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I 
N A P R E V I O U S  P A P E R  ( 1 )  Of  t h i s  s e r i e s  (1-3) l a b o r a -  

t o r y  exper iments  in hydrogenat ion by  pal ladium 
catalysts  of f a t t y  oils for  shortening stocks were 

described. The effect of opera t ing variables  on the 
selectivity and act ivi ty  of hydrogenat ion,  especially 
on t rans  formation,  was examined;  and by proper  
control of conditions commercial ly acceptable short- 
ening stocks were made. l towever  the amount  of 
catalyst  used in the laboratory  experiments  was so 
very  small, it was not possible to recover sufficient 
catalyst  for  repeated re-use and so evaluate the eco- 
nomics of the process, or to examine the effect of 
declining act ivi ty  on the quali ty of the product.  

We therefore  hydrogenated f a t ty  oils to shortening 
stocks with pa l lad ium catalysts in our pi lot-plant  re- 
actor, where a much better  recovery of catalyst  was 
possible. The results  of these exper iments  are de- 
scribed in this paper,  and a comparison with results 
obtained in the labora tory  is made. 

Experimental 
Procedure .  I lydrogena t ions  were done in a steam- 

jacketed, 50-gal. stainless steel reactor.  The mixing 
equipment  consisted of a high-speed turbine type of 
agi ta tor  plus a lmmp which circulated both the oil 
and catalyst  and sprayed them through nozzles at 
the top of the reactor.  Such a system allowed inti- 
mate  mixing of the oil, catalyst,  and hydrogen.  In  
Exper imen t  1, Table I, 30 g. of carbon powder were 
added before processing to renmve catalyst  poisons; 
in the other exper iments  no carbon was added. Af t e r  
charging with oil and catalyst  the reactor  was twice 
evacuated and twice filled with nitrogen. The oxy- 
gen level, as determined by a Deoxo indicator  (4),  
was then about  0.15 to 0.20%. The ni trogen was 
replaced by  hydrogen ;  and heating, st irring, and 

circulation of oil with catalyst  were started. The 
desired operat ing tempera ture  was reached in 5 to 
10 min. Processing was controlled by determination 
of the ref rac t ive  irldex a t  45~ of wi thdrawn sam- 
ples. Fi l t rat ion,  a f ter  purg ing  with nitrogen, of 50 
kg. of oil through cloth and filter paper  took 15 to 20 
min. The filtered oil contained no particles of catalyst  
and was completely clear. 

Pa l lad ium in the used catalyst  recharged to the 
reactor  was assaycd as follows. About  2.0 g. of ac- 
curate ly  weighed oil-soaked catalyst  were fired at 
750~ and the residue was moistened with formic 
acid, dissolved in 5 ml. of aqua regia,  and filtered. 
The filtrate was dihlted to 300 ml. with water  and 
25 ml. of concentrated hydrochloric acid. Potassiun~ 
iodide was added to the solution to precipi tate  pal- 
l ad ium iodide. The precipi ta te  was remo,+ed by fil- 
t rat ion,  washed with ho.t water, transferr<,<l to a 
crucible, dried at  100~ and decomposed at 3()0~ 
F ina l ly  the residue was heated to 550~ The pal- 
ladium oxide film was reduced with formic aci(l aml 
dried at  125~ The pal ladium was weighed. 

Analysis  of the products  obtained in the w<)rk wcrc 
made by the official Methods of the Anlerican Oil 
Chemists '  Society (5).  The t rans  content was de- 
termined f rom the in f ra red  absorption of a carbol~ 
disulfide solution in a Perk in-Ehuer  Model 21 infra-  
red spectrophotometer  according to the procedurc of 
Swern (6),  using the recommendations of the Spec- 
t roscopy Committee (7).  

Mater ia ls .  Catalysts  F and G were 5% and 2% 
pal ladium on carbon powder, respectively. The prep-  
ara t ion of the catalysts  was described in the first 
pape r  of this series (2).  The refined, s ta r t ing  soy- 
bean oil had an iodine number  of 127; the 70/30 
mixture  of soybean and cottonseed had an iodine 
number  of 120. 

T A B L E  I 

P i l o t -P l an t  Hydrogena t ions  wi th  P a l l a d i u m  

Hydrogena ted  oil 

Ex. 

l a  
l b  

2 

3 

4 

5 

6a  
6b 

7 

Oil kg. 

Soybean 
I 6o kg. 
Soybean 

55 kg, 

Soybean 
50 kg. 

Soybean 
42 kg. 

Cottonseed 
18 kg. 

Soybean 
50 kg. 

Soybean 
45 kg. 

Soybean 
40 kg. 

Catalys t  

~ 7.4 g. 

F rA-used 
f rom Ex. 1 

F re-used 
f r o m  Ex. 2-}- 
1.88 g. f resh 

F 6.5 g. 
f resh 

G 12.4 g. 
f resh  

G re-used 
f rom Ex. 5 

G re-used 
f rom Ex. 6 

%Pd 
in  oil 

0 .00062 

0.00065 

0.001 

0 .00055 

0 .00049 

0.0005 

0 .00055 

I 
oC. 

80 
81 

81 

80 

82 

108-- 
114 

107- 
114 

104- 
121 

Press .  
p.s.i .g. 

4 4 -  
45 

45 

45 

47 

3 8 -  
4 6  

4 3 -  
4 7  

4 5  

]=1'2 
F t  3 

135 

110 

110 

125 

120 

110 

100 

Time 
rain. 

110 
125 

26O 

28O 

220 

45 

60 
70 

75 

T.N. 

78.5 
75.6 

83 

80.1 

7 9 . 4  

75.7 

82.5 
79.5 i 

74.2 

Th. N 

68.8 
66.8 

72 

69.3 

69.0 

68.2 

72.4 
70.0 

67.3 

% Lino- 
leic acid 

11,6 
10.5 

13.3 

13.0 

12.4 

8.9 

12.0 
11.3 

8.1 

% Satur .  
acid , 

i 20.5 
22.8 27.8 

16.9 

20.0 

20.3 

20.9 

16.4 
19.1 

I 2 2 , 0  
I 

% 
Trans 

25.0 

27 

27.5 

25.0 

34.5 

33.7 
35.0 

36.5 

Wiley 
M.P. 

44.5 
47.1 

41 

45.2 

39.2 

42.8 

41.4 
43.0 

46.6 
i 

Cong. 
po in t  

31,8 

24.8 

31.3 

25.0 

28.2 

: 24.6 
27.9 

31.0 

A g i t a t i o n  420 r.p.m. -4- spray  nozzle. 
S t a r t i n g  m a t e r i a l :  soybean I .N. = 127 

7 0 / 3 0  mix tu re  of soybean and  cottonseed, I .N. = 120. 
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R e s u l t s  

The conditions and results of the pi lot-plant  hy- 
drogenat ion are given in Table I. As is f requent ly  
true,  they differ somewhat f rom the labora tory  ex- 
per iments  made with supposedly the same opera t ing 
conditions (compare  Exper imen t s  10, 11, and 14, ref- 
erence 1, with Exper iments  4, 1-3, and 5-7 of this 
pape r ) .  The chief reason for  the difference prob- 
ably  lies in a different kind and degree of agi tat ion 
which has been shown to effect both trans format ion  
and  selectivity (1, 8). 

Activity. The t ime of processing in the pilot p lant  
was general ly sat isfactory.  Wi th  re-used catalyst  
processing the time increased, especially at  lower 
temperatures ,  but  the time decreased sharply  as the 
t empera tu re  was raised (Exper iments  5-7) .  Palla-  
d ium is exceedingly active for  the hydrogenat ion of 
double bonds, and the amount  of metal  needed is 
actual ly  very  small. Exper imen t s  1-3 used the same 
cata lys t  plus a little fresh catalyst  for  the th i rd  run.  
The weight rat io of pa l lad ium to oil for these three 
combined exper iments  was 1:357,000. Fo r  Exper i -  
ments  5-7 combined, using 2% Pd /C ,  this rat io was 
1:  545,000. 

Selectivity. The selectivity of processing in the 
pilot  p lant  was sat isfactory al though it was higher 
in the laboratory,  especially at higher temperatures .  
Catalys t  act ivi ty declined with repeated re-use of 
the catalyst,  but  the selectivity remained relat ively 
constant.  Exper iments  5 and 7 i l lustrate this point. 

Trans Content. The trans content of all pi lot-plant  
samples hydrogenated  at  80~ was in the range of 
25-28%, somewhat higher than  obtained in the lab- 
oratory.  The trans content is increased as the op- 
era t ing  tempera ture  is increased, but  the rate  of 
increase is lower than observed in the laborah)ry 
experiments  (1).  

Dilatation. Figure  1 gives the dilatation eurvcs 
for  stocks nmde with pal ladium at  80~ (Exl)el"i- 
ments  1-4) and a t  110~ (Exper iments  5-7) .  A 
typical  curve for  a commercial  stock processed by 
nickel at 120~ and 45 p.s.i.g, is given for compari-  
son. The slope of the dilatometric curves increases as 
the t empera tu re  of processing increases, i.e., process- 
ing at l l 0~  affords a stock with a higher solid fa t  
index at  21.1~ and lower solid fa t  index at 42~ 
than  those obtained by processing at 80~ if other 
conditions are the same. 

Finished Shortening. To provide a comparison 
of the products  obtained in our pih)t p lant  wi th  
those produced commercial ly with Ni-catalyst,  vari-  
ous amounts  of " s t e a r i n e "  (highly hydrogenated  oil, 
iodine number----7, M.P. = 61~ were added to our 

2 5  __ ~ _ ~ . f 7  

20 Ib " x  

�9 t 1.5 

c 

=_ 
,Z 

5 

21.1 26.7 3 6  
T.*C 

F I O .  1 .  D i l a t o m e t r i c  c u r v e s  o f  s h o r t e n i n g  s t o c k s .  

m a d e  w i t h  5 %  P d  on  (3, T ~ 8 0 - 8 2 ~  
. . . . . . .  m a d e  w i t h  2v~. P d  o n  (3, T = 1 1 0 ~  

m a d e  w i t h  1Ni-cata lys t ,  T = 1 2 0 ~  

stocks. The proper t ies  of these shortenings,  together 
with those of five commercial  products ,  are given in 
Table I I .  The first sample contains no added stearine 
since the produc t  obtained direct ly  f rom the hydro-  
genat ion had the proper t ies  of a finished shortening. 

In  general, the shortenings made by  pa l lad ium hy- 
drogenat ion differ f rom marke t  shortenings in tha t  
they have a slightly higher iodine number,  a lit t le 
more linoleic acid and more trans acids, and some- 
what  fewer  sa tura ted  acids. The di latometric  curves 
of these shortenings are a little higher at  36 ~ and 
42~ and a little lower at 21.1 ~ and 26.7~ than  
commercial  products,  meaning that  they have a some- 
what  wider plastic range. The shortenings made with 
2% pal lad ium on carbon have a di latometric  curve 
more near ly  that  of commercial  products  than do the 
ones made with 5% palladium. 

Baking Tests. Three pounds of shortening six 
months old, fronl a composite of the pi lot-plant  ex- 
periments,  was deodorized in four  hours a t  210~ 
under  an absolute pressure of 2 mm Hg. This is le~s 
than  the time usually required for stocks f rom nickel 
hydrogenat ion,  even when deodorized soon a f te r  proc- 
essing. The taste alnt o(loc of the ,sample was good. 

To afford an adequate  comparison between palla- 
dium catalyst  shortening and a commercial  shorten- 
ing, bo%h were converted to liquid, tempered,  and 
crystall ized by s t i r r ing f , r  10 rain. at 10~ then 
held at  30-32~ for  24 hrs., according to the pro- 
cedure of Steffeu and Vandcr  AVal (9).  These short- 
enings were the,, used i,, a cake-baking test, 1 hr., 
a70~ (9)  

W e i g h t  of  
c a k e  

V o l u m e  of  
c a.k e 

P o u n d - c a k e  
v o l u m e  v a l u e s  S h o r t e n i n g  

C o m m e r c i a l  1 3 4 0  g.  2 9 9 4  ml .  2 2 3  
E n g e l h a r d  1 3 3 6  g. q3l  3 ml .  2 4 8  

T A B L E  I I  
C o m p a r i s o n  of  S h o r t e n i n g s  

S h o r t e n i n g  

No. l b  a ...................................................................... 
No. 2 = + 6 %  s t e a r i n e  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
No. 3 a + lV/v s t e a r i n e  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
No.  4 a -~ 6v/v s t e a r i n e  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
No.  6 a + 6 %  s t e a r i n e  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

A v e r a g e  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

C o m m e r c i a l  A . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
C o m m e r c i a l  B . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
C o m m e r c i a l  (3 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
C o m m e r c i a l  D . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
C o m m e r c i a l  E . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

A v e r a g e  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

I . N .  7o l~llt- 

o le ic  1 0 . 5  acid  

7 8 . 5  ( 1 2 . 4  
7 9 . 3  I 1 2 . 7  
75.0 / 11.5 
7 7 . 7  / 1 1 . 0  
7 7 . 2  / 1 1 . 6  

6 7 . 7  I 1 0 . 8  
7 5 . 7  I 9 . 1  
7 5 . 0  / 9 . 4  
7 4 . 0  { 1 1 . 5  
7 5 . 7  ] 1 2 . 0  
7 3 . 7  ~ 1 0 . 6  

~" % S a t u -  % 
% I m i d  r a t e d  a c i d  T r a n s  

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

I 2 2 . 1  I 2 6 . 9  
] 

3 2 . 2  ] 1 6 . 0  
2 1 . 2  2 7 . 0  
2 2 . 3  2 6 . 5  
2 5 . 6  / 2 6 . 4  
2 4 . 2  2 6 . 1  
2 5 . 1  2 4 . 4  

Congc~ 
, I )o in t  

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

- ~ 2  
3 0 . 9  
3 1 . 2  

/ 3 1 . 6  
/ 30.5 

[ | 3 1 . 5  

D i l a t a t i o n  

21.~o 2 ~ . ~ 6  0"_ 42.0~ 
20.4 I 18.5 / 11.5 / 7~- 
1 7 . 0  L 1 6 . 4  1 1 . 3  / 7 .5  
1 8 . 8  I 1 7 . 7  1 1 . 5  { 7 .9  
1 8 . 8  ] 1 7 . 4  1 1 . 6  7 .8  
1 9 . 8  { 1 8 . 2  1 1 . 0  / 6 .9  
1 9 . 1  / 1 7 . 7  1 1 . 4  7 . 5  

22.6 II 20.3 ~ 
1 7 . 8  ] 1 6 . 5  9 . 5  5 . 5  
1 8 . 3  ] 1 7 . 2  1 0 . 7  / 6 .1  
20.7 / 18.9 lo.2 6.0 
1 8 . 8  { 1 7 . 2  9 . 7  5 . 7  
1 9 . 6  [ 1 8 . 0  1 0 . 5  6 .2  

a F r o m  T a b l e  I. 
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The l i terature gives pollnd-cal~e volume values of 
around 250 as being the best obtainable. The cake 
baked with palladimn catalyst shortening had a finer 
texture.  This shm'tening was tested by official Fed-  
eral Stalnlards for  iodine nulnber, acidity, stability, 
moisture, and smoke point (10). It was satisfactory 
in all tests. 

Summary 
Shortening stocks obtained in the pihit plant dif- 

fer  slightly f rom those obtained in the laboratory 
under  nominally the same (~onditioi,s. Pi lot-plant  
processing is easily controlled to give a ei)lnmercially 
at t ract ive shortening at a ,.o,~t i'olnpetitive witb 
nickel. By repeated re-use I g. of 5% palladium on 
carbon catalyst wi|l hyflrogeim.te about 718 kg. of 
oil to a satisfactory product,  and I g. of 2% palla- 
dinni on earbon catalyst about 11 kg. of oil. 
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[.Re<'cived A u g u s t  31, 1959]  

Vinyl Ketostearates. Preparation, Properties, Infrared 
Spectra, and Analysis of 4- and 12-Ketostearates l 
ROBERTO CALDERON,'-' H. P. DUPUY, E. R. McCALL, R. T. O'CONNOR, and L. A. GOLDBLATT, 3 
Southern Regional Research Laboratory, 4 New Orleans, Louisiana 

T 
IlE PREPARATION of vinyl 4 - a n d  12-ketostearates 
was under taken to provi(le monomers ff)r poly- 
merization and copolynmrization investigations, 

to determine the potential ut i l i ty of vinyl keto esters 
as internal plasticizers, and to s tudy the effect of the 
position of the keto group. P(ilymerization studies will 
be reported elsewhere. 

Vinyl  esters of hmg-ehain fa t ty  acids have gener- 
ally been prepared either by reacting all excess of 
vinyl acetate with the fa t ty  acid in the presence of a 
mercuric sulfate catalyst or by vinylation of the 
f a t ty  acid with acetylene in the presence of zinc salts 
(5, 10). 12-Ketostearic and 4-ketostearic acids, which 
have previously been reported (2),  were vinylated 
with vinyl acetate according to the general procedure 
of Adehnan (1).  

The  i n f r a r e d  s p e c t r a  of me thy l  4 -ke tos t ea ra t e ,  
methyl  12-ketostearate, 4-ketostearie acid, 12-ketoste- 
arie acid, vinyl 4-ketostearate, vinyl  12-ketostearate, 
and the ~/-laetone of 4-hydroxy-2-oetadecenoie acid 
were detelmained in carbon tetrachloride solutions. The 
absorption bands in the 5.6 micron region (character- 
istic of the laetone-carbonyl),  5.7 micron region (char- 
aeteristic of the ester-earbonyl),  5.8 micron region 
(eharaeteris*ie of ketone-earbonyl),  and 6.1 micron 
region (characteristic of the vinyl  group) were stud- 
ied and used as a basis for quanti tat ive determination 
of these groups. 

* Presented at  the nard fall meeting. American Oil Chemis~,s' Society, 
Los Angeles, Calif., September 28-30, 1959. 

2Fellow of the Banco de M@xico. (Present  address: Institnto :M'exi- 
cano de Investigaciones Tecn616gieas, Lcgaria  No. 694, Mexico 10, 
D. :F., :NIexico.) 

a Present  address: Western Utilization :Research and Development 
Division, Agricultural Research Service, U. S. Department  of Agricul- 
ture, Albany, Calif. 

4 One of the laboratories of the Southern Utilization tCesearch a n d  
Development Division, &grienltural R~esearch Service, U. S. Depar tment  
of Agriculture. 

Experimental 
Materials. Commercial methyl ]2-hydroxystear'ato. 

obtained from hydrogenated castor oil, Brazilian oiti- 
ciea oil (ca. 56% conjugated triene, calculated as 
eleostearic acid), Eas tman 's  p-dioxane and practical 
grade vinyl acetate (freshly distilled), Merck's re- 
agent grade mercuric acetate, Girdler 's  supported- 
t y p e  ( e l ee t ro ly t i ca l ly  p r e c i p i t a t e d ,  d r y - r e d u c e d )  
uick~-q catalyst, Baker ' s  reagent grade sodium acetate, 
chromium trioxide, sulfuric acid, potassium carbon- 
ate, glacial acetic acid, methanol, petroleum ether 
(b.p. 30-60~ and acetone, and Johns-Manville 's 
analytical  filter-aid (Celite) were used. 

Methyl 12-Ketostearate. Commercial methyl 12-hy- 
droxystearate  was fract ionally distilled under  high 
vacuum. DistiIlate fractions (b.p. 191~ mm., 
:Rl.p. 54.5-55.4~ were oxidized with chromic acid 
by the general procedure of Rockett (1.7). To a 5-liter 
flask, equipped with a mechanical stirrer,  a thermom- 
eter, and a dropping funnel,  were added with s t i rr ing 
660 ml. of glacial acetic acid and 314 g .  (1 mole) of 
me thy l  12 -hyd roxys t ea r a t e .  The  t e m p e r a t u r e  was 
maintained between 30. and 32~ while adding drop- 
wise, with stirring, a solution of chromic acid (92 g. 
of chromic acid, 67 ml. of water, and 1320 ml. of gla- 
cial acetic acid) in about 2 hrs. The tempera ture  was 
maintained between 35 and 40~ for 90 rain. The 
mixture  was poured into 5 liters of water  contained 
in a separatory fmlnel. Af ter  shaking the mixture  
gently and allowing it to stand for a few hrs., the 
aqueous layer was drained off. The ester layer was 
heated to boiling in 3 liters of 6 N hydrochloric acid 
for 10 rain. After  siphoning out the aqueous layer, 
the ester was again heated in 1 liter of 6 N hydro-  
ehh)ric acid for 10 rain. The ester was washed twice 


