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The oxynitration of benzene to produce picric acid has
been worked out as a practical procedure wherein 1.5
parts of the explosive can be obtained from one part of
benzene and 1.4 to 1.6 parts of nitric acid. The proce-
dure involves recovery of nitrogen oxides formed during
the reaction. In order to conserve the expensive mer-
cury catalyst the reaction liguors must be used repeat-
edly. If yield and quality of picric acid are to be main-
tained, the reaction liquor must be purified by steam
distillation before it is used again.

T IS well known that some picric acid can be obtained from
benzene in a single-stage reaction using a mercuric salt cat-
alyst. A series of patents concerning this reaction was issued in
1906-09 to Wolffenstein and Béters (6, 81). Their claims em-
brace a general process for producing nitrophenols by heating
aromatic compounds with ni- :
tric acid or higher nitrogen

oxides in the presence of a
mercury salt; more particu-
larly, for producing pieric
acid by heating benzene
with nitric acid and mercuric
nitrate. In 1913 Wolffen-
stein and Boters published
a paper containing somewhat
generalized experimental di-
rections for the preparation
of pieric acid or 2,4-dinitro-
phenol (29). It was also re-
ported that the same oxy-
nitrationr takes place with
benzoic acid (30). Accounts,
more or less complete, are
available of work on this re-
action in several countries
during the period 1914 to 1918
(3,6,7, 9,10, 11, 19, 20, 22,
23, 24, 26) and shortly there-
after (4, 13,32). Blechtaand
Patek (4) have extended the
oxynitration reaction to tolu-
ene, and Davis (9) to naph-
thalene.

The purpose of the investi-
gations reported here was, in
general, to determine the
suitability or unsuitability of
the reaction as a means of

Figure 1.

manufacturing picric acid and, in particular, to determine such
points as the yield of picric acid, the consumption of nitrie acid, the
recoverability of unconsumed nitric acid, possible loss of the rela-
tively valuable catalyst, and other economic and chemical features
of the reaction which would have to be taken into account in a large
scale operation. The reaction was tested on two scales: the first,
using glass apparatus, produced about 150 grams of picrie acid per
run; the second, using metal-stoneware equipment, produced
about 1900 grams of picric acid per run. The authors have found
it convenient to divide the material for this paper into three main
sections: a description of the small scale apparatus and procedure;
some comments on this and a discussion of the reaction mecha-
nism; and a description of the larger scale experiments.

Small Scale Experiments in Glass Apparatus

In the reaction yielding picric acid, various workers are fairly
well agreed that: the optimum
nitric acid concentration in
the reaction mixture is about
509%,; the yield is not im-
proved by the presence of sul-
furic acid; some nitrobenzene
is always formed as a by-
product; the large volume of
nitrous fumes evolved makes
it difficult to prevent loss of
unreacted benzene; and a

large proportion of the ben-
zene is destructively oxidized
to oxalic acid, carbon dioxide,

Glass Apparatus for Small Scale Experiment
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and possibly other products.
There is a wide variation in
the ‘amount of mercury con-
sidered desirable; proportions
from 109 of the weight of
benzene up to 2589, (a full
molar equivalent) have been
proposed. Other metals
which have been patented as
useful in the reaction include
copper, silver, aluminum, and
manganese (6, 23).

Vignon (26), Desvergnes
(13), and others have worked
with partial reaction runs
where only a fraction of the
benzene reacts in each runm,
the rest being recovered and
recycled. Such a procedure
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Figure 2. Variations in Glass Apparatus Used When Reaction

Mixture Was Not Stirred

appeared at the start of this work to be disadvantageous. Ac-
cordingly, all work reported here was done on the assumption
that substantially complete reaction of benzene was desirable in
each run.

The typical laboratory procedure, a result of several hundred
experiments, was essentially an elaboration of an unpublished
procedure of Reid and Lodge (24). The present authors have made
detailed studies on the recovery of materials and on the purity of
the product over a long series of consecutive runs carried out by
repeated use of fortified reaction liquor. The procedure may be
summarized very briefly as follows: The benzene was added over
a period of time to the nitric acid-catalyst mixture, the reaction
mixture boiled and concentrated by distillation and cooled, and
the pieric acid erystallized. The filtrate was then made up to
strength to serve as the nitrating mixture for the next run.

AprparaTus. The fresh nitrating liquor consisted of 975 to 985
grams (750 ml., 7.8 moles) of 50 to 51% nitric acid, to which had
been added 0.28 to 0.42 mole of mercury, 0.015 mole of manga-
nese, and 0.005 mole of aluminum. The mercury was added either
as nitrate or (with two equivalents of additional nitric acid) as ox-
ide. Manganese and aluminum were added as the nitrates.

This acid-catalyst solution was placed in the 2-liter three-
necked flask shown in Figure 1, which was surrounded by a bath
maintained at 65° = 2° C. by a jacket containing boiling metha-
nol. The flask was provided with a wide-sweep stainless steel
(18-8) stirrer, rotated at 250 to 500 revolutions per minute, and
the side necks were each fitted with a dropping funnel. The fun-
nel on the right fed benzene below the surface of the reaction mix-
ture, and that on the left fed fortifying nitric acid through an open
thermometer well from which aliquots could be drawn without
stopping the stirrer. A reflux condensing system was connected
to the reaction vessel via a total reflux—partial take-off device;
the take-off pocket was previously filled with 2 ml. of 509, nitric
acid. The noncondensed fume passing through the condensers
(kept at 10° to 15° C.) was mixed with metered air, passed
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through a B5-liter round-bottomed flask to pro-
vide time for oxidation of nitric oxide, and then
into the top of a 5-foot column, 20 mm. in di-
ameter, packed with glass helices, The pulsa-
tor, or other lifting device, required to keep this
packing wet with nitric acid (initially 35%, nitric
acid obtained as distillate from & former run) is
not shown., The residual gases issued from the
bottom of this absorber to a second absorber,
packed with broken glass moistened with con-
centrated sulfuric acid, and circulated manually
from the flask at the bottom to the dropping
funnel at the top. The inert gas remaining
passed through a dry ice trap, which, if the
entire system was working correctly, condensed
nothing,.

ProcEDURE. With the reactionliquorat65°C.,
and the stirrer operating, 100 grams (1,28 moles)
of benzene and 815 grams (575 ml., 9.06 moles)
of 70% nitric acid were added continuously
at a uniform rate over a 350-minute period to
the acid-catalyst mixture. The quantity of 70%
nitric acid added was that calculated to keep
the acid in the reaction mixture at about 30%.

When these additions were complete, 35 grams
(0.39 mole) of 709% nitric acid were added
through the stopcock at the top of the reflux
condensers, in order to wash down any con-

_densed liquid, A sample from the reaction ves-
sel was withdrawn, cooled, and centrifuged, and
the strength of acid checked as described in the
analytical methods.

The reaction mixture was stirred at 65° C, for
30 minutes at the end of this addition of acid,
and was then heated, without stirring, with a
fragment of porous tile added, to the boiling
point (117° C.), over a 20-minute period, during
which evolution of nitrogen oxides was vigorous.
This evolution appeared to take place in two
stages. From 65° to 80° C., the dissolved oxides
were vaporized; from 80°to 115° C., oxides were
produced (with a tendency toward foaming) pre-
sumably by oxidation of oxalic acid present in
the reaction mixture. After the oxides had cleared
into the absorbing system (reflux was water-white),
575 to 650 ml. were distilled through the take-off

stopcock over a period of 60 to 120 minutes. The shorter time

is preferable to lessen oxidation of the product. The distillate
separated into 15 to 21 grams of nitrobenzene and an aqueous
layer consisting of 834 to 399, nitric acid.

The reaction liquor was cooled to 80° C., siphoned from the
2-liter vessel, and further cooled with stirring to 18° C. The
picric acid which erystallized was removed in a 5-inch stainless
steel basket centrifuge, and centrifuge washed with two to six 50-
ml. portions of 50 to 609, nitric acid, and then with two to six
50-ml. portions of water. After drying at 40° C., the picric acid
weighed 130 to 135 grams. In the second and later runs, this
vield increased to 150 to 155 grams (51 to 339 of theory on
benzene), because the initial reaction mixture was then saturated
with product. The filtrate from the centrifuge amounted to 560
to 635 ml. of 52 to 539 nitric acid. This was prepared for the
next run by addition of wash acid and wash water until the vol-
ume was 750 ml. and the nitric acid concentration 50 to 519,. It
was then chilled to 0° to 10° C. to precipitate (after the fourth
rerun) a red semisolid oil (20 to 40 grams).

This oil was distilled with steam to remove mono- and dinitro-
benzenes. The 3 to 6 liters necessary to complete the distillation
can be reduced by use of superheat. The residual liquor was
cooled to precipitate 15 to 30 grams of impure pieric acid, re-
moved by filtration. This impure picric acid was dissolved in the
fortified de-oiled mother liquor for the subsequent run. The fil-
trate from which the impure picrie acid came down was sepa-
rated, and used to suspend the oil from subsequent runs, This
re-use avoids loss of mercury.

A series of thirty consecutive runs was carried out according to
this procedure, a mercury concentration of 0.42 mole per 100
grams of benzene being maintained throughout the series. The
operating data for six consecutive runs near the end of thisseries are
recorded in Table I, The nitri¢ acid values in Table I, which is
essentially a nitrogen balance sheet, are all expressed as grams
of HNOQ;. A yield of 1.5 parts of picric acid could be produced
consistently from 1 part of benzene and 2.51 parts of nitric acid.
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contents were titrated with 0.1
N thiocyanate to a deep orange

e . color. When more dilute solu-
Run numze; n series . o % e G HNZ(,? 2 80 tions (wash waters, etc.) were
Nitric acid balance . 3 A
Acid in reaction vessel 505 500 505 505 505 505 anall.y zed by this method, a
Fortifying acid 600 600 600 600 600 600 preliminary concentra_tlon was
Acid in take-off product 0 0 9 9 9 9 necessary, as bumping was
Total HNO; added 1108 1100 1114 1114 1114 1114 , especially troublesome after the
2cid in filtrate 343 3?2 ggé 35% ggg g%g §E1}11furic aﬁi(zi had been added.
cid in distillate 26 is method gives re; -
Acid in fume-towers 227 227 207 214 202 211 roducible 10 08 to 0 55}?1,“5 re
Total HNO; recovered for re-usé 843 856 866 847 861 878 p T R
he produet, picric acid, was
®Total HNOs consumed 262 244 248 287 253 236 analyzed for mercury by the
gicricbacid producded (35(1{1\{101&)0 ) 1zg 13215 . 123 1%8 1%? 1% same method. A 2-gram sam-
itrobenzene produced (as 3 1 i
Dinitrobenzenes produced (as HNOs) 1 3 2 3 1 L. ple was required, together with
Total HNO; accounted for 977 998 1002 979 988 1007 10 ml. of concentrated sul-
Other data furic acid and 5 ml of 70%
%cildity off t;lilltrate, %IHNOa 5;(1) 52(1) o33 6(5)8 Gg% 632 Illiltrifi h?(gd' in a 100-ml.
olume of filtrate, ml. ie
Yield of picric acid, g, 151 159 151 144 152 143 ] ?h ask, dT}f p’iocedure
% yield picric acid (based on benzene) 51.5 53.5 51.5 49 51.5 9 was otherwise identical, except
sGet%i&gopoint, ° c.d/ toric acid prodused 120:1  120.9  121.9, 1199 121.8 121.25 that 0.05 N thiocyanate was
B consume Z. plcric acid produce: . . . . . . . i
G. HNO; consumed/g. benzene used 2.62 2.44 2.48 2167 2.53 2.36 used, since the mercury content

would not be over 0.07%,. This

As is shown later, the larger scale experiments resulted in a some-
what lower consumption of acid.

Slight deviations from the procedure outlined did, however,
depress the yield, to values such as 409, (on benzene), and the
quality, to material with setting points as low as 119° C. In
addition, it was imperative that mercury losses be kept as low
as possible. The factors influencing these requirements are dis-
cussed in detail in the next section. In evaluating these factors,
a procedure was sometimes employed which differed, from that
outlined above, in the absence of stirring. This variation im-
posed conditions which were far from ideal with respect both to
quality and to duration of reaction, but did, however, permit
reliable gas collection. The variations in the apparatus used
when the reaction mixture was not stirred are shown in Figure
2, the two forms differing only in reflux cooling at 10° or —30° C.
Most of the factors discussed in the next section were examined by
both stirred and unstirred procedures.

ANALYTICAL METHODS

REacTioNn MIXTURE. STRENGTH OF Acip. From the cooled
and centrifuged sample from the reaction vessel, a 1-ml. portion
was pipetted from the acid layer and diluted to 80 ml. Four mil-
liliters of 29, agueous potassium thiocyanate were added, and the
sample was titrated with 0.5 &V alkali, using 0.29, aqueous Congo
red as indicator. The end point was fairly satisfactory, since the
thiocyanate eliminated mercurie oxide precipitation at the end
point, but it was advisable to add a drop of the indicator solution
coincident with each drop of alkali toward the end of the titration.

Mercury. The catalyst concentration must be followed care-
fully and any loss traced at once, if the process is not to become
prohibitively expensive. The method of Desvergnes for deter-
mination of mercury (silver nitrate-potassium thiocyanate
titration) was inexact, whereas sulfide precipitation was too
tedious. Therefore the following method was developed:

For analysis of the reaction liquor, a homogeneous sample (non-
aqueous phases contain mercury!) containing about 0.1 gram of
mercury was weighed or delivered by pipet into a 20 X 2 cm. test
tube with a pouring lipl. To this sample were added 8 ml. of
concentrated sulfuric acid and a boiling chip. The inclined tube
was heated with a free flame, first cautiously, then as strongly as
possible.  When brown fumes were no longer seen, 10 drops of
70% nitric acid were added and the boiling was continued. Three
such additions of nitric acid over a 10~-minute period were gener-
ally sufficient. If the picric acid sublimed on the walls, the tube
was rotated to wash this deposit back into the sulfuric acid. Three
minutes after the picric acid was completely destroyed (solution
might still be pale yellow), the tube was cooled and its contents
were washed into a casserole with 100 ml. of water. After addition
of 5 ml. of 6 N nitric acid and 1 ml. of ferric indicator, the

1 Carmack of the University of Pennsylvania suggests insertion of a

funnel to avoid loss by entrainment.

analysis was reproducible to 2
to 3%.

MawnganesE. The same sizes of sample were utilized for
manganese determination as for mercury, and the method of
decomposition was identical, except that sulfuric acid lost by
volatilization had to be replaced to the nearest 0.1 gram. The
sulfuric acid solution, freed from organic matter, was diluted
with water to 100 ml. The A.S.T.M. method was then followed
except that the mixed acid, which this method specifies, had to
be altered to take into account the sulfuric acid already present
in the mixture after digestion.

Avuminum. The estimation of "aluminum in the reaction
liquor was troublesome owing to the iron and chromium which
accumulated from the stainless steel stirrer. In general, man-
ganese has been considered as presumptive for aluminum.

Comments on Procedure

AppiTioN OF REAGENTS. Patents have been issued for intro-
duction of gaseous benzene in a carbon dioxide or air stream (20).
The authors’ experience suggests that such a procedure would be
disadvantageous. In any case, the liberation of large amounts
of nitrogen and its oxides, as well as carbon dioxide, causes un-
avoidable loss of some of the volatile benzene. In order to reduce
this loss to a minimum, the benzene should be added at the
approximate rate at which it is consumed. The extent of ben-
zene loss by vaporization can be estimated by the yield of dinitro-
benzenes in the sulfuric scrubbing acid. Indeed, it is trouble-
some here, since the dinitrobenzenes tend to clog the tower.

It seems unimportant whether the fortifying 709 nitric acid is

added above or below the surface of the reaction liquor. The
709% concentration of acid used seems roughly to be optimum.
Stronger nitric acid will tend toward direct nitration of benzene.
Furthermore, the final volume must be sufficient to ensiire sub-
stantial removal of the nitrobenzene by distillation.
. The yield of picric acid is markedly larger if the benzene is
added slowly during the reaction rather than all at the beginning.
This suggests that it is desirable to minimize, or avoid, a non-
aqueous phase. This suspicion was confirmed by several experi-
ments wherein varying quantities of nitrobenzene were added
at the beginning. The production of nitrobenzene, at the ex-
pense of picric acid yield, increased with the amount of nitro-
benzene initially present. The deleterious effect of the oily by-
product, described later, is probably due to the fact that it pro-
motes the separation of an organic phase.

Reacrion TeEmpErRATURE. The authors’ experience confirms
the opinion of Reid and Lodge that 65° C. is optimum. At
75° C. the ratio of nitrobenzene to picric acid is several times
higher than at 65° C. The ratios at 55° and 65° C. are prac-
tically the same, but the rate at the lower temperature is slower
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by 25 t0 30%. It would seem, then, that 65° C. is the tempera-
ture at which the maximum yield of picric acid can be produced
in the shortest time.

If 100 grams of benzene are added at once to 750 ml, of stirred
acid with catalyst at 25° C., the temperature rises spontaneously
but slowly to 50° C. In the reaction at 65° C., with gradual
benzene addition, however, heat evolution is barely observable.

ComPLETION OF REacTioN AT 117° C. This final heating
completes the nitration of dinitrophenol to picric acid, and the
oxidation of oxalic acid. As the distillate is taken off, it is ad-
visable to collect it in two roughly equal fractions, the first con-
taining 22 to 289 and the second 87 to 44% nitric acid. Other-
wise there is sometimes difficulty in separating the nitrobenzene
layer because nitrobenzene has the same density as 349 nitrie
acid. The distillation, as well as removal of the nitrobenzene,
increases the nitric acid concentration in the reaction vessel, to 52
to 53%, so that clean picric acid will separate after cooling to
18° C.

Normally at least 759, of the total destructive oxidation, as
measured by nitrogen oxide evolution, takes place before the
reaction temperature reaches 117° C. However, some further
oxidation does oceur, especially toward the end of the distillation.
This sharp increase sets in after about 575 ml. have come over.
It is not due to higher acid concentration, for whether the dis-
tillation is stopped at this point or continued until 650 ml. have
been distilled, the final concentration in the pot is 52 to 53%,.

The effect of this secondary oxidation on the picric acid was
evaluated during an abortive attempt to fractionate the nitric
acid during the distillation. This fractionation, which required
the maximum 2-hour period at 117° C., rather than the minimum
1-hour period, reduced the concentration of the distillate only by
2 to 3%, and produced an increase in nitrogen oxide evolution.
The strength of the residual acid was still 52 to 53%, but about
20 grams of picric acid were destroyed. It would appear from
this observation that the distillation time should tend toward
the minimum of 1 hour. It is important, however, that the resid-
ual liquor be entirely clear (even though deep red); otherwise
the picric acid, when crystallized, will have a red-brown tinge.

The destruction of picric acid by this secondary oxidation is
not completely understood. If a solution of picric acid in 589,
nitric acid containing mercuric and manganic salts is boiled 2
hours, only 29, of the picric acid is destroyed. Under similar
conditions, 7% of nitrobenzene is destroyed in the same time.

InTRODUCTION OF OXYGEN., An effort was made to conserve
nitric acid by introduction of oxygen during the addition period.
No particular effect on the yield of picric acid was observed.
Exaggerated nitrogen oxide evolution during the final heating,
however, suggests that this variation is undesirable.

FiutraTION OF PropUCT. Filtration of the ecrystalline pieric
acid by suction is not satisfactory. The mother liquor, rich in
catalyst and organic by-products, tends to cling to the crystals.
A centrifuge is much better; in the laboratory a 5-inch stainless
steel basket centrifuge lined with glass cloth was used.

If the picric acid is washed directly with water, an orange-red
oily material is precipitated on the surface. It should be washed
first with 50 to 609, nitric acid which does not precipitate this
oil. A washing schedule used (on approximately 150 grams of
picric acid) comprises six 50-ml. portions of nitric acid, followed
by seven 50-ml. portions of water. The first acid and first
water washes are then used to increase the volume of the mother
liquor to the 750 ml. necessary for the next run. The second
wash liquids become the first in the next run, so that eventually
the erude pieric acid is washed with five portions of acid, each
used previously a fewer number of times, and finally with a por-
tion of fresh acid, which will appear as a clear wash without pink
color. The same progression is used in the water washing. The
first water wash contains 25 to 359, nitric acid, the last, 1.5 to 2%.
Under the conditions used for nitric acid titrations, saturated
aqueous picric acid titrates about 0.59, when calculated as nitrie
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acid, so that the picric acid washed by this procedure contains
residual nitric acid. Some of this still remains when washing is
continued until the titer of the filtrate is lowered t0 0.5%. This
can be demonstrated by slight nitrogen oxide evolution from the
molten picric acid at 140° C. Steaming of the centrifuge-washed
material, however, gives a produet which is nitric acid-free by
this test. This steam purification will also remove residual
dinitrobenzene as discussed under by-produects.

Purity or Propver. Large crystals of picric acid tend to
occlude mother liquor, so that rapid agitation with rapid coolin
of the final reaction mixture is advisable. The setting point of
the product is affected strongly by p-dinitrobenzene; 3.1 of
p-dinitrobenzene lowers the setting point to 115° C., 1.1%
lowers it to 119.5° C. Steaming, which distills out the p-dinitro-
benzene, as mentioned above, will raise this setting point to
121° C.

The setting points were determined on a 4- to 7-gram sample
in a 6 X 1 inch test tube, after heating the melt to 142° to 145° C.
for one hour. The setting point of the yellow melt checked
to 0.1° C., after this period. A slight brown flocculent precipi-
tate sometimes appeared. If the crystalline picric acid con-
tained pink spots owing to insufficient washing, the surface of
the steamed product became brown, and at 140° C. the melt
was red-brown, but the setting point was not affected.

Gas EvoLuTioN DURING REACTION. There is a copious evolu- -
tion of fume throughout the reaction, part of which may be
returned to the reaction vessel from the reflux. Part (nitrogen
trioxide, tetraoxide, and nitric oxide if air is present) will be
absorbed in the two acid towers, and part (nitrogen, nitrous oxide,
carbon dioxide and a possible trace of carbon monoxide) will be
lost to the system.

The rate of evolution of recoverable nitrogen oxides is fairly
uniform (0.3 to 0.4 gram as 1009 nitric acid per minute) through
the addition period, increases greatly (10- to 15-fold) while the
reaction mixture is heated to boiling, and then falls off during the
distillation, though it is still 2 to 4 times faster than the rate of
evolution during addition. These approximate rates were as-
certained by analysis of the absorbing tower liquors from the
oxynitration of 100 grams of benzene. .

There is a considerable amount of nitric oxide present in the
fume, which of course must be oxidized before it can be absorbed,
and oxidation is slow because of the large amount of carbon
dioxide diluting the gas. If a gas sample is drawn directly from
the reaction vessel through & dry ice trap to remove nitrogen
sesquioxide and tetroxide, the effluent gases analyze about 509,
carbon dioxide, 5%, nitric oxide (15), and 459, nitrogen plus ni-
trous oxide during the addition stage, whereas this changes to 60%,
carbon dioxide, 309 nitric oxide, and 109, nitrogen plus nitrous
oxide during the boiling and distillation stage. The actual
volumes of these three gases (from 100 grams of benzene) are
20 liters during the addition period and 20 to 25 liters during the
boiling and distillation. When the 5-liter vessel shown in the
fume system in Figure 1 was by-passed, the nitrie acid recovery
was 46%, as acid of 559 strength, 469, as nitrosylsulfuric acid,
and 89, loss. With the 5-liter reservoir installed, the amount
of weak acid increased to 539, recovery, and the nitrosylsulfurie
acid remained the same, with 19 loss. This latter loss was not
decreased by use of a second 5-liter reservoir.

The large amount of inert gas produced, which of course is
augmented by the necessary addition of oxidizing air, results
in a very low partial vapor pressure of any benzene passing into
the fume. The difficulty in obtaining a benzene balance to
within 10 to 129, of the total is apparent.

The sulfuric acid absorption tower scours the oxidized fume
efficiently, although it receives a heavy load during the boiling-up
period. The temperature of the acid averages about 40° C.
during the first stages of the reaction, but rises to 65° to 70° C.
during the boiling and distillation stages. The most concen-
trated acid which can be obtained from the bottom of the sul-
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furic acid tower during efficient absorption analyzed (Du Pont
nitrometer) for 32 weight % as 1009%, nitric acid, but there was an
appreciable vapor pressure of nitrogen oxides from this sample
at 25° C. The total recovery of nitrogen oxides from both
towers approximates 1.5 parts (as 1009, nitric acid) per part of
pieric acid produced (Table I).

The variation during the run in nitric oxide percentage neces-
sitates control of the incoming air. - The approximate amount
necessary to ensure a small percentage of oxygen in the tail gas
was estimated by repeated gas analyses: during reagent addition,
80 ce. per minute; during the heating from 65° to 117° C., 600
ce. per minute; and during distillation, 400 ce. per mintte.

1f the reflux condenser is operated at —380° C., so that both
nitrogen sesquioxide and tetroxide will be returned entirely to
the reaction, the nitric oxide content of the gas above the con-
denser increases to about 65% during the addition period. The
total quantity of recovered oxides (as 100% nitric acid) remains
about the same, so that the retention in the reaction vessel of
the nitrogen trioxide plus nitrogen tetroxide seems, by escape
of nitric oxide, only to shift to the right the equilibrium:

N0; = NO; + NO

and it may be significant that the amount of inert gas (nitrogen
plus nitrous oxide) does not increase if the reflux is at —30° C.

A typical analysis of the tail gas emerging from the sulfuric
acid tower (reaction gases plus gases from introduced air) is:
carbon dioxide, 529 ; nitric oxide, none; oxygen, 1.4%; nitrous
oxide, 11%; carbon monoxide, less than 0.5% (present?); and
nitrogen, 35%, by difference.

The quantities of nitrous oxide and nitrogen (ratio approxi-
mately 1 to 2) liberated in unstirred runs together represent
1.0 to 1.5 atoms of nitrogen per mole of picric acid formed, or
0.3 to 0.5 part of 1009, nitric acid per part of picric acid which is
entirely lost. This is of the same order of magnitude as the
loss of 0.29 part (as 1009 nitric acid) per part of picric acid pro-
duced by nitration of phenol (21). '

By-rropUCTs. The by-products in the reaction (apart from
the gaseous by-products) may be classified into those appearing
in the distillate and fume-recovery systems, and those remaining
in the reaction mixture with the picric acid. In the first class
is nitrobenzene, which, as mentioned in the procedure, comes
over during the distillation stage. About 18 parts of nitro-
benzene, containing traces of benzene and dinitrobenzene, are
produced per 150 parts of picric acid.” The mixed acid in the
sulfuric acid tower yields, when poured on ice, 1.5 to 3.0 grams of
m-dinitrobenzene, evidently formed from the benzene and nitro-
gen tetroxide carried by the effluent gases to this tower:

N;0, + H;80, —> NO,;80:H + HNO;s
2HN03 -+ CeHs —_—> OeHg(NOz)g + 2H20

There is no implication in this work that all the benzene passing
into this tower is converted to dinitrobenzene. By-products
remaining in the reaction mixture include all three dinitroben-
zenes (3 parts.per 100 parts of benzene at start) which may be
obtained from the mother liquor by steam distillation. Nor-
mally, only the para isomer is found in the crystallized picrie
acid, presumably because of its relative insolubility.

These by-products, remaining in the reaction mixture, are not
evident until the reaction liquor has been used about five times,
at which point they have accumulated sufficiently that they
separate as an oily layer when the cooled liquor is made up to
volume for the next run. Coincident with this, the yield and
setting point of the picric acid decrease progressively. After
ten more runs, if the oil was left in the reaction liquor, the yield
dropped from 1.5 parts of picric acid per part of benzene to 1.1
parts, and the setting point from 121.5° to 114° C.

-

suspended in a small volume of water.
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Four-Pound Batch Reactor

Figure 3.

Examination of the oil indicated that it was o mixture of picric
acid, all three dinitrobenzenes (chiefly the meta isomer), nitro-
benzene, and some nitric acid with catalyst. The dinitroben-
zenes, which were evidently the undesirable eomponents of this
mixture, probably accumulate because of the solubilizing effect
of the picric acid and other, unknown, components. The dinitro-
benzenes could not be steam-distilled satisfactorily if the oil was
However, if 50 parts
by volume of oil were suspended in enough water or better,
aqueous picric acid-mercuric nitrate solution (2400 parts by
volume) to dissolve it all (based on the assumption that it was
all picric acid), then distillation with superheated steam (160° to
200° C.) brought over about 6000 parts of water, 5 to 6 parts of
nitrobenzene, and 10 t0-20 parts of mixed dinitrobenzenes melting
at about 60° C. A green color in residue and distillate was
noted at the beginning of the distillation, but no nitroso com-
pounds have been isolated. )

When the residual liquor from the steam distillation was
cooled to 20° C., picric acid and a brown gum, rich in mercury,
separated out. This entire precipitate was returned to the
reaction liquor; the aqueous phase was retained for steam dis-
tillation of the next by-product oil. Since mercury and man-
ganese tended to accumulate in this liquor, the rate of catalyst
withdrawal from the reaction liquor had to be determined regu-
tarly by analysis. :

" The benefit of removing the by-product oil and steam distilling
out the dinitrobenzenes was illustrated by carrying this out after
the fourteenth run in g series from which no previous separation
had been made. The fourteenth run had yielded 1.20 parts by
weight of picrie acid and 0.24 part of nitrobenzene per part of
benzene. The fifteenth run gave 1.57 parts of picrie acid and
0.15 part of nitrobenzene, yields comparable to those obtained
in the first few runs of a series.

REACTION MECHANISM

Errects oF CaTaLysTs. The efficient catalysis of this reaction
appears to involve a combination of effects. When benzene
and 509 nitric acid contsining mercuric nitrate are shaken
together in a separating funnel at 25° C. and the layers allowed to
separate, the entire acid layer begins to darken slightly after 30
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minutes. If, instead, the benzene is poured on top of the acid
without shaking, the darkening starts at the interface and ex-
tends slowly down through the acid. After several weeks,
the acid layer becomes lighter in color, and crystals, largely dini-
trophenol, separate. There is some' evidence that this latter
stage is accelerated photochemically. The two stages might
reasonably be interpreted as the formation of an intermediate
mercurial, followed by its decomposition. Actually, Desvergnes
(18) reports the isolation of both nitrosobenzene and an unstable
product which analyzed for tetranitrodiphenylmercury.

The temptation to draw an analogy between the intermediate
in this reaction and the diazonium salt intermediate obtained
from anthraquinone in its conversion to quinizarin with a mercury
catalyst (1, 16) is very strong, particularly in view of the known
conversion of diphenylmercury to phenylmercuric nitrate and
benzene diazonium nitrate by nitrogen trioxide (2). Indeed,
the authors found that when phenylmercuric nitrate was dis-
solved in 509 nitric acid, the solution darkened after about
30 minutes, and when the mixture was boiled, cooled, and ex-
tracted with ether, a mixture of picric acid and nitrobenzene was
isolated. However, this can be interpreted either as diazonium
salt formation, or as hydrolysis of the mercurial to benzene,
followed by the Wolffenstein-Béters reaction.

If the diazonium salt formation were an intermediate step in
the Wolffenstein-Boters reaction, then one mole of nitrogen
should be evolved per mole of picric acid produced, according to
the following scheme:

Hg(NO3):2 N20s H,0
CsHg ~m——er——— CeH;HgNQO; ——> CsH3;N:NO; ——» C3H;0H

3HNO;
CeH:O0H —————> CsHa(NO:2):0H

However, in unstirred runs, the authors were in no case able to
isolate in the oxynitration reaction more than /, the volume of
inert gas required by these equations, and about !/; of this inert
gas turns out to be nitrous oxide, which could not have been
produced from a diazonium salt. In view of the fact that sub-
stantial quantities of nitrogen and nitrous oxide are produced
even in ordinary mixed acid nitrations without mercury catalyst—
for example, in nitrating phenol (21)—the gases evolved in the
oxynitration cannot substantiate the diazonium salt mechanism.

This conclusion does not exclude intermediate mercurial
formation. Indeed, the work of Smith and Taylor (25) would
indicate that if nitrosobenzene were an intermediate in the
oxynitration, it would probably arise via a mercurial?2. The
authors have not been able to identify nitrosobenzene in the
main reaction at 65° C. However, the green colors obtained
on steam distillation of the by-product oil, and from the acid
washing of the crude picrie. acid, strongly suggest the presence
of a nitroso compound, Furthermore, the dinitrobenzenes ob-
tained from the steam distillation of the by-product oil contain a
much larger percentage of the para isomer than is formed in
direct nitration of benzene. This p-dinitrobenzene could arise
from the following reaction sequence:

HNO; HNO;

CoHNO — > NO— —NO ———'» L\I02~C>—No2

Nitrosobenzene can be converted in 79 yield to impure dini-
trophenol. Three hundredths of a mole of nitrosobenzene were
added at 25° C. to 0.20 mole of 509, nitric acid and 0.007 mole
of mereuric oxide. The compound dissolved without noticeable
heat evolution, and the solution turned a very dark brown.
After 15 minutes the temperature had increased spontaneously
to 45° C., at which point it was checked, and maintained at
30° C. for 12 hours while nitrous fumes were evolved. After 5
days, the greasy solid, was filtered off and washed with eleohol

2 Carmack and co-workers (8) have isolated basic phenylmercuric nitrate
from reaction mixtures weak in nitrie acid, ori n which nitrous acid is absent.
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to leave a solid (melting point 80° to 108° C.) which was crys-
tallized from water to a purity (melting point 112° C.) adequate
for mixed melting point ideuntification as 2,4-dinitrophenol.
Steam distillation of the mother liquor produced about 5% of
theory of nitrobenzene in the distillate, and 21 weight 9, of an
unideatified brown powder melting from 145° to 200° C.

The yields and general behavior are strongly remindful of the
reaction with benzene carried out under the same conditions.
When, however, the reaction with nitrosobenzene was carried
out at 65° C. under otherwise identical conditions, thus simulat-
ing the actual reactien whereby picric acid is produced from
benzene, ‘only a trace of crystalline material was obtained, in
addition to mercuric oxalate. The authors therefore have no
valid evidence for postulating either nitrosobenzene or benzene
diazonium nitrate as reaction intermediates, and hence have no
adequate explanation for the action of the mercury catalyst3,

Likewise, they cannot explain the accelerating action of alu-
minum salts in the presence of mercury. However, the bleaching
and precipitation stage in the test reaction at 25° C. seems
definitely to be accelerated by traces of aluminum, but not by
any other elements tried. These included arsenic (as arsenious
oxide), boron (as boric acid), calcium, cerium, chromium, iron,
lead, magnesium, nickel, selenium (as selenic acid), silicon (as
sodium silicate), silver, sulfur (as elemental sulfur), tantalum,
and tin, none of which exerted any significant effect. Copper
seems to inhibit slightly, and vanadium (as vanadic acid)
inhibits completely.. The amount of these elements (as

nitrate salts unless otherwise specified) used in unstirred
runs at 65° C. was 8% of the weight of mercury, which,
in turn, was 609% of the weight of benzene used.
The action of manganese is catalytic, but not for
the main reaction. It serves to catalyze the complete
oxidation of oxalic acid, which otherwise contaminates the
product with insoluble mercuric oxalate. The catalytic effect
of manganese in this reaction is well known (12, 14, 17,
18, 27), The authors have actually isolated and identified
mercuric oxalate from reactions where manganese was not
present.

The best catalyst mixture found comprised the nitrates of
mercury, aluminum, and manganese. Stirred runs containing
30 parts of mercuric oxide (0.14 mole) and 4 parts of manganese
nitrate (20.7%, manganese) per 100 parts of benzene required
15 hours for completion. Inclusion of 2 parts of aluminum
nitrate monohydrate (7.2% aluminum) shortened this time to
10 hours, although a ldrger amount did not benefit further.
When the quantity of mercuric oxide was doubled to 60 parts
(0.28 mole) per 4 and 2 parts, respectively, of the other salts, the
reaction time was shortened to 6 hours. Further addition of
mercury did not increase the yield or shorten the reaction time,
but in practice it was found convenient to carry 90 parts of
mercurie. oxide (0.42 mole) in order to ensure, without immediate
analysis, that the merecury was not temporarily withdrawn—
for example, in the ‘by-product oil—to leave a concentration
below the necessary minimum of 0.23 mole per 100 grams of
benzene.” If the process is to work reproducibly
within the 8-hour cycle given in the procedure, it
is evident that the catalyst concentration must be
followed carefully.

Larger Scale Experiment in Metal Apparatus

The work described in this section was in a sense of a supple-
mentary nature and consisted of testing the reaction on a larger
scale, using the optimum conditions developed in the small
scale experimental work., The main purpose was to determine
whether the reaction, when run under conditions simulating
actual conditions which might be encountered in practice, dis-

3 Westheimer (28) has since shown that nitrosobenzene, derived from

phenylmercurie nitrate, can be considered as the principal intermediate in
the Wolffenstein-Béters reaction,
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played any features which had not been apparent on the small
scale, and which might cause operating troubles. The scale
decided upon was 12.5 times that of the small scale operations,
so that about 4 pounds of picric acid were produced per run.

ApparaTus. In designing the equipmeut for this work, the
first step was to carry out corrosion tests on a variety of materials
in order to determine the material suitable for the reaction vessel.
These tests were carried out on 1- to 20-gram samples of known
surface area, by boiling for 80-day periods immersed in 50% ni-
tric acid containing the catalysts. These tests were not suf-
ficiently stringent, perhaps because picric acid and nitrobenzene
were not included, but they indicated that the following were
unsatisfactory: chemical stoneware, high-manganese iron, enam-
eled iron, Nichrome, and Durimet D. Allegheny 18-8 stain-
less steel showed reaction equal to an annual rate of penetration of
0.007 inch, Allegheny 25-20 stainless steel corroded at a rate of
0.005 inch per year, and no observable corrosion could be discov-
ered for tantalum, Duriron, or Corrosiron. As a result of these
tests, and because of availability of equipment, the reaction vessel
used was Duriron. :

The apparatus as assembled is partly illustrated in Figure 3 and
wholly diagrammed in Figure 4. Reference to the diagram shows
a jacketed Duriron kettle, C, fitted with a conventional steam
gage, valves, and trap installation (not shown). The kettle was
stirred by a stainless steel (18-8) stirrer, H, driven at 400 revolu-
tions per minute by a quarter horsepower motor, F. It was
equipped with a thermometer, E, a calibrated dropping funnel, D,
and a drainage valve, V-9. The vapor outlet (2-inch diameter)
from the kettle was equipped with a spray trap, K, of conventional
design, which conducted the gases to the reflux condenser, J.
The latter consisted of three parallel 6-foot lengths of vertical
Duriron pipe. This manifold was tilted slightly to permit the
withdrawal of condensate through valve V-10, during the distilla-
tion, and was shrouded with cloths to retain water spray from the
nozzles. The nozzles, spaced 2 inches apart, impinged on the
Duriron pipes. The top of the condenser manifold was equipped
with valve V-11, through which the last portion of fortifying acid -
was added to wash down the reflux tubes.

The fumes from the top of this condehser were combined at the
beginning of a stainless steel pipe, W, 4 inches in diameter and 22
feet long, with air supplied at V-12 by a compressor and measured
by a gas meter. The optimum air low was estimated as 7 cubic
féet, per hour during benzene addition, 18 cubie feet per hour dur-
ing the heating period, and 8 cubic feet per hour during distilla~
tion. This stainless steel pipe, W, (2 cubic feet capacity) led into
the 6.25-cubic foot sewer tile tower, N, which was packed with‘

)
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Apparatus for Large Scale Experiment

Figure 4.
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stainless steel scrap and fed in the top and out the bottom with
35%, nitric acid from & previous run. This acid was continuously
recirculated at a rate of 3 to 4 liters per minute by a stainless steel
centrifugal pump, 0. The gases from the base of tower N passed
into an empty 6.25-cubic foot capacity sewer tile tower, M, which
provided time to complete the nitric oxide oxidation, and thence
to the 18-foot by 2-inch diameter stainless steel (18-8) tower, R.
This tower was packed with stainless steel scrap, consisting of
0.25-inch by 3-inch stamped strips bent into V-shape of internal
angle 45°,  Concentrated sulfuric acid was circulated through
tower R, in at V-13 and out at V-14, at rates of 0.13 and 2.0 liters
per hour during the addition and boiling stages, respectively.
The effluent gas from this tower was passed through a bottle of
0.5 N alkali and thence through an aspirator pump, the titer of the
alkali evaluating the final fume loss of nitric acid.

For filtration of the cooled reaction mixture, a stoneware nutsch
with glass filter cloth and the 5-inch stainless steel basket centri-
fuge used previously were employed. Steam distillation of the
by-product oil was carried out in a 12-gallon jacketed stainless
steel vessel with a stainless steel tube condenser, which latter
ﬁondensed about 150 liters of distillate at the rate of 30 liters per

our,

These are two deviations from the design of the glass apparatus
shown in Figure 1. First, the design of the kettle made it neces-
sary to add the 709 nitric acid and benzene intermittently
through the same funnel, Even though these additions were
spaced over the 85-minute period available, according to a 374-
minute addition schedule, there was a greater benzene loss than
should have occurred.

The second variation from the glass apparatus involved the use
of empty nitric,oxide oxidizers both before and after the tower
through which the 35% nitric acid circulated. Both these empty
towers may not be necessary; the apparatus as first assembled
was furnished with a short 2-inch-diameter paraffined iron pipe
in place of the 4-inch stainless steel pipe, W. Although the empty
tower, M, is over three times larger (relative to the amount of
benzene oxynitrated) than the 5-liter glass reservoir shown in
Figure 1, the gas absorption was much less efficient, and no rea-
sonable nitric acid balances could be obtained with it alone as
oxidizing chamber. When the stainless steel pipe, W, was in-
stalled, this relatively small (2 cubic feet) additional delay reser-
voir 80 improved the air oxidation, that less than 19, of fume loss
was observed at the end of the sulfuric acid tower, B. Tower B
also operated much cooler, thus indicating that less oxidation was
oceurring within it. We interpret this to mean that nitric oxide
1s more readily oxidized, before it is moistened by the 8359

nitric acid, when it is relatively dry from the top of the reflux
condenser,

Procepure. Except for the variations noted
. above, the operation of the Duriron stoneware equip-
ment was essentially 12.5 times that used for the
glass equipment, The reactor was heated to 65° C.
with 9375 ml, of liquor consisting of 50 to 51%
nitric acid, with 693 grams of mercury, 10 grams
of manganese, and 2 grams of aluminum (weights
calculated as the metals), Before commencing the
addition of benzene, the take-off pocket above valve
V-10 in the reflux condenser was filled by introduc-
tion of 250 to 340 ml. of 709, nitric acid through
valve V-11.

The addition cycle included 30 minutes for intro-
duction of 125 ml. of benzene and then 5 minutes
for addition of 694 ml. of 709, nitric acid. This
cycle was repeated nine times, but the eighth and
ninth additions of nitric acid were 787 ml., while
the tenth nitric acid addition of 288 ml. was ef-
fected through valve V-11. This brought the titer
of the reaction liquor at the end of the addition
period to 499 nitric acid. Temperature control of
the heating jacket was necessary to prevent a 2° to
3° C. rise in temperature during the first two addi-
tions of benzene, but little subsequent attention was
necessary.

After the drainage of the kettle jacket, steam was
introduced, initially at 5 pounds per square inch and
gradually raised to 27 pounds per square inch over

* the 2~hour distillation period. The charge, about
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Figure 5.
Reactor Vessel

Corrosion of Duriron

7.1 liters, was then cooled to 80° C. by passing air through
the jacket, and run out into a 12-liter flask equipped for fume
return to the absorbing system. The steam consumed during
the distillation was about 70 pounds.

About two thirds of the total fume was used to fortify the 35%
nitric acid to 54 to 56%, the remainder being absorbed by 7 kg.
(8.80 liters) of 949, sulfuric acid. Not more than 0.5 to 1.09, of
the fume escaped this system. About 60 grams of dinitrobenzene
were formed in the sulfuric acid tower per 1250 grams of benzene
oxynitrated.

The subsequent operations closely paralleled those used for the
glass equipment. After cooling to 18° C., a portion of the picric
acid was filtered off using the centrifuge, and the remainder fil-
tered in the nutsch, using washing procedures identical with those
described previously. The by-product oil was steam-distilled,
and the reaction liquor made up for the next run in a manner
similar to the methods used on the small scale.

The yields and setting points of the product averaged 499,
and 121.1° C., respectively, over the last 16 of a 38-run series.
With the larger scale of operation, recovery of nitric acid was
more favorable than had been the case with the glass apparatus.
The operating data for eight consecutive runs are given in Table
II, the average nitric acid consumption being 1.44 parts of
nitrie acid per part of picric acid produced, compared to 1.68
parts of nitric acid on the
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CorrostoN. Although the preliminary corrosion tests (on
samples furnished by the company) indicated that Duriron was
resistant to the nitric acid-catalyst mixture, a great deal of
trouble was encountered with the reaction vessel. After 50
runs had been carried out (400 hours in operation) the equip-
ment was dismantled for examination. Figure 3 shows that the
entire surface below the liquid level line was corroded to a depth
of about t/is inch. Deep blow-holes can be seen in the bottom
of the vessel. The type of corrosion is shown on a section at the
liquid level about 6 X 10 inch photographed in Figure 6. A
sample chipped from the well washed interior contained 0.5%
mercury. In contrast, the 18-8 stainless steel stirrer was dark
blue but showed no pitting, no line of demarcation at the liquid
level, and no sharpening at the edges, characteristic of corrosion.

Errecr oF CorrosioN Propucrs. Though the nitric acid
consumption remained fairly uniform over the series of runs, it
became progressively more difficult to obtain a good yield of high
quality picric acid with each succeeding run. This tendency is
shown in Table 1I, and although it can be compensated for by
excess washing (runs 33 and 34), the yield is necessarily dimin-
ished. The tendency was correlated with a change in distillation
behavior; the acid strength of the distillate began to increase
from an average 35% to an average 419, whereas the residual
liquor correspondingly decreased from an average of 549 to an
average of 48.5%. .

The authors had discovered previously that picric acid of
high quality will not crystallize from liquor with nitric acid
content as low as 47 t0 48%,. This was confirmed by adding, to &
liquor which gave pierie acid of setting point 120.9° C., enough
strong nitric acid to raise the concentration to 51.8%. The
setting point of the picric acid obtainable was raised to 121.9° C.

This "unfavorable behavior of the reaction liquor was not
attributable to organic impurities. When the entire water-
insoluble residue (obtained by drowning a part of the reaction
liquor) was transferred to a fresh nitrie acid-eatalyst solution,
the resulting liquor, after the reaction, behaved normally and
gave good picric acid. It was found, however, that when the
organic material in the unsatisfactory liquor was destroyed by
boiling mixed acid, the resulting solution contained 869, more

‘ash than could be accounted for by the catalyst mixture, so evi-

dently inorganic material, presumably corrosion products, was
present.

Acting on the assumption that these inorganic salts were
causing the anomalous behavior, four solutions of 1350-ml. vol-

smaller scale.

TasLe I1.

Run number in series

COMMENTS ON PROCEDURE

AMOUNT OF STLFURIC ACID, Nitric acid balance

Dara oN Ruxs IN DURIRON STONEWARE APPARATUS

A considerable amount
949, sulfuric acid would be
required to concentrate the
859, nitric acid from the ab-
sorption tower to the 95%
nitric acid content needed for
make-up to 70% fortifying
acid. More 949, sulfuric acid
would be needed than the
7 kg. used in the sulfuric
acid tower., Hence the capac-
ity could be increased; this
would cause it to run cooler
than the 65° C. maximum
observed. If the tower tem-
perature were reduced below
50° C., the formation of the
dinitrobenzenes = would be
markedly decreased.

of Acid in reaction vessel

Fortifying acid
Washing acid used
By-product residue in

Total IINO; added

Acid in filtrate

Acid in distillate

Washing acid recovered

Acid in fume towers in H2804
Acid in fume towers in dil, HNOs

Total HNO; recovered for re-use
Total HNO; consumed

Picric acid produced (as HNOs)
Nitrobenzene produced (as HNOs)
Dinitrobenzenes produced (as HNOs)
By-product residue

Total HNO; accounted for

Other data

Acidity of filtrate, % HNO;

Volume of filtrate, ml.

Yield of pieric acid, g.

% vyield pieric acid (based on benzene)

Setting point, °© C.
. HNO: consumed/g. picric acid
produced

G. HNO3 consumed/g. benzene used

27 28 29 30 31 32 33 34
As G. HNO

6220 6250 6230 6280 6260 6250 6160 6228
7728 7912 7843 7938 8035 8026 8669 8526
833 830 828 1344 1340 1328 1369 1406

175 172 121 146
14956 14992 15073 15683 15781 15604 16098 16160
3840 3018 4360 3960 3760 3940 4075 3743
4375 4470 4290 4610 4725 4546 4600 4950
1180 1160 1130 1760 1670 1570 1835 2147
700 716 610 810 895 834 843 1288
1968 2167 1955 1856 1861 2193 2103 1856
12063 12431 12345 12996 12911 13083 13546 13984
2893 2561 2728 2687 2870 2521 2552 2176
1700 1486 1605 1533 1561 1483 1382 1330
140 151 178 125 130 122 112 128
L . 130 84 57 0 17 17

232 332 143 179 171 e cee e
14135 14400 14401 14917 14850 14668 15057 15450
31.4 50.5 51.5 50.6 49.4 48.9 48.4 48.2
3675 5903 6420 53072 5835 6180 5615 5203
2054 1801 1945 1860 1894 1773 1676 1617
56.0 49.2 53.0 50.7 51.5 48.2 5.6 44.2
119.9 121.6 119.9 120.9 119.9 120.9 121.9 121.¢
1.41 1.42 1.41 1.45 1.561 1.42 1.52 1.38
2.31 2.05 2.18 2.15 2.30 2.02 2.04 1.74
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Figure 6. Type of Corrosion on Duriron Reactor
Vessel

ume were distilled from a 2-liter flask, and samples for titration
were withdrawn at 100-ml. intervals. The first solution (A)
was the reaction liquor from run 38. B was a solution, in 509,
nitri¢ acid, of 90 grams of mercuric oxide, manganese, aluminum,
and 105 grams of ferric nitrate; the weight equivalent of the con-
taminant inorganic salts in solution A. Solution C was identical

with B, except that no ferric nitrate was added. Solution D was -

similar to C, ‘except that the amount of mercuric oxide was
reduced to 60 grams, the minimum amount of mercury required
for satisfactory operation.

The interesting parts of the distillation data are shown in
Figure 7.
of the 68.0% (735 mm.) constant boiling nitrie acid can never be
attained in the residue. The practical maximum concentration
in the residue is indicated by the ordinate at which the concen-
tration lines for distillate and residue cross. Comparison of B,

C, and D shows that the solute concentration should be held to a

minimum, since D, containing 60 grams of mercuric oxide does
not fall off until 850 ml. have distilled, whereas C dropped off
at 775 ml., and B at 725 ml. * Although none of these artificial
reaction mixtures drop off as quickly as A (the old liquor, for
which the lines cross at 660
ml.), it must be remembered
that some of the inorganic

impurities may be univa- 6z
lent and bivalent, and hence

more effective than ferric 6ot
salt; furthermore, the dis-

solved pieric acid will like- 58

wise contribute to this
effect.

These findings confirmed
the suspicion that the un-
satisfactory distillation be-
havior toward the end of
the 34-run series was due
to inorganic salt contamina-
tion caused largely by cor-
rosion of the Duriron reac-
tion vessel, though some
may have been introduced
from the stoneware towers.
The results further indicate
that optimum distillation
behavior will be obtained if
the catalyst concentration
is held close to the mini-
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would necessitate a check of the reaction liquor for mercury content
before every run. It would also be. advisable to run ash deter-
minations from time to time, although little difficulty need be
anticipated in this regard if stainless steel rather than Duriron
were used for the reaction vessel.

Caravyst Losses. The practical'success of the oxynitration
process must depend ultimately on retention in the system of the
expensive mercury catalyst. The experiments in glass apparatus
established that no loss should oceur according to the chemistry
‘of the process. Actually the losses in the Duriron stoneware
equipment averaged 5.1 gram of mercury per run over a 12-run
series. This would correspond to about 1 cent per pound of
picric acid produced. However, the following five sources of loss
could in practice largely be eliminated:

The mercury contained in the picric acid produced was deter-
mined on that part filtered in the centrifuge; the remainder, fil-
tered on the nutsch, undoubtedly contained more mercury, Al-
though identical washing procedures were employed, the setting
.point of the centrifuged product was 0.3 °t0 0.4 ° C. higher.

Some trouble with mercury entrainment was encountered both
in the boil-off period and in the steam distillation of the by-prod-
uct oil; efficient spray traps would eliminate this.

The gasket which secured thelid of the Duriron kettle contained
36 grams of mercury at the end of the series, and a break in this
gasket (Figure 5) accounted for 0.5 gram per run.

Metal chipped from the well washed interior of the Duriron
kettle contained 0.5% mercury at the end of this series of runs.

All analyses involving evaporation of dilute solutions of mer-
cury (acid distillate and steam distillate) were found, by a check
run with a known amount of mercury, to be low by 10 to 15%,.

HEALTH HAZARDS

A final question concerning the oxynitration is that of the .
health hazard involved in & process employing a mercury cata-
lyst. George Lucas and Arthur Ham of the departments of
pharmacology and anatomy of this university conducted 3-
month tests on three men working 60 hours per week on this
project. The tests showed that mercury poisoning was not
encountered, but that a slight anemia developed in one worker.
This anemic condition was characteristic of dinitrobenzene
poisoning.

RESIDVES
\STILLED
UNDIST

A -OLD MOTHER LIQUOR

B - Hg. AS 9O PTS, H9O PLUS Fe(NCs),
C ~ Hg. AS PO PTS, HgO

D-H7.AS €0PT8, HeO

mum 60 grams mercuric . e ‘ 500
oxide per oxynitration of
100 grams of benzene. This

600

700 &0 900
VOLUME OF DISTILLATE (cC.)

Distillation Behavior of Nitrating Solutions
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Summary

The preparation of picric acid by simultaneous oxidation and
nitration of benzene (the Wolffenstein-Béters reaction) has been
investigated over a series of several hundred experiments. The
procedure involved the reaction of benzene with a nitric acid—
catalyst mixture, separation of the product from the cooled
reaction mixture, and make-up of the latter to serve as the
reaction liquor for the next run. The reaction was tested on two
scales, the first in glass apparatus using 100 grams of benzene
per run, and the second in metal equipment using 1250 grams of
benzene per run. The main results obtained may be summarized
as follows:

The yield of picric acid of satisfactory setting point consistently
obtained was 1.5 parts from 1 part of benzene (a 509, yield).

The consumption of nitric acid was 1.68 parts of nitric acid per
part of picric acid produced in the small scale runs, and 1.44 parts
of nitric acid per part of picric acid in the larger scale runs. The
difference may be attributed to a more efficient fume-recovery
system in the latter case.

The optimum amounts of the catalyst metals were 0,28 mole of
mercury, 0.015 mole of manganese, and 0.005 mole of aluminum,
for reaction with 100 grams of benzene. The mercury concentra-
tion was somewhat critical; amounts below that specified neces-
sitated a longer reaction time, and larger amounts increased the
inorganic salt content of the reaction mixture to a point where
concentration by distillation was interfered with.

The by-products of the reaction included significant amounts
of dinitrobenzenes as well as the nitrobenzene previously known
to be produced. The dinitrobenzenes, if allowed to accumulate in
the reaction liquor, contaminated the product, lowered yield and
setting point noticeably, and when separated after each run car-
ried with them a substantial quantity of mercury. Avoidance of
these difficulties constituted the most troublesome part of this
investigation.

The evolution of oxides of nitrogen was not at a uniform rate,
but relatively high toward the end of each run. This necessitated
a fume-recovery system of a size out of proportion to the reaction
vessel, This might in practice be dealt with by having one fume-
recovery system common to two or more reactors.

Corrosion troubles were encountered with the Duriron equip-
ment used for the larger scale work, and stainless steel would ap-
parently have been much more satisfactory.
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Variations in B.O.D. Velocity Constants
of Sewage Dilutions

C. C. RUCHHOFT, O. R. PLACAK, JOHN F. KACHMAR, AND C. E. CALBERT
U. S. Public Health Service, Cincinnati 2, Ohio

N A RECENT study (1) of the biochemical oxygen demand
(B.0.D.) of sewage from military areas, in which this labora-
tory cooperated, it was found that the mean velocity constant
was considerably higher than the value of 0.1 at 20° C., which is
generally accepted for domestic sewage. It was also noted that
the K values for military sewage dilutions varied considerably.
These findings were not in agreement with the generally accepted
theory that the 5-day B.O.D. is directly proportional to the
strength of the sewage. Also, although military sewage might be
stronger than domestic sewage, on the basis of the general theory
of biochemical oxidation there should be no essential difference
in the rates of biochemical oxidation of domestic or military
sewages. To determine the causes of the high K values and the

variation in these values, an intensive study was made of some
of the factors that might be involved, such as time of storage,
condition of storage, dilution water, and application of blank
corrections. Some of the more important data and findings are
assembled in this report.

In this study the B.0.D, at 20° C. of fifty-nine samples of
domestie, military, and hospital sewage was measured daily over
a period of 10 days. The domestic sewage used was a Cincinnati
sewage originating from a densely populated section of the city.
It was essentially free of industrial waste, had a 5-day B.O.D.
of approximately 450 parts per million (p.p.m.), and was received
in a fresh state. The hospital sewages were obtained from two
sources, the U. 8. Public Health Service Narcotic Hospital,



