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T I I E  idea of producing hydrogen gas f rom disso- 
ciated ammonia  and using the hydrogen for  
hydrogenat ion purposes is not new. However,  

if  published data may  be taken as criteria, little 
exper imental  work has been done in the past. Possi- 
bly this has been due to the economic features  in- 
volved. The cur rent  price of ammonia,  plus the price 
and efficiency of dissociation equipment,  indicates that  
it is possible to produce hydrogen for  hydrogenat ion 
economically by  this method. 

Preliminary Considerations 
]n considering this method for  producing hydrogen 

and snt)sequent use of the hydrogen for  hydrogena-  
tion, two unknown factors  require consideration: 

I. Is the use of dissociated ammonia  economically 
a t t rac t ive?  This fea ture  is also composed of two 
factors  : 
a) Efficiency of hydrogenat ion f rom hydrogen 

so produced. 
b)  Cost of producing hydrogen f rom ammonia.  

2. Act ivi ty  of hydrogen :  
a) Effect of ni trogen as a hydrogen diluent. 
b)  Efficient hydrogenat ion with mixed hydro- 

gen and nitrogen. 
c) Effect of ni trogen on the catalyst  activity.  
d) Removal of residual  ammonia  f rom the mixed 

gases. 

We will first discuss I t em 1 on tile economies of 
using dissociated ammonia  for  hydrogenat ion.  Cal- 
culations in 1946 revealed that  a small hydrogen 
plant  of the propane type  would necessitate an in- 
vestment  of about  $100,000. The capaci ty  of this 
p lant  would be 2,000 on. f t . /hour .  On this basis (op- 
era t ing 300 d a y s / y e a r ) ,  the cost of producing  hydro-  
gen would be $2.04 per  1,000 eu. ft. 

On the same basis an ammonia  dissociating p lant  
producing 1875 cu. f t . / hou r  (2,500 cu. f t . /h r ,  mixed 
gases) would entail  an investment  of $17,000 and 
would produce hydrogen  at a cost of $1.97 per  1,000 
cu. ft. The cost of housing the equipment  is not 
included, and  calculations are based on a cost of 
ammonia  of $0.0365/lb. in tank  cars. Ammonia  un- 
loading facilities also have not been included. Tbe 
use of cylinder ammonia  at  about  15 cents per  pound 
is of course uneconomical. 

I t  should be borne in mind that,  due to the initial 
cost of the propane  plant,  the cost of hydrogen  in- 
creases rap id ly  with a smaller  demand while the 
ammonia  dissociation process becomes economically 
more at t ract ive.  I t  is also obvious tha t  the ammonia  
dissociation process would have grea ter  flexibility in 
the event la rger  hydrogen  requirements  than  antici- 
pa ted  were needed. 

As the use of dissociated ammonia  for  hydrogena-  
tion was found  to be economically at t ract ive,  we 
proceeded with the technical aspects of the process. 
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Equipment 
The ammonia  dissoeiator used was buil t  by  the 

Drever  Company of Philadelphia.  I t s  capaci ty was 
100 cu. ft. per  hour. This uni t  was equipped with 
absorpt ion towers containing a luminum oxide. Cyl- 
inder ammonia  was used for  this uni t  and the vapor  
pressure in the cylinders was sufficient to main ta in  
a flow of 100 cu. ft. per  hour  successfully. 

A Wayne  air  compressor with a horizontal 60-gal- 
lon tank was installed to collect the mixed gases. A 
surge tank was connected between the dissociator and 
the compressor. The volmne of the high pressure 
storage tank at s tandard  conditions was 8.05 on. ft. 
of gas. 

The hydrogeuators  used were of the autoclave type 
of 20-gallon and 2-gallon capacity.  

Necessary ganges, thermometers ,  check valves, etc., 
were installed for  control. A rotometer  was used to 
measure the flow of mixed gases. 

Measurement of Gas Consumed 
A method was developed for  the estimation of the 

hydrogen gas consmnption. The exact volume of the 
high pressurc storage tank was determined f rom its 
watcr  displacement.  A dead weight  tested pressure 
gauge and a Fahrenhe i t  thermometer  were installed on 
this tank. By knowing the volume of the tank, the 
pressure drop, and the t empera tu re  change, utiliza- 
tion of the simple Gas Law gave us a means of esti- 
mat ing  gas (~onsumption. 

The derivation is as follows: 
n 

a) P V -  RT 
359 

where 

P --- Pressure in lb./sq, inches absolute 
V ~-~ Volume in cu. ft. ~ 8.05 

n 
35~" = Moles of gas (n in cu. f t . )  

R = Propor t iona l i ty  constant  ~ -  10.71 
T - =  Absolute t empera tu re  (R ~ = ~  @460) 

b)  Derived formula  

Cu. ft. of gas at  S .T .P .  - -  - - (P~T'~--P~TD270 
T~T.~ 

The method chosen for  expressing hydrogen con- 
sumpt ion was cu. f t . / iodine va lue / ton  and the follow- 
ing formulae were derived and used:  

a) Pure  hydrogen 

Cu. ft. h y d r o g e n / I V / t o n  

cu. ft. gas used X 2,000 lbs. 

I. V. ~ oil wt. used 

b)  Dissociated ammonia  

Cu. ft. h y d r o g e n / I V / t o n  

cu. ft. gas used X 2,000 lbs. X .75 

I. V. }( oil wt. used 
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A I. V. represents  the change in 'iodine value dur- 
ing the specific conditions of any  of the experiments.  
Inasmuch as dissociated ammonia  consists of 3 vol- 
umes of hydrogen  to 1 of nitrogen,  a factor  of 0.75 
was indicated. In  order to compare the exper imenta l  
hydrogen consumption figures with the theoretical  
amount  required, it was necessary to calculate the 
theoretical value. As one pound of iodine reacts with 
100 pounds of oil (definition of iodine num ber ) ,  20 
lbs. of iodine reacts with 1 ton of oil. 

20 
- -  (moles of iodine) X 359 (cu. ft. in a 
253.96 

mole of gas) ----- 28.3 

The theoretical consumption is 28.3 eu. ft. H~ per  I. V. 
drop per  ton of oil. 

Development  of a Hydrogenat ion  Method 
for Triglycerides 

As is well known, the cus tomary  batch  hydrogena-  
t ion method, using commercial ly pure  hydrogen,  is 
accomplished in a closed reaction vessel connected to a 
hydrogen source. Although small amounts  of iner t  
gases are present  in these hydrogens,  their  concentra- 
tions never reach a value which seriously affects the 
ra te  of hydrogenat ion.  However,  inasmuch as disso- 
ciated ammonia  contains 25% nitrogen, it  becomes 
a serious hindrance to hydrogenat ion.  

With  the gas measurement  technique developed we 
proceeded to investigate a pract ical  method of hy- 
drogenation. The two methods investigated were:  

1) An adapta t ion  of the Conventional Batch 
Method. 

2) Continuous Vent-constant  Pressure Method. 
Method No. 1 was first investigated. A t  tha t  t ime 

the ammonia  dissociator had not been installed and  a 
mixture  of cylinder ni trogen and cylinder hydrogen 
was used. The mixtures  of gases, comparable to dis- 
sociated ammonia,  was introduced into an evacuated 
20-gallon sa tura tor  containing 100 lbs. of refined and 
bleached soya bean oil and  commercial  nickel catalyst.  
When the increased ni trogen concentrat ion became 
appa ren t  through the decrease in reaction rate, no 
more gas was introduced. '  The decreased rate was ap- 
pa ren t  through the a t ta inment  of a pressure equilib- 
r imn when the hydrogenat ion was isolated in this 
m a u n e r .  

At  this point  the hydrogenat ion was allowed to 
proceed 12 minutes  longer. I t  was hoped tha t  maxi- 
m u m  util ization of the hydrogen would be realized. 
Table I lists the results  of this work. 

TABLE I 

I)~l.l n N ( , .  

l . . . . . . . . . . . . . . . . . . . .  

2 . . . . . . . . . . . . . . . . . . . .  

3 . . . . . . . . . . . . . . . . . . . .  

4 . . . . . . . . . . . . . . . . . . . .  

5 . . . . . . . . . . . . . . . . . . . .  

Type of G~s 

Cylinder hydrogen  

Cylinder hydrogen 

75% hydrogen  
2 5 %  ni t rogen 

I 75% hydrogen  
25% ni t rogen 

75% hydrogen  
2 5 %  ni t rogen 

Temp. C . F . H . /  
[ ,.v.,,ron 

260-325 30.5 

260-325 28.5 

260-325 47.5 

260-325 ! .~.2 . 5 

260-325 I 39.4 

A1 :v./ 
Min. 

0.83 

1.20 

0.07 

0.07 

0.06 

F r o m  this data it is obvious tha t :  
1) In  the case of runs  3, 4, and 5 the hydrogen 

consumption per  uni t  iodine value drop was 
e x c e s s i v e .  

2) The time of hydrogenat ion  per  uni t  iodine value 
drop was excessive. 

These two factors  ruled this method impract icable.  

Continuous  Vent-constant  Pressure Method 

The second method invest igated was based on the 
assumption tha t  the hydrogena tor  could be used as a 
f rac t ionator  of the mixed gases. Ideal ly  the gaseous 
mixture  would enter  the bot tom of the hydrogena tor  
and, on travell ing up through the oil, the hydrogen 
would react  with the oil and be absorbed and pure  
ni t rogen would fill the head space of the reaction 
vessel. By venting the ni t rogen at a ra te  equivalent  
to its influent rate, equi l ibr ium would be established 
and hydrogenat ion would proceed, affected solely b y  
the par t ia l  pressure of the hydrogen. 

Table I I  shows the results of p re l imina ry  runs, 
using a vented converter  and mixed gases. 

T A B L E  II 

R u n  
:No .  

O 

6 .............. 

8 .............. 

Type of Gas Used 

Cylinder hydrogen 

{ 75% hydrogen 
25% nitrogen 

75% hydrogen 
25% nitrogen 

Temp. 
Range  
(~ 

260~',125 

260 325 

260-'100 

C.F.H./ 
I .V. /Ton 

28.5 

e :./I z~I.V. [.. on _Min. 

I 1.20 

28.6 0.22 

40.9 0.26 

Remarks  

No vent 

Cont inuous 
purge  

Increased 
cont. pu rge  

These results were very  encouraging and a more 
comprehensive investigation was under taken.  A de- 
scription of equipment  and method follows: 

e 

Equipment  and Method Used 

As indicated in the d iagram the equipment  con- 
sisted of the dissociator, a luminnm oxide towers, a 
low pressure holding tank, compressor, high pressure 
storage tank, a hydrogenator ,  and a gas density meter  
of the Ranarcx type. 

D IAG RAM[ 
( L o~  ,~keSSV e e  

The continuous vent-constant  pressure method was 
accomplished in this equipment  as follows: 

1. A weighed amount  of oil or f a t  (about  100 lb.) 
and catalyst  was drawn into the hydrogenator  and 
heated to 250~ under  vacuum and mechanical  agi- 
tat ion (valves B and D closed, valve C open).  

2. Dissociated ammonia  or steam-iron hydrogen was 
compressed into the high pressure storage tank to 
about  190 lbs./sq, inch absolute. 

3. The high pressure storage tank and the hy_ 
drogenator  were isolated f rom the rest  of the system. 
(Valves A, B, C, and D closed.) 

4. Valve B was opened wide and valve A was 
opened slowly. The gases flowing through A entered 
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the hydrogenator  in which the pressure began to rise. 
When a gauge pressure of 50 lbs./sq, ineh was at- 

]hart tained Oll steaIn-iron gas and 72 lbs./sq, inch in tile N{,. 
case of dissociated ammonia, valve A was closed. 
Then initial readings of pressure and temperature in 1-,~ 1-b 
the high pressure storage tank were recorded. 2-,, 

2-b 
5. Again agitation was applied to the material in a-,~ 3 ~b 

the hydrogenator,  and hydrogenation was begun. The ,t-,~ 
,1-1) pressure was controlled in the hydrogenator  at 50 or 5-,~ 

72 lbs, gauge by thrott l ing vah'e B and opening wide 5-b 
6-a 

valve A. (;-1} 
7 -~ 

6. When tile I)ressure in the high pressure storage 7.}, 
tank reached about 80 lbs. gauge, valve A was elosed A,.~.,,'~ 
and tile final pressure and ten~pei'ature readings were 
rc('orded. I lydrogcnat ion was eontimIe(t until  the A,.~.ws 
gauge pressure in the hydrogenator  reached 50 lbs./ 
sq. inch in the ease of the steam-iron gas and 72 l/)s./ 
sq. inch in the ease of the dissociated ammonia. Thus, 
initial and final conditions were the same, and the 
aeeuraey of gas consumption figures was withiu thc 
liinits of experimental error in t h e  method. 

When t h e  hydrogenat ion was eoinpleted, a sanli}le 
was drawn for an h)(line value determination. Know- 
ing the weight of oil used, the change in iodine value 
( ~  I. V. ), the vohnne of the storage tank and the t}res- 
sure and telnperaturc changes of the, gascs in the 

q'ABIA~I 11 [ 
~ : 7 : ~ :  . . . . .  : 227  : : ~ : : "  ~ s  : " : 

I . ' r , , ~ .  i . v .  I(.".L,,II v , , ~  I ~)~n ~Pnne, l,:~ ~ AI v. )r( , . .v./ (k~t{- ],'i,,4 
..... l S a ' n u t e s /  ( ~  M h m i e s }  T o n ]  ...... l*,r } , , v ,  

1 18 28M-3(;6 33.4 i 1.857 30.1 Noll{': 78.2 
2 1 5  2 7 3 - 3 1 4  1 2 2 t  I 0 . 8 |  I 3 0 . D  N o l l e  D14.7 
3-a I 10 I 267-32:1 / 1 6 , { 4  1.680 32,5 I None  I 94,2 

(;,,nt,.,,] l / I i / Io1% I Lvd,,,~,,,, 
Avg.  | 12 [ 28g-336  / 19.4 1.84~ | 31 .1  ~ Use Efliciency 

storage tank, it was a simple, matter  to calculate the 
hydrogen consulnption using the equations developed. 

The difference in gauge pressure between steam- 
iron hydrogen and dissociated ammoMa is due to the 
part ial  pressm:e in steam-iron hydrogen being ap- 
proximately equal to the total pressure while dissoci- 
ated ammonia contains only 75% hydrogen and the 
part ial  pressure equals only three-fourths of the total 
pressure. A gauge pressure of 72 lbs./sq, inch in the 
case of dissociated ammonia is equivalent to a hydro- 
gen part ial  pressure of 50 ]bs. 

I t  was necessary to have tile initial and final pres- 
sure in the hydrogenator  equal because the pressure 
drop in the high pressure storage tank was used to 
calculate the amount  of gas consumed. I f  the initial 
and final pressure in the hydrogenator  were equiva- 
lent, then the hydrogen measured would equal the 
hydrogen absorbed. 

At  the beginning of our work a rotometer was used 
to control the composition of the vent  gas. This was 
found a poor control as the specific gravi ty  of the gas 
varied with its composition. Later  an accurate vent 
rate control was accomplished by means of a Ranarex 
gas density meter. In  using the Ranarex instrument 
a specific gravi ty  value was used which indicated a 
gas vent effluent of 20% hydrogen and 80% nitrogen. 

In  Table I I I  we list control hydrogenations, using 
purified steam-iron hydrogen and cottonseed oil. 

The average values of the control runs shown at 
the bottom of the table are representative of the 
efficiency of purified s team-iron hydrogen in the 
equipment used. 

T A B L E  ] V  

Time,  
Minuh~s 

43 
37 
54 
32 
32 
32 
36 
19 
43 
'31- 
36 
112 

4(} 

40 

B2 

Temlt, I 
lCange A I . V  
(~F.)  

248-267 10.1. 
276-330 21.0 
242 258 14.4 
260-372 18. I 
24~-'36.1 ] 9.9 
353-;~7{} l!).8 
256-200 18.3 
282-3~  21.4 
240-262 I 6.4 
B56-289 21 .4  
254-303 2{).5 
206-314 18.6 
255-352 I 2 Q I  
:~5',-:~72.] s 
25 I-B0;~ ] 18.I  

2(,)9-3,I0 2t).7 

I . V .  

] ) r o l l ,  
lXlinutes 

0.444 
0.592 
0.266 
( 1 . 5 6 5  
(}.622 
0.62O 
0.590 
1.127 
0.38 I 
().26{.) 
0.570 
0.581 
0.574 

O.402 

0.61B 

C.F . I I .u /  Vent, 
I . V , /  I (Roto- F i n a l  
Ton [ m e t e r )  I .V .  

. . . . . . .  I 
,'}2.6 [ 25 92.5 
29.2 J 25 70.6 
34.4 25 .97.2 
36.3 25 79.1 
32.6 25 91.7 
BI .6  t~5 71.!) 
31,.9 ' 25 93.3 
29.2 71.9 
3S.0 125 95.2 
30.1 25 73.8 
31.0 25 .01.l 
33.2 25 72.5 
:~1 .{) I 2 5  ~)1 i 5 
o8 7 25 68,7 

3:L5 I g 4 . 5 %  l l y d r o g e n  
I U,~c ]!]flicien cy 
I 

31.2 ' 91 . I{~  l | y l r o g e n  
, Use 1' Ili('iency 

I n Table IV we list 14 individual hy(h:ogemltions 
on whivh the gas used was dissociated anmmnia. 

lu  comparing ll~e average values f rom Tables I I [  
and IV, it is evident that the only marked difference 
occurs ill the rate of hy{lrogenation. To() much weight 
was not placed on that factor at that  tinle because it 
was believed firndy that  improved experience and 
controls on the hydrogenation technique, nsing dis- 
soeiated ammonia, would overcome this a p p a r e n t  
handicap. 

H y d r o g e n a t i o n  of  Lard to F l a k e s  
Contro l  H y d r o g e n a t i o n s - L a r d  

The lartl used in this series of runs was a refined 
prime steam lard. TM)le V lists the control data ac- 
quired using puriii(,d steam-iron hydrogen gas. 

T A B  IA,I V 

. . . .  'r,,.,p I ].v. I(u<H~/I v,.,~ I . .  
] ~fl{ l ]  I 1l /[I ,[  R u n  . ~ I ]{al g( I A I . V .  I I)ro] ~ V . /  I ( lolo- I ! 

1 191 2o0-3o5 35.0 0.183 } 33.0 None  I Co.0 
2 100 251-374 31.4 0 .344 '30.4 None  38.6 
3 ~ 201 I 250-371 j 58.2 ] o.~ I 29.8 [ None  I 1 1 : 8  

A v e r a g e  C.F.  I l y d r o t z e n / J . V . / T o n  ~ "11.1 
Avm'ag'e ] .V.  l ) r o p / M i n .  ~ 0.273 
A v o r a g e  11ydrogen Us{! Eff iciency 9 1 %  

The average figures f rom Table V compare favor- 
ably with respect to use efficiency with the results 
obtained in hydrogenat ing cottonseed oil. The slower 
hydrogenation rate of lard is generally noticeable. 

Dissoc ia ted  A m m o n i a  H y d r o g e n a t i o n s - L a r d  

Again in these hydrogenations the lard used was a 
refined prime steam lard. Table V1 is a compilation 
of the data produced by  these hydrogenations. 

Gas was vented at a rate such that the specific 
gravi ty of the purge gas was 0.79 to 0.80. 

As the hydrogenat ion progressed and the rate of 
hydrogen absorption decreased, the vent gas, for a 
constant vent valve setting, began to increase in the 
concentration of hydrogen. This change was detected 
by the Ranarex instrument  and was corrected by 
thrott l ing the vent valve until  the specific gravity 
returned to the chosen value of 0.80. 

I t  was apparent  from these hydrogenations tha t :  
1. Nitrogen had no apparent  poisoning effect on 

nickel catalyst. 
2. An efficient bateh hydrogenation method had 

been developed, using dissociated ammonia. 
3, The residual ammonia could be removed from 

the cracked gas. 
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TABLE VI 

]~un 
No. 

2-a 
2-b 
2-c 
2-d 
3-a 
3-b 
"l-e 
4-a 
4-b 
4-e 
5-a 

5-b 

5-e 

6-a 

6-t) 

6-e 

6-d 
7-a 

7-b 

7-c 

M i n u  

79 

64 
81 
87 
30 
65 

131  
30 

20 

115 

51 

70 

1 3 4  

246  
53 

50 

167  

Temp.  

p ?o 
2 5 5 - a 6 5  I ~ ; -  
3 6 2 - 3 6 8  I 2 0 . 6  
358 -366  I 18 .2  
3 4 4 - 3 6 6  I 7 .3  
262 -362  " 21 .8  
3 3 0 - 3 6 2  19 .8  
292-362 16.2 
358-366 23.0 
361-366 20.9 
363-366 15.2 
266-302 22.9 

302 -370  25.3  

362 -370  21.0 

2 5 4 - 3 6 5  26 .2  

345 -368  23 .2  

361 -365  17.8  

354 -358  2.3 
288 -363  21 .3  

2 7 9 - 3 6 2  21 .0  

3 5 8 - 3 6 6  ,.6.9 

I,V. 
Drop ,  
l i n u t e  

0 . 2 7 5  
0 . 2 3 1  
0 . 0 4 0  
0 . 3 4 1  
0 . 2 4 4  
0 . 1 8 6  
0 . 7 6 7  
0 . 3 2 2  
0 . 1 1 6  
0 . 7 6 4  

1.2(15 

0 . 1 8 3  

0 . 5 1 4  

(/ .332 

O.133 

0 , 4 2 0  

0 .101  

! ~F//Hs / V e n t  
(Rote-  

Ton m e t e r )  

29 .4  25 I 
30 ,8  25 
36 .0  25  
92.2  25  
32.3  25  
34 .7  25  
38.3  25 , 
30.8  25  
31.2  25  
42 .4  25  
31 .2  [~anarex ' 

Used  ~ 
26.8  gana re . ,  

Used  1 
29 .2  [%anare~ 

Used  ~ 
29 .5  g a n a r e x  

Used  1 
28.q R a n a r e x  

Used ~ [ 
35 .9  R a n a r e x  I 

Used i : 
183 i 

31 . . . .  I 
Used ~ 

32 .5  [~anarex I 
Used  1 I 

37 .2  g a n a r e x  I 
Used i I 

F i n a l  
I .V .  

4 7 . 4  
26 .8  

8.6 
1.3 

48,2  
28 .4  
12 .2  
4 7 . 0  
26 .1  
10 .9  
47 .1  

21 .8  

0.8 

43 .8  

20.6 

2.8 

0.5 
4 8 . 7  

27 .7  

10 .8  

Se t t i ng  a t  0 .80  sp,eeitic g r a v i t y  ( 8 0 %  N~@20% H e ) .  

4. The hydrogen consumption efficiency was equal 
to or better than that obtained by using purified 
steam-iron gas. 

We would like to present further  data Oil the use 
of  this method for the conversion of nitriles to pri- 
mary  amines, and also the hydrogenat ion of unsatu- 
rated fa t ty  acids. 

The equation expressing the conversion of nitriles 
to pr imary  amines may be wri t ten as follows: 

R(', - -  N + 2 II~ --> RC I L, NII~ 

Tile desired end product  in tile hydrogenation of 
nitrilcs is one Colltaining as high a concentration of 
pr imary  aniine its possible, and this eoneelltratioll is 
determined by t i t rat ion of the amine sanlple using a 
standardized acid solution. 

Qualitative hydrogenations were accomplished using 
10-pound samples of nitriles. Table VI I  lists tile per- 
t inent data, using both purified steam-troll hydrogen 
and dissociated ammonia as hydrogenation gases, 

T A B  L E  V [ I 

:Hydrogena t ions  

Rlin II rinla ry Amine  
No. Gas Used  Yiehl  

1 P u r i f i e d  s team-i ron  h y d r e g e n  9 2 . i  
2 02 .4  
3 90.3  

] Dissoc ia ted  ammon ia  88 .5  
2 88 .7  
:1 88 .7  
4 89 .0  
5 94.3  

I t  was apparen t  f rom the data listed in Table V H  
that  nitriles were hydrogenated to p r imary  amines in 
satisfactory yields using cracked ammonia. 

The fa t ty  acid hydrogenations also were accom- 
plished in the one-gallon sized hydrogenator .  Five- 
pound quantities of f a t t y  acids were hydrogenated 
using dissociated anunonia. No purified steam-iron 
hydrogen controls were required and no a t tempt  was 
made to determine the hydrogen consumption figures. 
All data is given in Table VII I .  

T A B L E  V I I I  

F a t t y  Acid H y d r o g e n a t i o n s  

Time,  Temt). F i n a l  I od ine  
R u n  No. 2r /~ange,~ C. V a l u e  

] . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  90 ] 15-235  4 .4  
2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  60 1 6 6 - 2 6 3  6.6 
3 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  30 182 -232  5,7 
4 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  40  1 5 5 - 1 8 0  7.1 
5 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  70 115-2 '36 6.6 
6 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  95 ] 15-240  4.8 

The hydrogenation of f a t ty  acids to sufficiently low 
iodine values was accomplished through the use of 
dissociated anmlonia. This is apparen t  in the data of 
Table VIII .  

General Conclusions and Remarks 

On the basis of the experimental  data assenlbled, 
the following eonehlsions may be stated regarding the 
use of dissociated ammonia gas: 

1. Edible and inedible fa t  and oil can be hydl'ogcn- 
ated suecessfttlly usillg dissociated ammonia. 

2. Lard  was hydrogenated to iodine values below 5. 
3. Nitriles were tiydrogcnated to I)rimary amines in 

satisfactory yichls. 
4. Pa t ty  act(Is wore hy(h'ogcnatcd to iodine values 

bch)w 5. 
5. l)issociatcd anuii(nlia eaii be used successfully i l l  

any  hyt i l rogeDati l ) l t  t<) w h i c h  the <<continllOllS Vellt- 
vons ta l l t  pl'C, SS/lrc" l nc thod  cau bc adapted. 

6 .  l l y ( I r o g o n  gas  C(i l lSlunpt ion was colnt)arat)h ~, 
to rCSllltS obtaine, d us ing  hyd rogen  gas f ron t  othci: 
SOil recs. 

7. The allunollia dissociah)r, its a hyd l 'ogeu  produc- 
tion unit, can conlpctc  favorably with other hydro- 
gen producing units, dcliending upon the capacity 
requ i ron lents .  

8. As  a l l  added fe l i t iu 'c ,  the opc r i l t i on  of an am- 
mon ia  dissociator is exceedingly siinple and lends 
:itself readily to autonlatic control. I t  may be oper- 
ated efficiently at any through-put  rate up to its 
ra ted capacity, and in many instances this flexibility 
would prove to be vahiablc. Also, the gas contains 
no impurities harmful  to hydrogenat ion catalysts and 
thus eliminates the necessity for  complex purification 
processes. 


