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@  Continuous  selective  reduction  of  edible  oils  and  fats. 

A  method  of  selective  continuous  hydrogenation  of  edi- 
ble  fats  and  oils  over  a  fixed  catalyst  bed  utilizes  zerovalent 
metal  selected  from  Group  VIII  of  the  Periodic  Table  sup- 
ported  on  low  surface  area  alpha-alumina.  Partial  hydro- 
genation  of  soybean  oil  to  an  IV  of  about  110  can  be  success- 
fully  performed  using  alpha-alumina  of  surface  area  less 
than  about  5  m2/g  to  afford  a  product  whose  SFI  is  accept- 
able  for  end  product  use. 



BACKGROUND  OF  THE  INVENTION 

Although  some  edible  oi ls   are  used  per  se,  by  far  the  l a r g e s t  

portion  are  hydrogenated,  or  hardened,  pr ior   to  t he i r   end  use.  The 

reason  for  such  hydrogenation  is  t o . i n c r e a s e   the  s t a b i l i t y   of  the  f i n a l  

product.   For  example,  processed  soybean  oil  is  su scep t ib l e   to  o x i d a t i o n  

r e su l t i ng   in  d e t e r i o r a t i o n   of  i ts  o rgano l ep t i c   p rope r t i e s   upon  s t o r a g e  

even  at  ambient  temperature .   Where  the  oil  is  to  be  used  at  higher  tem- 

pe ra tu re s ,   for  example,  as  a  frying  o i l ,   the  adverse  o rgano lep t i c   con-  

sequences  of  oxidat ion  become  even  more  pronounced.  

The  commonly  accepted  or igin   of  ox ida t ive   d e t e r i o r a t i o n   i s  

the  presence  of  highly  unsa tu ra ted  componen t s ,   such  as  the  t r i e n e  

moiety,  l i n o l e n a t e ,   in  soybean  oi l .   Par t i a l   hydrogenation  to  remove 

most  of  this  component  leads  to  a  marked  increase   in  the  o x i d a t i v e  

s t a b i l i t y   of  the  r e su l t i ng   product,   thereby  f a c i l i t a t i n g   storage  and 

permit t ing  unobjec t ionable   use  at  higher  t empera tu res .   I dea l ly ,   one 

desires   this   hydrogenation  to  be  highly  s p e c i f i c ,   reducing  only  t r i e n e  

to  the  diene,  l i n o l e a t e ,   without  e f f e c t i n g   cis  to  trans  i s o m e r i z a t i o n .  

In  p r a c t i c e ,   this   goal  is  u n a c h i e v a b l e .  

The  fats  and  oi ls   which  are  the  sub jec t   of  this   i n v e n t i o n ,  

h e r e i n a f t e r   c o l l e c t i v e l y   r e fe r red   to  as  f a t t y   m a t e r i a l s ,   are  t r i g l y -  

cer ides  of  f a t ty   acids,   some  of which  are  s a tu ra t ed   and  some  of  which 

are  unsa tu ra ted .   In  vegetable  o i l s ,   the  major  s a tu ra ted   fa t ty   a c i d s  

are  l au r ic   (12:0) ,   myr i s t i c   (14:0) ,   pa lmi t i c   (16 :0) ,   s t e a r i c   ( 1 8 : 0 ) ;  

a rachid ic   (20:0),   and  behenic  (22:0)  ac ids .   The  no ta t ion ,   " 1 8 : 0 , "  

for  example,  means  an  unbranched  f a t ty   acid  con ta in ing   18  carbon  atoms 

and  0  double  bonds.  The  major  unsa tura ted   f a t t y   acids  of  v e g e t a b l e  

oils  may  be  c l a s s i f i e d   as  monounsaturated,   chief   of  which  are  o l e i c  



(18:1)  and  erucic   (22:1)  ac ids ,   and  p o l y u n s a t u r a t e d ,   chief  of  which 

are  the  diene,   l i n o l e i c   acid  (18:2)  and  the  t r i e n e ,   l i n o l e n i c   a c i d  

(18:3).   Unhardened  vegetable   fa ts   and  oi ls   contain  v i r t u a l l y   e x c l u -  

s ively   c i s - u n s a t u r a t e d   a c i d s .  

In  the  context   of  pa r t i a l   hydrogenat ion ,   the  u l t imate   goal 

is  the  reduct ion   of  t r i ene   to  d i ene  wi thou t   a t t endan t   t rans  a c i d  

formation  or  s a t u r a t e   formation.   In  p r a c t i c e ,   i t   is  observed  t h a t  

pa r t i a l   reduct ion   r e s u l t s   in  lowering  both  t r i e n e  a n d   diene  and 

inc reas ing   the  monoene,  s a t u r a t e ,   and  t rans  l e v e l s .   Because  it   i s  

desired  that   the  product  of  pa r t i a l   hydrogenat ion  i t s e l f   be  a  l i q u i d  

oil  r e l a t i v e l y   free  of  sediment  or  even  c loudiness   upon  storage  a t ,  

for  example,  10°C,  the  formation  of  s a tu ra t ed   and  trans  acids  in  such 

hydrogenation  is  a  vexing  problem.  Removal  of  these  s o l i d s ,   whose 

r e l a t i v e   amount  is  measured  by  the  Solid  Fat  Index  (SFI),   is  a  r e l a -  

t i ve ly   cos t ly   and  i n e f f i c i e n t   process  a t tended  by  large  losses  a s s o c i a t e d  

with  the  separa t ion   of  ge la t inous   so l ids   from  a  viscous  l i qu id .   It  i s  

known  in  the  a r t   tha t   such  sol ids   are  composed  l a rge ly   of  t r i g l y c e r i d e s  

conta in ing  at  l e a s t   one  s a tu ra t ed   f a t t y   acid  moiety  and/or  t rans  m o n o -  

unsa tura ted   f a t t y   acid  moiety  with  the  predominant  c u l p r i t s   having  a t  

l e a s t   18  carbon  atoms.  It  is  f u r t h e r   known  in  the  ar t   that   f a t t y   a c i d  

ana lys i s   alone  may  be  an  i n s e n s i t i v e   a n a l y t i c a l   too l ,   that   is  to  s a y ,  

two  products  of  hydrogenation  of,  for  example,  soybean  oil  may  show 

d i f f e r e n t   SFI  p ro f i l e s   while  having  v i r t u a l l y   i den t i ca l   f a t t y   a c i d  

ana lys i s .   This  a r i se s   because  the  d i s t r i b u t i o n   of  the  s a tu ra ted   m o i e t i e s  

in  the  t r i g l y c e r i d e  i s   important .   The  s o l u b i l i t y   in  the  soybean  oil  o f  

d i s a t u r a t e d   t r i g l y c e r i d e s   is  much  less  than  twice  the  amount  of  monoun- 

sa tu ra ted   t r i g l y c e r i d e s ,   and  the  s o l u b i l i t y   of  monounsaturated  t r i -  

g lycer ides   may  depend  upon  whether  the  other  f a t t y   acid  moiet ies   of  t h e  

t r i g l y c e r i d e   are  monounsaturated,   d i u n s a t u r a t e d ,   e t c . ,   and  way  a l s o  



depend  upon  whether  the  sa tu ra ted   port ion  is  at  the  one-  or  two- 

posi t ion  of  the  t r i g l y c e r i d e .   Hence,  hydrogenation  of  edible  f a t s  

and  oils  is  la rge ly   an  empirical  p rocess ,   whose  ana ly t i ca l   tools  i n c l u d e  

Solid  Fat  Index  (SFI)  supported  by  f a t t y   acid  ana lys i s .   The  d i f f i c u l t y  

of  achieving  des i rable   r e s u l t s ,   in  the  context   of  s e l e c t i v i t y   in  So l i d  

Fat  Index,  has  la rge ly   l imi ted  such .hydrogenat ion   to  a  batch  type  p r o -  

cess.  Although  the  t r a n s i t i o n   from  a  batch  to  a  continuous  p r o c e s s ,  

e spec i a l l y   of  the  fixed  bed  type,  is  concep tua l ly   f a c i l e ,   i t   will  be 

recognized  by  the  sk i l l ed   worker  that   impediments  have  been  s u b s t a n t i a l .  

Thus,  U.  S.  Patent  2,971,016  descr ibes   the  vapor-phase  hydro-  

genation  of  unsa tura ted   f a t t y   acids  and  e s t e r s   in  a  f lu id ized   bed ,  

which  enabled  the  disadvantages  of  l i q u i d  p h a s e   hydrogenation  and  t h e  

use  of  solid  bed  c a t a ly s t s   to  be  avoided.  It  will  be  recognized  t h a t  

vapor-phase  hydrogenation  is  un feas ib le   for  o i l s  and   f a t s .   A  c o n t i n u -  

ous  process  based  on  a  mixture  of  oil  and  suspended  c a t a l y s t   f lowing  

along  a  tor tuous  path  on  the  top  surface   of  a  se r ies   of  p e r f o r a t e d  

p l a t e s ,   with  hydrogen  admitted  through  the  bottom  face  c o u n t e r - c u r r e n t  

to  the  oil  flow  and  minimum  mixing  along  the  various  p l a t e s ,   is  t h e  

sub jec t   of U.  S.  Patent  3,634,471.   The  process  described  in  U.  S. 

Patent  3,792,067,  which  has  had  l imi ted   commercial  a p p l i c a t i o n ,   i s  

based  on  a  t u rbu len t   two-phase  g a s - l i q u i d   flow  with  minimal  back-mix ing ,  

the  l iquid   phase  cons is t ing   of  oil  conta in ing   c a t a l y s t   suspended  t h e r e i n .  

Both  U.  S.  Patents  3,823,172  and  3,988,329  descr ibe  continuous  hydrogen-  

ation  processes  where  the  flowing  mass  of  oil  conta ining  suspended 

c a t a l y s t   is  subject   to  high  shear  fo rces .   U.  S.  Patent  3,444,221 

descr ibes   a  continuous  process  which  requ i res   a  high  ra t io   of  l i q u i d  

( c a t a l y s t   suspended  in  oil)   to  gas  phase  using  a  p l u r a l i t y   of  r e a c t i o n  

chambers.  



The  processes   r ep resen ted   in  the  l a t t e r   four  r e fe rences   a l l  

suffer   from  the  common  disadvantage  of  n e c e s s i t a t i n g   the  a d d i t i o n a l  

unit  process  of  removal  of  suspended  c a t a l y s t   from  p a r t i a l l y   hydrogen-  

ated  o i l ,   as  by  f i l t r a t i o n .   It  is  well  known  in  the  art   that   th is   u n i t  

process  e n t a i l s   s u b s t a n t i a l   product  loss  and  requi res   use  of  r e l a t i v e l y  

large  amounts  of  f i l t e r   a id ,   which--adds  to  processing  cost  and  p r e s e n t s  

subsequent  disposal   problems.  Because  use  of  a  fixed  bed  c o n t i n u o u s  

operat ion  obvia tes   the  neces s i t y   of  c a t a l y s t   removal,  such  a  mode  o f  

o p e r a t i o n   is  g rea t ly   p r e f e r r e d .   Both  U.  S.  Patents  3,123,626  and 

3,123,627  descr ibe   f ixed  bed  processes  using  su l fu r -   or  n i t r o g e n -  

poisoned  nickel  r e s p e c t i v e l y ,   on  a  macroporous  s i l i c a   support .   At 

l e a s t   in  pa r t ,   success   of  the  method  is  a t t r i b u t a b l e   to  the  large  pore  

s t r u c t u r e   of  the  support   with  c a t a l y s t   contained  within  the  p o r e s .  A  

d i a m e t r i c a l l y   opposed  approach  to  fixed  bed  hydrogenation  is  d e s c r i b e d  

in  U.  S.  Patent  4 ,163 ,750 ,   where  metals ,   including  nickel  and  c o b a l t ,  

are  deposi ted  almost  e n t i r e l y   on  the  outer  surfaces   of  the  p a r t i c l e s  

of  the  support .   The  support  i t s e l f   may  be  porous,  and  in  fact   advan tages  

are  ascr ibed  to  porous  suppor t s ,   such  as  porous  carbon,  as  compared  w i t h  

non-porous  suppor t s ,   as  s t a i n l e s s   s t e e l .   The  method  of  achieving  s u r f a c e  

deposi t ion  of  the  metal ,   which  appears  to  be  c r i t i c a l   to  the  success  o f  

this   process ,   does  not  seem  to  be  d i s c l o s e d .  

Reports  on  the  use  of  cobal t   as a  c a t a l y s t   in  the  reduct ion   o f  

edible  o i ls   have  been  sparse .   U.  S.  Patent  4,169,101  descr ibes   the  use  

of  micrometa l l ic   and  fe r romagnet ic   cobalt   r e su l t i ng   from  the  decomposi-  

tion  of  d icoba l t   octacarbonyl   as  a  c a t a l y s t   in  the  hydrogenation  o f  

edible  o i l s .   Although  the  process  is  there  cha rac t e r i z ed   as  a  s e l e c t i v e  

hydrogenat ion,   the  data  presented  bel ie   this   d e s c r i p t i o n .   It  should  be 

noted  that  in  no  reduc t ion   described  by  the  patentee  is  the  s t e a r a t e  



(18:0)  level  under  7.8%,  and  even  at  such  a  r e l a t i v e l y   high  s a t u r a t e  

level  the  t r i ene   content  is  2.4%.  Thus,  i t  i s   ques t ionable   whether  

the  ci ted  prior   ar t  method  c o n s t i t u t e s   a  s e l e c t i v e   hydrogenation  o f  

edible  oils  as  that  term  is  commonly  used  in  the  a r t ,   and  this  p r i o r  

art   method  d e f i n i t e l y   is  not  s e l e c t i v e   as  tha t   te rm is   defined  w i t h i n .  

In  the  context   o f  t h i s   a p p l i c a t i o n ,   a  method  of  hydrogena t ion  

of  edible  oils  is  s e l e c t i v e   if  i t   is  capable  of  reducing  the  i o d i n e  

value  of  soybean  oil  from  about  10  to  about  30  units  with  a  concomi tan t  

increase  in  s a t u r a t e s   of  less  than  about 1.5%  and a  decrease  in  t r i e n e  

level  to  at  l e a s t   3%,  and  where  the  Solid  Fat  Index  of  the  p a r t i a l l y  

hydrogenated  product  is  less   than  about  5±1  at  50°F,  less   than  a b o u t  

2±0.5  at  70°F,  less  than  1.0±0.5  at  80°F,  and  0±0.2  at  90°F. 

It  must  be  c l e a r l y   recognized  and  understood  t h a t  a l t h o u g h  

this   d e f i n i t i o n   of  s e l e c t i v e   hydrogenation  u t i l i z e s   a  spec i f i c   d e c r e a s e  

in  iodine  value  of  a  p a r t i c u l a r   edible  o i l ,   a  s e l ec t i ve   hydrogena t ion  

may  cause  a  g rea te r   decrease  in  iodine  value  and/or  be  e f fec ted   w i t h  

a  d i f f e r e n t   edible   o i l .   That  is  to  say,  the  d e f i n i t i o n   of  s e l e c t i v e  

hydrogenation  does  not  r e s t r i c t   a  s e l e c t i v e  h y d r o g e n a t i o n   to  the  c o n d i -  

t ions  of  i ts  d e f i n i t i o n .  

The  observat ion   upon  which  t h e  s u b j e c t   invention  of  t h i s  

app l i ca t ion   is  founded  is  that   a lpha-alumina  of  low  surface  area  and 

low  porosi ty   func t ions   at  hydrogenation  condi t ions   as  an  e f f e c t i v e  

support  for  c a t a l y t i c a l l y   ac t ive   ze rova len t   metals  se lec ted   from  Group 

V I I I   of  the   Periodic  Table  including  i ron,   coba l t ,   n icke l ,   r u then ium,  

rhodium,  palladium,  osmium,  i r id ium,   and  platinum  in  a  fixed  bed 

hydrogenation  of  edible  fa ts   and  o i l s ,   a f f o r d i n g , p a r t i a l l y   hydrogena ted  

product  with  the  desired  s e l e c t i v i t y .   This  observat ion  seems  unknown 

in  the  prior   a r t ,   and  stands  in  s h a r p  c o n t r a s t   to  the  prior   art   r e q u i r e -  

ments  of  a  porous  s u p p o r t .  



It  is  an  objec t   of  this   invent ion  to  provide  a  method  o f  

s e l ec t i ve   hydrogenat ion  of  edible  oi ls   and  fats   by  a  continuous  p r o -  

cess.  One  embodiment  comprises  hydrogenating  a  vegetable   oil  by 

contac t ing   the  vegetable   oil  with  a  fixed  bed  of  hydrogenat ion  c a t a l y s t  

cons i s t i ng   e s s e n t i a l l y   of  a  c a t a l y t i c a l l y   ac t ive   ze rova len t   metal  

se lec ted   from  Group  VIII  of  the  Periodic  Table  impregnated  on  a  low 

surface  area  a lpha-a lumina .   In  a  spec i f i c   embodiment,  the  metal  

se lec ted   from  Group  VIII  of  the  Periodic  Table  is  present   at  a  l e v e l  

from about  1  to  about  25%  based  on  a lpha-alumina.   In  a  p r e f e r r e d  

embodiment,  the  c a t a l y t i c a l l y   ac t ive   ze rova len t   metal  se lec ted   f rom 

Group  VIII  of  the  Per iodic   Table  including  i ron ,   c o b a l t ,   n i c k e l ,  

ruthenium,  rhodium,  pal ladium,  osmium,  i r id ium,   and  plat inum,  is  c o b a l t  

or  n icke l .   Nickel  is  e s p e c i a l l y   p r e f e r r ed .   In  a  more  spec i f i c   embodi- 

ment,  the  alumina  has  a  surface  area  less  than  about  5  square  me te r s  

per  gram.  In  a  s t i l l   more  spec i f i c   embodiment,  the  vegetable   oil  i s  

passed  upflow  over  the  fixed  bed .  

DESCRIPTION  OF  THE  INVENTION 

The  subjec t   matter  d isc losed  is  a  continuous  method  for  t h e  

s e l ec t i ve   hydrogenat ion  of  edible  oi ls   and  fa ts   which  comprises  con-  

t ac t ing   a  flowing  mass  of  edible  o i ls   and  fa ts   at  a  temperature  from 

about  150  to  about  260°C  in  the  presence  of  hydrogen  at  a  pressure  up 

to  about  150  psig  (1000  kPa  gauge)  with  a  fixed  mass  of  c a t a l y s t   con-  

s i s t i n g   e s s e n t i a l l y   of  a  c a t a l y t i c a l l y   act ive  ze rova len t   metal  s e l e c t e d  

from  Group  VIII  of  the  Periodic  Table  supported  on  a lpha-a lumina   having 

a  surface  area  less  than  about  10  m2/g  and  a  micropore  volume  less  t h a n  

about  0.1  ml/g,  and  recovering  the  r e s u l t a n t   hydrogenated  p r o d u c t .  

The  method  described  herein  is  genera l ly   app l i cab le   to  e d i b l e  

oils  and  f a t s .   Because  the  pa r t i a l   hydrogenation  of  l iqu id   oi ls   t o  



afford  hardened,  but  s t i l l   l i qu id ,   oils  occupies  a  prominent  part  w i t h i n  

the  domain  of  hydrogenation  of  edible  oils  and  f a t s ,   the  method  of  t h i s  

invention  is  p a r t i c u l a r l y   app l icab le   to  such  pa r t i a l   hydrogenat ion.   Thus, 

the  described  method  of  hydrogena t ion  i s   e s p e c i a l l y   useful  to  p a r t i a l l y  

harden  edible  l iquid   oi ls   whereby  the  iodine  value  (IV)  is  lowered  from 

about  10  to  about  30  units  by  hydrogenat ion,   whereby  the  increase   in  

sa tu ra tes   a t t ending   hydrogenation  is  less  than  about  1.5%, and  whereby 

the  t r iene   level  is  reduced  to  about  3%  or  l e s s .   Such  a  p a r t i a l l y  

hydrogenated  product  p re fe rab ly   has  an  SFI  of  less  than  about  5±1  a t  

50°F,  less  than  about  2±0.5  at  about  70°F,  less  than  about  1.0±0.5  a t  

80°F,  and  0+0.2  at  92°F.  The  term  "iodine  value"  is  a  measure  of  t h e  

total   extent  of  unsa tu ra t ion   in  an  edible  oil  or  fa t   as  performed  by  a 

standard  t e s t .   In  the  context  of  soybean  o i l ,   which  is  a  p a r t i c u l a r l y  

important  l iqu id   vegetable  o i l ,   pa r t i a l   hardening  is  continued  to  an 

IV  drop  of  from  about  15  to  about  25  un i t s ,   with  the  product  having  l e s s  

than  about  6%  s t e a r a t e   and  about  3%  l i n o l e n a t e   or  l e s s .  

Although  the  method  claimed  herein  is  e s p e c i a l l y   v a l u a b l e  

when  applied  to  the  par t ia l   hydrogenation  of  l i qu id   vege tab le   o i l s ,   i t " ,  

must  be  e x p l i c i t l y   recognized  that   the  s e l e c t i v i t y   o f  the   c la imed  

method  is  also  manifested  in  more  extensive  hydrogena t ions .   Thus,  as  

is  shown  below,  the  claimed  method  may  be  used  genera l ly   in  hydrogen-  

ating  edible  oi ls   whenever  s e l e c t i v e   hydrogenation  is  d e s i r e d .  

The  method  of  this  invention  is  e s p e c i a l l y   a p p l i c a b l e   t o  

l iquid  vegetable   o i l s .   Examples  of  such  oils  i nc lude  soybean   o i l ,  

cottonseed  o i l ,   sunflower  o i l ,  s a f f l o w e r   o i l ,   rapeseed  o i l ,   corn  o i l ,  

and  l iquid  f r a c t i o n a t i o n s   from  palm  o i l .   The  a p p l i c a t i o n   of  t h i s  

method  to  soybean  oil  is  e spec i a l l y   important .   As  will  be  r e c o g n i z e d  

by  those  sk i l l ed   in  the  a r t ,   pa r t i a l   hydrogenation  of  l iqu id   oi ls   t o  



afford   p a r t i a l l y   hardened  l iqu id   oi ls   is  e s p e c i a l l y   demanding,  hence 

it   is  to  be  expected  that   a  method  s u i t a b l e   for  this   task  also  i s  

s u i t a b l e   for  more  extensive   hydrogenat ion .   Thus,  the  method  d e s c r i b e d  

herein  also  is  su i t ab l e   for  more  ex tens ive   hydrogenat ion,   where  the  IV 

of  the  product  may  be  as  low  as  about  70.  Oils  and  fats   which  can  be 

so  hydrogenated  include  those  above,.  t h e i r   p a r t i a l l y   hydrogenated 

produc ts ,   and  also  such  feedstocks  as  palm  o i l .  

The  hydrogenation  c a t a l y s t   used  in  this  method  is  e s s e n t i a l l y  

a  c a t a l y t i c a l l y   ac t ive   zerovalent   metal  s e l ec ted   from  Group  VIII  of  t h e  

Per iodic   Table  deposi ted  on  low  surface  area  a lpha-alumina.   It  is  t o  

be  understood  tha t   by  a lpha-alumina  is  meant  alumina  whose  c r y s t a l l i n i t y  

as  measured  by  X - r a y  d i f f r a c t i o n   corresponds  to  that   cha rac te r i zed   i n  

ASTM  f i l e   number  10-173.  Although  ze rova len t   Group  VIII  metals  a r e  

widely  used  in  this   art   area,   they  are  genera l ly   used  on  s u p p o r t s ,  

such  as  k iese lguhr   and  alumina,  of  high  surface   area  and  large  p o r o s i t y .  

A  discovery  of  th is   invent ion  is  that   continuous  hydrogenation  u s ing  

ze rova len t   Group  VIII  metal  in  a  f ixed  bed  mode  can  be  s u c c e s s f u l l y  

performed,  in  the  context  of  the  c r i t e r i a   e labora ted   above,  only  on 

an  alpha-alumina  support  cha rac t e r i zed   by  r e l a t i v e l y   low  surface  a r ea  

and  po ros i ty .   In  p a r t i c u l a r ,   the  hydrogenat ion  c a t a ly s t   of  this   method 

cons i s t s   e s s e n t i a l l y   of  c a t a l y t i c a l l y   ac t ive   zerovalent   Group  VIII  

metal  on  alpha-alumina  with  a  surface  area  less  than  about  10  m2  p e r  

gram,  with  a  surface  area  less  than  about  5  m2  per  gram  p r e f e r r e d .  

A d d i t i o n a l l y ,   the  micropore  volume  of  the  support  must  be  less  t h a n  

about  0.1  ml/g,  with  those  supports  having  a  micropore  volume  l e s s  

than  about  0.05  ml/g,  being  advantageous.   The  macropore  volume  of  t h e  

supports  used  in  th is   invention  is  r e l a t ed   to  the  surface  area  of  t h e  

support .   Consequently  the  supports  used  herein  are  fu r ther   c h a r a c t e r i z e d  



by  a  macropore  volume  less  than  about  0.6  ml/g,  with  a  macropore 

volume  under  about  0.3  ml/g  being  p r e f e r r ed .   By  micropore  volume 

is  meant  the  total   volume  of  pores  under  about  117 angstroms  i n  

size;  by  macropore  volume  is  meant  the  to ta l   volume  of  pores  g r e a t e r  

than  about  117  angstroms  in  s i z e .  

It  is  believed  tha t ,   because  of  t r anspor t   problems  a s s o c i -  

ated  with  f a t t y   mater ia ls   in  the  smal ler   pores,  the  s e l e c t i v i t y   in  

hydrogenation  of  a  c a t a l y s t   of  a  given  surface  area,  micro-  and  macro- 

pore volume  will  change  with  macropore  d i s t r i b u t i o n .   In  p a r t i c u l a r ,  

i t   is  believed  that  a  d i s t r i b u t i o n   skewed  toward  r e l a t i v e l y   large  pore 

sizes  will  favor  s e l e c t i v i t y .   As  an  example,  with  other  v a r i a b l e s  

being  held  constant   it   is  bel ieved  that   a  c a t a l y s t   whose  support  con- 

tains  90%  of  i ts   macropores  l a rge r   than  about  3500  angstroms  will  be 

more  se l ec t ive   than  one  where  90%  of  the  macropores  are  larger   than  

300  angstroms,  but  only  10%  l a rge r   than  3500  angs t roms.  

The  concent ra t ion   of  Group  VIII  metal  may  range  from  1  t o  

about  25  percent  by  weight  of  alumina.  The  choice  of  metal  l o a d i n g  

will  depend,  in te r   a l i a ,   on  the  degree  of  s e l e c t i v i t y   and  c a t a l y s t  

l i f e   desired  in  a  p a r t i c u l a r   opera t ion .   Metals  se lec ted   from  Group 

VIII  of  the  Periodic  Table  include  i ron,   cobal t ,   n ickel ,   ru then ium,  

rhodium,  palladium,  osmium,  i r id ium,   and  platinum.  Of  these  Group  VII I  

metals,   cobalt  and nickel   are  p re fe r red   c a t a l y t i c a l l y   active  components 

of  the  hydrogenation  c a t a l y s t .   Nickel  is  most  e spec i a l l y   p r e f e r r e d .  

The  cobalt   c a t a l y s t   used in   the  method  of  this  i n v e n t i o n  

t y p i c a l l y   is  prepared  by  reducing  a  s u i t a b l e   cobalt   sa l t   impregnated 

on  the  support.   Such  reduct ion  is  most  convenient ly   effected  by  a 

stream  of  hydrogen  at  a  temperature  between  about  400  and  about  600°C. 

Other  methods  are  also  s a t i s f a c t o r y ,   as  for  example,  the  methods  commonly 



employed  to  prepare  Raney-type  coba l t .   The  cobalt   c a t a l y s t s   used  i n  

t h i s  i n v e n t i o n   are  e f f e c t i v e   in  amounts  from  about  0.01  to  about  5% 

coba l t ,   based  on  edible   oil  hydrogenated,   with  the  range  from  abou t  

0.01  to  about  1%  being  p r e f e r r e d ,   and  with  the  lower  end  of  this   range  

being  p a r t i c u l a r l y   p r e f e r r e d .  

When  a  cobal t   c a t a l y s t   is--employed  hydrogenation  c o n d i t i o n s  

embrace  a  temperature   from  about  150  to  about  300°C  at  a  hydrogen 

pressure   from  atmospheric  up  to  about  200  psig.  Because  the  s e l e c t i v i t y  

of  hydrogenation  seems  to  increase   with  inc reas ing   temperature  and 

decreasing  p res su re ,   there  is  some  advantage  to  operat ing  at  the  h i g h e s t  

poss ible   temperature   and  lowest  poss ib le   pressure   cons i s t en t   with  an 

acceptable   r eac t ion   r a te .   O p e r a t i o n a l l y ,   a  temperature  range  from  about  

200  to  about  260°C  is  p r e f e r r e d .   The  p re fe r red   range  of  pressure  i s  

from  about  25  to  about  150  psig,   with  a  range  from  about  50  to  abou t  

100  psig  being  s t i l l   more  p r e f e r r e d .  

When  a  nickel  c a t a l y s t   is  employed  hydrogenations  are  con-  

ducted  at  a  temperature  from  about  150  to  about  250°C,  with  the  range  

of  175  to  225°C  being  p r e f e r r e d .   Hydrogenations  may  be  conducted  a t  

pressures   up  to  about  150  psig.  Frequently  there  is  some  advantage  t o  

conducting  such  hydrogenations  at  a  pressure   less  than  about  50  p s i g ,  

and  a  pressure   from  about  5  to  about  45  psig  often  is  p r e f e r r e d .  

The  following  d e s c r i p t i o n   is  app l i cab le   to  a  fixed  bed  o p e r -  

a t ion ,   although  i t   will  be  recognized  that   by  su i t ab le   changes  it   may 

also  be  app l i cab le   to  expanded  or  f l u i d i z e d   bed  opera t ion .   The  c a t a l y s t  

bed  may  be  in  the  form  of  p e l l e t s ,   g ranules ,   spheres ,   ex t ruda te ,   and  s o  

fo r th .   The  reac tor   is  heated  to  the  desired  reac t ion   temperature  in  a 

hydrogen  atmosphere,  often  wi th  a   small  hydrogen  flow.  After  a t t a i n -  

ment  of  the  desired  t empera ture ,   the  feedstock  of  edible  fats  and  o i l s  



is  made  to  flow  over  the  fixed  bed.  The  flow  rate  of  the  oil  may  be 

from  about  0.2  to  about  20  LHSV  depending  upon  the  degree  of  hydrogena-  

tion  sought.  When  the  f low  of  edible  fats  and  oils  is  i n i t i a t e d ,   i t  

is  des i rable   to  mix  the  hydrogen  with  said  fats   and  oils  so  as  to  main-  

tain  the  desired  pressure .   Often  it  is  advantageous  to  admit  exce s s  

hydrogen,  maintaining  pressure  by  pa r t i a l   venting.  As  the  r e a c t i o n  

proceeds  and  the  a c t i v i t y   of  the  c a t a l y s t   bed  decreases ,   a d j u s t m e n t s  

may  be  made  e i the r   in  the  LHSV  or  the  temperature  to  maintain  t h e  

desired  c h a r a c t e r i s t i c s   of  the  product.   P a r t i a l l y   hardened  oil  i s  

recovered  as  the  e f f l u e n t   in  a  s t a t e   su i t ab le   for  fu r the r   p r o c e s s i n g ,  

such  as  blending,   b leaching ,   or  d e o d o r i z a t i o n .  

The  flow  may  be  e i t he r   downflow,  as  in  a  t r i c k l e   bed  o p e r a -  

t ion,   or  upflow,  as  in  a  flooded  bed  opera t ion .   By  downflow  is  meant 

that  the  feedstock  flows  with  g rav i ty ,   that  is ,   a  t r i c k l e   bed  o p e r a t i o n .  

By  upflow-is  meant  that  the  feedstock  is  made  to  flow  agains t   g r a v i t y ,  

as  in  a  flooded  bed  opera t ion .   Upflow  is  general ly   thought  to  be  p r e -  

ferred  to  downflow  because  of  a  demonstrated  enhanced  s e l e c t i v i t y  o f  

h y d r o g e n a t i o n .  

Although  the  reason  for  enhanced  s e l e c t i v i t y   in  the  upflow 

mode  is  not  known  with  c e r t a i n t y ,   i t   may  ar ise  from  an  overabundance  

of  hydrogen  at  the  c a t a l y s t   surface  in  the  downflow  mode  r e l a t i v e   t o  

a  flooded  bed  o p e r a t i o n .  

One  index  of  s e l e c t i v i t y   as  used  herein  is  the  Solid  F a t  

Index,  as  described  above.  Obtaining  SFI  data  for  large  numbers  o f  

samples  is  labor ious   and  time  consuming.  Another  index  of  s e l e c t i v i t y  

re l ied   upon  here  and  commonly  used  elsewhere  can  be  be t t e r   u n d e r s t o o d  

from  the  following  pa r t i a l   reac t ion   sequence,  where  k  is  the  r a t e  



constant   for  the  ind ica ted   hydrogenation  s t e p .  

SLN  is  termed  the  l i n o l e n a t e   s e l e c t i v i t y ;   a  high  value  i s  

c h a r a c t e r i z e d   by  r e l a t i v e l y   high  y ie lds   of  dienoic  acid  in  the  r e d u c t i o n  

of  an  unsa tu ra ted   t r i g l y c e r i d e   containing  t r i e n o i c   acids.   SL0  is  t h e  

l i n o l e a t e   s e l e c t i v i t y ;   a  high  value  is  cha rac t e r i z ed   by  r e l a t i v e l y   h igh 

y ie lds   of  monoenoic  acid  in  a  reduction  of  an  unsa tura ted   t r i g l y c e r i d e  

conta ining  dienoic  ac ids .   An  oil  such  as  soybean  oil  contains  bo th  

t r i e n o i c   and  dienoic  ac ids ,   thus  SLN  and  SL0  may  be  measured  s i m u l t a n e o u s l y .  

In  the  context   of  l i n o l e n a t e   and  l i n o l e a t e   s e l e c t i v i t y ,   in  a 

continuous  method  of  hydrogenation  as  described  herein  where  f a t t y   m a t e r i a l  

is  passed  upflow  over  a  fixed  c a t a l y s t   bed,  SLN  usual ly   is  g rea te r   than  

about  2,  and  SL0  usual ly   is  g rea te r   than  10,  and  genera l ly   will  be  g r e a t e r  

than  about  15.  

The  examples  herein  are  c i ted  for  i l l u s t r a t i v e   purposes  on ly  

and  are  not  to  be  construed  as  l imi t ing   this   invent ion  in  any  way. 

EXAMPLES  1 -  4 

All  hydrogenat ions  were  conducted  in  a  r eac tor   of  conven t iona l  

design  conta in ing  a  fixed  bed  of  about  50  ml  c a t a l y s t .   The  reac tor   had 

a  preheater   sect ion  for  bringing  feedstock  to  temperature  and  a  h e a t e r  



for  the  react ion  zone.  The  feeds tock ,   which  was  soybean  oil  in  t h e s e  

samples,  was passed  by  a  metering  pump  e i the r   upflow  or  downflow  and 

mixed  with  hydrogen  before  the  preheater   stage.   In  all  cases  t h e r e  

was  a  net  excess  of  hydrogen,  that   is,   hydrogen  in  excess  of  t h a t  

necessary  for  reac t ion   was  introduced  into  the  react ion  zone  and  excess  

hydrogen  was  vented  so  as  to  maintain  a  constant   p r e s s u r e .  

Iodine  values  were  determined  by  AOCS  method  CD1-25  or  were 

ca lcu la ted   from  the  measured  f a t ty   acid  d i s t r i b u t i o n .   Solid  fa t   index 

was  determined  by  AOCS  method  CD10-57.  Fatty  acid  d i s t r i b u t i o n   was 

determined  by  AOCS  method  CE2-66.  Macropore  volume  was  determined  by 

the  mercury  i n t ru s ion   method  as  described  in  ANSI/ASTM  D  2873-10  us ing  

the  porosimeter   of  U.S.  Patent  3 ,158 ,020 .  

The  c a t a l y s t   used  in  all  runs  consis ted  of  5%  nickel  on  a l p h a -  

alumina,  of  surface  area  3  m2/g  in  the  form  of  1/16"  spheres.   It  was 

prepared  by  mixing  the  alumina  with  an  aqueous  so lu t ion   of  nickel  n i t r a t e  

hexahydrate,   evaporat ing  the  water  while  mixing,  ca lc in ing   the  r e s u l t i n g  

solid  at  450°C  in  air   for  3-4  hours,  then  reducing  the  material   in  hydro-  

gen  for  2-4  hours  at  the  same  t e m p e r a t u r e .   The  alpha-alumina  had  t h e  

following  macropore  volume  c h a r a c t e r i s t i c s   (in  ml/g):  117-500  Angstroms,  

0.0000;  500-1000  Angstroms,  0.0003;  1000-3500  Angstroms,  0.0000;  3500- 

17,500  Angstroms,  0.2037;  17,500-58,333  Angstroms,  0.0000.  The  mic ro-  

pore  volume  was  less  than  about  0.03  ml /g .  

Results  of  some  typical   hydrogenations  are  given  in  Table  1 .  

Each  period  of  an  example  corresponds  to  a  four  hour  time  i n t e r v a l .  

The  SFI  of  some  r e p r e s e n t a t i v e   samples  from  upflow  hydrogenation  a r e  

given  in  Table  2.  Values  of  SLN'  SLO  were  ca lcu la ted   using  a  computer  

program  furnished  by  the  U.S.  Department  of  Agr icu l tu re ,   Northern  Regional  

Labora to r ies ,   as  described  in  J .   Amer.  Oil  Chemists  Soc.,  56,  664  (1979) .  







As  is  c l ea r ly   shown  by  comparison  of SLN,  SL0  measured  i n  

the  upflow  and  downflow  modes,  the  s e l e c t i v i t y   of  continuous  hydrogen-  

at ion  to  various  IV  levels   is  enhanced  when  hydrogenation  is  performed 

upf low.  

EXAMPLE  5 

The  cobal t   c a t a l y s t   was  prepared  in  the  following  general  way. 

Material  used  as  the  support  was  mixed  with  an  aqueous  solut ion  o f  

Co(NO3)2·6H2O  conta ining  an  amount  of  cobal t   s u f f i c i e n t   to  provide  t h e  

desired  c a t a l y s t   loading.   Water  was  removed  by  evaporat ion  with  mix ing ,  

and  the  r e s u l t i n g   solid  was  ca lc ined  in  air   at  450°C  for  about  2  h o u r s  

followed  by  reduct ion  in  a  stream  of  hydrogen  at  about  450°C  for  about  

2  h o u r s .  



EXAMPLE  6 

Batch  r eac t ions   were  performed  in  a  350  cc  s t i r r e d   a u t o c l a v e  

using  55  ml  soybean  oil  and  5  g  of  a  5%  Co  c a t a l y s t .   After  be ing  

purged  with  n i t rogen ,   hydrogen  was  admitted  and  the  temperature  was 

adjusted  to  the  desired  point .   When  the  desired  temperature  was 

a t t a i n e d ,   hydrogen  pressure  was  adjusted  and  s t i r r i n g   was  begun. 

Aliquots  were  taken  at  i n t e r v a l s   and  f i l t e r e d   through  Celi te   p r i o r  

to  ana lys i s .   Represen ta t ive   r e su l t s   at  220°C  and  50-100  psig  hydrogen 

are  presented  in  Table  2 .  



EXAMPLES  7  and  8 

Hydrogenations  were  conducted  in  a  r eac to r   of  conven t iona l  

design  conta in ing   a  fixed  bed  of  15  to  about  70  ml  c a t a l y s t .   The 

reactor   had  a  p rehea te r   sect ion  for  bringing  feedstock  to  t e m p e r a t u r e  

and  a  heater   for  the  reac t ion   zone.  The  feeds tock ,   which  was  soybean 

oil  in  these  samples,  was  passed  upflow  by  a  metering  pump  and  mixed 

with  hydrogen  before  the  p rehea ter   stage.  In  all  cases  there  was  a 

net  excess  of  hydrogen,  that   is ,   hydrogen  in  excess  of  that   n e c e s s a r y  

for  r eac t ion   was  in t roduced  into  the  reac t ion   zone  and  excess  hydrogen 

was  vented  so  as  to  maintain  a  constant   p r e s s u r e .  

Iodine  values  were  determined  by  AOCS  method  CDI-25  or  were 

ca l cu l a t ed   from  the  measured  f a t t y   acid  d i s t r i b u t i o n .   Solid  fat   index 

was  determined  by  AOCS  method  CD10-57.  Fatty  acid  d i s t r i b u t i o n   was 

determined  by  AOCS  method  CE2-66. 







1 .  A   continuous  method  for  the  s e l e c t i v e   hydrogenat ion  of  

edible  oils  and  f a t s  w h i c h   comprises  con tac t ing   a  flowing  mass  o f  

edible  oils  and  fats   at  a  t empera ture   from  about  150  to  about  260°C 

in  the  presence  of  hydrogen  at  a  pressure   up  to  about  150  psig  (1000 

kPa  gauge)  with  a  f ixed  mass  of  c a t a l y s t   c o n s i s t i n g   e s s e n t i a l l y   of  a 

c a t a l y t i c a l l y   ac t ive   metal  se lec ted   from  Group  VIII  of  the  P e r i o d i c  

Table  supported  on  a lpha-a lumina  having  a  surface   area  less   than  a b o u t  

10  m2/g  and  a  micropore  volume  less  than  about  0.1  ml/g,  and  r e c o v e r i n g  

the  r e s u l t a n t   hydrogenated  p r o d u c t .  

2.  The  method  of  Claim.1  wherein  said  edible   oi ls   and  f a t s  

are  l iquid  vegetable  o i l s .  

3.  The  method  of  Claim  2  wherein  said  l iqu id   vegetable   o i l  

is  se lec ted   from  the  group  c o n s i s t i n g   of  soybean  o i l ,   co t tonseed  o i l ,  

rapeseed  o i l ,   sunflower  o i l ,   corn  o i l ,   sa f f lower   o i l ,   and  l i q u i d  

f r a c t i o n s   from  palm  o i l .  

4.  The  method  of  Claim  2  wherein  said  oil  is  soybean  o i l  

and  the  contac t ing   the reof   with  said  c a t a l y s t   is  of  durat ion  s u f f i c i e n t  

to  lower  the  iodine  value  from  about  10  to  about  30  u n i t s .  

5.  The  method  of  Claim  1  wherein  the  c a t a l y t i c a l l y   a c t i v e  

metal  se lec ted   from  Group  VIII  is  s e l ec t ed   from  the  group  c o n s i s t i n g  

of  nickel  and  c o b a l t .  

6.  The  method  of  Claim  1  wherein  the  c a t a l y s t   conta ins   f rom 

about  1  to  about  25%  c a t a l y t i c a l l y   ac t ive   ze rova len t   metal  s e l e c t e d  

from  Group  VIII  of  the  Per iodic   T a b l e .  

7.  The  method  of  Claim  1  wherein  the  surface  area  is  l e s s  

than  about  5  m2/g,  p r e f e r a b l y   abou t   3  m2 /g.  



8.  The  method  of  Claim  1  w h e r e i n   the  m i c r o p o r e   volume  i s  

l e s s   than   abou t   0.05  m l / g ,   p r e f e r a b l y   l e s s   than   a b o u t  

0.3  m l / g .  

9.  The  method   of  Claim  1  w h e r e i n   the   a l p h a - a l u m i n a   is  f u r -  

t h e r   c h a r a c t e r i z e d   by  a  m a c r o p o r e   volume  l e s s   than   a b o u t  
0.6  m l / g .  

L0.  The  method   of  Claim  1  w h e r e i n   the   c o n t a c t i n g   is  p e r f o r m -  
ed  in  the   u p f l o w   m o d e .  
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