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Chapter I 

Introduction1 

The coal tar industry holds a unique position in the 

industrial world. as it is entirely the outcome of scienti

fic research. The first seed was planted in 182,5 when 

Faraday discovered benzene, which he obtained from the 

liquid products condensed on compressing the gas obtained 

from coal oil. A year later. 1626. Unverdorben obtained 

aniline by the mere distillation of indigo and called it 

"crystalline". Runge afterwards obtained it from coal tar 

oil. and having observed that it produced a violet blue 

coloration with chloride of lime. called it "tynnoln. It 

wes subsequently obtained from indigo by Fritsche by dis

tilling this coloring matter with caustic alkali. Mitsch. 

erlich later obtained benzene from benzoic acid and from 

this produced nitrobenzene, this discovery paving the way 

for Zinin, who showed that benzidam (aniline) could be 

produced by the action of sulphuretted hydrogen in the pre

sence of ammonia on an alcoholic solution of nitrobenzene. 

Hoffman, in his first published paper, showed that 

unverdorben's "crystalline". Runge's kyanol. Fritsohe's 

aniline and Zinin's benaidam were all the same compound. 

and for which he selected Fritsohe's name Aniline. His 

work on the separation of aniline from coal tar started 

l Groggins, P.H •• Aniline and Its Derivatives, PP• 1-5: 
Pe;kin and Armstrong, Hoffma.n¾Memorial Lecture, Trans. 
of Chemical Society. (1696). 
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in 1843. and continued after his arrival in England in 

1845, $lld it is remarkable that practically all of the 

aniline used for his numerous researches was obtained by 

the laborious and costly process of distilling indigo with 

potash. 

At this time, 1843, organic chemistry was still in 

its infancy as coal tar naphtha had not yet been invest

igated. Runge had isolated phenol, aniline, and quinoline. 

Naphthalene was known to exist in the tar, having been se

parated by Garden as early as 1620 and finally Dumas had 

discovered anthracene. This was about all that was known 

of the composition of coal tar at that time✓ In 1845 Hoff. 

man showed that benzene must exist in coal tar naphtha, as 

he found that aniline could be produced from it. Upon his 

suggestion Charles Mansfield undertook to investigate the 

liquid hydrocarbons of coal tar and after much patient and 

persevering experimenting finally produced benzene and tol

uene in a pure state. ~rom the latter Hoffman produced 

toluidine. 

Hoffman's memory, however. will be revered not so 

much for his personal contributions to the early chemical 

literature as for his marked influence and inspiration as 

a teacher upon a host of brilliant chemists who studied 

under him, and had the pleasure and benefit of his person

al advice and encouragement and who later united in re

ferring to him as the pioneer and leader of coal tar chem-



istry. There can be no doubt that his researches on color ... 

ing matters have had a determining effect on the course of 

the development of the coal tar industry. To Perkin (one of 

his studentsJ, however. belongs the credit for the intro

duction and development of the industry. for he quickly 

reslized the commercial importance of the numerous discov

eries in coal tar chemistry which now followed in a tum

ultuous succession. 

During his Easter vacation, in 1856, while experiment

ing on the futile task of attempting the prepara.tion of 

quinine from allyl-toluidine, he found that no promising 

results could be obtained by converting the latter to a 

salt and tree.ting with potassium dichromate. His interest 

in the reaction persisted, and be decided to repeat the 

experiments with a simpler base. Aniline was selected, s,nd 

its sulfate was treated. with potassium dichroma.te: in this 

instance a black precipitate was obtained, and on examin

ation was found to contain the coloring matter since so 

well known as aniline purple, or mauve. Very soon after 

this discovery (made in a rough laboratory at home) Perkin 

found that it had the properties of a dye and resisted the 

ection of light very well. He then managed to have Messrs. 

Pullar, of Perth, test out some specimens of dyed silk, 

and from them received the following reply, which shows 

the state of the dyeing trade at that time. June, 1856. 

"If your discovery does not make the goods 
too expensive, it is decidedly one of the most 



valuable that has come out for a long time. This 
color is one which has been very much wanted in 
all classes of goods and could not be obtained 
fast on silk, and only at great expense on cotton 
yarns. I enclose you a pattern of the best lilac 
we have on cotton. It is dyed only by the one 
house in the United Kingdom, but even this is not 
quite fast, and fades by exposure to air. On silk 
the color has always been fugitive. It is done 
with cudbear or orchid and then blued to fade.n 

4 

Considerable difficulties were ~et; first, in dyeing 

cotton, as no suitable mordant had been discovered for 

this new coloring matter and only the pale shades produced 

by the natural affinity of the dye for the vegetable fibre 

were obtained. Then fears were entertained that it would 

be too costly and finally prejudice against a new material 

that did not behave as the old products did had to be over

come. Despite the dissuading advice of Hoffman, Perkin, at 

eighteen, left college to continua his investigations and 

to proceed with the production of this dyestuff. A general 

patent was taken to include the oxidation product of salts 

of aniline, toluidine. xylidine. and cumidine. 

In June, 1857, with the assistance of his father and 

friends. construction of a plant at Greenford Green near 

Harrow to manufacture dyes was commenced. None of the back

ers of the pro»~sition had ever seen the inside of a chem

ical works. There was no standardized production equipment 

to select front. its the character of the operations to be 

performed was so entirely different from anything then in 

vogue. Only impure benzene could be obte.ined. and this var

ied greatly in quality. No nitric acid strong enough for 
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the preparation of nitrobenzene could be obtained commer

o1ally, and as there was no desire to oomplioate the in. 

fant undertaking by manufacturing this substance, experi

ments were made using a mixture of sodium nitrate and sul ... 

phuric acid, using the latter in larger proportions than 

necessary to give an aoid sodium sulfate. This method was 

troublesome at first, but was finally conquered. and very 

large quantities of nitrobehzehe were made this way, this 

being the first time that nitrobenzene was pr.spared in 

iron vessels. 

It was only three years before the above-mentioned 

works were sta.r·ted ( 1854) that Beehamp showed that finely 

divided iron borings and acetic acid were capable of con

verting nitrobenzene into aniline. Had it not been for 

this discovery the coal tar industry could not then have 

been started. 

In a short time, however, aniline purple proved it

self to be an important coloring matter which could be 

produced on a manufacturing scale. It attracted much at

tention, and, as a consequence, many others commenced its 

manufacture. Investigation followed investigation, patent 

followed patent, and new manufacturers with new shades and 

new dyes made their appearance. The i1ttle works at Graen

ford Green soon found that it could no longer keep pace 

with the constantly inoreasin~ demands and before long 

lrranoe and Germany were laying down the foundations upon 
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which to build the gigantio dye industry that now enriches 

the nations. 

The following prophetic article appeared in the North 

American Review, for :March, 1896, and subsequent events and 

today's march of progress both bear out the far~sighted 

vision of its author. 

"It is fair to hold that the country that 
has the best chemists will in the long run be 
the most prosperous and the most powerful. It 
will have at the lowest cost the best food, the 
best manufactured materials, the fewest wastes 
and unutilized forms of matter, the best guns, and 
strongest explosives, the most resistant armour. 
Its inhabitants will make the best use of their 
countries' resources: they will be the most 
healthy, and the most free from disease: they will 
oppose the least resistance to favorable evolution: 
they will be the most thrifty and the least depend
ent on other nations. The education of its people 
in chemistry and the physical sciences is the most 
paying investment that a country can make. Competi
tion today between nations is essentially a compe
tition in the science and application of chemistry." 



Chapter II 

Purpose of Investigation 

7 

The purpose of the writer's investigation was to work 

out a method for the direct production of aniline from ben

zene and ammonia. The present method of production invol

ves the nitrating of bensene by the use of nitric acid, a 

very expensive source of nitrogen; followed by the reduct

ion of the nitrobenzene by hydrogen in the presence of iron 

and some hydrochloric acid. In addition an exact temperat

ure must be maintained to insure sefety and efficiency. 

An inspection of the heats of formation of the sub

stances involved in the reaction, 

C6H6 + NH3 • C5H5NH2 ~ H2 , 

shows that the reaction is essentially endothermic going 

from left to right. The substances involved have the fol

lowing heats of formation: 1 

.QE. Left .Q!!. Right 

C6H6 - -11,aoo calories C6H0NH2 = -19,800 calories -
lUI3 - 12,000 calories -
Total • 700 calories Total = -19,800 calories 

From these figures the desired reaction evidently ab

sorbs considerable heat, and obviously its equilibrium 

will be shifted to the right with increased temperature. 

On the other hand the ammonia decomposes rather readily 

1 Hodgman, c. D. and Lange, n. A., Handbook of Chemistry 
and Physics, (twelfth edition), P• 552. 
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into its elements at high temperature, so that there was a 

narrow range of tempera. ture in which to work. '.l.1he problem 

was to find a. catalyst which would accelerate the desired 

reaction to a maximum extent without at the same time acc

elerating the decomposition of HH'A. It is evident also that v 

the equilibrium would be shifted strongly to the right by 

the instant removal of the hydrogen produced, hence the use 

of oxide catalysers and other hydrogen removers was strong

ly indicated. 

An example of a possible substance that would cause a 

shift to the right would be cobalto-cobaltic oxide, co3o4 • 

which. when heated, liberates free oxygen as shown below, 

Co3o4 +Heat• 3Co0 + o. 
The oxygen is then free to unite with the hydrogen given 

off in the reaction. as follows, 

C6H6 ,._ NH3 + Co304 : C6H5llH2 + H2 0 + ZCoO 

In this reaction the heats of formation would be: 

Q!}_ eill on filght 

,C6H6 - -11.300 cal. c6H5HH2 = -19.800 cal. -
NH0 = 12,000 cal. H2 0 - 58,300 oal. -
Co304 - 193,400 cal. 3Co0 - 173,500 oal. - -
Total - 194,100 cal. Total - 222,000 cal. - -

From these figures it can be seen that the equation 

would be exothermic going from left to right. 

To further this investig~tion the writer has carried 

out a number of experiments using various catalysers. These 

experiments are discussed individually in Chapter X. 



9 

Chapter III 

Physical Constants of Pu.re Aniline 

The importance of aniline to the dye industry has 

long been recognized, but no practical method of analysis 

has been available for general use in judging its quality • 

.4. survey of chemical methods of analysis disclosed 

the fact that due to the rather large experimental errors, 

most of them fail when the purity of the aniline exceeds 

99.5 percent. Attention was therefore turned to the quest

ion of the application of the physical eonstants for acc

urately judging the purity. It would naturally be expected 

that the physical constants of such a common intermediate 

would long since have been established beyond any reason

able doubt. As a matter of fact, a great number of inves

tigators have made a study of aniline but, instead of es

tablishing these points, widely divergent results have 

been published. 

On consulting the literature1 • no less than sixteen 

different values for the freezing point of aniline were 

found. These vary between -8° and -5.96° Centigrade, where 

the values for the boiling point ranged from 182.5° to 

184.8° Centigrade. The following freezing points have been 

considered as most reliable. and are those generally ac

cepted: 

1 Groggins. p. H., Aniline and Its Derivatives. pp.125~30. 



Authority 

Ampola and Rimatori 
T imm.ermans 
Jones and Sanderson 

Year -
1897 
1911 
1920 

Freezing Point 

... 5.96gc. 
-6.20 c. 

0 -6.oo a. 

The moat reliable boiling points are: 

Authority 

Timmermans 
Callendar 
Bachmann 

1911 
1899 
1914 

Boiling Point 
0 184.40 c. 

184.10°c. 
184.30°0. 

10 

As a result of these discordances, c. L. Knowles pre

pared a sample of pure aniline and determined accurately 

its physical constants. In the course of this work it was 

soon discovered why so different values had appeared for 

the physical constants of aniline, since to purify aniline 

and maintain it in a pure state was found to be a matter 

of considerable difficulty. 

After many test Knowles arrived at the following 

physical constants: 

Boiling Point •••••••• 184.32-.-184.39°0. 
Freezing Point ••••••• -6.24°c. 
Specific Gravity ••••• 1.0268 at 15°/15°0. 
Refractive Index ....... 1.5860 at 20°c. 

Effect 21 Moisture:- One property of aniline which 

caused considerable trouble in Knowles' work, and which 

apparently has received but very little attention in the 

past. is its extreme hygroso9picity. It is believed that 

this alone accounts to a large extent for the conflicting 

results found in the literature. If aniline in the pure 
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state be exposed to air for but one hour, the freezing 

point and boiling point are materially affected; consequ

ently extreme oare must be taken in determining constants 

of the pure material. If undue time is required for these 

determinations, no accurate figures can be obtained. For 

this reason Knowles freshly distilled all samples in vacuo. 

In order to demonstrate clearly the effect of moisture 

on the purity of aniline, Knowles determined freezing po

ints hourly on a sample exposed to the air. The initial 

freezing point was -6.35 degrees Centigrade, after one hour 

it had fallen to -6.60 degrees Centigrade, after sixteen 

hours it was -7.30 degrees Centigrade, and after forty six 

hours a freezing point of -8.20 degrees Centigrade was ob

tained. 
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Chapter IV 

Commercial Preparation of Aniline 

Sinoe 1864 aniline ha:s been prepared on a. manufact

uring soale by the reduction of nitrobenaene. It is the 

accepted praotioe for the producer of aniline to have his 

own plant for nitrating benzene. this being considered the 

initial step in the production of aniline. 

The nitration of benzene is carried out in closed 

east iron vessels. The operating control is of necessity 

quite rigid, as slight deviations from standard practice 

may result in low yields and also lead to the introduction 

of the element of danger in the operation. 

Nitration .21. Benzene 

The nitration of benzene may be briefly described as 

follows : 1 

The nitration is brought about by adding mixed acid 

to benzene. controlling the temperature at 75 degrees b1
• 

when paddle agitation is used; a considerably higher nit

rating tem»erature, 140 degrees F., is permissible when 

a more perfect agitation is used. Cycle acid, that is. 

waste acid from a previous charge in which some nitroben

zene is still present. is blown into the nitrator in suf

ficient quantity to cover the bottom paddles. This acid is 

used for the purpose of hastening the reaction, and as it 

1 Groggina, Pi H •• Aniline and Its Derivatives, pp. 69-90. 



afterwards dilutes the mixed acid added, it makes for a 

more uniform temperature and even reaction. 

If cycle acid were not used it would take several 

hours longer to carry out the nitration owing to the in

creased difficulty in controlling the temperature. Brine 

is turned into the coils and about 2,000 pounds of cycle 

•old are blown into the nitrator. Then 2,600 ponnds of 

benz,ene are pumped from the scale tank after the cycle 

acid reaches 76 degrees F. 

13 

After the benzene is in and the temperature fixed at 

75 degrees F., mi~ed acid is started into the nitrator. 

The mixed acid can be fed into the top, or undersurface. 

When the undersurface feed is used, the acid runs into a 

lead funnel placed on the agitator just above the top pad

dle. A lead line leads from the funnel to one of the lowest 

paddles. Here the lead line makes a loop and goes back to 

an upper paddle where a distributor is attached to the end 

of the line. The loop in the lead line is always full and 

prevents spluttering, as the mixed acid here comes into 

contact with the benzene when surface feed is used. 

During the nitration the temperature is held between 

70 and 76 degrees F. by feeding acid slowly with a continu

ous flow of brine or cooling water through the coils. When 

all but the last 1.000 pounds of acid has been added. the 

flow is increased. The rate i~ governed so that at the close 

of the acid feed the temperature is 100 degrees F. After 
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the mixed acid is all in. the temperature is raised to 140 

degrees F. by taking the brine flow off the coils. The 

whole charge is then run from the nitrator to the settling 

house. 

During the first part of the run the acid must be add

ed only slowly. but as the nitration progresses the mixed 

acid can be added more ra»idly. The rate of feed, however. 

depenqes entirely on the temperature as controlled by the 

brine and efficiency of nitration. 

An average analysis of the mixed acid used, and of 

the resultant waste acid, is: 

Mixed Acid Waste Acid 

62.50o/o••••••••••••••~gS04••••••••••••••• 
~9.60%··············~03 •••••••••••••••• 

• 60%••••••••••••••H.NOS04 •••••••••••••• 
<fl 7.50%••••••••••••••H20 ••••••••••••••• 

71.60% 
• 60'jb 
.75% 

27.50% 

The settling house is provided with a number of large 

conical-bottomed lead tanks, each capable of holding one 

charge. The charge from the nitrator is allowed to settle 

here for about twenty four hours when the waste acid is 

drawn off from the bottom of the lead tanks to a blowcsse 

and delivered to the waste acid settling tanks for addit

ional settling or for treatment with benzene next to be 

nitrated, which will extract the residual nitrobanzene. The 

nitrobanzane is then dropped into another blowcase and de

livered to the neutralizing house. The neutralizing tub may 

be either a large lead, conical-shaped tub containing an air 

spider for agitating the ehsrge of nitrobenzene during the 



washing process, or a standard iron kettle similar to a 

nitrator with sleeve and propeller agitation. 
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The neutralizing tub is filled with a he•l of warm 

water run in from a hot water tub. and the nitrobenzene is 

run into it. The charge is tho~ougbly agitated. and then 

allowed to settle. The supernatant acid water is then run 

off through side outlets into a labyrinth where praoticall.J' 

all of the enmeshed nitrobenzene will settle out. 

The charge 1s now given a neutralizing wash followed 

by a wash with aniline water from the reducer house if any 

has to be worked up and finally run off at the base of the 

tub into a blowcase from which it is delivered to the nitro. 

benaene storage house. where it is again settled and final 

traces of water removed. This crude nitrobenzene can now be 

distilled for other purposes. 

In some plants the neutralizing wash is omitted. The 

nitrobenzene delivered to the reducer house is consequently 

slightly acid. Provided the acidity is kept Qelow one half 

of one percent no harm;,ful effects on the equipment are not

iceable. 

When the nttrobenzene in the waste aoi4 is not extract

ed by oounter-ourrent washing with benzene next to be nit~ 

rated, it is recovered from the spent acid by allowing the 

acid to settle in large lead tubs from eight to twenty four 

hours. the length of time for .settling depending upon pro

duction demands. The percentage of nitrobenz.ene soluble in 
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waste acid depends upon the temperature. In the hot summer 

months it has been found to be as high as one percent while 

in winter when the nitrobenzene freezes the percentage drops 

as low as 0.45 percent. The average amounts of nitrobenzene 

which were determined by making ether extracts on the waste 

acid 1 for the latter part of .August and for September, prov-

ed to be 0.7 percent which is about o.s percent loss of the 

percentage yield. 

Reduction of Bitrobenzene. 1 

The reduction of the nitrobenzene into aniline is 

brought about progressively by the addition of iron and 

ferrous chloride. If hydrochloric acid is used. there is a 

temporary. more or less, violent evolution of hydrogen gas 

and steam until the acid has combined with free iron to 

form ferrous chloride and with any aniline present to form 

its salt. The aniline hydrochloride in the presence of an 

excess of finely divided iron becomes quickly hydrolyzed 

and the free acid liberated combines at once to regenerate 

ferrous chloride. 

Considerable discussion has taken place regarding this 

reaction. particularly in an effort to explain the consump

tion of less acid or chloride than the amount called for by 

the formula. If we represent the reduction as taking place 

as follows, 

1 Groggins. P.H •• .Aniline and Its Derivatives, p_p.160-63. 
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then the above formula implies the presence of hydrogen in 

sufficient quantities to completely reduce the nitrobenzene, 

and calls for sufficient hydrochloric acid for its generat

ion. But in practice only about one-sixtieth to one-fort

ieth of the acid required by the reaction 

C6H5No2 + 2Fe + 6HCl • C6H5NH2 • 2Fe010 + 2H20 

is actually used. This is probably due to the fact that 

water and metallic iron. in the presence of ferrous ohlor. 

ide, can act as reducing agents. 

The reduction is carried on in cast iron kettles of 

all sizes, the larger ones finding greater favor owing to 

their more economical operating cost. These reducers are 

equipped with removable side and bottom lining plates, 

made of either cast iron or acid proof brick. The brick 

lining very effe9tually resists the grinding action of the 

borings, and gives general satisfaction. A specially de

signed reducer blade for agitation carries plows that can 

be removed and replaced through the side door of the re

duoer. 

The reducer is equipped with a suitable feeding device 

which will deliver the iron borings to the machine s.s re

quired. An iron borings supply bin is placed up and high 

and delivers the finely ground iron to the funnel on the 

reducer. The borings bin is attached to a scale so that 

the charge going into the reducer is continuously and acc

urately being weighed. The bin is usually filled by small 
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industrial oars that dump about a charge each time. 

Suitable flanged or screwed openings are left for the 

introduction of the nitrobenzene and aoid. Steam openings 

are made either into the top or sides or into a hollow core 

through the shaft that drives the agitator plows. A sight 

box is placed directly over the reducer. to enable the op

erator to watch the progress of the reduction as all the 

condensed vapors are led back through this mechanism into 

the reducer. 

The vapors from the reducer are led up to a conden

sing tank equipped with cooling coils designed to expose 

the maximum cooling surface. The condensed liquids are led 

back to the reducer until reduction is complete. The con

densed liquids are then led to the distilling tanks. 

As soon as the connections to the distilling tanks are 

opened steam pressure on the tanks is increased to 15-20 

pounds, and the live steam line opened so as to maintain a 

constant volume in the reducer./A full flow of water is now 

maintained on the condenser which governs the rate of dis

tillation, ~ls care must be taken to avoid the uncondensed 

gases going to the distilling tanks. The steam distillation 

is carried on until samples from the condenser show that 

»ractically all the aniline has been distilled over, and 

that only a trace remains in the reducer sludge. About six 

hours is required to steam distill about 860 pounds of oil 

from an 600 gallon reducer. 
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The oharges of aniline from the reducer house are 

pumped to settling tanks in the aniline distillation house. 

The charge is permitted to settle for several hours, when 

the aniline is drawn off from a connection at the bottom to 

an aniline blowcase. When aniline water makes its appearance 

the feed to the aniline blowcase is stopped, and the water 

is drawn off from an upper valve about 18 inches from the 

bottom of the tank and delivered to the feed tanks for the 

water stills. The aniline in this water is recovered in the 

stills. 

The impo:rtanoe of cooling the charges of aniline ca.n

not be overestimated, since above 98 degrees the solubil

ity of aniline in water increases with remarkable rapidity. 

If proper cooling is not done a large percentage of aniline 

is delivered to the water stills. 

The crude aniline delivered from the reducer house and 

drawn off from the bottom of the receiving tanks into a 

blowease is now blown to settling tanks over the rectifier. 

The oil is permitted to stand for some time until the en

meshed water rises to the top. This is decanted off and the 

aniline is drawn into the rectifier by means of a vacuum 

line. In the rectifier. which is usually a large. horizon

tal tank, the crude aniline is again distilled and condensed. 

When the condensation products are shown to be pure, water-

white aniline, they are led to the large aniline storage 

tanks. 
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Although the method just described is the one most 

extensively used for manufacturing aniline, it has a num

ber of undesirable features. The process is very indirect. 

starting with benzene, converting it to nitrobenzene. and 

finally converting the nitrobenzene to impure aniline. 

This feature is in itself a very objectionable one because 

of the waste incident to such an indirect procedure. 

Nitric acid is a very expensive source of nitrogen, but 

it is the only one that can be satisfactorily used for the 

nitration of the benzene. Besides being an expensive pro

cess, the nitration of benzene has a serious element of 

danger due to the fact that very exact temperature must be 

maintained in order to insure safety and efficiency. 

Considerable research has been done in an effort to 

perfect a more satisfactory method of producing aniline. 

A number of methods have been found and some of them pat

ented. but none have been found that warrant scrapping the 

plants already in operation in favor of the newer process. 

A few of these newer methods will bie briefly described in 

the next chapter. 



Chapter V 

Other Methods of Producing Aniline 

from Benzene Derivatives. 
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Groggins1 has assembled and briefly described a num

ber of patented processes. In addition to them the follow

ing ones are worthy of note: 

French Patent 397,485g-Feb. 25, 1908. This patent co

vers a method of preparing aniline oil. its homologues and 

substitution products by the aotion of ammonium hydroxide 

on cblorobenzene in the presence of salts of copper. The 

copper salts play the role of catalysts. 

2 United States Patent .L. 124.~76--Jan. 12, 1915. This 

patent covers a method of producing aniline oil from nitro

benzene in the presence of a catalyst. Nitrobenzene vapor 

is mixed with an excess of hydrogen and led in a continuous 

stream over hot, finely divided ferrous oxide mixed with 

asbestos. The catalyst is kept at a temperature between the 

boiling point of nitrobenzene and the lowest temperature at 

which the ferrous oxide could be r~duced. In like manner, 

toluene can be produced. 

Method .2! Sabatier !J& Senderens~- As early as 1902 

.P. B. Sabatier and J.B. Senderens had done some work al..

ong the line covered by the above ps,tent. They found that 

l 
2 
3 

Groggins. P.H., Aniline and Its Derivatives, pp.147-53. 
Slaughter. J. R •• Direct Production of Aniline • .P• 17. 
S&batier, P. and Send~rens; J •. B., New Method of Pre~ar
ing Aniline, Journal Physical Chemistry, Vol. VI, P• 56. 
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nitrobenzene could be almost completely converted into an

iline by the following process. The vaporized nitrobenzene 

was mixed with an excess of hydrogen and passed over fresh

ly reduced copper, at a temperature between 300 and 400 de

grees Centigrade. When there is not.enough hydrogen, some 

azobenzene is produced. With freshly reduced nickel heated 

to 200 degrees Centigrade, a very pure grade of aniline can 

be produced. If the nickel is heated much higher than the 

above temperature the chief products obtained are benz,ene 

and ammonia. It is interesting to note that a similar re

duction can be brought about by the use of water gas. 

Quick's Method:!- At the Uni'versity of Wisconsin, 

Quick, in 1920, produced aniline according to the following 

reaction, 
c6H5Cl ~ 2NH3 : C6H5NH2 + NH4Cl 

using salts as catalysers. He found that cuprou.s salts were 

more effective than cupric salts and his best results were 

obtained by the use of cuprous iodide. The addition of fine

ly divided iron to the catalyst improved the appearance of 

the aniline produced but re;arded the action. The use of 

activated charcoa.l also improves the appearance of the pro

duct and does not have the retarding effect of iron. Best 

results were obtained by using concentrated ammonia. 

Brown and Henka's Method:~- In 1922 o. w. Brown and c. 
o. Henke did extensive research in the study of the catalyt-

1 Quick, A. J •• Aniline from-Chlorobensene, Journal .Amer
ican Chemical Society, Vol. 42, pp. lOZZ-1043, (1920). 

a Slaughter. J. R., Direct .Production of Aniline, p. 17. 
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ie reduction of nitrobenzene with hydrogen. Their first 

work was with finely divided nickel and copper. A suitable 

apparatus for the study of catalysis in the vapor phase 

was employed. They found that the nickel is best prepared 

by igniting the nitrate at 450 degrees Centigrade and re

ducing the oxide in hydrogen at 380 degrees Centigrade. 

The best method of preparing the copper is to ignite at 

415 degrees Centigrade and reduce below 475 degrees Cent

igrade. It was shown that the compounds formed by the cat

alytic reduction depend upon the temperature to which the 

catalyst is previously heated, a low temperature leaving 

the catalyst too ~ctive, and a high temperature leaving the 

speed of reduction greatly reduced. The best temperature 

for reduction of nickel was found to be 192 degrees Cent

igrade and for copper. 280 degrees Centigrade. The yield 

of aniline is increased as the rate of flow of the nit

robenzene is decreased. Brown and Henke are of the opinion 

that nickel would be better s,s a catalyst because it ean 

be used at a greater rate although the yield from copper 

is slightly higher. 

In subsequent work done the same year and published in 

the same volume of the various journals. these two men tried 

a great number of catalysts under a wide range of condit

ions. Correlating their results from these various experi

ments they found that the catalytic activity of a substance 

is a function of the atomic weight. 
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Chapter VI 

Cost Factors in Present Method of Production1 

At the outbreak of the World War there ca.me to the 

consumers of dyestuffs a panicky realisation that foreign 

dyestuffs might not get through the barrie,: of blockades. 

The infant industry here was besought to extend itself to 

supply a portion of the immediate requirements. A period 

of hasty experimenting set in. Dyestuffs, poor and other

wise, found eager purchasers. The industry then began to 

develop to gigantic proportions. Costs--yields--economies 

were ruthlessly disregarded until the retrenchment move at 

the close of the war, already in operating evidence in oth

er industries, bumped heavily into the chemical consuming 

market. Then came a period of idleness and reflection, 

followed by an appalling defla.tion of every phase of the 

industry. 

A realization had come about that hereafter products 

had to be produced economically. These products had also 

not only to compare favorably with foreign materials but 

had to, in many cases, be far superior in order to over

come inherited prejudice and alien propaganda. 

Factors Affectins Costs 

Successful manufacturers need no reminder that present 

oompetition demands highest efficiencies in every phase of 

l Grogg ins, P. H., Aniline and Its Derivatives, P.P• sn .. 97. 



operation. An attempt will be made, however. to set down 

several broad divisions, wherein. if the highest efficien

cies are reached, sound economical operation must follow: 

I, Deter~ination of best method of production 
11. Selection of best type of equipment 

III. High operating efficiencies · 
IV. Large productivity for equipment used 
v • .Purchase of materials at favorable prices 

Vl~ Low overhead and fixed charges 

The numerical arrangement of the above cost factors 

represents their relative importance. 

Discussion · 

I. It is unquestionably true that the choice of the 

most efficient method of o;eration is of the utmost im

portance. Even the largest organisation possessing every 

facility for economical operation, and in a position to 

install the most expensive machinery, cannot compete fav

orably unless the system adopted contains certain inherent 

characteristics making for low cost production. The fore

most item in the economical _production of aniline oil is 

the selection of the right process. The subject justifies 

continual investigation, particularly along new lines, for 

with the march of progress in the manufacture of equi_pment, 

processes once impossible a.re now feasible. 

II. The selection of equipment is one which is receiv

ing considerable attention at _present. This, in a large 

measure, is due to the beneficial influence of the ohemieal 

expositions, at which the manufacturers of chemical equip-
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ment have taken the opportunity for aggressive sales oamp

aigning. Large size equipment within reasonable power loads 

is conducive to increased production at lower operating 

costs. Smaller vessels multiply the sources of loss and re

quire more operating labor. For equal capacity, large-sized 

units require less capital outlay, less floor space and less 

supervision. 

III • .Probably the most interesting document to the op

erating chemist is the periodical operating report. This 

report shows the yield of finished product from raw mater

ial used, based on actual physical inventories. The mag

netism of these reports giving information as to the suc

cessful conversion of raw ingredients into soluble products 

is the attraction that keeps many men in a field. which is 

often deleterious to health, and comparatively unremunera

tive as to value received for services rendered. 

IV. Continuous operation at maximum capacity makes for 

lower costs and smootner opera~ion. 

v. JPirmly established co.:uJanies, with extensive cred

its, are unquestionably in a position to obtain better con

tracts for raw materials. The greater the volume of busi

ness. the greater will be the concession for their trade. 

Of course an alliance of organizations whereby Hfavored na

tion" clauses are incorporated so that one concern can ob

tain benzene at a very low price, while the rest of the mar

ket is begging for that material at competitive prices. 
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makes for an inequitable but actual basis of competition. 

VI. A number of comparatively small plants are pro

ducing aniline today despite several serious handicaps. 

They do not consume a large percentage of their product. 

nor do they obtain the best costs on raw material. In order 

to offset these handicaps. the benefits of a more personal 

supervision in a smaller plant enter. The large organization. 

with a considerable overhead burden and oftentimes subject

ed to financial manipulation. taps the business for what 

may amount to a disastrous drain, whereas the smaller pro

ducer limits this cost item to the lowest possible figure. 

Each system of operation requires a different set of 

cost figures for operating expense, power, and fixed charges. 

Even the same unit will require modifications each month 

based on production and other factors. It is thus only pos-

,sible to indicate in a general but quite accurate way the 

factors in determining the cost of producing aniline. 

Stage I. 

Nitration of Benzene to Nitrobenzene 

~olecular ~e!ght ~!nzene, C6H6 ••••• ~••••••••• 
Molecular Weight l\itrobenzene. c6H5t~o2 ••••••• 
Theoretical Yield•·•••••••••••••••••••••••••• 
Standard Yield for Determining Cost •••••••••• 

To Produce 100 Pounds Nitrobenzene 

65.15 lbs. Benzene@ 3.0 cents ••••••••••••••• 
71.00 lbs. H2S04@ .75 cents••••••••••••••••• 
55.00 lbs. HN03 @ 6.00~ents •••••••••••••••••• 
1.00 lb. Na2co3 @ 2.00 cents;••••••••·••••••• 

Total Material Cost •••••••••••••••••••••••••• 

78 
123 
157.7 
153.5 

~.1. 95 
.54 

3.30 
.02 ---



Credits 

69.0 lbs. H2so4 , in waste a~id, ~ 0.5 cents •• $0.346 
.9 lbs. H.N03 , in waste acid,@ 5.0 cents ••• 0.045 

~)0.!3!10 

Therefore, Net Material Cost per 100 lbs ••••• $5.42 

Operating Costs ••••••••••••••••••••••••••••••••••••••• $0.16 

1. Operating Labor and Direct Supervision 
2. Repairs Labor 
3. Repairs Material 
4. Supplies 

Power Costs ••••••••••••••••••••••••••••••••••••••••••• $0.20 

l. Electric 
2. Steam 
3. Air 
4. Water 
5. Brine 

Overhead •••••••••••••••••••••••••••••••••••••••••••••• J0.52 

to.a7 
Net Cost per 100 lbs. B1trobenzene •••••••• i6,29 

-.Ni trobenzene--Percenta.ge Cost Analysis 

Operating Cost •••••••••••••••••••• , .16 2.4% of total ------ = 6.29 

Power Costi •••••••••••••••••••••••• .20 5.21~ of total ........ • 6.29 

overhead••••••••••••••••••••••••••• 
•62 a.5% of total 6:29 = 

Raw MaterialS•••••••••••••••••••••• 
5.42 

86.1% 6:29 - of total -

Stage II. 

Reduction of Nitrobenzene to Aniline 

Molecular Weight Benzene•••••••••••••••••• 78 
Molecular Weight iitrobenzene ••••••••••••• 123 



Moleoular Weight Aniline ••••••••••••••••••• 
Theoretical Yield c6H6 to C~H5NH2 •••••••••• 
Standard Yield C5H5 to C5H5~H2············· 
Theoretical Yield C§H5N02 to c6H5trn2 •. • • ••• 
Standard Yield o6H5h02 to C6H5NH2 •••••••••• 

29 

93 
119.2 
109.7 

75.6 
71.5 

To Produce 100 Pounds Aniline from Nitrobenzene 

140 lbs. Nitrobenzene.@ 6.29 cents •••••••• $8.80 
160 lbs. Iron Borings,@ .75 cents ••••••••• 1.20 

15 lbs. HOl or equivalent FeC12 ,@ 1 cent. .15 

Total Material Costs ••••••••••••••••••••••• $10.15 

Operating Costs •••••••••••••••••••••••••••••••••••••• $1.00 

1. Labor Operating 
2. Re:pairs 
3. Supplies 
4. Direct Supervision 

Power Costs •••••••••••••••••••••••••••••••••••••••••• ~0.80 

1. Electricity 
2. Steam 
3. Air 
4. Water 

Overhead ••••••••••••••••••••••••••••••••••••••••••••• $0.50 

1. Administration 
2. Depreciation 
3. Insurance 
4. Fixed Charges 

Total Materials Cost per 100 lbs. Aniline.$10.15 

Total Net Cost per 100 lbs. Aniline ••••••• ~il2.45 

Aniline--Percentage Cost Analysis 

Operating Costs ••••••••••••••••••• 1.00 ... 8.0}b of total i.2:~u) -
:Power Costs ••••••••••••••••••••••• .so - 6 4'"/ of total i2:45 - • JO 

Overhead •••••••••••••••••••••••••• •50 - 4.~; of total ------- -12.45 
Raw Materials ••••••••••••••••• -•••• 10.15 = 81.6% of total -------l~.45 I 
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To the experienced operator it is very apparent that 

the above figures call for excellent operating control. and 

the introduction of raw materials at very favorable prices. 

The cost figures also presuppose some regularity of oper

ation as they do not provide for long periods of non-pro

duction. However it must be remembered that these figures a 

are set forth merely to convey the importance of obtaining 

factors. When these are known they make for more efficient 

operation due to the fact tbs. t each charge can ·be scrut

inized. 



Chapter VII 

Direct Production of Aniline from Benzene 

by Other Investigators. 
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Sabatier1 has shown that a mixture of aniline and 

hydrogen can be converted into benzene and ammonia when 

heated to a temperature of 360 degrees Centigrade in the 

presence of a suitable catalyst. He found that the best re

sults were obtained by the use of finely divided nickel. 

The aniline is decomposed according to the following eq

uation, 

That the above reaction is reversible has been demon-
,. 

strated by Meyer and TanzeuG. In their experiments dry am-

monia gas wa.s led into benzene at a temperature of 75 de

grees Centigrade and the mixed vapors led through a por

celain tube which wa.s kept at a temperature of 550 degrees 

Centigrade in an electric furnace. The product condensed 

was a brown lituid. This liquid was distilled and at first 

only benzene came over. That part of the liquid that dis

tilled over between 160 and 190 degrees Centigrade was ex

amined for aniline by treating with hydrochloric acid. A 

white salt was formed which gave a test for aniline. Their 
~-~~--------------~------------------~-----~---------------l Sabatier, P •• Catalysts in Organic Chemistry. p. 684. 
2 Meyer, R. and Ts.nzen. A •• Pyrogene Acetylen-Kondensat

ionen. Berichte der Deutschen Chemischen Gesellschaft, 
Vol. 46. PP• 3183--3199, (1913)1 Slaughter, J. R., 
Direct J?roduc~.ion of Aniline, P• 17 • 
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yield was very small in eomparison with theoreti<fal yield.a. 

Contrary to Meyer and Tanzen, Wibaut1 found that no 

appreciable amount of aniline is formed in a poreelain tube 

below 700 degrees Centigrade without a catalytic agent. He 

secured best results with reduced iron, nickel, and copper. 

In his work the dry ammonia gas was led into benzene at a 

temperature of 75 degrees Centigrade and the mixed vapors 

led into an iron tube sixty centimeters long and whose tem

perature was about 700 degrees Centigrade. The catalysts 

were mixed vvi th asbestos in the iron tu.be. Like :Meyer and 

Tanzen, Wibaut obtained very small yields. 

These experiments demonstr-ate the possibili_ty of pre

paring aniline directly, by the reaction between benzene 

and ammonia. In order to make the reaction one of practical 

importance some catalyst wj.11 have to be found that will 

bring about a much higher yield from a given amount of mat

erial. With this object in view the experiments now to be 

described were carried out. They differ from the above ex

periments in that a silica tube was used instead of either 

porcelain or iron. 

l Wibaut. J.P •• Zur Bildung von Anilin aus Ammoniak und 
Benzol, Berichte der Deutschen Ohemisohen Gesellschaft, 
Vol. 50, pp. 541--546, (1917). 



Chapter VIII 

Deseription of Apparatus Used 

i,A•~Amlllonia Tank 
B-~Benzene Flask 
C--Electric Furna.ca 
D--Silica Tube 
E--Water-cooled Condenser 

F--Gas Outlet Valve 
G--Delivery Tube 
H--Pyrometer 
I--Recovery Flasks 
J--Rheosta.t 

The dry ammonia gas from tank, A, passes over the sur

face of the benzene in flask, B, which is heated to approx

imately 75 degrees Centigrade. The combined vapors of amm
onia and benzene pass into the electric furnace, C, through 



a silica tube, D, Which contains the oatalyser. 

The vapors then pass into the water condenser, E. Ex

cess gases pass out through the arm of the T-piece and into 

the recovery flasks, I, the first two being partially.filled 

with water and the third containing sulfuric acid. 

The liq~1d from the condenser passes through the de

livery tube, G, ~nd back into the benzene flask, B, to be 

recirculated, leaving any aniline in the bottom of the 

flask. 

The pyrometer, H, measures the temperature of the el

ectric furnace. The theostat, J. regulates the temperature 

of the furnace by adjusting the resistance through the cir

cuit. 

At the end of each run the and-product in the benzene 

flask was concentrated down to one-half its volume. This 

solution, which contains the aniline produced, was titrated, 

as shown in the following chapter, to determine the percent. 

age of aniline present. 
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Chapter IX 

Estimation of Small Quantities of Aniline 

Sualitative Tests. 

Calcium Hypocbl.orite Test:-

One drop of c6H6.NH2 put into a filtered solution of 

bleaching powder, Ca(ClO)Cl, or of sodium hypochlorite, 

Na0Cl, gives an intense violet coloration which slowly 

turns brown and fades. In the experiments performed by the 

writer calcium hypoohlorite was used. 

Aniline Black Reaction:-

A few drops of strong H2so4 are added to a drop of 

C5R5NH2 in a basin. The pasty mass is stirred with a glass 

rod. On adding a faw drops of potassio/'/dichroma.te solution, 

an intense blue color is produced. This is called aniline 

black. The intensity of the blue varies inversely with the 

amounts of concentrated H2 so4 and potassium dichromate add

ed--the more H2so4 and K2cr2o7 added, the more greenish 

blue the solution. 

Since H2so4 and K2Cr207 added to a few drops of pure 

benzene give a deep green product, this test was not used. 

Runge's Violet Test:-

Five cubic centimeters of the dilute liquid are treat-

ed with one drop of dilute sodium hydroxide solution, three 

drops of saturated aqueous solution of phenol, and four 

cubic centimeters of freshly saturated, filtered solution 

of bleaching powder. Allow to stand for one-half. The 
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liquid is distilled with fifty cubic centimeters of water 

and its color is compared with those produced under similar 

conditions containing respectively 0.10, 0.16, and 0.20 

percent of aniline. 

This test gives a reliable qualitative estimation of 

aniline, but it is not used as a quantitative determination 

since the average colormetric determinations are not de

pendable. 
1 

Three !!m_ Reactions !Q!:. Aniline, by Juan B. Peset. 

Add to a drop of aniline 0.5 cubic centimeters of con

centrated HN03 (d. 1.4} and 1--2 drops of a concentrated 

.KMno4 solution: a series of color changes are produced. 

ending finally in intense blue which becomes somewhat yel

lowish on adding ammonia. 

If one cubic centimeter of an aqueous AoOH solution 

and 0.2--0.3 grams o;f Na2o2 be added to a drop of aniline, 

no coloration is at ii.rat produced. but on heating a canary 

yellow color appears. 

If Bao
2 

be added instead of Na2o2 , the color is dark 

red. 

In each of the tests the colored substance can be ex

tracted by amyl alcohol which affords a means of making the 

test more sensitive. The last two reactions are quite sen

sitive, it being possible to detect the equivalent of 

1/1600 drop of aniline. 

1 Peset. Juan P. • Three liew Reactions for Aailine • Chem
ical Abstracts. Vol. VI, P• 982, ( 1912). 



Quantitative Tests. 

Volumetric Method of Estimating .Aniline, by M. Francois.l 

This method is based on the conversion of aniline into 

tribromaniline according to the equation, 

o6H5NH2 + 6Br = o6H2Br31m2 + 3HBr 1 

indigotin disulfuric acid, which is not attacked until the 

aniline has been acted upon, being used to indicate the 

completion of the reaction. 

A solution of about five grams of brory.tne per litre is 

employed, and is conveniently standardized by means of an

iline hydrochloride. On account of the loss of the element, 

which occurs on exposing a solution of bromine to air, the 

burette used should be large enough to hold the volume nec

essary for several determinations, and should be closed with 

a plug of pressed cotton-wool. The operation of standardiz

ing the solution is as follows:- A rough test is ma.de by put

ting ten cubic centimeters of the aniline hydrochloride 

solution (1.392 grams/litre). along with two drops of in

digo carmine solution. into a narrow-necked flask, and 

gradually adding the bromine solution until the blue color 

is destroyed. A more exact test is then made with the same 

volume of aniline hydrochloride solution, almost the whole 

quantity of reagent found by the preliminary test to be ne

cessary being rapidly introduced, with as little exposure to 

l Francois, M., Volumetric Method of Estimating Aniline, 
Journal of The Society of Chemical Industry. Vol. 18, 
p. 866, (1999). 



air as possible. then two drops of the indigo carmine sol

ution, and, finally. the remaining quantity of the solu

tion requisit~ for the decolorization of the mixture being 

added. 

The amount of aniline in the volume of solution taken 

for an estimation should be about O.Ol grams. If ammonia be 

present along with the aniline. the mixture must be neut

ralized or acidified with HCl before titration. 

The following result indicates the accuracy of the me

thod:- Quantity of aniline taken equals 0.01 grams: bromine 

required (ll.6 ao. of a solution containing 0.00435 grams/ 

cc.) equals 0.05046 grams: bromine theoretically re~uired 

equals 0.0616 grams. 

Volumetric Estimation .Q! Aniline, by G. Deniges. 1 The 

author points out that the method of estimating aniline, 

which was recently published by Francois, has been describ

ed by him in a thesis presented to the Faoulte des Sciences 

of Paris in 1891, and again in his work, npreois de Ohimie 

Analytique", published in 1897. 

The method given therein is as follows:- A solution 

·containing per litre 16.5 (95/6) grams of aniline and 50 

cubic ·centimeters of HOl solution, is used to standardize 

the bromine solution. Ten cubic centimeters of it are 

placed in a flask along with one oubio centimeter of HDl 

solution, and to this the bromine solution is added until 
---------------------------------------------------------1 Deniges. G •• Volumetric Estimation of Aniline. Journal 

The SQciety of Chemical Industry, Vol. 18, p.866, 
(l899J. 
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a permanent pale yellow coloration is produced. 

If !. cubic centimeters of the latter solution be re

quired, the amount of bromine in a litre of it is 800/a 

grams. The aniline to be tested is dissolved in water. and 

the solution 1s acidified with hydrochloric aoid. A small 

quantity of this is taken and titrated with the bromine 

solution. !the end of the reaction being shown by the for

mation of a permanent yellow coloration, due to the pres

ence of bromine in excess. No indicator is required. 

Estimation of Aniline, by M. N. Sohapochnikoff. 1 

Reinhardt has described a method of estimating aniline 

quantitatively, by brominating with a solution of potassium 

bromate, the aniline being dissolved in excess of hydro

bromie acid solution. 

The author, M. N. Sohapochnikoff, has improved this 

method by employing commercial potassium bromate, which 

can be obtained very )ure, instead of making it in each 

experiment as Reinhardt did. 

A solution of eight grams of KBr03 per litre is used, 

and to dissolve the aniline one gram of base is taken for 

60 grams of hydrobromic acid of 25 percent HBr. This sol

ution is diluted so that one litre contains ten grams of 

Control experiments are made with pure aniline dis

tilling at 182 degrees Centigr~de and with pure p-tolui-~~-~-~--"•-~-~~·--~~~-~--~~~~~~--•~-~--•~~~~--~~~~--~·--l Schapoehnikoff, •• N •• Estimation of Aniline, Journal 
The Society of Chemical Industry, Vol.17. p.803,(1898). 
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dine of melting point 45 degrees Centigrade. The bromate 

solution is run into the amine solution until. after al

lowing the precipitate to settle, the color is just yellow. 

If mueh toluidine is present, the end point is rather dif

ficult to see. owing to the precipitate and the solution 

being slightly red. 

Results are oaleulated from the formula, 

where~ is the total weight of bases employed,~ equals the 

. weight of aniline • .! equals the number of cubic centimeters 

of XBr03 solution when pure toluidine is used.!!. equals the 

number of cubic centimeters of KBro3 solution used in the 

experiment. 1 and t' are determined in a separate experi

ment. The KBrOz solution does not change during a month. 

Determination of Aniline in Aqueous Solution, by c. M. 

Carson.1 
Since aniline does not give a sharp end-point 

with any indicator, it is necessary to use as a color 

standard a solution of pure aniline, enough 0.1 N H2so4 to 

neutralize it exactly, and the same amount of indicator a.s 

used in the samples to be titrated. 

In using bromophenol blue (tetrabromophenolsu.lfonphth

alein} the color standard is prepared by adding three drops 

of a 2.5 percent alcoholic solution of the indicator to 10 

cubic centimeters of a solution containing 2.05 grams of 

l Carson, c. M •• Estimation of Aniline in 1 ueoua Solution. 
Ind. and Eng. Ohem., Vol. 17, pp. 62-6Z, 1925 • 



41 

aniline per 100 cubic centimeters. The volume is made up 

to 100 cubic centimeters and the calculated amount (22.05 

cc.) of 0.1 N H~So4 to neutralize the aniline is then added. 
;:. . 

Ten cubic centimeters of the solution under examinat-

ion are pipetted out into 100 cubic centimeters of water, 

three drops of the indicator added, and 0.1 N H2so4 run in 

until the color of the standard is matched. The color 
\ 

change is from red to yellow, and it should be noted that 

with ordinary speed of titration the red color persists in 

returning after the end-point is apparently reached. Hence 

add H2 so4 a few drops at a time till the red color does 

not return. 

More uniform results, although having a larger diver

gence from the known amounts, were obtained with p-dimethyl

amidoa~obenzene. Eight drops of a one percent alcoholic 

solution are used. The color change is from yellow to rose

red, and approximate results may be obtained, as with the 

bromophenol blue, with the use of a standard aniline sol

ution. Such a standard is advisable for accurate determin

ations. In using this indicator the end-point is marked by 

the entire absence of any yellow color. The rose-red color 

when obtained may fade out: hence additional 0.1 N H2so4 

should be added, one or two drops at a time until the red 

color becomes permanent. 

Quantitative Determination of Aniline in Benzene Solution • ...... .....;;.;. ......... .,.;,,,;;;._,___._ ------.....,;.----- -------- -
Since the experiments were carried out with the anil-
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1ne in benzene instead of aqueous solution, the writer has 

devised a quantitative scheme o:f estimating small percent

ages of aniline in benzene solution. The test is based 
l 

primarily on c. M. Carson's test using bromophenol blue 

as a.n indioator. 

Standard tests were estimated in preliminary runs. A 

two percent solution of aniline in benzene was prepared, 

and :from this 1.5 percent, 1 percent, 0.5 percent, 0.2 per

cent, and 0.1 percent solutions were made up• 

Twenty cubic centimeters of the two percent solution 

were placed in a :flask and 3 drops of a 2.5 percent alcoh

olic solution of the indioator added. The solution was dil

uted with 100 cubic centimeters of distilled water. The 

color was an intense violet, and enough O.l N H2so4 was 

added to change the color to a bright yellow. 

To determine the end-point a blank test using 20 cubic 

centimeters of pure benzene, 3 drops of the indicator, 100 

cubic centimeters of distilled water, and enough 0.1 Ii 

H2so4 to give a permanent yellow color was prepared. It was 

found that 1.6 cubic centimeters of O.l N H2so4 would give 

the oolor for matching the standard tests. 

Each of the other known solutions of aniline in ben

zene was carried through the same procedure as that of the 

two percent solution. 

The following results were obtained: 

l Carson, c. M •• Estimation of Aniline in Aqueous Solution, 
Ind. and Eng. Cham., Vol. 17. PP• 62-63, (1925). 
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Percent C6H6NH2 0.1Ii H2so4 Minus l.600. for Blank 

2. 01~ 51.1cc. 49.6cc. for 2.()% 
l.6f~ 36. Boe. 37.2cc. for 1.5~ 
1.0% 26.4oe. 24. 8cc. for 1.0% 
o. 6%. 14.1cc. 12.600. for 0.6'% 
0.2% 7.9oc. 6.3cc. for 0.2% 
0.1% 4.8cc. 3.2cc. :for 0.1% 

Tbe table shows that a 0.1 percent solution of aniline 

in benzene would require 4.8 cubic centimeters of O.lN 

H2 so4 , but 1.6 cubic centimeters of the acid would be need~ 

ad to bring pure benaene to the standard color: so that for 

calculation.a 1. 6 cub io centimeters would be subtracted from 

the total number of cubic C8.lltimeters used in the titration. 

After eaah experiment the final product was coneentra~ 

ted to ene-half its volume to insure the liberation of all 

ammon1• present. This is very essential as ammonia will 

act on the indicator in the smae manner that aniline does. 

Then twenty cubic centimeters of this concentrated solution 

were put in a flask, Z drQps of the indicator and 100 cubie 

centimeters of distilled water added. and the solution tit

rated with the standardized acid. The color is compared with 

that obtained in the blank test. 

The correction was made for the blank test. and the re

sult compared to the above table to determine the ooneentre.

tion of the aniline present. It can be seen that if just 

l.6 cubic centimeters of O.lN H2so4 were required to match 

the standard color, there would be no aniline present. 



Chapter X 

Description and Results of Experiments 

The writer has carried 011t a nwnber of experiments 

using various substances as catalysers. It is the pur

pose in this chapter to point out the important factors 

of each test. 

Two series of runs were made. one with the furnace 

temperature at 450-480 degrees Centigrade. and the other 

with the furnace temperature ~aintained at 600 degrees 

Centigrade. In both series the temperature of the ben

zene bath was held between 60 and 75 degrees Ueutigrade. 

Red J..!:.Q.!! Oxide Ore:- (l). The first catalyser used 

was a red iron oxide ore ( .ie<'\ or;,--her.na.ti te) from Holt. 
~ ~ 

Alabama. The ore was broken into small cubes to fit in 
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the silica tube. During the run some needle-like crystals 

settled out in the condenser. They proved to be diphenyl. 

Dense white fumes passed over into the recovery flasks 

throughout the operation. The tests showed a small yield 

of aniline. The .ie2o3 was apparently reduced to .i!,ezo4 • 

The silica tube contained a little carbon, showing that 

some benzene had been decomposed. 

(2). A second test was carried out with some more of 

the same ore. 2ractically the same results were obtained: 

a positive test for aniline. needle-like crystals of di

phenyl in the condenser, dense white fumes passing off. 
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the hematite converted to magnetite, and a little benzene 

decomposed, leaving oarbon in the silica tube. 

(5). A third test was made using the reduced ore from 

the second run mixed with some fresh ore. The white fumes 

were not dense, but there was a greater yield of diphenyl 

than previously. The entire condenser, with a spiral tube, 

was covered with the diphenyl crystals. A positive test for 

aniline was also obtained, showing 0.35 grams of aniline 

per 100 cubic centimeters of solution. 

The tests show that a greater yield of diphenyl is 

obtained when the ore is in the reduced condition. 

( 4) • A fouxth test was made using some more of the 

red iron oxide ore from Holt, Alabama. A colorless dis

tillate passed over through the condenser. The accompan

ying fumes were not very dense. 

A few crystals appeared in the condenser. It was not 

determined what they were, but they were neither diphenyl 

nor ammonium carbonate. 

The qualitative test was negative, but the quantita

tive test showed the presence of 0.073 grams of aniline 

_per 100 cubic centimeters of solution. 

The catalyser was not reduced. 

(5). A fifth test was made with a different sample of 

the red iron oxide ore. The white fumes passing into the 

recovery flasks were not very d~nse. 

The qualitative test was negative. The quantitative 
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test showed the presence of 0.05 grams of aniline per 100 

cubic centimeters of solution. 

The ore was not reduced. 

Synthetic iied 1!:2E Oxide:- The catalyser was prepared 

in the following manner: Fe(N03 )32HN002H2o was dissolved 

in water. Small pieces of pumice were added and the solu

tion was heated almost to boiling. This was s.llowed to cool 

and stand overnight. Then the pumice was removed, dried, 

and heated nearly to boiling in an ammonium hydroxide sol

ution and left overnight. The pumice was then removed, :put 

in distilled water, left overnight, and then dried before 

being put in the electric furnace. The catalyser was heated 

at 450 degrees Centigrade for one.half hour before start

ing. Brown N02 fumes came over into the recovery fle.sks. 

The ammonia and benzene vapors were then passed over 

the aatalyser in the furnace. A green liquid came over at 

first, but it became colorless as the operation proceeded. 

The qualitative test was negative. The quantitative 

test showed the presence of 0.04 grams of aniline per 100 

cubic centimeters of benzene solution. 

The pwnic a was blackened• but there was very little 

carbon in it. 

Brown Iron Oxide Ore:- The brown iron oxide ore was 

divj.ded into small cubes to fit the silica tube. Dense 

white furn.es accompanied the procedure, and a few crystals 

of diphenyl were deposited in the condenser. The tests 
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showed the presence of 0.12 grams of aniline per 100 cubic 

centimeters of solution. 

The brown ore was slightly carbonized e.t the end of 

the run, giving it a darker aolor. 

Gray~ Oxide Ore:- The gray iron oxide ore was ob

tained from the district around Talladega, Alabama. It was 

heated at the opera.ting temperature for one-half hour be

fore starting. but no results were noted. After the oper

ation began. a green liquid passed through the condenser. 

The color gradually faded until a colorless liquid was 

evident. A white precipitate. which had a strong ammonia 

odor, settled out in the condenser and also in the bottom 

of the second recovery flask. Sodium hydroxide was added to 

a few of its crystals and ammonia gas was evolved. Upon 

adding hydrochloric acid to a few crystals, they efferves

ced, indicating the formation of carbon dioxide gas. The 

conclusion was drawn that the crystals were ammonium car

bonate. The residue was dissolved in water, but it was 

found that a small portion settled out in the flask, and 

these crystals proved to be diphenyl. The test showed the 

preseooe of 0.105 grams of aniline per 100 cubic centi

meters of solution. 

Manganese Dioxide:- The rru1nganese dioxide. in lump 

form, was obtained from the Geology Department of the 

University of Alabama. 

Dense white fumes passed over into the recovery flasks 
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during $ost of the operation. A small amount of diphenyl 

crystallized in the upper part of the condenser. The quali

ta.tive test for aniline was negative, but a yield of o. 034 

grams of aniline _per 100 cubic centimeters of solution wa.s 

detected quantitatively. 

Charcoal:- The blocks of charcoal were sawed up into 

small cubes and placed in the silica tube. A few crystals 

of ammonium carbonate settled out in the condenser. The 

condensate was green at first, but after the first half 

hour it wss colorless. White fumes passed off during the 

run. There was-"no qualitative test for aniline. but the 

titration showed a yield of 0.023 grams of aniline _per 100 

cubic centimeters of solution. 

Soot:- Ordinary soot from a stove chimney was next 

used. Nothing of importance was observed during the run. 

The qualitative test was negative, and the quantitative 

test showed the presence of only 0.005 grams of aniline 

per 100 cubic centimeters of benzene solution. 

Chromite:- The chromite (Cr2o3•Fe0) was obtained from 

Louise, Georgia. Dense white fumes came over, and in the 

laboratory could be detected the odor of hydrogen sulfide. 

The condensate was pale green at first and then colorless. 

The first recovery flask containing 200 cubic centi

meters of water turned a greenish-yellow color and soon 

filled up. The second flask turned the same color, and the 

third flask, containing concentrated H2so4 , turned a deep 
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brown-yellow color. No aniline was detected qualitatively, 

but by the titration 0.036 grams of aniline per 100 cubic 

centimeters were obtained. 

Calcium Carbide:- The ammonia gas was passed over the 

Oac2 alone for about thirty minutes • .Dense white fumes 

came over into the recovery flasks. A green oily liquid 

settled out on the surface of flask number one. This liq

uid showed no aniline when tested. 

Then the benzene was passed over with the NH3 in the 

usual manner. The dense fumes continued, and at first, the 

condensate was pale green. 

The qualitative test of the end-product was negative, 

but the titration showed the presence of 0.042 grams of 

aniline per 100 cubic centimeters of solution. 

Uranium Oxide:- The oatalyser was prepared in the 

following manner: Some uranyl nitrate, uo2(N03 )2•6H20, 

was dissolved in water to give a saturated solution. This 

solution was heated to the boiling point (118 degrees c.) 
and small pieces of pumice were put in the beaker and stir

red for some time--to give the air and water content of the 

pumice time to be replaced by a layer of the solution. The 

pumice was held under the surface of the solution and al

lowed to stand overnight. Then it was placed in the silica 

tube of the electric furnace and heated to 480 degrees Cen

tigrade for one-half hour until all the volatile matter had 

a chance to escape. Dense brown fumes of lW2 passed over 



through the oondenser, leaving uranium oxide as the cat

alyser. 
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White fumes accompanied the run throughout. The. green 

condensate later turned colorless. 

The qualitative test was negative; while the quanti

tative test showed the presence of 0.021 grams of aniline 

:per 100 cubic centimeters of solution. 

Cobaltio Oxide:- The catalyser was prepared in the 

following manner: A sa.tura tad solution of Co ( N0
3 

)2 • 6H2 O 

was prepared. Small pieces of pumice were put in the sol

ution whose temperature was raised almost to boiling: so 

that the air and water content of the pumice would be re

placed by the cobaltous nitrate solution. This was allowed 

to stand overnight. The pumice. impregnated with oobaltous 

nitrate. was then removed. rinsed in cold water, and put 

into a solution of dilute caustic soda, and heated slightly. 

Co'balt hydroxide precipitated on the surface of the pumice. 

and this was allowed to stand overnight. The next morning 

the pumice was washed with hot water. put in the electric 

furnace, and heated for one.half hour at the operating 

temperature. 

Nitrous oxide fumes came over in the condenser. After 

the experiment started, white fumes came over during the 

entire four hoti.rs. The qualitative test was negative. but 

the quantitative test showed the presence of 0.015 grams 

of aniline per 100 cubic centimeters of benzene solution. 
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Sodium Vanadate: .. The ca.talyser was _prepared in the 

following way: Vanadium Fentoxide was dissolved in strong 

eaustie soda solution. Pumice was put in the flask and the 

solution was heated nearly to bailing. This was allowed to 

stand overnight. The pumice was then put in the electric 

furnace and heated for one-half hour at the operating UJllJ

eraturtt before starting.·A colorless liquid came over into 

the condenser. There were no fumes. 

Then the ammonia and benzene vapors were passed into 

the furnace. Dense white fumes and a light green liquid 

came over during the biggest part of the ru~. 

The qualitative test was negative. The quantitative 

test showed the presence of 0.031 grams of aniline per 100 

cubic centimeters. 

The pumice was only slightly carbonized. 

Vanadium Oxide:- The catalyser was prepared as follows: 

Vanadium £entoxide was dissolved in strong caustic soda, 

pumice was added to the solution which was brought nearly 

to boiling. This was allowed to .cool. !the pumice wa.s remov

ed and put in a flask of hydrochloric acid and again heated 

nearly to boiling. This was allowed to soak overnight. The 

pumice was then washed with water and heated in the furnace 

for one-half hour before starting. A red liquid oame over at 

first. 

The ammonia and benzene v~pors were than passed into 

the furnace. The liquid was green at first and later color-
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less. There were no dense white fumes. 

The qualitative test was negative. The quantitative 

test indicated the presence of 0.043 grams of aniline per 

100 cubic centimeters of solution. 

Cuprous Iodide1- The catalyser was prepared in the 

following manner: Glass wool was soaked in a solution of 

boiling cupric sulfate. The glass wool wa.s then removed 

and allowed to dry. It was then put in a cold saturated 

solution of potassium iodide. Again the glass wool was 

dried and allowed to stand overnight. The oatalyser was 

heated at the operating temperature one-half hour before 

starting. A little free iodine came over at first. 

No unusual results were observed in this run. The 

qualitative test was negative. The quantitative titration 

showed the presence of 0.02 grams of aniline per 100 cubic 

centimeters of solution. 

Magnesium:- Magnesium ribbon was put in the electric 

furnace. Dense white fumes came over during the run. :I.1he 

liquid was colorless. 

The qualitative test was negative. The quantitative 

test showed 0.047 grams of aniline per 100 cubic centimet

ers of solution. 

The catalyser was examined after the run. There was 

very little megnesium left. The literature was surveyed 

for any possible compounds of ~gnesium with the aromatic 

hydrocarbons. and it was found that magnesium diphenyl. 
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l Yg(C6H5 )2 • exists. It is possible that some of this com-

pound was formed. 

Carnotite Ore:- The carnotite ore. which contained 

fifty two percent uranium oxide and eighteen percent vana

di~ oxide, was broken up into pieces and placed in the 

electric furnace. White fumes accompanied the reaction 

throughout. After four hours, the ore was highly carbon

ized. having been changed from a yellow to a black color. 

The qualitative test was negative. The quantitative 

test indicated the presence of 0.016 grams of aniline per 

100 cubic centimeters of benzene solution. 

Molybdic Oxide:- The catalyser was prepared as follows: 

Ten grams of moly"bdic acid ware dissolved in 14.4 cubic 

centimeters of concentrated liH40H and 2!1.1 cubic centimeters 

of water; slowly and with constant stirring the solution 

thus obtained was poured into 48.9 cubic centimeters of con

centrated HN03 and 114.8 cubic centimeters of water. The 

mixture ws,s kept in a warm place for several days until a 

portion heated to 40 degrees Centigrade deposited no yellow 

preoi:pitate of ammonium phosphomolybdate. The solutioa was 

decanted from any sediment and preserved in a glass-stop-
2 pared bottle. 

A portion of the ammonium molybdate ws,s heated nearly 

to boiling; pumice was put in it and stirred for half an 

l Meyer. V. and Jacobson. P. • Lehrbuoh der Organis,chen 
Chemie, Zweiter Band, P• 56~. {1902). 

2 Griffin, R. c., Technical :Methods of Analysis, p. 772. 
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hour to eliminate all water and air content from its sur

face. This was allowed to stand overnight. The pumice was 

then heated in the furnace for one-half hour before start

ing. Brown fumes, foUowed by white ones, passed over into 

the recovery flasks. A colorless liquid came over also. 

leaving molybdio oxide as the oatalyser. 

After starting, white fumes and a pale green liquid 

passed over, but the liquid later became colorless. 

A black oil settled in the bottom of the benzene 

flask. It was evaporated to a small volume and allowed to 

stand. It crystallized out in black, straw-like needles, 

which were water-soluble. A qualitative test showed the oil 

to be a molybdenum compound, but its formula was not de-

termined. 

The general qualitative test was negative, but the 

quantitative test showed the presence of 0.01 grams of 

aniline per 100 cubic centimeters of benzene solution. 

This completes the list of catalysers used when the 

temperature of the electric furnace was held between 450 

and 480 degrees Centigrade. 

In the following tests the furnace temperature was 

raised to 600 degrees Centigrade. Other conditions were 

ltept the same. 

Red Iron Oxide Ore:- The red iron oxide ore was div-____ ....,_ 

ided into small pieces and placed in the furnace. The liq

uid coming over was green at first, but later became col-



orless. The fumes passing into the recovery flasks were 

not very dense. There was no crystalline material in the 

condenser. 
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The qualitative test was negative. The quantitative 

test showed the presence of 0.077 grams of aniline per 100 

cubic centimeters of solution. 

The iron oxide ore was only slightly reduced after 

the four hour run. 

Silver Oxide:- The catalyser was prepared in the fol

lowing manner: A saturated solution of silver nitrate was 

hested $.Od pumice was put in it, and allowed to cool after 

heating for one-half hour. The pumice was then removed and 

placed in a hot solution of caustic soda and let stand 

overnight. It was then washed with cold water and heated in 

the furnace for one-half hour. 

After sta.rting the liquid. Yvas pale green and later it 

became colorless. The white fumes had a perceptibal odor 

of diphenyl. 

The qualitative test was negative; the quantitative 

test showed the presence of 0.05 grams of aniline per 100 

cubic centimeters of solution. 

~ Sulfide:- The lead sulfide was broken into 

pieces suitaole for the silica tube. The liquid was pale 

green throughout the run. A few crystals of ammonium car

bonate settled out in the condenser. 

The qualitative test was negative. The qus.ntitative 



56 

test showed the presence of 0.023 grams of aniline per 100 

cubic centimeters of aolution. 

The galena was only slightly carbonized. 

Cupric Oxide:- The catalyser was in lump form. It was 

broken up in convenient sized pieces to fit the silica 

tube. The condensate was colorless and there were no fumes. 

The qualitative test was positive. The quantitative 

test indica.ted a. yield of 0.11 grams of aniline per 100 

cubic centimeters of solution. 

The dark gray cupric oxide was a bright copper color 

when taken out of the furnace. The oxide had been com

pletely reduced to metallic copper • 

.Nichrome vure :- iaohrome wire was coiled and placed 

in the silica tube. The liquid coming over was pale yel

low in color • ..uense white fumes of diphenyl came over into 

the recovery flasks. The diphenyl odor was distinguishable 

in the laboratory. A few diphenyl crystals appeared in the 

condenser. 

The qualitative test was negative, but the quantita

tive titration showed the presence of 0.06 grams of aniline 

per 100 cubic centimeters of benzene solution. 

Aluminum:- The metallic sheet aluminum was cut into 

small pieces and placed in the electric furnace. The con

densate was pale green at first and later colorless. Dense 

white fumes came over throughout the run. 

The qualitative test was negative, but the quantitative 
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titration showed the presence of 0.059 grams of aniline per 

100 cubic centimeters of benzene solution. 

There was no apparent change in the catalyser after 

the four hour run. 

Active Silica:- The catalyser was in small lumps that 

were suitable for the silica tube of the electric furnace. 

The condensate was green at first and later colorless. 

Dense white fumes came over throughout the process. 

The qualitative test was negative, but the titration 

indicated the presence of 0.03 grams of aniline per 100 

cubic centimeters of benzene solution. 

Ammonia Catalis~:- The catalyst was already in small 

cubes. The liquid coming over was green at first. It be

came colorless after a short time. The white fumes had the 

odor of diphenyl. 

The qualitative test we,s negt1 tive, but the quantitative 

test showed the presence of 0.11 grams of aniline per 100 

cubic centimeters of solution. 

The catalyser was left in the furnace for the next 

run. 

The end-products after being analyzed for aniline, 

was concentrated down to a very small volume and allowed 

to evaporate slowly. A deposit of two grams of diphenyl 

was obtained from it. 

Reduced Ammonia Catalyst:- The catalyst was prepared in 

the following manner: The ammonia catalyst from the previous 
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run was left in the electric furnace. A flask containing 

some metallic zinc, copper sulfate, and water was attached 

in place of the benzene flask. The furnace was heated to 

480 degrees eentigrade. Some hydrochloric acid was poured 

in the flask through a separa.tory funnel. The hydrogen 

_produced in the reaction passed up through the furnace and 

reduced the magnetite ore to metallic iron. The reduction 

was carried on for four hours, making sure that most of the 

catalyst was reduced. 

The experiment was then started. The liquid was green 

at first and later colorless. The white fumes had the odor 

of diphenyl. There was a slight deposit of diphenyl in the 

condenser. 

The qualitative test was negative, but the quantitative 

titration showed the presence of 0.02 grams of aniline per 

100 cubic centimeters of benzene solution. 

The catalyser was only slightly carbonized. 

Bauxite:- The catalyser was broken up into pieces to 

fit the electric furnace. It was heated at the operating 

temperature for one-half hour to drive off excess water. 

Throughout the run the liquid was colorless. The dense 

white fumes did not have a diphenyl odor. 

The qualitative test wes negative, but the titration 

showed the presence of 0.093 grams of aniline per 100 

cubic centimeters of benzene solution. 

The catalyser was highly carbonized after the run. 
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Bickel O.xide;. The oatalyser was prepared as follows: 

A saturated solution of nickel sulfate was heated nearly to 

boiling. Some porous active silica was put into the solu

tion and heated for several minutes. The solution was al

lowed to cool and stand overnight. The active silica was 

then removed and heated nearly to boiling in a strong 

caustic soda solution. This was allowed to stand overnight 

also, The silica was then dried and heated in:the furnace 

at the operating temperature for one~half hour. to drive 

off the water and leave only nickel oxide as the catalyser. 

The liquid ooming over through the condenser during 

the four hour run was colorless. The fqes were not very 

dense. 

The qualitative test was negative, The quantitative 

titration showed the presence of 0.078 grams of aniline 

per 100 cubic centimeters of benzene solution. 

This completes the list of oatalysers used up to the 

present time in the direct production of aniline from 

benzene and ammonia. 
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It is the purpose of the writer in this chapter to 

give a brief summary of the work done thus far on the dir

ect production of aniline from benzene and ammonia. 

Jfollowing is a table of the oatalysers used and the 

yield obtained from each test. 

Oatalyser Produetion 
(.!B, Grs./lOOcc. ~~) 

Red Iron Oxide Ore 
Test No. 1 ••••••••••••••••• Undetermined 
Test No. 2 ••••••••••••••••• Undetermined 
Test No. z •••••••••••••••••••• 0.360 
Test No. 4 •••••••••••••••••••• 0.073 
Test No. 5•••••••••••••••••••• 0.050 

Red Iron Oxide (.Artificial) ••••••• 0.040 
Brown Iron Oxide Ore •••••••••••••• 0.120 
Gray Iron Oxide Ore ••••••••••••••• 0.106 
Manganese Dioxide ••••••••••••••••• 0.034 
Charcoal •••••••••••••••••••••••••• 0.023 
Soot •••••••••••••••••••••••••••••• 0.006 
Chromite••••••••···••••••••••••••• 0.036 
Calcium Carbide••••••••••••••••••• 0.042 
Uranium Oxide••••··••••••••••••••• 0.021 
Cobaltie Oxide•••••••••••·••·•••·• 0.015 
SodiUlll Vanadate••••••••••••••••••• 0.031 
Vanadium Oxide •••••••••••••••••••• 0.045 
Cuprous Iodide••••••••••••••·••••• 0.020 
Magnesium ••••••••••••••••••••••••• 0.047 
Carnotite Ore•••••••·•••••••••·••• 0.016 
Molybdic Oxide•••••••••••••••••••• 0.010 

After these tests were made, the furnace temperature 

was raised to 600 degrees Centigrade. A list of the cat

alysers used in this second series of runs follows: 



Catalysar Production 
(~ ~rs.]lOOcc. c6~} 

Red Iron Oxide Ore •••••••••••••• 0.077 
Silver Oxide•••••••••••••••••••• 0.061 
Lead Sulfide•••••••••••••••••••• 0.023 
Cupric Oxide•••••••••••••••••••• 0.110 
Jichrome Wire •••••••••••••• , •••• 0.060 
Alwninum•••••••••••••••••••••••• 0.069 
Active Silica ••••••••••••••••••• 0.030 
Ammonia Catalyst ••• , •••••••••••• 0.110 
Reduced Ammonia Catalyst •••••••• 0.020 
Bauxite ••••••••••••••••••••••••• 0.093 
Nickel Oxide•••••••••••••••••••• 0.078 
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Chapter XII. 

Conclusion 

The general oonolusions drawn. from the summary of 

the results iJ'l Chapter XI include the :!ollowing; 

(l) • .No method of comneroial importa.nce has been 

discovered for the direot production of ani• 

line. 

(2). Oxide oatalysers have given the best results 

to date, the various forms of oxide iron ore 

and copper oxide heading the list. 

(3). Work on this direct production of aniline is 

being coiitinued, using iron oxide containing 

promoters of various kinds. 
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