2,475,095

T. J. J. HOEK
TOLUENE NITRATION PROCESS

July 5, 1949,

Filed July 31, 1947

2UIMJOJOLI2UTY
02I)0 U UES D

| . , mvv\w .
oUBNTOI0IIIUL : :
bwkwmwww\h.w.\w € _MMJ\\ . : ﬂm.\

<

2028702D € x025202D,,2

JMNQ D&.

Yoy

K

\Qku‘.um

Jnventor

Theodorus JJ Hoek

wozs121P, F

mea;n/ Pa»?f

Coahomane
iommarse

\
A
AW&\
L~ s
> y % >
| s @
- p2ov poXaU : o 09 PP 2207 ousnjop




Patented July 5, 1949

2,475,095

UNITED STATES PATENT OFFICE

2,475,095
TOQLUENE NITRATION PROCESS

Theodorus J. J. Hoek, Geleen, Netherlands, as-
signor to De Directie van de Staatsmijnen in
Limburg, Heerlen, Netherlands

Application July 31, 1947, Serial No. 65,111
In the Netherlands June 12, 1945

Section 1, Public Law 690, August 8, 1946
Patent expires June 12, 1965

9 Claims.

1

This invention relates to toluene nitration proc-
esses and, more particularly, it is concerned with
-5, method for the manufacture of trinitrotoluene
by continuous operation as contrasted to batch
nitration methods.

The manufacture of trinitrotoluene by a con-
tinuous method has long been desired in the ex-
plosives field. However, it is understood that a
satisfactory commercial method for continuous
nitration of toluene to trinitrotoluene has never
been developed. Thus, either the methods pro-
posed heretofore have been associated with in-
herently dangerous steps, or have involved the
use of an extremely large and impractical num-
ber of nitration steps, or have produced yields
which are very low in comparison with the highly
concentrated spent acids which are obtained.

A principle object of this invention is the pro-
vision of a new method for the nitration of tolu-
ene to produce trinitrotoluene. A further object
is a provision of such a procedure which is con-
ducted in a continuous manner. Further objects
include the provision of such a process (1) which
will produce high yields of product in proportion
t0. the amount and concentrations of the nitra-
tion acids employed, (2) which will permit the ni-
tration to be completed at a maximum rate, thus,
reducing the number of nitration steps to a mini-
mum, and (3) which may be carried out without
recourse to the use of intricate or involved ap-
paratus.

These objects are accomplished according to
the present invention by effecting the nitration
of toluene to trinitrotoluene in a continuous op-
eration by means of mixed acid containing free
SO; with the operation separated into a plurality
of divisions. The hydrocarbon and acid are re-
acted in continuous parallel flow in each separate
division, and at the end of each division the nitro
product obtained in that division is separated
from the mixed nitration acid and is treated by
stronger acid in the subsequent operation divi-
sion. Fresh mixed acid is used in the highest
division of the process and spenf acid form one
or more of the higher divisions, mixed with nitric
acid, is used in each lower division of the process.

The success of the present invention is depend-
ent to a large extent on the discovery that mixed
acids containing a large quantity of SOz may be
employed to nitrate toluene without undue oxida-
tion of the organic material at a reaction velocity
which makes possible successful continuous op-
eration. The success of the invention is also de-
pendent upon the discovery that a successful
continuous toluene nitration procedure could be
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developed if the operation is divided into a plu-
rality of divisions so that the reactants, namely
the mixed acid and organic matter, are caused
to undergo parallel or co-current flow in each of
the separate operation divisions, but are made
to undergo counter-current flow between each of
the separate steps. The separation of the con-
tinuous procedure into separate divisions makes
possible the application of the conditions of tem-
perature, acid concentration and the like which
have been found necessary for the successful op-
eration of the process. Furthermore, the opera~
tion of the process in plurality of divisions makes
possible the economical and efficient use of the
nitration acids. Thus, the spent acid from one
step may be used, preferably with the addition of
a controiled amount of concentrated nitric acid,
as the mixed acid for the next lower step so that
the process can be conducted without addition of
water to the acid during any of the operation.

It has been found that the separation of the
nitration process into three separate divisions is
desirable. In the first division toluene is nitrated
to mononitrotoluene, in the second division the
mononitrotoluene thus produced is formed into
a mixture of mono- and dinitrotoluene and, final-
ly, in the third division, this mixture of mono-
and dinitrotoluene is formed into the fina] prod-
uct trinitrotoluene,

The course of the process as a whole is diagram-
matically illustrated in the attached drawing
which constitutes a flow diagram of the opera-
tion. In the drawing, { and 2 are nitration ves-
sels in which the formation of mononitrotoluene
takes place. The reaction mixture, after having
passed | and 2, enters into the separator 3, from
which mononitrotoluene runs over to the nitra-
tion vessel 4 of the second division. The reaction
mixture formed here is next separated in the sep-
arator 5. The upper layer, being a mixture of
mono- and dinitrotoluene is led to the nitration
vessels 8, T and 8 to be cooled afterwards in the
crystallizers 9 and 18, The removal of tie
crystallized product takes place in the centrifuge
f1; the remaining acid is returned to lower op-
eration divisions through the conduit (2, save the
part that is let off through conduit 3. The rest
is led partly through i4 to 4, partly through 1§
to 1. In 4 the nitrating acid mixture is formed
by the spent acid supplied from the third division
through (4 and nitric acid from the conduit I17.
The spent acid from the second division flows
from the separator 5 through conduit 1§ to I,
being mixed at the same time with the part of
the spent acid from the third step supplied
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through 15 and with nitric acid from conduit 7.
The spent acid from the third step let off at 13
is diluted with water in the agitator 18, so as to
separate the dissolved nitro compounds. After
these have been removed:at centrifuige: 19 tlhie re-
maining diluted acid is added fo the spent acid

from the first step removed through conduit 20..

Stirrers in the nitration vessels and crystalliz-
ers, buffer tanks in the acid conduits,. and: by-
passes by which part of the spent acid obtained
in a certain step may be returned to the reac-
tion mixture of the same step, have not. been
indicated.

It is not desirable that any toluene remain

unconverted in the first division: beeause this:

unconverted toluene first of all. impedes. the. sep-
aration of mononitrotoluene and then enters into
the second step where the temperature is higher

so that a certain oxidation of toluene will' take:

place. On the other hand, it is not desirable to
bring. about a partialiconversion into dinitrotolu-
ene-in the first division.

In the second division, the nitration to dinitro-
toluene is not carried to- completion. A: strong

mixed acid is used in the third division, so as .

to convert the lower-nitrated product into tri-
nitrotoluene. Moreover, the melting point of the
product in the second division rises as the amount
of dinitrotoluene increases. In any case, the
product of the second division should remain in
liquid state, so that it can more easily be sep-
arated and converted. Likewise, a high melting
point of the produet would also require g higher
temperature and this would involve an increased
rate of oxidation. The operdtion. is preferably
conducted in such.a way that, at the end of the
second: division of the process on:the average 1.4
to 1.6 nitro groups have been introduced into-each
molecule of toluene.

Under the conditions described,. in. the second
step-less nitro groups are introduced into the tolu-
ene than in the first division. Consequently;, in
the second division, less nitric acid will enter into
reaction than in the first division, Therefore,
it is recommendable to. keep the: total amount of
mixed acid in the second division smaller than
in thefirst division. This can be accomplished by
leading the spent acid from the third division
partly to the second and partly directly: to the

first. Thus, in the first division.spent acid from :

the second as well as from the third:is obtained;

The composition of the spent acid: may be: at
the end of the first division; 71% HiSOs, 25%
H20, 1% HNO;3 and. 3% HNO:z; at the end of the
second division: 78% H2S04, 15% H20; 2%. HNOs,
2% HNO2, and 3% nitro-products; and finally, at
the end of the third division: 81%. H:SOs,. 3%
H20, 6% HNOs3, 3% HNO:z and 7% dissolved tri-
nitrotoluene. It will be understood that these
data are only given by way of example of de~-
sired values for operation.

In the system described, spent acid is let off
in two places, namely part of it at the end: of
the highest division and the remainder at the
end of the first. In the highest, comprising the
removal of asymmetrical trinitrotoluene; the
quantity of removed acid may amount: to; 8 third
part of the total amount of spent acid of this
division. This removed acid is. diluted with wa-
ter, so as to separate the dissolved nitro. com=
pounds. After these compounds have heen: re-
moved, the diluted acid, together with. the spent
acid from the first division containing only traces
of mononitrotoluene;, may be led: to: the Glover
tower of a sulfuric acid plant.
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Mixed acids with at least 30 per cent of free
SOs3 and at least 30 per cent of HNO: are prefer-
ably used as starting material. ‘These acids can
not be prepared. from nitric and oleic acid, but
must be made by use of sulfur trioxide (Nether-
lands Patent Spec. 49,773). As sulfur trioxide has
a. far stronger capacity to bind water than sul-
furic acid has, the nitric acid content of these
acids.may be much higher than in the case of sul-
furic acid acting as. water-binding agent. Re-
markably, the oxidizing action of these mixed
acids is, in spite.of their high nitric acid, content
not great. An important advantage is further-
more the relatively slight heat evolution during
the: nitration with these acids which facilitates
temperature regulation.

It is also possible, within the scope of this in~
vention, to separate the operation of the process
into 4 or 5 divisions, thereby subdividing the first
and/or third division of the system just described,
but. these variations: are not preferable.

‘While the exact temperatures used: in each.di-
visiomn: of the process: will depend to some extent
upon the concentrations of the mixed- acids. used
in the nitration process, we have found. certain
temperatures in each division are preferable for
mixed: acids of the proper concentrations. as. in-
dicated above in order to. obtain high product
yields. Thus, it. has been found:that a tempera-
ture of: about.20° te:30° C. should be used in the
first divisien, a temperature from 40° to:50¢ C.
should be used in the:second: division and: a tem-
perature of 55° to 85° C..should be used: in the
third division.

In the third division of the operation; it is ad-
vantageous to increase the temperature as. the
nitration proceeds, e. g., by leading the continu-
ous flow of the reaction mixture through. a num-
ber of spaces. or heat. exchangers with progres-
The' tempera-
ture in the third: division is preferably increased
Dprogressively from: 55°to0.85" and can most readily
be-accomplished in three phases of 55° C., 75° C.
and 85:C;, respectively.

The present: process: results in the production
of. symntetrical trinitrotoluene. At the same
tinre, iowever, a certain amount of asymmetrical
trinitrotoluenes is formed. which must be sep-
arated. from the symmetrical product. This: sep-
aration: is effected by having care. that.the spent
acid of the last division contains at most. 8%
of water or else at most. a few percent of free
803, In an acid mixture.of this composition, the
symmetrical’ product erystallizes upon cooling,
while: the asymmetrical product remains. dis-
solved. Since reintroduction of this spent acid
intio a lower division would result in an accumuy-
lation of asymmetrical products in the process,
means are provided for letting off a certain: part
of the spent acid' of the highest: division. In
this way an amount of asymmetrical product. is
removed, which is equal to the amount which. is
formed during the nitratien. The crystal mass
that is separated from such an acid by cooling,
is eentrifuged, then washed successively with
concentrated. sulfuric acid and water, and finally
subjected te: a simple treatment: with sulfite, thus
vielding a product with a melting point of
80.6> C.

The: present invention: provides a simple, but
effective method for the continuous nitration of
taluene- to. trinitrotoluene. Because of the con-

tinuous manner of operation; it is possible to
carry out the procedure automatically. More-~
over, simple and uncomplicated apparatus may
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be used, such as ordinary tank type separators,
in which the outlet of the separators are regu-
lated by means that are controlled by a float on
the interface surface existing in the separator.

I claim:

1. A continuous process for the nitration of
toluene to trinitrotoluene which comprises con-
-tacting toluene in continuous cocurrent flow with
. mixed acid comprising nitric acid and sulfur
‘trioxide, said contact operation being separated
into a plurality of divisions, the nitro product ob-
tained in each division being separated from the
flow of mixed acid, the resulting separated nitro
product being then further continuously nitrated
by cocurrent contact in a subsequent division

with & flow of stronger acid, fresh mixed acid

being used in the last division of the process,
and the mixed acid for cocurrent flow in each
Jower division comprising spent acid from a
" higher division.

2. The process of claim 1, wherein fresh nitric
acid is added to the spent acid from the last divi-
sion to form the mixed acid for use in the lower
divisions of the process.

3. The process of claim 1, wherein the mixed
geid in each of said nitration divisions is stronger
than the mixed acid in the preceding division.

4. A continuous process for the nitration of
toluene to trinitrotoluene which comprises nitrat-
ing toluene by cocurrent contact with mixed acid
comprising nitric acid and sulfur trioxide, said
contact operation being separated into three
divisions, toluene being nitrated to mononitro-
toluene in the first division by continuous co-
current flow of toluene with mixed acid, the re-
sulting mononitrotoluene being nitrated to a mix-
ture of mono- and dinitrotoluene in the second
division by continuous cocurrent flow of mono-
nitrotoluene and mixed acid, and the resulting
mixture of division two being nitrated fo trini-
trotoluene in the third division by continuous
cocurrent flow of said mixture with mixed acid,
separating the nitro product obtained in each
division from the mixed acid, and introducing
the mixed acid from each division into the flow
of reactants in the next lower division.

5, The process of claim 3, wherein the spent
acid of the third operation division is separated
into two portions, one of said portions being in-
troduced into the flow of reactants in the second
division and the other of said portions being
introduced into the fiow of reactants in the first
division.

6. A continuous process for the nitration of
toluene to trinitrotoluene which comprises ni-
trating toluene by cocurrent contact with mixed
acid comprising nitric acid and sulfur trioxide,
said contact operation being separated into three
divisions, toluene being nitrated to mononitro-
toluene in the first division by continuous co-
current flow of toluene with mixed acid at a
temperature between 20° to 30° C., the resulting
mononitrotoluene being nitrated to a mixture of
mono- and dinitrotoluene in the second division
by continuous cocurrent flow of mononitro-
toluene and mixed acid at a temperature of 40°
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to 50° C., and the resulting mixture of division
two being nitrated to trinitrotoluene in the third
division by continuous cocurrent flow of said mix-
ture with mixed acid at a temperature of 55° to
85° C., separating the nitro product obfained in
each division from the mixed acid, and introduc-
ing the mixed acid from each division into the
flow of reactants in the next lower division.

7. ‘The process of claim 4, wherein the tem-
perature of the reactants, while travelling in con-
tinuous, cocurrent flow through the apparatus
of said division 3, is progressively increased from
55° C, to 85° C.

8. The process of claim 4, wherein the con-
ditions of reaction during the cocurrent flow in
the second division is such that said resulting
nitro-product mixture has an average of 1.4 to
1.6 nitro groups in each organic molecule.

9. A continuous process for the nitration of
toluene to trinitrotoluene which comprises ni-
trating toluene by cocurrent contact with mixed
acid comprising nitric acid and sulfur trioxide
in three divisions of reaction mixture flow, tolu-
ene being nitrated to mononitrotoluene in the
first division by continuous cocurrent flow of
toluene with mixed acid at a temperature of
between 20° to 30° C., the resulting mononitro-
toluene being nitrated to & mixture of mono-
and dinitrotoluene in the second division by con-
tinuous cocurrent flow of mononitrotoluene and
mixed acid at a temperature of 40° to 50° C,, and
the resulting mixture of division two being ni-
trated to trinitrotoluene in the third division by
continuous cocurrent flow of said mixture with
mixed acid at a temperature of 55° to 85° C., sep-
arating the nitro product obtained in each opera-
tion division from the mixed acid, and introduc-
ing the mixed acid from each division into the
flow of reactants in the next lower division, in-
troducing fresh mixed acid having a composition
of 30 to 60% SOz, 30 to 60% HNOs and 10 to 40%
H2S04 into the flow of reactants in the third
division, proportioning the mixed acid to organic
material in said third division so that the reac-
tion mixture produced by the step has a composi-
tion containing less than 2% SOs and less than
8% H20, cooling said resulting mixture to crys-
tallize symmetrical TNT, and separating said
crystallized TNT from the reaction mixture.
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