric acid between tho‘.ninorll and
organic i.Ayors, when dinitrotoluens hq been nitrated in 93% Hy30, ;t 9° (see .

»

. data in Table 30, presenting the influence of the amount of Hl03 in the mived
107  acid upon the dinitrotoluene nitration nlncitj) is approximately equal to
unity, and this testifies to the high degree of absorption of the nitric acid

by the organic layer.

Table 29

: Temperature in °C —‘ 70 g0 | 8. | 9
1

’ 0117,9119,3|19,3 18,0 19,0 :
‘Dissolved alloy, ¥ 16,8 | 18,2 .190‘119 1 19,3 18,0 | -

e e ot v ot e

Including: ‘ ‘
Dini 13,8 | 13,2]13,412,9|12,1|11,8| 10,5/ 89
mtntolmo‘ 3,0| 50| 56| 50| 7,2| 7,4 7,5]10,1
czogficiont of distribution ‘
R) ‘,

4 diuit.rptolmo in

0,32 0,311 o.m| 0,2 0.26 0,26/ 0,22 0,18

£ dinitrotolueme in X 3
organis layer : g
i
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[ Fig.h3 - Effects of Temperature Fig.hly - Effect of Strength of Sulfuric
upen Distribution Coefficient R dcid upen Distribution Coefficiemt R of
) Dinitrotoluene between Mineral ° Dinitrotoluens between Mineral amd
and Organig Ia.ycrg ] Organic layers -
Table 30
‘ A ' .
2r;;::‘f‘:cﬁ Mtrle deld _ 6,1 9,3 116,7 22,7 (356|356 356|338 41,5
. Trinitrotoluers| Homogeneous .
obtained | comditien 0,420| 0,455( 0,510 0,535 0,375 0,361} — | — | =
ltr B:*;;:;g;::"' 10,326( 0,394 0,450 0,435 0,550/ 0,5251-0,524{ 0,492] 0,387
|
Costficient of distribution of | o
, W0, o | |
t % HNO3 in mineral layer 1,2¢] 1,201 1,62 | 0,84 | 0,99 | 0,99 | 0,99 l 0,91 | 1,08
| Y % HW03 im organic layer ' |

Under homogenecus and hotorogonooui cond;[tioﬁn ,. a0 'incx;ouo in the atrunéth ‘

i of the m3 in' a mixed acid results in t‘ho' reaction velocity rising uwp to given
limits, and then falling (see Table 30 and Figih5). Under heterogenecus condtiens,
} the maximum shifts in the direction of mixtures ;ontaining more HIIOB,.‘ C(-putlt.ion
of the stremgth of the HI03 in t.ho nineral layer in terms of the coefficient of

ot -

distribution shows that its value is the same as that ut otrongth lllO at wiich

———

the rate of nitration in a homogeneous udiul ebtains its maximmm.
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wder
Thus, wpen nitratien IX heterogenseus cenditiems, redwction of the stremgth

of the m3 in the mineral layer reduces the dimitretolusme nitratiea velecity,
ani theé bulk of this chemical is nitrated, appareatly, in the mimeral layer. 4s a
consequence, as is evident in Table 30, reductien in the velecity of n'itrtti'oa of
dinitrotoluene under heterogenecus conditions, as compared te the velocity nn'lor

homogeneous conditioms, is clearly evideat when the quantity of m3 is small.

" Under these conditions, evidently, and thanks to the considerable soiution of the

nitric acid in“organic layer, the nitric acid remains in the mineral %to

only a very small degree. When there is a lirgo excess of nitric acid, no sharp
o : "nitrebility .

difference in the degres of of dinitrotoluene in heterogenscus and

homogeneous mediums is observed, as much as, despite its solution in the organic

laytr; an excess of nitric acid over the amount required for nitration remains ia

the mineral layer, and therefore high nitrobility occurs.

] : : .*

HR ' - RENONT; IR T |
a9 )~ 8 S 0l F\I , el L—:
a"“/;‘ - \\ aj” |
% N ¢ ” IRONT 8305 VL]
Tip ] ji
a ‘ e
R EKLL ' 09 e omean -

in
Pig.k5 - Effect of HNO3 EX Mixed ' Fig.hé - Rffect of SXNEEER Streagth of

Acid Rate of Nitratien of Sulfuric Acid upen Rate of Nitratien of -
Dinitrotolusne to Trimitrotelusne  Dinitretelueme (DNT) alleyed with f
(i) Trinitretolusse (TNT) ;
a) 9T produced, %! 3 © a) Amount of BNT mitrated
b) o - hemegeneous cenditiens; .

0) A - beteregemesus comditiens -
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The maximmm rete of nitratien at a givea comoemtratiom of sulfurie asid
and & small ameunt of m,, swch as is ebserved under hemegenoous cenditisms,
is lacking in heterogeneous cenditions (see data of Table 31 amd Pig.ké, shuwing
the offect of the -tro‘uth of the sulfuric acid upom nitratien EEXEEXXE] velecity

(at 100°) of dinitretoluene alloyed wif{h"l'l'r,‘ when the mixed acids- employed comtained . -

10‘ m3)o
Table 31
b)
a)
87 91 | 95 | 98 | 101 | 104
grma— v S T
0 7.8 | 20 | 20 | — |-— -
N TE 7.1 19,5 | 22,0 - - -
45 2,0 | 18,2 22,0 - - «- )
64 0 17,8 | 2,5 - - -
84 0 26,0 | 483 | 740 | 750 | 784
) - | = a0 | 8,1 | 82,7 | 83,9

a) Percemtage trinitrotoluene :
I&Iﬂﬂi%!m in initial dinitrotoluene; b) Dinitrotoluene nitrated

in 30 min, in %, at various strengths of H;30,, 4

" Trinitrotoluene also has & uigni‘ficmt offcct' upen the dimitrotoluene
nitruthion velocity under heterogensous conditions, although this influence is
raﬁhor peeuliar. Figure 47 lhO‘rl the influence of TNT upon the dinitroteluene
nitration veloeity by mixed acids at 90°. We ses that the additien of wp te

66 ~ 705 THT to the nitrated dinmitrotoluene causes a drep of mere tham 50% ia

the degree of nitrebility. Murther increase in the additiem resuits in am
imerease in the degres of uitrobility of the dinitrotcluens whish, when the alley

contains 915 TY, is virtually equal to the degres of anitratiom ef pure

- . )




dinitretelusne. ’

Me By reaction uchunil-;i the
On the basis of these data, MEEEIXEE oenceive of the folh'h;k“

of toluens to INT
utntwmu heteregensous cenditioms.

The nitration of tolneme to

%
i I mononitretoluene and that of moxenitretolwene
[
a) a 8,5%._ ¥ .
o te dinitretelusne under heteregenscus
] S ‘ . . . . ‘
L_Lﬁ 3+ ot conditions is, to & considerable degree, a

Waurface™ reaction, as is .vid,.nt; from the

Pig.47 - Effect of Trinitrotoluene -t
’ dependence of its velocity upen the

XBEK(TNT) upon Dinitrotoluene (DNT)
Nitretion Velocity intensity of agitation. The dinitretolusme °

&) Amount of DNT nitraied
nitration reaction under heterogeneous

conditions is mot limited solely to the imterface (as is proved by the low degree

of dependence of its velocity upon the intemsity of agitation; , but ponotrut‘ to

a considorabJ'.O depth irf‘ the mineral layer ‘(tho reaction occcurs chiefly in the

mineral layer). The reacting componenis ~ dinitrotoluens and nitric acid underge

distribution into the respsctive layers in accordance with. their solubility therein

‘ ‘ of

and with the ratio of the volmmes of layers. I the nitrotisn B dinitreteloarnd,

the reaction will proceed within both layers. The rate of nitratiom in the orgaaic

layer, which apparently occurs omly wl;on the factor of nitrating activity is high,

is comsiderably lower than the rate of nitration in the mimerai layer [accerding

to Lewis, by 90% (aibl.es)q. g
:

The reason for this is the fact that the ergsnic layer cemtains enly HN04,

numu,mmmdmmmtmm‘. Therefere, if the vlwme
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of the erganie layer s comparstively small, it may be held that aitratien of Y&S |
dinitretoluens sccurs only im the mimeral layer, aad that its velooity depends
upen the degree of solubility ef dimitrotoluene in asid., With increase in the
strength
of the acid, there is an increase in the golubility of
dinitrotolvens therein, and tho. process of nitration of dimitrotcluene is

considerably facilitated.

Tﬁo pmcnc.o of an orgmi&”h;o;‘ has, to some d‘og.z'n,..l, negative offoc'; upon
. the couruf of the nii.:ration procu's,- The or‘é.inic la'yor’ has a . high cap;cit:y 'to.; .
. dissolve the nitrating agent - nitric acid, and this ;ubstantitlly dilinhhu
_the strength of the nitrilz acid in the mineral layer, thus reducing the nitratiom
velocity. |

A secondary reaction, oxidation, oeccurs in both the organic and mimeral

\’T‘ﬁ.‘fﬁ.‘).":ll‘&'f?‘('Cl?Y"‘)‘J“'l!((?t)(‘?”’"l‘."C'_',%O}?‘»’f!?\:."

lmr.o

BRI IRSEECEXEEEEX . Oxidation would appear to proceed to a greater

degree in the organic layer than in the mineral, due to the presence of mo3
without H,S0, therein. The oxidising effect of mitric acid in the mineral layer

is reduced Ly the presemce of sulfuric acid.

[

@

§

The negative effest upen the nitration velocity im the organic layer EINENE also
manifests itself in reduction im the cencemtration of dimnitrotoluene XEK in the

mineral layer. Reductiem im the concentration of dinitrotoiwene occurs as a

consequenna of its geing imto the organic layer, true, ealy in case the latter is

fused TT. In the presense on the layer of fused T, the dinitretelueme distributes

208
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betwveen the erganie and minersl laysrs ia scoerdanse .:ith the selubilities

o o ——

therein, and ratie between the velumes of XFENE the layers. As the reastiem
presseds and the layer of THT increases, the quantity eof dimitrotelusme disselved
in the aitre mixture diminishes.

The riegative effect of TNT upon the nitration velocity is modified semewhat
toward th.c ond of the process, wher only a small smount of ineeélotgly KBTS
nitrated dimitrotoluens remains in the melt. Under these cgndi;.ion;,.. it 1s

obvious that the relative shars of dinitrotoluene in the mineral la&or will be

A ]

. greater due to the fact that this layer is mot saturated with diniirotoluene,

as & con_liqucnco'of the small amount of the latter remainimg.

. Thus, the most favorable conditions for heterogeneous nitration of

', dinitrotoluene ars those existing at the start of the process, when the organic

layer eéns{ist; of pure dinitrotoluene. Under these conditionl, ;.h- process @@
volocit‘vaill be maximal.

Thc loa.;t ra‘vor-ablo conditions for .'nitra.tion- are those at the end of the
process, when the amewnt of dinitrotoluene active in the mineral layer is small.
In order to' increase the uitrltion. 'nioc:lty at the end of the process, it has ' .
to bc.céndt;etod‘ at the higher t-peratuijo, or a concentrated acid mixture must
be employed. Alt.tho start of the process, and as a comsequence of the cmidctb;l.o

concentration ef dinitrotoluene, weak mixed acids may be employed, and nitration

may be carried out at lower temperature. Thus, in this process, coumtercurreat flew

L

between the compound being nitrated,and the mixed acid doing the mitrating is
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As has already been indicated, the dinitretelwsme nitration esstion in !
heterogeneous conditiens proeeeds primarily im the mimeral layer, and ceasequently,
its velecity is dutermined by the volume of this layer, and the concentration ef
the reacting cemponents therein. These latter may be determined on the basis of
the coefficient of distribution of these components between the mineral ud .
organic llyorf.

In World War II, nitration of tolusne to TNT was performed 1n three stages,

i!; thf majority of thc wvarring countries, with complete acid circulation. WIXK -
The third stage employed a mixed acid made of fresh acids; whersas the lgoam-l“ and
first KX stages made use of mixed acids prepared froca the spent acid of the pmodi;lg‘
stage of nitration, and nitric acid. As a rule, the process was run in bat;h-t'ypo
apparatus. Processes of this typo were employed in the SA (Bibl.67, 68),
Germany (Bibl.58, 67, “68), and Japan (Bib1.67).

~ In England, TNT was produsod Yy nitratio;: of toluene by the so-called
countercurrent method. The first stage - nitration of toluene to monomitrotolusne —
m.carri'od out in ordinary batch-type nitrators. The second and third stages -
the nitration of mogitrotoluono to TNT-were performed in comtinucus-asting
apparatus of special design, which divided this process into 1 sub-stages (Bibl.20).
This "countercwrrent® method of ritration mikes for the most economical utilisation
of sulfuric and nitric acid.

In the three-stage mesthed of preducing TNT, the comsumpticn of acids is

sneiderably greater than ia the “esemntercurreat” nethed, and this makes it less

advantagesus frem the ccomnemic peiat of view. Nowewer, this method alse has =~
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positive aspects, te whit: a) cempastness of the mitratien wunits, ind b) the fast

e s Y

that the rew TNT obtained has & high freesing poimt (79.5 - 79.6°), amd virtwally
requires mo further purification. The purity of the THT cbtained is explained

by the fact that, in this situation, nitration is p.ox‘-tornd at a lower temperature,
and with concentrated -bmd asids. Togelher, these facts lead to a reductior in

the meta-isomer content, and subsequently of the asyametirical -

trinitrotoluenes contaminating the TNT,

German methods of TNT preduction. Coal amd synthetic toluenes wer's

.
.

_ uploy.d in Germany du.ri:.xg;World Var IT for THT msmutactire. '
Synthetic toluens (made fron bensene and methanol) did not differ in | (
quality from that obtained from coal, unm eploysd uder TREEN prodneti -
. co-mlit‘iom. The m;!or spacification 1;0 Abo’ not by the éolucnq was the diat:ll;l.ntion
into‘rval..- l,lot; less than 90% of the toluene had to-go over .:ln a range of 0.§6,
and not less than 95% in a range of 0.8°%
At some ;ilmtg ’ nononit;'otolmno,~ eonta.iriing a.bout 1% meta-isomer vas used
u. the lt&rting substance. "rhis mononitrotcluens was pro;idoti by XX
XNXEAFEREX I.G,Fa_rbm;lngmtrio, whiél; isolated nta-hit.rotolu;ne for dys production
from technical mencnitrotoluene XEIEEX (Bibl.5, 76).
Figure 48 ﬂlultrlt;n the flow sheet for nitratioa of teluene to TNT,
The monomitroteluens was produced in the semi-cemtimuous spparatus (Bibl.70). ;

The process comsisted of preliminary mitratiom in a comtinucus apparatus (premitrater)

and cempletion of the mitration in a batch-type apparatus.
| Tolueme and mixed acid prepared from fresk seid, and censisting of 60% N30, ¢ -

a
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pre-aitrater
25 ~ 284 HNO; amd 12 - MHzo.mton‘hwwmmw

variable-srea flow meters. The temperature of nitratiom is 36 - 38°, The
pre-nitrator is a tubular heat exchanger with an interier impeller making 360 rpa.
The contents of the pre-nitrater proceed continually te a secemd batch-type

nitrater, where nitration of the process is cempleted in about 4 hrs,

.

Fig.48 = Flow Sheet Showing Process of Nitrating Toluene to TRT

1 ~ Storage for third-stage mixed acid; 2 - Storage for second-stage mixed acid;

3 - Storage for first-stage ¥¥ miwed acid; L - Toluene .tor.,g.; $ -~ Preliminary

EKIXFKXE nitrator; 6 - First-stage nitrator; 7, 8, 9 - Apparatus for mhing
mononitrotoluene; 10 — Water tank; I1 - Soda solution tank; 12 ~ Tank EX for

:OH nolgtion; 13 - Second-stage nitrator; 14 -#Ilwn Qovice for nconi-stm
1'1.10(1 aclds; ‘15 - Third-stage nitrator; 16 - Metering for third-ata.‘o n:lnd acid
A - T to washing

After the batch-type nitr;tor hu.bnn £illed with the preduct, delivery U n
" pre-nitrater )
from the KESKXIFEEES is switched to a'second bateh-type nitutor amalegous to
’ the -
the first, and the first them switches to separation of/mononitrotoluens frem :
the spent acid ¥MXXK by settling. }
"The spent KX aeid then goes to recovery. Acid comtaining less tham 0.3% ;
aitric acid is semt immediately te cemsentration, witheut deaitration.
| ~
!
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After separation from the spemt acid, the monenitretelueme i washed with

water, meutralised with soda, and cleaned by live steam distillatiean. These

operations are held to be necessary if wmpurified tolueme is employed in nitratiea.

The frastion: cemtaining JIEEXNEE gasoline #w-aniincompletely nitrated tolueme which

.

are removed by steam distillatiom, is 3 - 4%.
) R _' - vacuum distillation
Some plants in Germany have installations for XXEXXIXIKE of the
mononitrotoluene so as to separate the ut;o-i-onr. It was asswmed that this
would make it possible to eliminate subséquent purification of the THT. However,
operating experience at these plants showed that separation of a meta~iscmer

presented major engineering difficulties, and that it was very difficult to

obtain mono TNT virtually free from meta-isomer.

do

The production of the dinitrotoluene is carrisd out in ancther boilding ig

>

batch-type nitrators (the nitrators were of 15 m3 capacity). The mixed acid used

in this stage was spent acid from the third stage with the addition of nitrie

. acid, " At a number of enterprises, the mixed acid was made in the nitrator, with

mononitrotoluens then run‘ in. 'Nif;rition temperature was 55 - 80°.

The d;.ntr&t.clmo obtained was separated from the spent acid EE in the fused _
m'u.: S.Qpantion m porfoz;od diuci;]:y in the nitrators. The sp;nt,. separated
scid, was forced into special containers by compressed air, and the dimitrctolueme -
was then delivered by pressure into the third-stage nitratou..

The spent aoid was diluted with water to obtain NRENE 73 ~ 75% Hy80,, the

residual dinitretoluene being extrested XEESEENNE there frem at 40° in the course

of an hour, subsequent te which the speat acid was seat ﬁ&rogmtum The
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monenitroteluens employed for extrestion is nitrated te dilitmluo;

The THT was obtained by nitrating the dinitreteluems, also by a bateh-type ':
method, Nitration NNIJE employed mixed acid of the following compesition:
80% Hy80, and 24% HNO3. The process m'couductd by running dinitrotoluene imto
the mixed acid at 72 - 76°, rommi‘:ix slow raising of the temperature to 969, and
holding at that t;-pom.m for 2 - 2.5 hrs, The rnuli;u;t TNT vas separated from
the spent acid after ll;ght d'ilu};ion- of the spent acid with water (to bringHater
content up to about 10%). The lpont' acid, contaliing about 10% nitric acid and
nitrogen oxides was ;ployd to produce dinitrotoluene.

All t,.hru stages of.nitra.tion have their own absorption equipment to trap
'tht nitrogen oxide and the nitr%c acid fumes. The apparatus also JEX provided
for complete absorption of toxlc gases, with the c;:moquopeu that grass, brush,
and trees planted around these enterprises did not suffer in the slightest.

.A number of German plants had experimental apparatus for continuous nitration

of toluene by the so-called direct-flow and countercurreni methods.

Iho direct-flow ggg;o-atgg methed of nitration. The mixed acid nitritu

"toluene vapo:t's‘.to TNT in a l:l:nglo stage in the following mamner.

The toluene is pusped from storage to a vaporiser, where it is heated.and
& current of air or nitrogen is passed thr'oth it to entrsin the toluene vapors
nitrator . : -

in the nitrator. The NKXEAXIE (Fig.49) is a broad vertical tube surroumded by -
another tnbol constituting  the separator. The nitrator is filled with mixed acid.
Its lower portion comtains & perforated bottom. The mixed acid and mixture of |

alr and telwine are run in beneath this bettem, and then paes im thin streams

through the colum of soid. The tolusme is aitrated te TNT at 90 - 95°. Ceils
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within the tube serve to remove the heat of reastion. The precess of nitratien. .

e

is regulated by the tolwene delivery and this iatmhunhtodinuemA
with temperature readings.

Half of the spent acid and TNT are
removed froa the separator. Additien
of oleum and nitric midm to the spent

acid remaining in the apparatus is

employed to make fresh mixed acid, which

Fig.i9 - Continuous-Flow Nitrator "
. . is recycled for nitration. The spent

- 1 - Nitration portion; 2 - Separation

portion ” acid that has been separated off is

a) Flue gases; b) Water to coil;
diluted with water. The dilute TNT thus
¢) Acid drainage; d) TNT; e) Acid
circulation; f) Mixed acid; XX . separated is extracted, and the acid is
g) Vapors of toluene and nitrogen;
. sent to concentration. The mixed acid
h) Dusp to emergency tank

is 107% in total acidity (consisting of
LO - 60% olewm and ntrongvnitric acid). The raw INT produced has a freesing point
of 78°. |
A shortcoming of this method is £he' large quantity of spent acid. To eliminate
this shortcoming, it m suggested that nitration be performed in two stages:

toluene to mononitrotoluene, and mononitrotoluene to trinitrotoluene (so that a

from
portion of the spent acid I the second stage be employed in the first stage).
Direct-flex twe-gtage methed of mitretiem (Bibl.58). This process comsists

of the following stages: first stage mitration and separstism, seeend stage nitratiem

and erystallisation of TNT frem the spemt acid, cemtrifuwging, washing with water i
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(witheut sulfite), air drying, filtering threugh thin flammel, and flaking.

e o

First-stage nitration is performed in four nitrators cemmeeted im series,
and comstituting a columm containing a screw-type agitator making 200 rpa.

Plates to intensify the stirring are seated on the nitrater nlln./ The toluene
and mixed acid of the following compesition: 68% HS0;, 17.5% HNO; and 14.5% H0,
are delivered into t..ho: first nitrator from above metering devices. The worn.
impellers deliver the components through the nitrators eonnoctd‘;':oriu inp ‘.
direction opposite to their tendency to separate into layers. The nitrators

are provided with jackets for cooling with water or h.uting with steam, and

coils are lacking, as there would be no room for them within the column. Nitration
| is performed at 30°, wit;n the object of reducing the yield ef pdth}.unu.

As a result of the first nitration, a mixture of nitrotolno;u and
dinitrotoluene is formed. The nit'ro‘ product is X separated from the spent acid
in a separator shaped like a U-t'pbo. The spent acid, having the following
composition, 70% HySOy, 6:% HNO5, arid 24% H;0, goes to denitration after settling.
The liquid nitro product (specific gravity 1.3) goes to second~-stage niiration
‘to TNT, which is performed in six nitraters. The temperature in these nitrators is
held within limits of 70 to 115°, The nitro mixture is of the composition:

8% HpS0), and 17.5% HWO,, 1.e., it ‘ free 50,.

As distinct from the metheds employed in Germany, INT obtaimed by the !

* two-gtage method, is not separated from the spent acid in a liguid comditiom, but

the nitro mass is seat to containers i which erystallisation of the THT owt of

|
i
the acid ecours upon stirring (70 rpm) and ceeling. Frem these containmers, the r—

= ms )




batéh goes to cemtrifuges, where the acid is remeved, and washed with water.
separate

Dilution of the spemt acid with water is employed to BEJENEE out the
dissolved nitro product', which is utilised to obtain industrisl explosives,
whereas the spent acid goes to first-stage nitration to make mixed asid.

Thus, purification of TNT consists of slow cx-'ynta:!.lisation of the raw TNT,
in which the crystals of the a-isomer are l;pmtod out in the pure state,
ard impurities are distributed over the surface of crystals, from which they
ars readily removed by washing in water. After purification, the TNT is fused
ad dried by blow'.n,-; compressel air through it. This compressed air is

continually
delivered EEIXXNRENAI¥ into the drying bath. The TNT is then filtered through
a flannel filter and flaked with a drum. The resultant product is characterised
by high purity, is of an absolutely white color, and its frcuix;g, point is 80,7°,
The toluene consumption per ton of raw TNT is 0.465 ton, whereas per ton of
purified MINT, it is 0.566 ton.

"Countercuryent” nitration (Bibl.71). Figure 50 shows an installatiom for
“countercurrent® nitration of diritrotoluens to trinitrotolusns.

The dinitrotoluene goes to the No.l apparatus, where it is mixed with the
nixed acid from apparatus No.2, vt;ord it was utilized virtully in full. The
‘batch then goes to separation tube b, from which the separated mitro product is
sent to apparstus No.2, where it is lmmediately mixed with the somewhat stromger

acid arising from apparatus Ne.3. ’ {

In apparatus Ne.l, the spemt asid is separated, bemsath the perforated plate s, !

frem the nitre produst, and is removed from the apparetus by means of separetion

‘W*«—T
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Fig.50 - Countercurrent Nitration of Dimitrotoluene (DNT)

From No.l through No.x - combination equipment; a - Perforated plate; b - ’;Supa.nti'cn
tube; ¢ - S*phon
(a) Acid;(‘b') Spent acid
tube ¢, The nitrating mixture goes to apparatus No.x, wherse it is --hnd‘with
the almost oonpief.oly nitrated dinitrotoluene arisix;g from apparatus No.(x - 1).
The THT is ruovod from apparatus No.x while the slightly-diluted mixed acid,
) siphon
separated from the TNT below the perforated plates, is sent via the NEXFIEEE tube
to apparatus No.(x - 1) countercurrent to the somewhat less nitrated product.
Methods of producing TNT in USA (Bibl.20, 67, 68, 72). In the USA, during
World U& II, TNT was produced in three stages; as in Germany. The difference
between the American and German methods lies in the tact‘thlt in the USA, the *‘
mononitrotoluene goes directly from the first stage of the nitration te the
second, and is not subject to any furtiur operations. ‘l'h; mixed acid for
nitrating tol;xcno to mononitrotoluene is of the following éompositiom: 48% HpS0.;
18X HNSO5; 4% HNO, 3 8% nitro products; 12% H,0.
This mixture is prepared by mixing the spent acid (from the second stage of

nitration) with fresh nitric acid. After the first stage, a portiem of the
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acid is poured into a nitrater. Teluene is rum in, and it is only thea that w?
nixed acid is gradually addei. In the presence of the first mixed acid as |
medimm, the reaction goes more swoothly.

After the ENEX co-p_lction ?f nitration, the mononitrotoluene is separated

from the spent acid and sent to the second stage. A portion of the spent scid

-is employed ‘for'nitration of the next charge of toluene, and the remainder is '

.ub:jo?tod to .thc n.itrat;ion &i‘t’hﬂlubs'oqp;nt cox;coqtration to‘98% sulfuric acid.
This ;I.ht is employed in the production of oleuin. ‘ |
' lTha n.pcnt acid from thc: third-stage XKIXBK nitration is mixed with nitrie

;tz‘id and 'nnt to 'l?ho sécond stag'c\. This mixed acid -il of approximately the
following composition: 50% HZSOI;, 20% HN{O3; 12% HNSOg; 127 nitro products, and -
6% B 0.

The fresh mixed acid ‘np.loy.ed for the third stage is made of spent acid
from the third stage, to which one first adds 30 - 40% olewm (containing 60% S03),
‘and then & mixture of LOF HpSO, and 60% HNOs.

‘ Improvement. of TNT production has chiefly followed the line of increasing

the yield of the apparatus by reducing cycle time (Bibl.68). Thus, at the

. Plumb Brook Plant in Ohlo, the production cycle for making 1.5 ton of finished

#E product initially ran 2 hrs 10 min., When the plant operated -‘i‘“ three shifts,
thic made possible the prddnc@ion of about 16.5 tons of TNT per day on & single
line, Toward the end of the war, the length of a cycle at this plant was redused
to 60 min, which made it possible to brimg preduction to 53.5 tons per day om the

line, exclwiing loss of time dus to mechanical difficulties.

19

|
{
i




[ U ————

s

this increased production ,
As pointed EF out by Raifsnjider (Bibl.68), s achieved by redusing f.ho \

production cycle to 1.5 hours through .hcrgming the excessively lomw pdi'iodl

T ol

assigned to cooling, settling, and separation.)EIMl Simultaneously, botn the

the ‘
process itself and/equipment were modified.

Under the method employed, nitro mixture was gradually added io the convlete
dinitrotoluene charge. The addition was performed in two stages: First. the

entire ‘amount of olewn Pequired was slowly-added,. and then a third of the mixture

was
(50% Hg80;, ‘and 50% HNO;) MMK added thereto. At the beginning of the run-in of

. the mixture, the apparatus contents loamed (due to the emission of a considerable ’

amount of hut). ‘Foaming made it difficult to adjust temperature and, not

' infr.quontly;. the foam ran through the apparatus, giving rise to the possibility .

and .
of fire/explosicn, To ¥X avoid these phenomena, the sequence of component ";'un—in

was e'hangod. The product subject to nitration came to be added to the entire

amount of acid charged, with intensive agitation. As a consequence, the amount

of material to be nitrated in the nitrator was quite small as compared to the
nixed acid.

In the first and second stages of ng.tntion,"thc product was almost entirely )

. nitrated by the end of the rum-in. In the third stage, after the dinitrotoluene

was run in, although it was still necessary to hold it for some period, this

method eliminated the danger of foaming ani substantially reduced the overall

4|'M\L . ) |
nitration pjam. Temperature was regulated mors evenly, as the product being

deliversd was immediately nitrated virtually to completien. Regulation of the
delivery of the preduct to be nitrated maintained the requirsd tesperature and

process time was redused to the mianimmm required. Pyrex glass tubes, permitting

20
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ready observation of the interface between nitre FENEDH preduct and acid -

n e - em

were installed on the separation ITEEX lines.

Methods of TNT production in England (Bibl.20, 73). During the Second
World War, TNT was produced by the two-stage method at the majority of British
plants. The first stage yielded mononitrotoluene, and the second TNT, by
countercurrent nitration of the mononitrotoluene. The first installation for
countercurrent nitration was in operation in England as early as World War I.
During the Second World War, and possibly somewhat earlier, major British
scientists performed significant studies of the pro;cas of nitration of
dinitrctoluene to TNT {Bibl.63, é4). This doubtless played an important role
in the development of a method of TNT production more advanced than that of
Germany and the USA, countercurrent nitration being basic th‘arotol.

In the first stage, nitration of toluene to meononitrotoluene is carried

out in the usual cast iron batch-type nitrators. Nitration is performed by

‘running the toluene into the mixed acid in the nitrator, This mixed aecid da,... ... .. ...

prepared from spent acid ( from the second stage) and weak nitric acid. During

. the run-in of the toluene, the temperature of the nitro mass in the nitrator

gradually rises fro-.15° to 35°, and it then held at that temperature for 20 min.

Upon completion of nitration, the contcnt.of the nitrator is trmforrfd by

compressed air to a separator in the form of a column. A spent acid (from the "
first stage) goes to denitration., The resultant mononitrotoluene contains

abeut 6% dinitrotoluene (of the spent acid of the second stage) and should not R

this is ene '
contain toluene of the required cemditions for safety in stage 2).

Ty ..mm«—r: -
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When toluene with elevated JUBKINEE gasilime cemtent is nitrated, the "3
first-stags preduct is subjected to distillation. NESEEEXIE Removal of the
gasolines reduces the consumptiom of nitric acid in nitration, and also
sliminates the possibility of igmition during the second stage.

The supplamentary operation of distillation does not insrease the cost
of TNT, as INT c.ontaining kuolm, is considerably cheaper than pure TNT.

The second stage is carried out in a tmit.. consisting of 1, nitrators and
14 separators. The separators are installed higher than '.r.ho nitrators. The
nitr;tors are cyiindrical ¥X vessels provided with agitators and coils for
delivery of water or steam theroto,'with the purpose of regulating the temperature
of the nitro mass. The separators also conaist of cylindri.cal vessels of the

the

sane diameter as/nitrators, but of only one-half the height. The interior of

the separators follows the patiern of a Florentine receiver.

Fig.51 ~ Diagram of Countercurrent Nitration of Toluene. N - Nitrator;
S - Separator

a) Nitro product; b) Acid

From the nitrator, the nitro JX mass 1s delivered to the separator by .

3

means of an Archimedeswscrew. The separated components flesr through LIpuens

from the separster into the respective nitrators, by gravity. The nitraters
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and separators hmpél"u in their bottoms (covered by lead disks), through

which they connect tc emergency containers by pipe. N
Figure 51 shows a plamned view of the nitrator and separator arrangement.
The process takes the form of charging monomitrotoluene into the first

nitrator. When it is passed in sequence from the first nitrator to the

separator, the second nitrator and the second separator, etec. through the

fourteenth separator, it emerges in the form of TNI. ¢46% sulfuric acid is

" run intc; the fourteenth nitrator, and follows a course counter to that of the

o0il, emerging from the first separator as spent acid. Strong mitric acid is !
run into the middle nitrators.
The temperature in the geparators has to be the same as in the nitrators.

Extraction of nitric acid from the spent acid by mononitrotoluene is

:porfbmod in the first nitrator. water is introduced into the second nitrator

- = o

to.ready the spent acid for the ¥X first astage. Moreover, the water, diluting
the spent acid, diminishes the solubility of mononitrotoluene therein.
Table 32 'ahowi the conditiones under which the apparatus operates.
The process is monitored by determining the ¥X freezing point of intermediate i
and final nitration product. The freezing points of the nitro products emerging
from nitrators Nos.5, 6, 7 and 14, are determined. The freezing point of the
nitro product from apparatus Nos.5, 6, and 7 must diminish with increase in

apparatus number, and this testifies to increase in TNT XENEIAEXX content. To

avoid spoilage, the amount of mononitrotoluene added is reduced.
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b) Waphin: Agid Out of the NT

The TNT produced in the ‘nitrltion shop contains 3 - 5% aeid, which hés to
be removed., The acid lddcd to the TRT as a consequence of the complete ;cparttion,
a3 well as that dissolved therein, is removed by washing with water. The use of
caustic to neutraliee acid in the final washing is not permitted, as a comoqnongo
of the possibility that highly-sensitive metallic TNT derivatives of low stability
may result.

TNT is washed with hot water, usually in the molten state. When this is
done, it is not only the mineral acid, but a portioﬁ of the side reaction
products, '

such as trinitrocresol and trinitrobenzoic acid that go into solution.

1t hot washing, the latter converts in part tc trinitrobenzene:
s p

COPH
N e
O,N~{ y—NO O,N—; N—NO !
| " T 4o,
\I/ N/
|
NO, NO,

In Germany, the washing of TNT was performed by mixing the fused products
with the wash liquid and subsequent decantation in the same apparatus. The washing

apparatus is of the same design as the nitrators. The residual wash liquid is ‘

evacuated byrco'lprouod air. The TNT is washed thrice: with water, with 3 - 4%
soda solution, and again with water.

In the m and Eagland, TNT is washed in tamks with stirrers, het water alons ‘
being used, This is dome & - 6 times wnt{l residmal aeidity is 0.01%. The loss T
STt 'y
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uswally
of TIT in the wash water BMI} reaches 0.5%.

¢) Pyrification of the TNT

The washed TNT (raw), having a freezing point of not less than 77.4°, contains
up to 6% impurities, consisting chiefly of asymmetrical isomers of TNT and
dinitrotolusre, as well of tetranitromethane, oxidation productsz, etec. The
impurities induced production in.the XMW fruging point of TNT and diminish
its service characteristics (causing it to be oily). TEEEXE Therefore, the raw
INT is subsequently purified of these admixtures either by chemical means
(converting .t.he impurities into water~soluble compounds) or by a physical means
(crystallization out of the solvents or washing the crystalline TNT with solvents.

Chemical method of purification. This method of purificatiofi of raw TNT is

water-soluble compounds. It is not diffieult to choose such roactl.nts/ as the

major impurities of asymmetrical trinitrotoluenes which readily substitute for the

nitro group in the meta-position with respect to methyl group. Reactants of this
amino

type may include caustic, ammonia, methylamine, ani other NKMIKE derivatives,

reacting with asymmetrical trinitrotoluenes in accordance with the following

mechanisms (Bibl.74):

C!H, cle
b Lj::g:-{-?NaOH - /\/;—gg: + NaNO, +H,0; -

NO, vo,

CH, e,

I*ilo, NO, ‘ _
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The IXEGEIEIEORS dinitrotoluidine obtained by the second of these
mechanisms goes into solution in the form of sulphate salts when treated with
sulfuric acid.
Sodium sulfite proved to be a more convenient reactant, and in the course ~
of the last 30 years it has been widely employed for the purification of raw TNT.
Sulfite purification is based on the fact that sodium sulfite reacting
with the majority of the 1mpur§tios obtained a3 a EEMKEBEEML consequence of side
reactions and nitration of the impurities in the toluene forms compounds soluble
aqueous
in water and in KENMMNME sodium sulfite solution, with the ¥AXEE result that the
impurities are readily washed out in subsecuent EMEXXIEXX operationa.
The effect of aqueous solutions of sodium sulfite upon the impurities varies.
Sodim sulfite reacts in the cold with asymmetrical isomers of .i:rinitrotaiuono

. ‘ readily
to form sodium ATWEXHE dinitrotoluene sulfonates, which are BEEXX soluble in water:

CH, CH,
|

l
FAN AN

—NO —NO ‘
| | N ’+Na9803~( | NO  NaNo, |
\/-——NO, \l/ SOaNa &

i
NO, NO,
In the opinions of certain observers, the replacement of the nitro group by
the sulfo group is an oxidation~reduction reaction, In this process, the nitrogen -
. (the nitro
of the nitro group is reduced to the trivalent form (NIXEE/group is removed from

the ring in the form of the nitrous salt), and the sulfur of the sulfite group

undergees oxidation to hexavalence, and enters the ring in the form of the sulfe

group.
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Tetrenitronethane reacts with edlpl.!‘,ltiv‘z ease vith sodimm sulfite. The | :
end product IEX¥I is trinitromethans - a substance that is readily soluble im
water, and produces a yellow color:

‘C(NO,)¢+ Na;S05+H;0 — C(NO,), H + NalNO, 4 NaHSO,.

With trinitrobensene, an addition compound, bright red in color, amd ¥K
readily soluble in dilute AX sodium sulfif solution is formed.

The phenol type oxidation products are alao.readily uolubloh in dilute _
solutions of sulfi;;c; and form ;pha;xol).tes‘.

Dilute sodium sulfite solutions do not act upon incompletely nitrated
impurities in TNT, such as dinitrotolu.ene, dinitrobenzene, and also on

trinitrometaxylene. Therefore, ITNT going to sulfite purification has to contain

s

at least some minlwum of Lhese ¢
At low temperatures, dilvte sodium sulfate solutiéns do not aét upon

a-isomer, but in stronger concentrations, they form additive and other compounds

of a~trinitrotoluene and sodium sulfite, which give the sclution a bright red coloxt. . |

Some are
PX¥L of these compounds/decomposed by water with consequent recovery of

a.-trinitr-toluene, The solubility of a-trinitrotoluene in sodium sulfite solutions

depends upon the stremgth of the solution, as is evident from the following data:
dissolves . )

3% sodium suifite solution 0.3% a~trinitrotoluene at 20°; &% sodium sulfite

solution dissolves 0.6% a-trinitrotoluene at 20°: 12% sodimm sulfite solution

dissclves 2.3% XEFIMIXMEI o-trinitrotoluene at 20°.

Comsequently, even a 6% solution is a solvent of sufficient strength, to cause

comsiderable THT losses. -~




Thus, when 250 cc of 55 Naz303 solition acts upon a-trinitretoluens at y
30, 40, 50 and 60°, the total lesses are 0.9, 1.1, 2.0, and 5.0 gms, aM the

irreversible losses are 0.4, ‘{‘0._6, 1.5 and 5.0 gas respectively.

Consequently, losses of a--isomsr increase considerably as ‘emperature
#IAEE is raised over 4L(°, Moreover, the losses become irreversible, as the
solution is diluted, and this indicates that the resultant compoundn are of
different character. Minimum loss of a~INT occurs when it is treated with
auifito for a ssximum of 1 hr at a temperature of less than 40°, and is diluted

. inmediately

with an equal quantity of water HABIX¥ at the end of the reaction.BRIM Therefors,
the effect of the strength of the sulfite solution and the process temperature are
taken into consideration, and dilute solutions are employed in industry, ranging
in strength from 2 -~ 5% of active sulliilse, 'ami viue Lreatment is performed usually
at temperatures of less than 60°, When more ‘dilute sodium sulfite solutions are
used, (approximately 2%), purification may be conducted aven at 75°. Lb"der those
circumstances, the losses of o-isomer are comparatively small.

Treatment with sulfite solution yields the best results if it is conducted
with TRT in crystalline form, or, at least, in the form of fineicrushed grains.
Inasmuch as, in the process of crystallization, liquid impurities gu'thor on the
surface of these crystals as & thin film, they are readily subject to the effect
of the sulfite, whereas in dilute TNT or in large grains, the impurities are
distributed throughout the mass and ars, as it were, protected against the ofﬁcto

of the sulfite, For this resson, the washing of TNT in the United States and

Germeny (Bibl.20, 67, 68) is precedei by crystallisation of the fused T uader -

water.
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The major apparatus in the sulfite purification shop consiste of “"‘Q
$

crystallisers and funnels.

A crystalliser is & vertical welded chrowium-nickel cylindrieal tank scvered
by a layer of insulaving material on the outside. Inside the crystalliser, is
a frame-type agitator rotating at 25 rpm. Rotation of the stirrer is by means
of an olectri;: motor housed in & closed space above the crystallizer or outside
a structural wall.

Steam, water from a heater, and product lines from the TNT metering device
and the gulfite solution metering device are led into the crystallizer. For

cool '

removal of the steam and to BEEX the crystallizer contents (by forced air intake),
vent.ilators are attached to the roof. An unloading flange, with valve, are
provided in the botiom of U

The funnel is a cast iron or welded-chromium nickel-eylindrical vessel with
a conical bottom, The lower porti;on of the cylinder is a lattice work over which
is placed the filtering grid and a sheet of aluminum with holes to protect the
filter from destruction during the uunloadi‘ng process.

Hot water XX from a heater is INMA fed to the funnel. The water mains are
in the form of tubular rings with openings (sprinkler rings). At the bottom of the
casing there is a drain for the sulfite and wash waters. At the middle of the
casing,(directly below the mesh carrying the filtering fabric) is a TNT XENXEYY drain.
After washing out the impurities, the INT is melted by the delivery of live steam

bubblers

through amular Guihgew placed above and below the false bottom.

The fumnel serves to remove and wash out the sulfite solitiom ud the

impurities dissolved iw.:ln, which form as a comsequence of the treatmemt of TNY




fusible —
by sodim sulfite, Hot water is also empleyed to wash the TNT lmpuritied

PUR—————L__ e ]

that are precipitated on the surface of the crystals during crystallization

v e e

(dinitrotolusne, dinitrobensens).

With the stirrer in operation, hot water (at a temperature of not less than

R I

80°C) and fused T™NT (the ratio being 1:1 by volume) are run into the erystalliser.
The fans are operated to cool the mix. When the temperature in the crystallizer
reaches 56 - 58°, the sodium sulfite solution is run in (in the form of

10 - 15% solution). In the United States, 16% sulfite solutior, containing 0.5%

bisulfite is employed.
separated
The impurities are ¥BBNIXMI out of the TNT during crystallisation. They
undergo distribution on the surface of the crystals of pure a-isomer and
therefore become more readily accessible to the effect of the sulfite. If the

regularity of crystallization is interfered with by sudden cocling or nonuniform

stirring at various times of crystallization, crystal concretions or granules may

XEXE be formed. Within these ENNEREXGUNENEEEXIE concretions ani granules, the

THT crystals will be inaccessible to washing with sulfite solution. This reduces '

the quality of the TNT aml results in the production of & low-quality product. Even
i best
‘ if, in the SEEEX instance, the granules form after the sulfite acts upon the

o
impurity, they may still be the cause of the production of W product of poor

QJL a3
quality, as they will contain the mother n&&(;on of sulfite, which will not yisid

i to washing by water on the funnel.

THEXE It sust be observed that the crystalliser has to have & moter of

! sufficient pewsr so that if the agitator steps aceidestally duriag erystallisation, -




X it will be able to be restarted. =y ;
TNT from the crystalliser is emptied into the funnel, along with sulfite

solution., In order for this wiloading to be uniform, the crystalliser agitator

continues to operate until the apparatus has been entirely Ej emptied, and the

valve through w‘hich the mass is emitted is periodically cleansed with a copper

rod.
The sulfite mother liguor ia taken off by suction at the funnel into «

special receiver. The TNT is then washed repeatedly with water. The temperature

of the wash water has to be in the range of 60 - 68°C. Hotter water may fuse the

TNT crystals intc lumps, while colder water will not melt the dinitrotoluene

impurity remaining on the surface of the crystals as a film. Both result in

unacceptable

ANAEREIIRESSwpIaIaRk products, as in Lhe Iirst instance, the lumps will contain

sodium sulfite mother IX¥KX liquor, and in the ucon'd, the TNT will not have been
freed from dinitro AWHI¥E derivatives.

The TNT crystals are washed on ‘the funnel until clear wash water is obtained
(absence of fused dinitrotoluene), and until a agtisfac.tory analysis for absence of
sodium sulfite is obtained. The freezing point of the TNT must X% not be leass

than 80.3°C,

TNT for analysis is M‘h::%g the fumnel (at its middle, TNKEE in torms of '
height), and the wash water is discharged through‘ a drain line. f
The speni Fliiisul sodium suifite ard the washed alkaline water must not be
sent into the ssme trep as the acid wesh water (two catch boxes sheuld be provided,
one for caustic and the other for acid water), for the following reasess. Iulfite -




water containg sodium salt, and dinitrotoluens sontains sulfite acids """ i
: ‘

CH;Géﬂz(lloz)ZSOBIA, sodium sulfite Naj 80y and sodimm nitrite NaMOz. Whem this

water mixes with acid water containing H,80,, the follewing reactions may ocecur,

as demonstrated by Battegay (Bibl.62);

Na,SO, +2H,80, — 2NaHSO, + H,0 + S0,

CI:H, C‘»H,
AN NN

i j—NO ‘ —NO

| onatISOrH4HO — | [ A +3HSO,
N\ 50 N TSoNe

|
NO, ) NH, .

The sodium salt of the nitro amino toluene sulfuric acid will undergo

diagotisation in an acid medium:

T
\—No N-No
r NO, +NaNC,+H,80, — | |7 7* +Na,;SO,+2H,0.
V4 SO,Na 7 SO,H
NH, I '
? N=N-.HSO,

The and preduct of the reaction will be nitrodiazotoluene sulfuric acid,
which is unstable to the effect of temperature and exceedingly sensitive to .
shock, as a consequence of which its formation is dangerous and undesirable.

A major advantage of the sulfite purification of TNT is the simplicity of
the equipment involved. The bulk of the fpparatus is readily replaceable and
inexpensive,

Sulfite purification of INT is a less dangerews operatiom (particularly

with respeet te fire) than crystallisation EEX eut of the solvent. However, &
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considerable acoumulation of TNT in the apparetus eharply reduses this advantage,
ey

144
i
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chiefly because of the fact that they function batchwise. Ilet us remark in

‘ L)
passing that the intermittent nature of the process renders automatic monitering
and control virtually impossible.

Sulfite purification of the crystallized TNT, and partinularly, the process
of erystallization of INT under water in continuous apparatus presents major
the
difficulties. The problem of sulfite purification by/continucus method is
readily soived, if it is to be performed with fused TNT. However, this method has
significant disadvantages, when compared with purification of the crystailine
disadvantages '

product, the most important of these KXDBIKXKEEK being the lower degree of

purification and the increased losses of a-isomer due to the X¥ high temperature

at which the purification proceeds.

In puriﬁfying fused ';‘NTQ fine emulsification is required to increase the
contact aurfago betwesn the reacting com onents. Under these conditions, the
freezing point of 'éhp raw TNT may be raised by a 2 - 2.2°,

In Gormany, the sulifite purification of TNT in the melted state was performed
under the fellowing conditions: 6% MMIYWNIE sulfite solution, which was from
-1.3:- to -:;_ of the TNT by weight, temperature 80°C, sulfite solui?ion treatment
time 15 ~ 20 n‘in. Another variant ssw the purification performed at 80 - 82° by a
1% sodium sulfite soluticn equa/l in weight to the TNT being purified. After the
sulfite purification, the TNT was washed two or three times with water and then
sent to drying. ' .

In Bmgland, the THT was purified omly in the melted cendition. Purifteatiom
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Ty
was conducted in contaimers having stirrers in which the TNT had previeusly beeny
/\ - N - .
washed free of acid, o 4 1.5% sodium sulfite selution (1 part seclutien by
weight to 1 part THT by weight) was added to the fused THT at 75 - 77°, amd
5
stirred for an hour. 7Two such washings were performed, When high quality TNT
was to be made, & 2% sulfite solution was prepared for Lhe sulfite washing.
At the end of the war, sodium sulfite was replaced in the United States by
ammonium sulfite. The TNT was purified without prior washing. This measure
significantly increased the yield of product and at the same time substantially

reduced the overall purification cycle (Bibl.48).

Physical methods of purification. The sulfite method of purification of

TNT has very significant shortcomings: large irreversible losses of product.
{up to 10%) and the formation of a substantial quantity of very XIEEEXE toxic
spent water. Physical methods cf purification of INT, based upon recrystallising

it out of solution or upon washing the cryvstals with solvents, reduce the

irreversible losses. The IJ impurities separated out of the solvent may be

employed as explosives.
recrystallization

In Germany, FEEFHIXNIVXIEN of TNT frow alcohol, from toluene, and from
nitric acid, was amployed. |

Recrystallization of TNT from alcohol is ome of the longest~-kmown methods
of purification. The THT was first Wk washed to proper acidity.

In Germany, when orystallization from alcohol was performed, the alsehel
to TNT ratio was 3:1 i.e., the product was mot cempletely dissclved, but wes
merely vashed with het alechel, and crystallised ia the presence of aleehel. The -~
THT was separaied frem the mother liquer in & vacuwm filter ami washed with

pare aloshol tebwn im KX 11l ratio. 25 ‘ o




rape

on the . !
At ene plant, the drying of TNT was performed RNXE vacum filter HNENE ﬁ?

wag used for separation of the mother alcohol and washing with pure alecohol.
The suction air was passed through a regeneration apparstus. After separetion of
the mother and wash alcohol hot air (temperature 60°%)was XTHEX d‘inct;d beneath
the filter mesh. The product on the filter was stirred with an agitator. The
air puao;i through the mesh and layer KX oi prodiucts. Wnen vne filter diameter
was 3 m and the charge was 300 - 400 kg of TNT drying f@lk took about 4 hrs. This
methed of separating the mother liquor MX and of drying the product made it
pouiblo“to reduce alcohol losses to 2%,

Alcohol employed in purification may be used 5 ~ 6 times subsequent to
which it is sent for radistillation. The consequence is ¥iE repurified alcohol

PR T

and &n admixture of TWT, which, unds
the manufacture of ammonites, Alcohol purification of TNT offsers only two

advantages: the absence of toxic wash waters and the possibility @f waking use
of the impurifies separated from the TNT. However, this method has a number of

significant inadequacies. The most important of these are the losses of costly

solvent, the bulkiness of the apparatus, the danger of fire and of exr :sioa, and

certain other shortcomings as well. In Germany, crystallization of TNT from toluyl

was apparently carried out in accordance with the same technology as crystallization -
out of alecohol, The difference lay in the fact that the TNT was completely

dissolved in the toluene at 60°C., To do this, one part toluene by weight ¥X was

.iployd g 0.9 part MT. The solution was cooled to 25°, and the TNT HME that
drystallized out was centrifuged, and then washed repeatedly. The tilusne was ~.

recovered by live stemm distillation, (
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An effort was made to purify THT by erystalliization from nitric acid

i d

on two continuous-action pleces of equipment. Tne purificatior was performed

T

as foliows.

The TNT was dissolved at 50°C in the mother nitric acid (npproxiutolylﬁﬂol)

.‘. taken in 3:1 ratio, The TNT solution was run continuously into a crystalliser
with agitator, where the temperature was held at 25 ~ 30°. The content of the
ervetallizer then went onto a belt-type cellular vacuwm filter. JNFXXKE Here the

i .

“ product was washed excessively Ly strong 60%, and XX then by 302{ nitric acid, and

| finally in warm and cold vrator.’ |

The wash acids were reused, as indicated X#(Bibl.75). The sirong wash acid
was added to thes mothor liquor, and was also employed tc dissolve the TNT. .Thc

{

excess acid was IXMNEIEMA diluted with waler Lo separats cut the niire products,
which went to the manufacturer of explosive mixtures. The 60% wash acid was added
to the 30% that had ¥{ been used for washing. The 30% wash acid was mixed with the
wagh water.

The TNT thus purified was melted, washed once again with hot water, and then
dried,
d) Drying -of the TNT

‘INT is dried in a separate building, removed to the distance required from
econciderations of safety, and surrounded with an earth embaniment. The dryli.g
units consists of a drying bath and a drum for flaking the TNT, -

The drying druse censist either of cylimirical vessels (in Germany they

wers the sa3s as the nitraters} or ef rectasgular comtainers. it the bettem of

theee vessels in & eoil for pure steam, snd air bubblers. OSrying is perforwed by

'

a7




blowing compressed air at & pressure of 0.35 - 0.40 atm through a layer of -.m-f’:‘f
TNT heated to 100°C. The spest air escapes intc the fan, along with the -mzm,
through a tube connected to the upper portion of the cover. Beneath the cover
there are mounted the sprinkler tubes of a drenching system to drowm the TT in
wator should it cateh fire.

The temperature within the drying a.ppara;c.u- is measured, as a rule, by Xk
rewmote~control thermometer. The volume of the drying bath functioning on this
principle should be such as to assurse m.that\ TNT remains :Ln; it for 30 - 4O min.
(assming the layer of TNT to he small).

In Germany, TNT is also dried by blowing through with air, but when this is
done the apparatus is kept under vacuum XX (500 mm Hg) and 1s completely filled
with TNT. When the capacity of the apparatus is 15 m°, the drying time is
L - 6 hrs.

The drying is monitored by means of the freezing BEIKEE point of the THT in
a specimen for analysis. If the freszing point proves lower XKEEX than that
required (80.2°), which testifies to %W inadequate drying, the rate at which the
TRT is run in is diminished.

The dried INT flows from the back intc a heated trough beneath the drum for
flaking.

The flaking drum is an empty cylinder in horisontal position rotating on two
journals, also hollow, mounted in flat end plates. Inserted into the drum is a

susoml, oclesed cylinder of smaller <dimensions, fastemed to the cemter of the

sxternal drun in guch fashien as to leave beiwesr thili & fres spase capable of




|
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being filled with water. The coolant water enters and leaves through the

Journals. i

Beneath the drum is a trough having a steam coil at its bottom. The
molten THT enters the trough from the drying bath by gravity flow, i as stated
SEIENIE previously. The drum, which is INE immersed a few centimeters into the
molten TNT, rotates, and picks up & film of TNT on its cold surface. The THT
rapidly freezes into a thin crust. The frozen INT is removed from the drum by
a bronse knife and falis into a hopper as flakes. The knife extends across
the entire surface of the drum anci is pressed close against the generator of
the cylinder by means of a weight on a.n arm of a lever mounted along the axis of
the lmife.

The thickness of the flales may be regulated in accordance with the intensity
of cooling of the drum by the MK height of the level of the TNT in the trough
beneath the drum, or by the rapidity with which it is rotated.

The drum and the trough are covered with an sluminum hood. Beneath the
inife is an aluminum funnel ~ a hopper carrying a slider that serves to receive
the flakes and lecad them into containers.

It has been proposed that TNT be flaked (Bibl.74) by pouring the molten
product through capillary tubes heated to a temperature greater than the melting
Ji peint of TNT. The density of such TNT is 0.9 - 1.05 volumetric, and 1.55 - 1.60
absolute,

The flaked MY is loaded either into weoden bomes or into jute sacis.

Maished first-grade THT has to sstisfy the follewing specificativms. I

appearancs it mwst be homegemecus mass of flskes, bright yellow or yellow im eoler,

239
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without visible impurities or signs of moisture. Tiw fressing point should

.~ ‘”unj

]
1
i
!

be not less than 80.2°. The contemt of moisture and volatiles should be met

over 0.07%; the scidity, im terms of Ha8(y, should not exseed 0.01%, The cemtemt

of substances inmsoluble in benvene or toluens sheuld mot be over 0.1%, amd eiliness
sheuld -ot be greater TN chan that of a standard specimen for comparisom.

. The mest important criterion of THT qualiiy is ths freesing point. A high
froezing point testifies to the purity of the preduct and, econsequently, to itl.
stabtility. inother factor, aJ.;o perfecting the chemical stability beth of the
TNT itself; and of the shell casing, is the acid content.

volatile

The fermination of the moisture amd content in TNT charasterixes
its explosive properties, as elevated moisture content reduces the sensitivity
of TNT to 'dctomtion. An incresase in the content of insoluble impurities may
change the sensitivity of the THT. Thu's, sand as impurity increases the shock
and friction sensitivity of TNT. The oiliness of TNT primarily characterises its
sensitlivity to a ocap detonator.

THT that fails tosatisfy any of these conditions nust be rejected. A1l types
of rejects, excluding those dus to completely random causes (the intreduction of
saxd by the wind, moistening by water, etc.) represent primarily viclations ef

deviations
and SXNETME from the proper production process. -

Rojsct matter dus to high acidity is exceedingly rare. Rejestion for freesing
point und olliness lly be a cousequence toth of the inadeguate quality of the THY
delivered frut.bo nitretion departaent and of failuwe to adhere te tho m

*

procesass of troatmemt of the TNT in the erystalliner aad the vaswim funmel.

%0

. s o




Rejoction for oilimess may also be a consequomse of imadeguate remeval ef
machine oi) frew the air gewiang to the mixing proeess iri the drying bath.
Rojestion teecanse of imsoluble residue amd color is a comsequence of the

cleanliness
level of JENEIXE of the water and the apparatus. When a nsw apparatus or ome

e s Aawo:fmnvvwmm‘ﬁm

that has not eoperated for scme time is started, the color of the first lots of

e oot

o - - TNT will never be rormal. Rejection due to moisture ;. a consequence of

insdequate drying in the bath (low temperature, poor mixing, sxcessive speed, etc.).

moisture
Rejection due to may be BN

' recovered by redrying,

while rejects for freezing poimt, oiliness, and insolubles rasidue may be recovered

by recrystallization. Rejects for color canmot be corrected, ami this type of

TNT is employed to manufacture. industrial explosives.

Toward the end of the war, Germany convarted to the manufacture of

second-grade TNT, with a freezing point not under 79.0°, thus permitting the
INT to be purified by sulfite in the fused cordition.

12 The materials required

imdustry in the
production of se~ond-grade TNT were. as XELUEENRY follows (per ton of produet)s

. Toluene e e e st s ettt oot e s ae s 0,500 - 0.550 toms
Oleum (recomputed as monokydrat®) . . + « o o o ¢ « o o o 2.085 = 2,705 tons
Initial sulfuric acid (recomputed as monohydrate) . .. . 0.740 - 0.750 toas
Nitric acid (recomputed uwnonohydntc) e o s o o o+ e 127 ~ 133 tons
Sod:lm.iulfito * 6 06006 006 0086000000000 0,035-0,040tons
Sodivm NXEE bicerbonate . o ¢ ¢« ¢ o 6 ¢ ¢ 4 o 0 00 0 00 0,010 tens
Ele¢tric pPOMET « o o o ¢ ¢ 0 6 ¢ « 6 00 6.0 0 ¢ 0 o o o &DProX. 260 kv hrs
Water ...............~...........cpprox.16013 )
BAOMM + o 4o o ot s ot s s e e e e s e e e e e s e e o RPPPOX. 10 tons

Lims (for neutralisation of disciatged water) . .. ... 00200 tons

Y P ot e e e et o et e = 2

R

+

Tt must be obeerved that the irreplscesble iosses of sulfuric acid were
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210 « 240 kg, axd the remainder was reworked Kl into cosmereial sulfurie acid.
Ty
The consumption of mitric acid wes actually §fs 200 - 250 kg, as that wes the y

"
e e ey = WO

quantity that was trapped in the absorption installations.
*) Detoxification of Waste Waters of TNT Magufeoture

In conmection with the pronounced increase in the preduction of TNT during
World War II, removal cof the waste waters acquired major significance. Ko less
important a problem, and intimately interwoven with the former, is that of making
use of the TNT byprocduets in the waste waters.

In T8T production, waste waters coms into being when the TNT is washed to

remove acid and to get rid of impurities. In the former case, the water is

contaminated ﬁth acid and nitro products, although to an insignificant degree.
In the latter case, if the sulfite method of I;urification (f;he- _lusf: popn‘h.-r) was

‘ produet,
employed, the water was contaminated by a considerable amount cf nitro KESEEEKEY
and wes therefore very toxic. On the average, the amount of toxogern in this water
came t? 80 e 90 kg per ton of INT ;pmuracturad.

It has been fc?und that decontaminaticn of the“ waste water of TNT production
required dilution by not less than 100,000 times., Thie iy possible only when a
very largs river,or a sea,is available. For this ro;aon, enterprises distant from
mejor bodies of water require aspecial devices for the purification ef destructien
of the diuhugod, industrial waste water.

First, the discharge waters are sent through a system of traps to pick uwp
the THT contained im t!io form of emilsion. There must be separate traps for acid
and alialine waters, 8s mixing ¢f these whters is impermissible dus to the

possibility that the highly sensitive sxplosive swbstance - dinitredissetolusne
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sulfenic 2sid ~ may be formed,

oy
H

Methods of purifying discharge NEEEEEE waters of TNT produstion that imvolve
esleatrolysis or reduvetion of nitro ceampounds by iren filings are =nt applisable
because of the expense involved. Purification of 1 »? of water requires nearly
AEXKE 40 kw-hrs of energy of 30 kg of iron when the iron-fiiing reduction methed
is employed.

In the United States, during the entire peried of the war, the discharge waters
of TNT plants located near large rivers were emptied into the water. It was foumd
by investigation that, when & given degree of dilution by the river water was
attained, this water remainad utisfacto.ry for water supply and marine life purposes
both in taste, toxicity, acidity, and color.

Wrere it is not possible to dump discharge waters into large bodies of
flowing BX water, these waters are evaporated.

neutralized

In Germany, discharge waters are first ubbbimed with soda and then discharged
into bodies of water or evaporated ani NIEEEEX burned (Bibi.77). Neutralization is
by milk of lime and is carried until the JisRweslil-pH of the discharge waters is

as
from 6 -~ 8. The nsutralization installation furctions KEE follows.

The MOXWK wash waters from high explosives production go to special
settling equipment, The lime for neutralization is slaked in drums, and the
milk of lime thus obtained is mixed in tanks and directed, through am automstic
reguistor, into a labyrinth where it is mixed with the discharge weters. Them,

. » ’ sediment
the water goss to & large clarification basia where the gypewm FIINENXR tEat has

formed is settled. The sediment is pwmped frem the basin te a suciiom filter,

%3
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i
;
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from which it is carried to special pits. The water frem the clarification

PP

gypsun goes through & coke filter and then flows imto a large bedy ef XX
weter (Bibl.78).
wet-proosss:
It is then suggested that discharge water pe purified by WK combustion
of the discards in the presence of an iron catalyst it temperaturescef 760° or

more. By this method,the contaminated water is evaporated in a furnsce and the

steam is sucked out with air through a metal tube filled with prometer, which

. is also inside the furnace. The most active promoter is copper chromite {Bibl.79).

A method of biological purification of the industrial waste water by exidation
ef the PIRIXENXEF impurities by microorganisms has been developed. A gerious
obstacle te this, however, is the toxicity of TNT production waters for
microflora , bases
which ara the active BEB for biological purification, This
rapidly results in the death thereof (Bibl.79).

Recently, the purification of industrial waste water has coms to be
performed by XKL ion-exchange resins (Bibl.80). This is apparently applicable
to dissharge waters of TNT production.

f) Safety and labor Protection in THT Prodnction

In addition to the safety ;'nlo. common to all types of manufacturing, thres
special problems: the danger of explosion, fire danger, ani poisoring, have to
be éonsidered in TNT production.

The danger of firs in TNT production arises from & number of factors:

a) The possibility of ignition of the TNT, particularly im the drying precess

and iz long-tewm coltgotn with the heated bedy (the walls of the steam eeil,

stear pipes, etc.) whizh causes deccmpositicn thereof;

2
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b) The peesibility of ignition of toluens 234 momcnitretelusme by a epark,

J

inagrmeh as the detonation temperature of telusme is 7.7°, dmd the flash peimt

F——"

1
)
3
i

is 554%s

¢) The danger of ignition of the toluene wpen comtact with ths melange or
with nitric acid fumes.

The following physiological consequences of TNT manufacture exist:

a) Bffects of nitrogen oxide and nitric acid YNEEI fumes upon the bloed and
protoplase (maximum permissible concentration 0.005 mg/ltr computed as !L‘;OS);

b) The effects of tolusne fumes upon the blocd, upon the respiratory
organs, and upon nerve cells (maximum permissible concentration 0.1 mg/ltr);

¢) Sulfuric acid fumes (803 from oleum) upon mucous membrane (maximmm 0.02 mg/ltr);

4) ™NT dust (maximm permissible XX 2 mg/E3).

Moreover, sulfuric acid, nitric acid, el spent acid and acid water pr{l)duco
skin burns.

In accordance with the YRENEEIINEY fot%oing, the rooms and buildings in
which TNT is manufactured have to be fireproofed to a maximm, convenient fof
garvicing the process, and XE§ of the least possiils height. A1l m shops
(nitrstion, purification, drying, storags) have to be surrounded by earthen
embaniments. The MK buildings should have » WEKFRL lighturight frost, large
windows and a reof that can readily be knocked off. The doors and staircases
must be such as to permit ta;;id evacuation of personnel if nhecessary, so that
each work pogition has ascess to not less than {wo exits, amd the distamce to
the exits is net EI mere than 15 m. Artiftcial light must be previdei by seurces

providing nmo dangsr of explosiom.
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Yentilation should be sush as to assure the absence Pl dangereus gases, -

fumes, and dust frem the air, or a content thersef net greater than the
perniseible maximm. In nitrators, drying bathe, and other similar apparetus,
INE individual gas suction must be provided.

To prevent pessible fires, toluene containers must be cutside of the

first-stage

buildings. The XXIEEXEEEEE and second-stage nitrators and separstors should have
devices for delivery of carbon dioxide in case of fire. The dryer roos should
have & drencher system of fire control. Hydrants should be provided inside all
buildings, and the water system both in the buildings and in the yards must permit
pumping in either direction.

Gases from the apparatus which are to be absorbed are collected in two
separate collectors: ithe firsi for gases irom ihe [irst-stage apparstus, and
the socond for second- and third-stage apparatus, to prevent contact hetween
the toluene Iumes and those of strong nitric acid. The condensate from these
collectors is assembled in different containers.

The basic measure to prevent explosions is striet adheremca to the tschnical

flow sheet.

Nitration, as EXX has already been noted above, is an exothermic reaction,
wnich is, moreover, accompanied by oxidation and hydration of the sulfuric and -
nitric acids by water formed in nitration and oxidation, as a consequence of
which the overall heat effuct virtually doubles. To maintain heat equilibriwm
in the system, the nitrators m pr.md with pswerful cooling devices - jaskets

and coids. Violation of heat equilibriwm may be eaused by cessation of delivery -~

a6
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of the ccolant or by impreper cemiuet of the precess. \
1
Whea E{ Lhe reaction is slewed (ae & consequenes of reduced tempersture or 3 "
1
inadequats concentration of one of the sempunents), components met enterimg imte |
the reastion will acewmulate in the apparatus, and this may result in a rapid
increass in temperature, which will XXEK already net be capable of being controlled
by cooling. Jn the first and second stages of nitration, the situation may resuit
in expulsion of nitro mass and fire, and in the third stage may even result in
explosion. Therefore, the unreacted components in the nitration bath must be
held to concentrations that are less than dangerous.
In the first and second stage of nitration, the nitration velocity is
great, at the accepied temperature regime and activity «f the acid mixtures.
Reaction between the componénts AX ends almost entirely when they are drained out,
In the third stage, nitration vsiccity is considerably siower, and therefore, when
concentrations
the components are metered in, it is necessary Il to make sure that EXXIUTTNNE
do not reach a &NKYKENIK dangerous state. In détermining what concentration is
safe, it is necessary to take as ono} point of departure that,if cooling ceases, the
reacted
temperature of the nitroc mass, when one of the cemponents has EEXEK in its entirety
(usually, this is the nitric acid),nh;ll not rise above t& level (120°) beyond
which intensive EENEEXIN processes of oxidation set in. -
In the third stage of nitraticn, entry of oil, rage, and other objests of
STgAIFGMCINGR highly-oxidizable material into the nitretor is very dangercus, as

the highli -comsgatrated acid mixture sy cause ihem {0 beeme carbomised amd to

ignite. -

*7
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In rumning the process, the apparatus man must JXENK give prime

It
attention t¢ the temperature and must control it. NN the tesmecature sheuld

- st apebe
'

SRR SN S,

Juep to its maximm, the rum-in of somponents must be eut dowm or stopped, and
129 if the temperaturs is the apparatus in the third stage sheuld jwmp to over

15¢F, the contents of the apparatus must be dumped intc an emergency tank filled

with water, awni compressed air must simmultaneously be directed therein.

Stirring in nitrators must be assured by two energy sources operating
independently and switching automatically from one to the other, and if the
agitator sheuld stbp,(”quddonly, delivery of the components must stop, and
more intensive

cooling must be cut in.

To reduce the possibility of EBEIXNRE spontaneous combustion of the TNT ard
the intermediates of produciion therwoi, care nusi Le taken Lo provids systamatis
removal of explosive residues from the apparatus. It is also necessary that the
apparatus have no spots where substance can accumulate in stagnant form during
the process, or spots difficult of accoss for cleaning. These "dead zones® are

the most probable areas of spontaneous combustion.
In all apparatus in which explosives are present at high temperature

(nitrators, lime baths), instruments must be installed for autcmatic regulation

of the temperature, and to signal an increase therein above a ipooii’%c level,

¥
i
’ —-—
i Ths presencs of certain impurities may also increase tendemcies X to
| ‘
! spontaneous cembustion, This tendency is furthered most sirengly by those
; impuritiss comtiined in THT waste, as the majerity of iastanses of spimtanesus
7" oombustien in TN predustien has had to do with the retreatment of wrtes. These -
* |
' i
- e ;
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ESEEKEX produsts met omly ignits readily, but their cembustion proceeds to !
detonation particularly readily. It is also meccesary to bear im wmind the -m 3
sensitivity of heated explesives to mechanical effects. This is often the prime
cause of ascidents imn manufacture.

Once the explosive has begun to burn, this combustion may proceed quietly
to cemplation, but it may also terminate in detonation. A combustiom of high
sxplosives is less intensive at the outset, and it is therefore possible to

fire
control the #XIS at the moment that it arises.

Fires in nitrators and separators are controlled by stirring the batch with
an agitator or, in sxtreme cases by air. TNT that has caught fire in the¢ drying
bath is doused with watsr. Nitrators and separators have XEX to have a depemdable
apparatus for dumping the batch into specially-provided reservoirs, filled with
water.

The charging of the components must be in block with stirring so that a
cessation of agitator motion antomatisslly stons charging. Each nitrator must be
squipped with 2 device that clearly shows whether the aéitator is working, and
if delivery of electric power ceases, the agitator motor must avtomatically
switch to other power source.

Every four weeks, the cooling coils must be tested to determine whether they
are still leakproof, by a test pressure of not less than 5 ata.

The lines urving to deliver the nitrs m compounds in liquid form ohcnld
not bent (er sag). They must be laid XX ﬂgh sufficlently m wmifors slepe
sc A3 to make it imposgible for the nitwe aswprund therein te utagmate. '@lvn

and cocks on the pipelimes must be e designed as to make it impessidle fer

“*-m—.muum.r - e
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explosive residus to collest in “dead senes®™,

P

To localise explesioms within a shop, it is desireble to surreusd not only

o e o s

the drying shop, but the purification and mitration shop with an earthen
exbankment. The output capasity of shops in which there is jj danger of explosiocn
shoald be limited.

A number of muﬁru were taken at the German TNT plants to install
automatic locking and automatic monitoring of the technoivgical process. Ths
nitration shops hai automatic (or hydraulic) component delivery breakers Jto act i
if the agitators ceasejoperating, Contact resistance thermometers in block with
emorgency signaling systems were installed in the nitrators. These th,ox;eouotcro
function at two limiting temperatures in the third-stage nitration nitratorss: a
lower limit of 76° and an upper of 94°,

All the KXXBKXI&HE nitration shops had emergency tanks with water for cooling,

were

should the delivery of water cease from pipelines, which in turn MEEXX cut off
automatically when the pressure in ihe water system dropped. In all shops
presenting any danger of fire, a sprinkler system was provided. In addition,
inert gas was delivered to certain iypes of apparatus (such as the TNT drying
apparatus).

The production shops were nsually built of swill sise. The plants had s¢veral
identical parallel shops. The nitration shops for produetion of mnitrotolm:

’

din:‘.iéotolmc, and TNT were separate (not under a single roof). In buildings

where large amounts of explosives were coacumtrated, the basic equipment wes
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Of the nitre derivatives of bensens, only dinitrobemsene has evem a limited
use as an explosive. It is & weak explosive/ and is, mereover, quite texie.
Trinitrébensene, an oxplosive more powerful thar TZ; is nmot produced on an
irdnstrial scale because of the difficulty of iatrvdueing the third nitro group

&
into the dinitrobensene. This renders the employmsnt offbensene for the
production of explosives irrational, despits the fsct that its avallability
in natural scurces (petrolewn and cocl) is almost seven times as great as the
content of toluene, which is widely employed for the manufacture of TNT.

The following. data permits one to judge the scale of tftilintion of bensene
for production of explosives. During the First World MEX War, the production of
dinitrobenzens in Germeny was 27% of the total quantity of nitro compound; but
during the Second World War it was only 5.5%.

In 1944, the following were produced from vensene {in tons):
Dinitrobenzene . « « ¢ ¢ ¢ os o ¢ & e a ® 0 0 0o o 0 15,000
Pleric acid . ® ¢ o ¢ 0 s 0 0 0 0 s 0 ¢ @ 0 0 0 0 3 000

HOXYL ¢ e o et oo e o a0 aoaos oo s 7000
IX Sixteen thousand tons of benzene were expended in the production of these
explosives. However, the bulk of this was employed to produce synthetic toluene,
on which 43,200 tons of bentene was expended per year. Synthetic toluene obtaimed
from bensene ard methanol is very expensive, and this was sharply reflected in

the cost of the TNT.
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