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increase the free-fatty-acid content, in which case this loss 
is greater. It has been shown that on some poor types of 
deodorizers the free-fatty-acid content of the distillate may 

condensed distillate. 
tile loss, unless determined in the condensing water. 
sUMaaARY OF L~~~~~ ~ ~ r :  TO (A) I ~ ~ ~ R I T I E S  IN OIL PURCHASGD AND (B) 

Soluble distillate is included as vola- 

amount to three times as much as could be accounted for by 
the free-fatty-acid content of the original oil. Cotton Corn Peanut Soy nut 

REFINING PROCESSES 
coco- 

TTOLATILE MATTER LOST DURING DEODORIZATION 
Per cent 

Coconut,. .......................... 0.40 
Cottonseed and peanut.,  ............. 0.12-0.35 
Soy and corn.. ...................... 0.36-0.75 
Beef tallow and oleostearin.. .......... 1.5 -1.75 

Moisture ........................ 0.27 0.27 0.27 0.27 0.39 
Gasoline insolublea.. . . . . . . . . . . . . .  .11 .I1 .I1 .ll 0.037 
Phosphatides.. . . . . . . . . . . . . . . . . . . .  0.458 . . . . . . . . . . . . . . . . . . . .  
Other nonfatty acid material.. . . . .  0.272 ..... 0.30 0.50 0.200 
Glycerol loss by saponification. .... 0.080 ..... 0.035 0.035 0.000 
Loss by emulsion.. ............... 0.150 . . . . .  0.150 0.150 0.075 

Volatility loss.. . . . . . . . . . . . . . . . . . .  0,250 0.550 0.250 0.550 0.449 

Soluhility loss., .................. 0.000 0.000 0.000 0.000 0.065 
Glycerol loss by hydrolysis.. . . . . . . . . . . . . . . . . . . . . . . . . . .  0.057 

Bleaching loss.. .................. 0.450 0.4.50 0.450 0.450 0.240 ----- 
The volatile loss is determined by the difference between TOTAL.. ....................... 2.270 1.380 1.565 2.065 1.513 

incoming and outgoing scale weights, after correcting for 0 Includes all dirt, solid organic matter (meal), and colloidal meal. 

The Catalytic Ammonolysis of Beta-Naphthol and Chloro- 
benzene in the  Vapor State' 

By A. M. Howald with Alexander Lowy 

UNIVERSITY 08 PITTSBURGH, PITTSBURGH, PA. 

p-Naphthol and chlorobenzene mixed with ammonia were passed in 
the uapor state at definite temperatures over various contact materials. 
Alumina was the best catalyst'found for fhe ammonolysis of p-naph- 
thol. Good yields of @-naphthylamine (90 to 95 per cent of the naph- 
thol used) were obtained over a runge of conditions. 

A study of the yield of p-naphthylamine obtained as depending on 
the catalyst, temperature, ratio of the reactants, and the rate of their 

POW ouer the catalyst was made. Curues showing the e&ct of the 
temperature and rate of POW of the yield of p-naphthylamine were 
obtained. 

Yields 
were low (up to 7 per cent) and the catalyst depreciation was rapid. 
Reduced metals of the iron group were the only confact materials found 
to catalyze appreciably the ammonolysis of chlorobenzene. 

Some conversion of chlorobenzene to aniline was effected. 

PART 1. CONVERSION OF BETA-NAPHTHOL TO BETA-NAPH- 
THYLAMINE* 

T" IS study of the vapor-phase ammonolysis of P-naph- 
thol was undertaken for several reasons. In  the first 
place, while this reaction was tried and found to be 

successful in the preparation of aliphatic amines2 from alco- 
hols, yet the action of ammonia on the phenols and naphthols 
has not been studied. Then too, P-naphthylamine is a val- 
uable dye intermediate and is prepared commercially in 
quantity. However, the autoclave reaction now in use is 
necessarily an intermittent one, while a vapor-phase reaction 
could be made continuous. Also, since the reaction of ammo- 
nia on @-naphthol has already been successfully catalyzed by a 
homogeneous catalyst3 in liquid systems, a study of it in the 
gaseous state from the viewpoint of heterogeneous catalysis 
might help to correlate these two branches of catalytic phe- 
nomena. 

References to the literature on the preparation of P-naph- 
thylamine by the autoclave process are given below.4 

Various reactions might be expected to take place when 
mixtures of /?-naphthol vapor and ammonia gas are passed 
over contact masses. A primary reaction to give P-naphthyl- 
amine according to the following equation 

1 Received August 21, 1922. Abstract of a thesis presented by A. M. 
Howald in partial fulfilment of the requirements for the degree of Doctor of 
Philosophy, August, 1922. 

* Patent applied for. 
2 Compt. rend., 148 (1909), 898. 
8 J .  prakt. Chem., 121 69 (1904), 49. 
1 ILid., [I] 32 (1870). 286: Ib id . ,  [l] 32 (1870), 540; Be?., 13 (1880), 

1298, I b i d . ,  13 (1880), 1850; 14 (1881), 2343; 16 (1883), 19; D. R P. 14,612 
(1880); 117,471 (1900); 121,683 (1901); 123,570 (1901); 126,536 (1901); 
J .  pvakt. Chem., [2] 69 (1904), 49; 70 (1904), 345; 71 (1905). 433; 76 (1907). 
240; 77 (1908), 403. 

as well as some others according to the equations: 

2@3"" - ( y J - O - ( y J  + HzO 

- -  
etc., seemed probable. 

EXPERIMENTAL PART 
It was 

built with three objects in mind-namely, to get a definite 
and known mixture of ammonia gas and &naphthol vapor, to 
bring this mixture into contact witha catalytic mass at ti known 
temperature, and to collect the products of the reaction. 

The general method of conducting experiments, most of 
which were of 1-hr. duration, was as follows: 

The inner tube t of the vaporizer V was replaced by a shorter 
one.not reaching to the surface of the p-naphthol B in the va- 
porizer. Stopcock c4 was turned off the tubes UI and UZ and to a 
waste ammonia line and c1 and cp turned in such a manner as either 
to shunt ammonia from T by or through the wash bottles W,, W2, 
Wa, and W4, as the experiment required. A slow stream of am- 
monia was passed through the whole train for about 15 min. 
thoroughly flushing it out. The furnace F was brought slowly to  
the required temperature, and the external heating coils HI and H1 
turned on. The furnace having reached the required tempera- 
ture the heating liquid I, in the outer jacket of the vaporizer V was 
made to boil and the flow of ammonia through the flowmeter M 

The experimental apparatus is shown in Fig. 1. 
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adjusted by means of the valve pi2 to the rate required by the 
particular experiment. Next, the short inner tube of the vapor- 
izer was replaced by a long one so that the ammonia would bub- 
ble through the molten p-naphthol. After 10 min. more, the 
reaction tube and catalyst having been flushed with the gaseous 
mixture of naphthol and ammonia, the bulb C was replaced by 
a similar clean one and the time recorded. At a definite time 2 
to 5 min. later c4 was turned to pass the ammonia through UI in- 
t o  the weighed tubes Uz and US. 

N 

P- 

S C A L E :  
/a cm. = I rn eter 

FIQ. I 

'I' cylinder of anhydrous ammonia. 
vl'snd YZ, two valves in series. 
CL ca, c4 3-way stopcocks. 
W i ,  W2: WE, and W4, wash bottles for purification of NHa. 
CP stopcock. 
D', drying tower. 
M, glass flowmeter of the capillary and manometer type, calibrated to  read 

erams of ammonia Der hour. s mercury-seal safety outlet. 
V', vaporizer in which the entering ammonia bubbled through a column of 

molten @-naphtho!, B kept a t  a constant temperature by the vapors of 
a liquid I,, kept boilink in an outer jacket. 1 is an inner small bore tube 
by whic)h the ammonia entered,,gi a ground joint, and a an air con- 
denser to  return the boiling liquid L. 

HI and Ha two resistance-wire heating coils covered with asbestos cloth by 
mean; of which the ammonia and @-naphthol vapor mixture was kept  
hot between the vaporizer and the furnace F and between the furnace 
and the bulb C in which the reaction productdcondensed. 

P, copper-canstantLn couple pyrometer extending into the center of the re- 
action tube. 

C, bulb condenser connected to  the reaction tube by a ground joint, gp. 
K catalyst held in the Pyrex reaction tube E. 
U; U-tube containing granulated KOH for drying the unused ammonia. 
U,'and US two U-tubes in series filled with water and concentrated sulfuric 

acid ;or collecting and weighing the unused ammonia. 
F, speciai 1.2-m. tube furnace of which N 1s the nichrome heating coil. The 

furnace was built on a 1 2-m. length of 1.5-in. iron pipe covered wlth 
a thin layer of asbestos'cloth and alundum cement, wodnd with a ni- 
chrome coil then covered with another layer of asbestos cloth and 
alundum ceAent, and finally encased in a length of "85per cent magne- 
sia" 3-in. pipe covering. The furnace temperature was controlled within 
a 6- t o  10-degree range with a sliding rheostat. 

r, glass wool. 

A series of experiments could then be made by merely re- 
placing the condenser bulb C and the ammonia collecting 
tubes Uz and Us. The solid products were collected in most 
cases for 1 hr., the ammonia for but 50 min. and calculated 
to 60 min. 

METHOD OF ANALYSIS 
The following method of analysis adapted to the determi- 

nation of &naphthylamine on small samples in the presence 
of @-naphthol and @-dinaphthylamine was devised. 

A 0.0500 to 0.1000-g. sampIe was placed in a 25-cc. beaker 
which had been weighed together with a stirring rod and a 
15-cc. Gooch crucible. The sample in the beaker was then 
dissolved in 10 cc. of dry ether (distilled over fused calcium 
chloride) and saturated under a desiccated bell-jar with dry 
hydrochloric acid gas. (Fig. 2) It was then filtered through 
the Gooch crucible (without suction) and washed five times 
with a saturated solution of hydrogen chloride in ether. No  
attempt was made to remove all the precipitate from the 
beaker, but it was thoroughly washed by decantation. Fi- 
nally, the outside of the crucible was washed once or twice t o  
remove any soluble deposit left by evaporation of the ether. 
The precipitate of @-naphthylamine hydrochloride with the  
crucible stirring rod and beaker was then dried to constant 
weight a t  95' to 100" C. (1 to 2 hrs.) and the weight of hy- 
drochloride was multiplied by the factor 0.797 to give the  
weight of mononaphthylamine. On distilling off the ether 
from the filtrate and drying the residue a t  50" C., it was 
weighed as combined naphthol and @-dinaphthylamine. 

The anaIytica1 method was checked against known amounts 
of the pure substances, as follows: 

TABLE I-CHECK ANALYSIS AGAINST KNOWN AMOUNTS OF P U R E  SUBSTASCES 
Combined hlaphthol 
and @,B-Dinaphthyl- 

&Naphthylamine ,%Naphthol @,@-Dinaphthyl- amine 
Used Found Used amine Used Used Found 
G. G. G. G. G G. 

0.0614 0.0610 Not weighed Not weighed 0.0434 0.0437 
0.1105 0,1107 Not weighed Not weighed 0,0485 0.0480. 
0.2042 0.2045 0.1347 None 0.1347 . . . . . . 
0.1353 0.1337 0.1990 None 0.1990 0.197L 

Instead of weighing the @-naphthylamine hydrochloride, it 
may be determined by titrating its hydrochloric acid content, 
using phenolphthalein as the indicator. 

A preliminary series of experiments was conducted using 
anhydrous ammonia of coal-tar origin and with aluminium 
oxide on pumice as the catalytic mass. Poisoning of t he  
catalyst was quite rapid when the ammonia gas was passed 
only through a soda lime and granulated potassium hydroxide 
tower. This catalyst depreciation could be, almost if not 
entirely, overcome by adding to the train wash bottles of al- 
kaline permanganate (W, and Wz of Fig. l ) ,  ammoniacal 
silver sulfate (W3), and concentrated potassium hydroxide 
solution (W4), 

However, in the subsequent experiments, synthetic ammo- 
nia requiring no purification was used. A large quantity of 
alumina catalyst was also prepared a t  once a t  this point, sa 
that all the experiments to follow in which alumina was used 
were performed from this batch of catalyst. One hundred 
and thirty-five cc. were chosen as a standard amount of 
catalyst to be used and were taken for all experiments where 
a different amount is not specifically stated. 

Several series of experiments were conducted to determine 
the effect of the temperature on the yield of @-naphthylamine. 
Two separate ratios of ammonia to &naphthol were used by 
employing dimethylaniline and nitrobenzene of boiling points 
191' to 193' C. and 204' to 205' C., respectively, in the 
outer jacket of the vaporizer. Results for each charge of 
catalyst are tabulated separately. 
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For the first series, a meter reading of 4 cm., corresponding 
to a flow of 5.05 g. of ammonia per hour, was chosen, and di- 
methylaniline was used as the heating liquid in the vaporizer. 
The  condition and results of the series appear in Table 11, 
and the yields of /3-naphthylamine are plotted against tem- 
perature as Curve 11. (Fig. 3) 

TABLE I1 
@-Naphthyl- Naphthol 

Caught Caught Solid Con- thylamine, 
NHa Solids amine in @,,%Dinaph: 

Temp. Timein inU2,U3 in C. densate etc. 
Expt. OC. Min. G. G. % % 

350 
400 
4 50 
500 
430 
450 
470 
415 

60 
60 
60 
60 
60 
60 
60 
60 

5 .02  
5 .08  

4 . 7 0  
4 . 9 6  
4 . 5 2  
4 . 4 8  
4 . 2 0  

. . . .  
2 . 3 6  
2 . 0 3  
2 . 5 5  
1 . 9 2  
1 . 5 5  
2 . 1 8  
2 . 1 5  .... 

1 9 . 8  
4 0 . 6  
9 1 . 0  
88.1 
8 9 . 9  
90.8 
89 .0  
. 79 .3  

. . . .  
58 .6  
8 .0  

12 .8  . 
10 .5  
9 . 2  

10 .5  
2 0 . 4  

Ca C/, 
her Jolt?. of Sample 

FIG. 2 

These results (Curve 11) show an optimum yield of @-naph- 
thylamine between 430' and 450" C., which decreases very 
rapidly betmeen 430' and 400' C. The analyses tabulated 
are the average of two determinations. 

In the next series nitrobenzene was used in the vaporizer 
and the same temperature range was covered. The duration 
of each experiment was 1 hr., as before. 

Expt. 
1 
2 
3 
4 

'l'eiiip. 
c. 

350 
400 
450 
500 

Meter 
Reading 
G. ?XHa 
5 . 0 5  
5 . 0 5  
5 . 0 5  
5 .05  

TABLE 111 

NH3 Wt. of 
Caught in Solids 

u2,-u3 Cau_ght 
G . ci. 

5 . 0 0  3 . 3 9  
5.07 3 .31  
4 . 7 2  2 . 4 0  
4 . 7 4  2 .38  

&Naphthyl- 
amine in Naphthol, 

Solid Con- B,b-Dinaph- 
densate thylamine 

2 1 . 4  7 8 . 4  
36.9 63.3 
6 9 . 0  30.5 
8 2 . 2  20.1 

% % 

Yields of &naphthylamine from Table I11 appear as Curve 
V. It will be noticed that the yields of @-naphthylamine 
are everywhere lower than when the vaporizer contained 
dimethylaniline (Curve 11) and that the optimum tempera- 
ture is higher. That the temperature is higher for a maximum 
yield when the vaporizer is heated with a higher boiling 
liquid can be explained by the greater rate of passage of 
@-naphthol over the catalyst under these conditions. 

In  the next series the vaporizer was once more heated with 
dimethylaniline, but the rate of flow of ammonia was de- 
creased to half that used in the experiments of Table 11. 
The conditions and results for this series are given in Table IV, 
and the yields of &naphthylamine are plotted as Curve IV. 

TABLE I V  
Nanhthol 

Since decreasing the rate of flow of the vapor mixture 
(Table IV as compared with Table 11) increased the yield of 
amine, indicating that equilibrium had not been attained, 
it was decided to conduct a series of experiments in which 
both the rate of flow of the vapor mixture and the volume of 
catalyst used should be reduced to one-half their values in the 
experiments of Table 11. In this way was to be determined 
whether or not the relative yields of amine a t  a given tempera- 
ture depended only on the rate of flow per unit volume of the 
catalyst. 

The experiments under these conditions are recorded in 
Table V. 

Temp. 
Expt. 'C. 
' 1 350 

2 400 
3 450 
4 500 

Meter 
Reading 

Timein inG.  
Min. NH3 
60 2 . 5 2  
60 2 . 5 2  
60 2 .52  
60 2 .52  

TABLE V 

NHa 
Caught Solids 

in U2,Us Caught 
G. G .  

2 . 3 3  0 .91  
2 . 3 9  0 . 9 3  
2 .43  1 .11  
2 .39  1 .05  

&Naphthyl 
amine 

% 
34.0 
90 .1  
8 7 . 8  
88 .2  

Naphthol, 
6,p-Dinaph- 

- thylamine, 
etc. 
% 

9 . 7  
12 .7  
11 .7  

. . . .  

The percentages of naphthylamine in Table V are plotted as 
Curve 111. It is only a t  the higher temperatures (range of 
maximum catalyst efficiency) that this curve coincides, 
within the experimental error, with Curve 11. 

TABLE VI 
Naohthol. 

Reading NH3 Ratio by B,p-Dinaph: 
of Meter Caught Solids Weight &Naphthyl- thylamme, 

inG.  inUz,U3 Caught NHs amlne etc. 
ExDL4 NHa G. G .  Solids % % 

1 2 .52  1 . 9 3  0 .70  2 .88  9 5 . 5  5 . 0  
2 c . 0 5  4.52 2 .18  2 .07  9 0 . 8  9 . 2  
3 6 .30  5.96 2 . 1 2  2 . 9 1  8 6 . 0  14.4 
4 10.05 .... 4 .15  2.43 5 9 . 0  4 0 . 3  

a Experiments 3 and 4 were made with one charge of catalyst in the 
order named. 
respectively. 

Experiments 1 and 2 are taken from Tables I1 and IV, 

Some experiments in which the rate of flow of the ammonia 
I n  each case the va- was varied are tabulated as Table VI. 

2.52 5.04 7: 5 7 IO  09 Grams NH, per hour 

- -=-------, 
Meter NH3 @,@-Dinaph- 

Reading Caught Solids &Nap,hthyl- thylamine, 
Temp Time in in G. in Uz, U3 Caught amlne etc. 

Expt. '(2. Min. NH3 G. G. % % 
1 415 60 2 . 5 2  2.47 1 .06  9 2 . 2  7 . 7  
2 450 60 2 . 5 2  1 .93  .70 9 5 . 5  5 . 0  
3 500 60 2 . 5 2  1 . 8 4  1 .07  8 9 . 5  9 . 8  
4 400 60 2 . 5 2  1 . 9 6  .97 88 .3  11 .8  
3 350 60 2 . 5 2  2 . 1 0  1 . 0 6  30.9 6 7 . 9  FIG. 3 
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porizer was heated with boiling dimethylaniline so that ap- 
proximately a constant ratio of ammonia to naphthol was 
obtained. The duration of each experiment was 1 hr. and 
the temperature was kept constant at  450' C .  

The 
yield of 8-naphthylamine increases as the speed of passage 
over the catalyst decreases. The curve extrapolated to  zero 
speed should give, therefore, the equilibrium concentrations. 

A long-period experiment was performed to test the dura- 
bility of the alumina catalyst. One hundred and thirty-five 
cc. of catalyst were used with a flow of ammonia of 5.05 g. 
per hour at  the optimum temperature (450" C.) for that 
rate of flow, as read from Table I1 and Curve 11. It was 
conducted on two:consecutive days for 9 and 7 hrs., re- 
spectively. The regular vaporizer was replaced by a 500-cc. 
flask held in an oil bath kept a t  196" to 197" C. by a gas- 
regulating thermostat. 

Owing to inequalities in the depth of immersion of the tube 
by which the ammonia bubbled through the @-naphthol, less 
solid product was obtained per hour on the second than on the 
first day. The weights were 21.6 and 11.9 g., corresponding 
to an hourly rate of 2.4 and 1.7 g., respectively. The analysis 
of the product obtained was as follows: 

The results given in Table VI appear as Curve I. 

The receiver was also made larger. 

@-Naphthyl- Naphthol, 
amine etc. 

% % 
First day (9 hrs.) 85.5 15.4 

Total product 87.3 13.3 
Second day (7 hrs.) 90.7 9.3 

Evidently, the catalyst had not depreciated materially 
during 16 hrs. The higher yield during the last 7 hrs. is 
accounted for by the lower hourly rate. 

The product from the last 7 hrs. of the long-period 
experiment was analyzed for @,@-dinaphthylamine by the 
method of Lee,5 and Jones, in which it is obtained as a residue 
insoluble in hot 1 : 30 hydrochloric acid. Two analyses on a 
5-g. sample gave 4.57 and 4.58 per cent of insoluble residue, 
which gave melting points of 165" and 166.5" C. (uncor- 
rected). The melting point of pure @,j%dinaphthylamine is 
171 O C. That the insoluble residues contained no /?-naph- 
thol was shown by the fact that one of them when washed 
with 200 cc. of boiling 0.96 specific gravity ammonium hy- 
droxide lost no appreciable weight. Calling the difference 
between the sum of the percentages of the two amines 
and one hundred, the percentage of @-naphthol present, 
the complete analysis of this sample becomes: 

@-Naphthylamine 90.7 per cent 
P.@-Dinaphthylamine 4.6 per cent 
@-Naphthol, etc. 4.7 per cent 

Some experiments were conducted using titania- and 
thoria-bearing pumice as the catalytic masses. They are 
given below in Table VII, together with one experiment in 
which the reaction chamber was filled with pumice alone. 

TABL; VI1 
CioHiOH 

NHs and @ 8- 

CATA- Temp. Time Meter U2,Us Solids NHg NH, etc. 
by NHs in @-ClOH7 (CIOH;)~ 

LYST Expt. O C .  Min. G. G. in G. % % 
1 445 65 6.82 6.46 .... 43.4 55.7 

Titania 2 500 60 6.30 5.88 2.58 63.5 36.4 
3 445 60 6.30 6.25 . ... 40.9 58.4 

445 60 6.30 5.31 . . . .  18.0 . . . .  
Thoria 31 25; 60 6.30 . . . . 1.62 19.7 78.9 

60 6.30 4.06 2.01 20.9 80.0 _. _ _  
Pumice 1 450 60 5.05 4.91 1.88 {:;:I .... 

The titania was prepared by stirring 35 g. of titanium tetra- 
chloride dissolved in concentrated hydrochloric acid into 
150 g. of granulated pumice of the same grain size as used in 
previous experiments. Most of the hydrochloric acid was 

5 Private communication. 

then evaporated, an excess of concentrated aqua ammonia 
added, the whole evaporated and ignited to dull redness in a 
muffle furnace. 

The thoria was prepared by stirring a solution of 50 g. of 
hydrated thorium nitrate with 150 g. of pumice, adding an 
excess of ammonia, evaporating, and igniting to redness. 

PART 11. AMMONIA ON CHLOROBENZENE 

It seemed probable that the halogen atom as well as the 
hydroxyl group could be replaced by the amino group by the 
action of ammonia in the vapor phase, if a suitable catalyst 
could be found. Indeed, chlorobenzene,0 like @-naphthol, 
has already been successfully subjected to ammonolysis in an 
autoclave in the presence of a catalyst. 

Earlier' attempts to replace halogen atoms on the benzene 
nucleus by the action of ammonia were unsuccessful in the case 
of the monosubstituted derivatives, but i t  was soon discovered 
that additional negative groups on the nueleus, especially in 
the ortho and para positions, made a halogen atom compara- 
tively easy to replace. More recently the more difficult task 
of substituting the amino group for halogen in derivatives of 
benzene containing only halogen atoms has been accom- 
plished.8 In most cases pressure and a catalyst were used.' 

Quicke has made a study of catalysts and yields working 
chlorobenzene and p-dichlorobenzene, using the methods 
outlined in the patents referred to above. He found copper 
sulfate, cuprous chloride, cuprous bromide, cuprous iodide, 
and cupric chloride to be active catalysts, while salts of iron, 
nickel, and cobalt, metallic mercury, metallic copper, mercuric 
chloride, and sodium acid sulfite were inactive. 

The primary reaction between chlorobenzene and ammonia, 
if applied above the dissociation temperature of ammonium 
chloride, can be represented by the equation: 

However, on cooling, any excess of ammonia would react with 
the hydrogen chloride formed to give ammonium chloride. 

In  addition to this primary reaction, other reactions ac- 
cording to the following equations might be expected: 

This equation is probable since hydrogen has been showng 
to reduce chlorobenzene to benzene in the presence of 
reduced nickel and iron which are also known to decompose 
ammonia into hydrogen and nitrogen. 

CsHsC1 + NHa HCI f CeHsNHa 

3CeHsC1 + 2"s -t 3CeHs + 3HC1 + Nz (1) 

2CaHsC1- C1.C6H.i.CeH4.C1 HZ (2) 
6CeHaC1 f 2"s - Nz $. ~ C ~ H S . C ~ H S  f 6HC1 (3)' 

Also an amine, if formed, might react further according to one 
of the following equations: 

CBHSNHZ + CeHsC1- CeHa.NH.C6Hs f HCI (4)" 
2CsHsNHz - C6Hs.NH.CeHs 3- "a (5)" 

EXPERIMENTAL PART 

As preliminary experiments indicated the formation of 
some aniline by the reaction of ammonia upon chlorobenzene 
in the vapor state, an apparatus was devised to study the 
course of the reaction. The final form used is shown in Fig. 
4. The furnace' at F (not shown) was the same as used in 

6 J .  Am.  Chem. SOG., 42 (1920), 1033. 
7 Ann.,  104 (1857), 225; 121 (18621, 358. 
8 J .  prakt.  Chem., [2] 48 (1894). 465; D. R. P. 202,170 (1908); 

204,S48 (1908); Brit, Patent 3847; Fr. Patent 397,443; D. R. P. 204,951 
(1908); Fr. Patent 397,495; Bcr., 47 (1914), 3166. 

0 Rideal and Taylor, "Catalysis in Theory and Practice," p. 179. 
10 Ann.,  169 (1877). 138. 
11 Be?., 86 (1903), 2382; D. R. P. 187 870 (1907). 
12 2. Chem., B (1866), 438 
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Part I (Fig. 1)) as were the flowmeter and ammonia-washing 
train, which are not repeated in Fig. 4. The essential differ- 
ences in the apparatus consisted in the device for obtaining 
the vapor mixture and in the condenser used in collecting and 
withdrawing samples of the product. 

SCC Fig I part one 

Lever -arm a t o  c o c k  
w i r h  x r e w  con8oI  (not  

S C A L E :  
/Ocm. = / meter  

FIQ. 4 

The chlorobenzene was contained in a buret, B, with a 
long-armed stopcock, S, fitted with a screw regulator by means 
of which a constant flow of chlorobenzene could be made to 
drop into a vaporizer a t  n, where it met the incoming stream 
of ammonia. The mixture then passed up through the va- 
porizer which was heated above the boiling point of chloro- 
benzene by means of a nichrome coil, and passed into the fur- 
nace F. By means of a stopcock, SZ, on the condenser C a 
sample of the liquid product could be withdrawn at  any time. 
A nickel-nichrome couple was used in measuring the tempera- 
ture. 

A method of analysis for aniline was devised based on the 
fact that the hydrogen chloride contained in its hydrochloride 
can be titrated with alkali, using phenolphthalein as the in- 
dicator. 

With the apparatus as described, reduced nickel was tried as 
the catalyst. In  preparing it, 100 g. of pure hydrated nickel 
nitrate were dissolved in water and the solution poured over 
100 g. of granulated pumice screened to pass a 4-mesh stand- 
ard sieve, but held on an 8-mesh sieve. The mixture was 
well stirred while evaporating to dryness and then ignited in 
porcelain over a burner until no more nitric oxide fumes were 
evolved. A 2-ft. length of i t  was then charged into the 
center of the reaction tube and reduced there with hydrogen 
a t  350" (2. until no more water was evolved. The hydrogen 
used was electrolytic hydrogen, as obtained in cylinders, and 
wm purified by passing through wash bottles containing 
solutions of KOH and Ag2SO4, and finally dried by passing 
over fused CaC12. When the reduction was complete, the 
stopcocks were turned so as to replace the flow of hydrogen by 
ammonia, and the apparatus was then ready for an experiment. 

The results and conditions of experiments with the first 
nickel catalyst are tabulated below. (Table VIII) 

Experiment 1 showed promise, but in Experiment 4, con- 
ducted under identical conditions, the yield of aniline was 
only one-sixth as great, This could only be explained by 

TABLE VI11 
CsHsCl Molar 

Temp. Used NHa Ratio Product CBH~NHI 
% Expt. Time OC. Cc. Liters CaHsC1:NHa G. a }  1 H r .  { HI!} 380 30 21.7 1:2.6 { 27 5.80 A::: 

4 32 0.93 

A second nickel catalyst prepared as before was used a t  
380" C., with a greater excess of NHs over CeHSC1, and the 
results with i t  are given in Table IX. 

T A E ~ E  IX 
Molar 

TEmp. CeHlCl NHs Ratio Product CeHsNHs 
% Expt. Time C. Cc. Liters NHs :CeH5CI G. 

{ :4 75% 1 1 Hr. 380 15 21.7 5: 1 

Reduced iron gave results very similar to those obtained 
with nickel. It was prepared by distributing 100 g. of hy- 
drated ferric nitrate over 100 g. of granulated pumice of the 
same grain size as used for nickel. It was ignited to ferric 
oxide, charged into the catalyst tube, and reduced with hy- 
drogen at 550" C. Table X contains the results of experi- 
ments conducted with this catalyst. 

TABLE X 

Expt. Time C. Cc. Liters CaH6CI:NHa G. gr, 

Molar 
T,emp. CaHaCl NHa Ratio Product CaHsNHt 

15.5 7:35 

3 480 . . . .  3.23 
1Hr .  { % \  15 21.7 1:5 I . . . .  .75 

480" C. was evidently a more favorable temperature than 
380" C. The same diminishing effectiveness as for the nickel 
catalyst was apparent. 

A new charge of the iron oxide was prepared and reduced as 
before, and i t  was then subjected for 5 hrs. to a stream of 
ammonia gas of the speed used in the experiments of Table X. 
The idea in this was to determine if the catalyst were being 
poisoned by an impurity in the ammonia. That this was not 
the case was shown, as this iron when used according to the con- 
ditions of Experiment 1, Table X, gave 7.2 per cent aniline. 

Reduced cobalt gave lower results than either nickel or 
iron. It was prepared by dissolving 100 g. of hydrated Co- 
(NO& in water, pouring the solution on 100 g. of granulated 
pumice, evaporating, igniting, and reducing as with iron and 
nickel. The temperature of reduction was 480" C. The 
results of a continuous 2-hr. experiment with cobalt, in 
which the product for each half hour was separately analyzed, 
is given in Table XI. 

TABLE XI 
Half-Hour Temp. CeHsCl NHs Molar Ratio CaHsNHn 

Period c. cc.  G. CaH6C1 : NHa % 

,The poisoning in each case was probably due to chloride 
formed in the reaction, as i t  has been known for some time 
that the halides13 are extremely deleterious in their action on 
metallic catalysts of the iron and platinum groups as used for 
hydrogenations. 

An attempt was made to find some material which would 
catalyze the production of aniline and which would no be 
poisoned. Some of the substances giving little or no cataly- 
sis were: metallic copper (380" and 580" C.), reduced molyb- 
denum (380" and480" C.), platinum black (280" and 380" C.), 
cocoanut charcoal (380" and 580" C.), vanadium pentoxide 
(480' C.), titania, etc. Of the nonmetallic substances used 
none showed appreciable catalysis. 

Bromobenzene, iodobenzene, and p-dichlorobenzene were 
subjected to the action of ammonia in the presence of iron in 
a manner analogous to that used with chlorobenzene. No 
very promising results were obtained. 

catalyst poisoning. 18 Sabatier, "La Catalyse en Chimie Organique," 1913 edition, p. 23. 


