
CHAPTER 3

GENERAL METHODS OF CATALYST PREPARATION

The a r t  o f  c a ta ly s is  in c lu d e s  a v e ry  e x te n s iv e  "  know how "  

o f the  p rocedures and e x p e rim e n ta l te ch n iq u e s  employed in  the  p re ­

p a ra t io n  o f  s o l id  c a ta ly s ts .  The ch e m ica l and p h y s ic a l p ro p e r t ie s  

o f  a c a ta ly s t  a re  de te rm ined  by th e  t o t a l  h is t o r y  o f i t s  p re p a ra ­

t io n .  To o b ta in  a c t iv e  c a ta ly s ts  i t  is  im p o r ta n t to  use e s ta b lis h e d  

p rocedu res and e x p e r im e n ta l te c h n iq u e s .-

A g re a t many c a ta ly s ts  can be p repa red  in  a v a r ie t y  o f  ways, 

w h ile  a s m a ll number can be p repared  in  o n ly  a v e ry  h ig h ly  s p e c ia ­

l iz e d  manner. The v a r io u s  methods o f  c a ta ly s t  p re p a ra t io n s  may ge­

n e r a l ly  be co n s id e re d  as co m b ina tions  o f c e r ta in  u n i t  o p e ra t io n s .

The u n i t  o p e ra t io n s  most f r e q u e n t ly  in v o lv e d  w i l l  be d iscussed  in  

th e  fo l lo w in g  pages. The a c tu a l ch o ice  o f  methods may be gu ided by 

ease o f  p re p a ra t io n ,  hom ogeneity o f  th e  p ro d u c t,  s t a b i l i t y  o f c a ta ­

l y s t  and ease o f d u p l ic a t io n .  B e fo re  go ing  in t o  the  p re p a ra t io n  o f 

m ethanol s y n th e s is  c a ta ly s t ,  we s h a l l  re v ie w  he re  the  g e n e ra l methods 

o f  c a ta ly s t  p re p a ra t io n .

Methods o f  P re p a ra tio n

P r e c ip i t a t io n  and Gel F o rm a tio n . These two methods a re  t re a te d  

to g e th e r because th e y  a re  v e ry  c lo s e ly  re la te d  c h e m ic a lly . However, 

the  p h y s ic a l c h a ra c te rs  o f  th e  p ro d u c t are  u s u a lly  w id e ly  d iv e rg e n t .  

The phenomenon o f  g e la t io n  is  a s p e c ia l aspec t o f  p r e c ip i ta t io n  w h ich  

depends upon the  ly o p h i l i c  p ro p e r t ie s  o f the  p r e c ip i ta te  and the  ra te  

o f  p r e c ip i t a t io n .  A g re a t many hydrous o x id e  a re  o f in te r e s t  e i th e r
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I t  has o fte n  been s tre s s e d  th a t  the  s p e c i f ic  d e ta i ls  o f th e  

p re p a ra t io n  o f a g ive n  c a ta ly s t  com posite  are  o f  the  u tm ost im p o rta n ce . 

Said  d e ta i ls  may g iv e  r is e  to  a l l - im p o r ta n t  p ro p e r t ie s  o f  s p e c i f i c i t y  

and s t a b i l i t y .  However, in  s p ite  o f th e  p h y s ic a l d if fe re n c e s  w h ich  

show up in  c a ta ly s ts  o f  a g iv e n  co m p o s itio n  when c o g e lle d  o r c o p re c i­

p i ta te d ,  i t  has f re q u e n t ly  been found th a t  the  c a t a ly t i c  p ro p e r t ie s  

o f  such p ro du c ts  a re  q u ite  s im i la r .  N e v e rth e le s s , even when p re p a r in g  

com pos itions  fo r  w h ich  the  l a t t e r  c o n d it io n  h o ld s ,  th e re  a re  c e r ta in  

p r a c t ic a l  advantages to  u s in g  c o g e la t io n  te c h n iq u e s . Some o f these  

w i l l  be p o in te d  o u t in  the  d e ta i le d  d is c u s s io n s  o f the  co m p o s itin g  

m ethods.

' P r e c ip i t a t io n . T h is  method is  f r e q u e n t ly  employed in  the  

p re p a ra t io n  o f  s in g le -  and m u lt ip le -c o m p o n e n t c a ta ly s ts .  P r e c ip i t a ­

t io n  techn iques  a re  a p p lic a b le  to  m a te r ia ls  such as the  hydrous 

o x id e s , s u l f id e s ,  ca rb o n a te s , and phospha tes . In  g e n e ra l,  one s ta r t s  

w ith  aqueous s o lu t io n s  o f the  d e s ire d  c o n s t itu e n ts  and adds the  re q u ire d  

p r e c ip i t a t in g  agen t. On a com m erc ia l s c a le ,  use o f  aqueous s o lu t io n s  

w ould p ro b a b ly  be an economic n e c e s s ity .  However, f o r  bench s c a le  

w ork nonaqueous s o lu t io n s  may be used when advantageous.

One o f  the  p r im a ry  prob lem s a r is in g  in  the  p re p a ra t io n  o f  a 

p r e c ip i ta te d  c a ta ly s t  is  th a t  o f  p u r i f i c a t io n  from  occ luded  o r adsorbed 

im p u r i t ie s .  One way in  w h ich  to  m in im ize  the  presence o f  such im p u ri - ' 

t ie s  is  to  c a rry  o u t the  p r e c ip i t a t io n  by m ix in g  v e ry  d i lu t e  s o lu t io n s .  

A no ther method o f m in im iz in g  th e  p rob lem  is  to  use ammonia o r ammonium

as c a ta ly s ts  o r c a ta ly s t  s u p p o rts , and many o f them are  amenable to

g e l fo rm a tio n .
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s a lts  as the  p r é c ip i ta n ts  a lo ng  w ith  n i t r a te s  o f  the  d e s ire d  m e ta ls . 

The r e s u l t in g  p r e c ip i ta t e  then  re q u ire s  a minimum o f w ash ing , s in c e  

any adsorbed m a te r ia l re m a in in g  can be removed by c a lc in a t io n  o f the  

p ro d u c t.

The use o f  n i t r a te s  as the  source  o f the  d e s ire d  c a tio n s  is  

recommended as a g e n e ra l r u le  u n less  o th e rw is e  s p e c i f ie d .  The reason 

f o r  th is  i s  the  f a c t  th a t  o th e r  an ions ( e .g . ,  c h lo r id e  o r  s u l fa te )  

sometimes a c t as c a ta ly s t  p o is o n s , i f  th e y  a re  p re s e n t i n  the  f i n a l  

p ro d u c t, f o r  example c h lo r id e  in  p r e c ip i ta te d  i r o n  c a ta ly s ts  f o r  th e  

F is c h e r-T ro p s c h  s y n th e s is .

In  the  case o f c o p r e c ip i ta t io n  o f two o r more com ponents, i t  

i s  g e n e ra lly  d e s ira b le  to  m a in ta in  th e  g re a te s t  p o s s ib le  degree o f 

hom ogeneity in  the  p ro d u c t. S ince n o rm a lly  the  s o lu b i l i t y  p ro d u c ts  

o f the  c o n s t itu e n ts  a re  d iv e rg e n t ,  i t  is  p o s s ib le  to  o b ta in  a d e c i­

d ed ly  hete rogeneous p ro d u c t.  Such a s i t u a t io n  w ou ld  e x is t ,  f o r  

example, i f  one were to  add a s o lu t io n  o f aqueous ammonia to  a s o lu ­

t io n  o f two m e ta l n i t r a te s  to  c o p r e c ip ita te  the  two co rre sp o n d in g  

hydrous o x id e s . The ammonia would tend to  p r e c ip i t a t e  f i r s t  one 

h y d ro x id e  then  the  o th e r .  On the  o th e r  hand, r e v is in g  th e  p rocedu re  

by add ing the  s o lu t io n  o f  th e  two n i t r a te s  to  th e  ammonia s o lu t io n  

would tend to  g iv e  s im u lta ne o us  p r e c ip i t a t io n  o f the  two hydrous o x id e s . 

I t  is  t ru e  th a t  in  the  l a t t e r  p rocedu re  the  pH w ould change c o n t i ­

n uous ly  th ro u g h o u t the  p rocess o f p r e c ip i t a t io n .  I f  a c o n s ta n t pH is  

d e s ire d , the  method would have to  be m o d if ie d . To a ch ieve  the  g o a l 

o f p r e c ip i t a t in g  a t  a c o n s ta n t pH i t  may be n ecessa ry  to  b r in g  to g e th e r  

two stream s o f  the  re a c t in g  s o lu t io n s  in  such p ro p o r t io n s  as to  m ain­

ta in  the  d e s ire d  pH.



59

A l t e r n a t iv e ly ,  i t  i s  p o s s ib le  to  m a in ta in  hom ogene ity  o f  a 

two-com ponent p r e c ip i ta te  by d is s o lv in g  one o f  th e  re a c ta n ts  in  an 

a c id  s o lu t io n  and the  o th e r  in  a b a s ic  s o lu t io n .  For example a 

s i l ic a - a lu m in a  c o p r e c ip ita te  may be made by m ix in g  d i lu t e  s o lu t io n s  

o f  alum inum s u lfa te  (w ith  added a c id ,  i f  d e s ire d )  and sodium  s i l i c a t e  

(w a te r g la s s ) .

I t  i s  f re q u e n t ly  d e s ira b le  to  in c re a s e  th e  s u rfa c e  area o f 

the  p ro d u c t by p r e c ip i t a t in g  the  c a ta ly t ic  m a te r ia l  on a su p p o rt 

m a te r ia l .  The method in v o lv e s  a co m b ina tio n  o f  v a r io u s  c a ta ly s t  

p re p a ra t io n  techn iques  as w i l l  be d iscussed  s u b s e q u e n tly .

Gel F o rm a tio n . T h is  p a r t ic u la r  method o f  c a ta ly s t  p re p a ra t io n  

is  e s p e c ia l ly  s u ite d  to  those  c a ta ly s ts  whose m a jo r components a re  

hydrous o x id e s . In  p a r t i c u la r  those c o n ta in in g  p r im a r i ly  s i l i c a  o r 

a lum ina  a re  e s p e c ia l ly  amenable to  g e l fo rm a tio n .  The phenomenon o f  

g e l fo rm a tio n  i s ,  as m en tioned , m ere ly  a s p e c ia l case o f  p r e c ip i t a t io n .  

T h e re fo re , p re p a ra t io n  o f a c a ta ly s t  com posite  i n  g e l fo rm  r a th e r  than  

as a c o p r e c ip ita te  does n o t n e c e s s a r ily  r e s u l t  in  a change in  s p e c i f ic  

c a t a ly t i c  a c t i v i t y .  However, even when no such change o c c u rs , th e re  

a re  f re q u e n t ly  m a jo r p h y s ic a l advantages to  g e l fo rm a tio n .  S p e c i f i ­

c a l l y ,  th e  d isadvan tages in h e re n t in  p ro c e s s in g  th e  h ig h ly  g e la t in o u s  

p r e c ip i ta te s  are  e lim in a te d .  As a r e s u l t  the  g e l- fo rm e d  c a ta ly s t  is  

u s u a lly  c o n s id e ra b ly  e a s ie r  to  p re p a re . In  a d d i t io n ,  by the  v e ry  

n a tu re  o f  the  p ro ce ss , maximum hom ogeneity in  th e  polycom ponent com­

p o s ite s  w i l l  be produced by g e la t io n .

The g e n e ra l c o n d it io n s  re q u ire d  fo r  g e l fo rm a tio n  were des­

c r ib e d  lo n g  ago by Von Weimarn. However, f o r  any p a r t i c u la r  g e l i t  is
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u s u a lly  necessary to  s p e c ify  th e  c o n d it io n s  v e ry  c lo s e ly .  G els may 

be p repared n o t o n ly  in  aqueous media b u t a lso  in  nonaqueous and 

m ixed m edia. For exam ple, a lc o h o la te s  p repa red  from  the  v a r io u s  m e ta l 

c h lo r id e s  may be d is s o lv e d  in  a lc o h o ls  and g e lle d  e i t h e r  in  the  a lc o ­

h o l ic  o r a lc o h o l-w a te r  m edia. C e r ta in  g e ls  such as those  o f  magnesia 

and CdCOH)^ o r ZnCOH)^ are p repa red  most e a s i ly  as o rg a n o -g e ls .

S eve ra l examples o f  g e l p re p a ra t io n  w i l l  be d e s c r ib e d  in  d e t a i l  

l a t e r  in  the  d is c u s s io n  on s p e c i f ic  c a ta ly s t  p re p a ra t io n s .  However, 

i t  shou ld  be p o in te d  o u t th a t ,  as a la s t  r e s o r t  when o th e r  methods o f 

g e l fo rm a tio n  f a i l ,  i t  is  u s u a lly  p o s s ib le  to  fo rm  a g e l by a d ia ly s is  

m ethod.

Im p re g n a tio n  M ethods. The te c h n iq u e  o f  im p re g n a tin g  an a c t iv e  

component (o r  components) on an in a c t iv e  su p p o rt i s  f r e q u e n t ly  th e  

s im p le s t p o s s ib le  method o f  p ro d u c in g  a c a ta ly s t .  However, as a lre a d y  

s ta te d ,  a number o f  c o m p lic a tin g  fa c to r s  a r is e  even in  such a s im p le  

method o f  p re p a ra t io n .

Im p re g n a tio n  o f  a s u p p o rt n o rm a lly  in v o lv e s  th e  use o f a s o lu b le  

compound o f  the  d e s ire d  c o n s t i tu e n t  d is s o lv e d  in  a l i q u id ,  w h ich  is  

u s u a lly  w a te r .  I t  i s  a ls o  p o s s ib le  to  p e rfo rm  a va po r phase im pregna­

t io n  o f the  su p p o rt i f  one can f in d  a v o la t i l e  compound o f  the  d e s ire d  

c o n s t i tu e n t .  Im p re g n a tio n  by a s o lu t io n  may be c a r r ie d  o u t on e i t h e r  

d r ie d  porous su p p o rts  o r on u n d r ie d  p r e c ip i ta te s  o r  g e ls .  In  the  case 

o f  d r ie d  su pp o rts  one may use e i t h e r  a powdered o r  g ra n u la r  m a te r ia l .

A g ra n u la r  su p p o rt i s  u s u a lly  p re fe r re d  s in c e  i t  e l im in a te s  p e l le t in g  

o r e x tru s io n  o f the  f in is h e d  c a ta ly s t .
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Im p re g n a tio n  o f  G ra n u la r S u p p o rts . In  i t s  s im p le s t  form  t h is  

method o f c a ta ly s t  p re p a ra t io n  may in v o lv e  the  fo l lo w in g  s te p s : (1) 

e va cu a tin g  the  s u p p o rt,  (2 ) c o n ta c t in g  the  s u p p o rt w ith  th e  im pregna­

t in g  s o lu t io n ,  (3) rem oving the  excess s o lu t io n ,  (4) d ry in g  and (5) 

c a lc in a t io n  and a c t iv a t io n .  F re q u e n tly  i t  is  n ecessa ry  to  add a 

p r e c ip i t a t io n  and w ashing s tep  e i t h e r  b e fo re  o r a f t e r  d r y in g .  In  

a d d it io n ,  i t  is  g e n e ra lly  d e s ira b le  to  o b ta in  p re l im in a ry  in fo rm a tio n  

re g a rd in g  the  e q u i l ib r iu m  d is t r ib u t io n  o f  th e  s o lu t io n  between the  

s o l id  su p p o rt and the  im p re g n a tin g  s o lu t io n .  Such in fo rm a t io n  is  

necessary to  e s ta b l is h  the  q u a n t i ty  and c o n c e n tra t io n  o f  the  im preg­

n a t in g  s o lu t io n  re q u ire d  to  o b ta in  the  d e s ire d  c o n c e n tra t io n  o f the  

a c t iv e  component on the  s u p p o rt.

E vacu a tion  o f  the  su p p o rt p r io r  to  c o n ta c t in g  i t  w ith  the  

im p re g n a tin g  s o lu t io n  g iv e s  more u n ifo rm  d is t r ib u t io n  o f  the  a c t iv e  

component. F re q u e n tly ,  trapped  a i r  in  the  po res  o f  th e  su p p o rt p re ­

v e n ts  com plete  p e n e tra t io n  o f th e  s o lu t io n .  In  many cases , t h is  

s tep  is  unnecessary , p ro v id e d  s u f f i c i e n t  tim e  o f  c o n ta c t between 

th e  su p p o rt and im p re g n a tin g  s o lu t io n  is  a llo w e d . Under c e r ta in  

c ircum stances  i t  may n o t be d e s ira b le  to  use a p ro lo n g e d  c o n ta c t 

t im e , e .g . ,  when the  suppo rt, can be h y d ro ly z e d . T h i r t y  m inu tes  to  

an hour is  s u f f i c i e n t  tim e  to  o b ta in  u n ifo rm  w e t t in g  o f  the  s u p p o rt.  

An excess o f  im p re g n a tin g  s o lu t io n  is  u s u a lly  used . Removal o f 

t h is  excess s o lu t io n  can be accom plished  by e i t h e r  f i l t r a t i o n  o r 

d e c a n ta t io n . C e n tr ifu g in g  is  an e f f e c t iv e  method o f rem oving l iq u id  

between th e  s o l id  p a r t i c le s .

In  s e v e ra l cases, the  use o f excess im p re g n a tin g  s o lu t io n  is

u n d e s ira b le . In  these  in s ta n c e s  enough s o lu t io n  is  added to  c o m p le te ly
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wet the  s u p p o rt. T h is  can be done by s p ra y in g  th e  s o lu t io n  on the  

su pp o rt w h ile  i t  is  tum bled in  a r o t a t in g  b o t t le .

W hether a p r e c ip i t a t io n  s tep  is  necessa ry  o r n o t depends on 

the  n a tu re  o f  the  im p re g n a tin g  compound. I f  no u n d e s ira b le  component 

rem ains a f t e r  s im p le  c a lc in a t io n ,  e .g . ,  as in  th e  case o f n i t r a t e s  o r 

ammonium s a l t s ,  no p r e c ip i t a t io n  w i l l  be re q u ire d .  However, i f  the  

im p re g n a tin g  compound in v o lv e s  an u n d e s ire d  component in  the  f i n a l  

p ro d u c t,  i t  i s  p ro b a b ly  necessary  to  p r e c ip i t a t e  the  d e s ire d  c o n s t i ­

tu e n t and then  to  wash o u t the  u n d e s ire d  m a te r ia l .  F o r exam ple, a 

c ra c k in g  c a ta ly s t  may be p repa red  by im p re g n a tin g  s i l i c a  g e l w ith  

aluminum s u l fa te .  S ince s u l f a te  is  n o t d e s ira b le  in  th e  f i n a l  p ro d u c t,  

i t  is  necessary to  p r e c ip i ta t e  the  alum inum as th e  h y d ra te d  o x id e  by 

adding ammonia. The s u l fa te  io n  is  th e n  removed by w ash ing .

Im p re g n a tio n  o f Powdered S u p p o r ts . Powdered c a ta ly s t  s u p p o rts  

may be im pregnated in  a manner e n t i r e ly  ana logous to  th a t  d e s c r ib e d  f o r  

g ra n u la r  s u p p o rts , w ith  th e  a d d i t io n a l  s tep s  o f  p e l le t in g  o r  e x tru d in g  

to  fo rm  th e  f i n a l  p a r t i c le s .  Whereas one n o rm a lly  does n o t im p regna te  

a g ra n u la r  su p p o rt w ith  a substance  w h ich  w i l l  be p r e c ip i ta te d  by the  

s u p p o rt, i t  may be advantageous to  do so w ith  powdered s u p p o rts . A 

p rocedu re  o f  t h is  type  w o u ld , o f co u rs e , r e s u l t  in  th e  a c t iv e  m a te r ia l 

on the  e x te rn a l g e o m e tric  s u r fa c e  o f  th e  p a r t i c le s  r a th e r  than  d i s t r i ­

bu ted  th rou g ho u t the  c a ta ly s t  p o re s . O c c a s io n a lly ,  t h is  may be used 

where the  a c t iv e  component i s  expens ive  and h ig h  a rea  is  n o t im p o r ta n t .

Vapor Phase Im p re g n a tio n . Under c e r ta in  c irc u m s ta n c e s , th e

s im p le s t method o f  p re p a r in g  a c a ta ly s t  h a v in g  th e  d e s ire d  degree o f

p u r i t y  may be to  d e p o s it th e  a c t iv e  m a te r ia l on a s u p p o rt from  a
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va p o rize d  so u rce . Such a method has been employed in  the  n -bu tane  

is o m e r iz a t io n  p rocess developed j o i n t l y  by the  A n g lo - I ra n ia n  O i l  Co. 

and the S tandard  O i l  Development Co. In  t h is  p rocess  the  re a c to r  

is  charged w ith  a lo w - iro n  c o n te n t b a u x ite  ( " P o r o c e l" ) . A t the  s t a r t ,  

a stream  o f h o t bu tane  is  f i r s t  c o n ta c te d  w ith  A lC l^  and then passed 

over the  b a u x ite .  VThen s u f f i c i e n t  A lC l^  has been d e p o s ite d  on the  

s u p p o rt, hydrogen c h lo r id e  is  added to  the  incom ing  n -b u ta n e  and the  

charge is  passed d i r e c t l y  to  th e  r e a c to r .  As th e  c a ta ly s t  a c t i v i t y  

decreases, a d d it io n a l amounts o f A lC l^  a re  in t e r m i t t e n t ly  d e p o s ite d  

on the  b a u x ite  u s in g  the  h o t bu tane  as a c a r r ie r .

An analagous p rocess f o r  m a in ta in in g  th e  a c t i v i t y  o f an 

a lu m in a -b o r ia  c ra c k in g  c a ta ly s t .  The v a r ia t io n  in v o lv e s  pass ing  an 

a dm ix tu re  o f  steam p lu s  b o r ic  o x id e  w ith  a h yd roca rbon  c ra c k in g  charge 

over the  a lu m in a -b o r ia  c a ta ly s t .  T h is  c a ta ly s t  i s  p repa red  i n i t i a l l y  

by a s im p le  im p re g n a tio n  te c h n iq u e . The c a ta ly s t  lo se s  b o r ia  r a p id ly  

in  o p e ra t io n .  Thus, the  p rocess se rves to  m a in ta in  the  b o r ia  c o n te n t 

and, th e re fo re ,  the  a c t i v i t y ,  much more n e a r ly  c o n s ta n t.

Wet M ix in g  o f  C a ta ly s t  Components. One te ch n iq u e  o f  c a ta ly s t  

p re p a ra t io n  f r e q u e n t ly  used i s  th a t  o f  w e t-m ix in g  two o r more compo­

n e n ts . The components may be h y d ro g e ls  o r hydrous p r e c ip i ta te s  o r 

th e y  may be d r ie d  m a te r ia ls ,  o r  b o th .  B a l l  m i l l i n g  o f th e  components 

re p re s e n ts  the  s im p le s t te ch n iq u e  f o r  the  p re p a ra t io n  o f s m a ll ba tches 

o f  c a ta ly s ts .  For exam ple, B a i l ie  and See p repa red  an a c t iv e  s i l i c a -  

magnesia c ra c k in g  c a ta ly s t  by b a l l  m i l l i n g  f i n e l y  d iv id e d  magnesia 

w ith  a washed s i l i c a  h y d ro g e l.
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Methods w ith  L im ite d  A p p l ic a t io n .  C e r ta in  w e l l  known c a ta ly s ts  

a re  prepared  by methods w h ich  have l i t t l e  g e n e ra l a p p l i c a b i l i t y .  Exam­

p le s  o f these a re : (1 ) th e rm a l fu s io n ,  (2) chem ica l r e a c t io n ,  and (3) 

e v a p o ra tio n  o f m e ta ls . L e t US c o n s id e r a few examples o f  these methods 

w ith  a b r ie f  d e s c r ip t io n  o f each.

Thermal F u s io n . The b e s t known examples o f  c a ta ly s ts  p repa red  

by th e rm a l fu s io n  a re  some o f  the  fused  i r o n  c a ta ly s ts  used f o r  the  

s y n th e s is  o f hydrocarbons and ammonia. These c a ta ly s ts  may be p repared  

by the  "s c h m e ltz "  m ethod, e le c t r i c  fu s io n ,  o r use o f  an in d u c t io n  f u r -  

nance. The f i r s t  o f  these  in v o lv e s  b u rn in g  i r o n  powder in  a stream  o f 

oxygen.P rom oters a re  added d i r e c t l y  to  the  m e lt .  E le c t r ic  fu s io n  o f 

Fe^o^ may be accom plished  by the  use o f  w a te r -c o o le d  e le c tro d e s  immer­

sed in  a bed o f  the  o x id e . F o r v e ry  s m a ll la b o ra to ry  ba tches fu s io n  

o f the  d e s ire d  powdered m ix tu re s  may be c a r r ie d  o u t in  an in d u c t io n  

fu rn a c e .

Chemical R e a c tio n  . C a ta ly s ts  p repa red  by p r e c ip i t a t io n  o r 

g e la t io n  techn iques  u s u a lly  in v o lv e  s im p le  m e ta th e t ic a l re a c t io n s .

O ther chem ica l re a c t io n s  such as d eco m p o s itio n , o x id a t io n  and re d u c t io n ,  

e t c . ,  a re  f re q u e n t ly  employed to  p re pa re  c a ta ly s ts .  These p re p a ra to ry  

methods a re  b e s t i l l u s t r a t e d  by the  fo l lo w in g  exam ples. Copper ch ro ­

m ite  c a ta ly s ts  a re  p repa red  by th e  th e rm a l d e co m p o s itio n  o f  a p r e c ip i ta ­

ted  copper ammonium chrom ate . The copper ammonium chrom ate is  p re fe ­

ra b ly  p r e c ip i ta te d  in  the  presence o f a s u p p o r t.  A ch ro m ia -a lu m in a  

c a ta ly s t  is  p repared  by add in g  chrom ic a c id  to  a co n c e n tra te d  s o lu t io n  

o f  aluminum s u l f a te .  A s o l id  mass is  o b ta in e d  on h e a t in g  the  m ix tu re  

a t  150 to  40 0 °c .  The f in is h e d  c a ta ly s t  is  o b ta in e d  by decomposing the  

d r ie d  s o l id  in  a re d u c in g  atm osphere a t  350 to  6 5 0 °c  to  remove a l l  the  

s u l f u r  as s u l f u r  d io x id e  o r  hydrogen s u l f id e .
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A no the r example is  the p re p a ra t io n  o f c ra c k in g  c a ta ly s ts  from  

m o n tm o r il lo n ite  c la y s .  These c a ta ly s ts  are  made by le a c h in g  the  n a tu ra l 

c la y s  w ith  d i lu t e  s u l f u r ic  a c id , w ash ing and d ry in g  th e  p ro d u c t.  In ­

creased s u rfa c e  a rea is  produced by le a c h in g  o u t p a r t  o f  the a lum ina  

and o th e r  c o n s t itu e n ts  o f  th e  c la y .  A c t iv e  s u rfa c e  g roups a re  produced 

w h ich  a re  a c id ic  in  n a tu re  and a re  p ro b a b ly  amorphous as c o n tra s te d  to  

the  c r y s t a l l in e  s t r u c tu r e  o f the c la y  base.

In  the  case o f Raney n ic k e l ,  an a c t iv e  c a ta ly s t  is  p repa red  by 

le a c h in g  alum inum from  a n ic k e l-a lu m in u m  a l lo y  w ith  a base . U s u a lly  

about a 20 p e r ce n t s o lu t io n  o f sodium h y d ro x id e  is  used to  remove the  

alum inum from  a 50-50 n ic k e l-a lu m in u m  a l lo y .  The washed p ro d u c t i s  an 

e x tre m e ly  a c t iv e  h y d ro g e n a tio n  c a ta ly s t .  The f in is h e d  c a ta ly s t  is  

p y ro p h o r ic  and shou ld  n o t be a llo w e d  to  d ry  in  a i r .

A c t iv a te d  magnesia is  p repa red  by a l te r n a te  h y d ra t io n  o f the  

o x id e  to  the  h y d ro x id e  a t  low  tem pe ra tu re  and d e h y d ra tio n  o f th e  h yd ro ­

x id e  a t  tem pe ra tu res  up to  875°c. The f i n a l  a c t iv a te d  m agnesia may 

have an a rea  o f  ove r 100 m ^/g.

An a l te r n a te  o x id a t io n - re d u c t io n  p rocedu re  is  used to  p re pa re  

the  c o p p e r - iro n  c a ta ly s t  used in  th e  C a te ro le  p ro c e s s . Here a m ix tu re  

o f copper and i r o n  tu rn in g s  in  the  r a t io  o f 5 :1  i s  p la c e d  in  a s te e l 

tube  and a l t e r n a te ly  o x id iz e d  w ith  a i r  a t  about 400°c and reduced w ith  

hydrogen  a t  abou t 250°c.

E v a p o ra tio n  o f  M e ta ls . The work o f Beeck, Sm ith  and W heeler 

(,C.E. , 1954)has h e lpe d  to  b r in g  in to  prom inence the  s tu d y  o f m e ta l f i lm s  

as an a id  to  fun d am e ta l c a ta ly t ic  w o rk . The f i lm s  used by these  i n ­

v e s t ig a to r s  were p repa red  by e v a p o ra tin g  the  m e ta l fro m  a w ire  on to  

a g la s s  s u p p o r t.
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A no ther p a r t i c u la r l y  in te r e s t in g  a p p l ic a t io n  o f  m e ta l evapo­

r a t io n  has been d e sc r ib e d  by Rhodin (C .F .,1 9 5 4  ) .  In  t h is  w ork s in g le  

c r y s ta ls  o f  Zn were produced by an e v a c u a tio n  te ch n iq u e  d e sc r ib e d  e a r­

l i e r  by B ridgm an. The c r y s ta ls  so produced were used in  a d s o rp tio n  

s tu d ie s .

P ro ce ss in g  O p e ra tio n s

W ash ing. The o b je c t  o f  the  w ashing s te p  is  p r im a r i ly  to  remove 

im p u r i t ie s  from  th e  c a ta ly s t .  For t h is  reason  many im pregnated  c a ta ­

ly s t s  need n o t be washed. These m a te r ia ls  u s u a lly  in v o lv e  decomposable 

compounds whose s o l id  d e co m p o s itio n  p ro d u c ts  a re  d e s ire d  on the  c a ta ly s t  

and whose gaseous p ro d u c ts  d is a p p e a r. IJhen w o rk in g  w ith  p r e c ip i ta te s  

o r g e ls ,  w ash ing is  u s u a lly  e s s e n t ia l .

Washing te ch n iq u e s  v a ry  to  a g re a t e x te n t  the  method is  as fo l lo w s .  

The h y d ro g e l i s  e i th e r  form ed o r ig in a l l y  in  bead fo rm  o r  c u t in to  

b lo c k s  a f t e r  g e la t io n .  The beads o r  b lo c k s  a re  p la ced  in  a la rg e  

Buchner fu n n e l w h ich  is  c lo se d  a t the  bo ttom  w ith  a s to p p e r . U sing  t h is  

s im p le  a p p a ra tu s , a b a tc h - ty p e  w ashing o p e ra t io n  is  c a r r ie d  o u t.

ไCashing is  d is c o n tin u e d  when the  c o n c e n tra t io n  o f the  c o n ta m in a tin g  

io n  reaches a s p e c i f ie d  c o n c e n tra t io n  in  the  f i l t r a t e  a t  the  end o f 

a wash p e r io d .  T h is  c o n c e n tra t io n  i s  u s u a lly  d e fin e d  by a d d it io n  o f 

a c o u n te r - io n  in  s u f f i c i e n t  q u a n t i ty  to  p r e c ip i t a t e  the  u n d e rs ire d  

io n  when p re s e n t in  the  f i l t r a t e  above the  p re s c r ib e d  l i m i t .  In  the  

w ash ing o f  c e r ta in  h y d ro g e ls , such as z ir c o n ia ,  p e p t iz a t io n  is  so 

s e r io u s  th a t  th e  tem pe ra tu re  o f the  wash w a te r must be c o n t r o l le d ,  

f o r  exam ple, th a t  z ir c o n ia  g e ls  must be washed a t  tem pe ra tu res  n o t 

le s s  than  6 0 ° c .
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The p rocedu re  ju s t  d esc ribe d  p ro b a b ly  re p re s e n ts  the  s im p le s t  

p o s s ib le  w ashing m ethod. However, as p re v io u s ly  m e n tion e d , a g re a t 

m a jo r i ty  o f  c a ta ly s ts  cannot be formed as g e ls .  P r e c ip i ta te s  a re  

washed most e f f i c i e n t l y  by s lu r r y in g  the  f i l t e r  cake in  a la rg e  volume 

o f  w a te r (u s u a lly  5 to  10 tim es the  volume o f the  cake) w ith  v ig o ro u s  

s t i r r i n g .  The s lu r r y  is  then f i l t e r e d  in  a la rg e  Buchner fu n n e l.

Th is  w ash ing  te ch n iq u e  is  repea ted  u n t i l  the  c o n c e n tra t io n  o f  the  

c o n ta m in a tin g  ions  in  the  f i l t r a t e s ,  as de te rm ined  by the  a d d it io n  o f 

a c o u n te r - io n ,  is  v e ry  low . When the  p r e c ip i ta t e  p e p t iz e s  on w ash ing , 

the  a d d it io n  o f a s m a ll amount o f  ammonia to  th e  wash w a te r h e lp s  to  

p re v e n t the  p e p t iz a t io n .  E lk in  e t a l .  have d e s c r ib e d  such a te c h n i­

que in  th e  p re p a ra t io n  o f  a lu m in a . I f  the  p ro d u c ts  a re  to  be p e l le te d ,  

some w o rke rs  p re fe r  to  oven d ry  the  p r e c ip i ta te s  b e fo re  w ash ing them.

I t  shou ld  be m entioned th a t  when a c o p r e c ip i ta te  possesses 

z e o l i t i c  p r o p e r t ie s ,  w ashing a lone  w i l l  p ro b a b ly  n o t be s u f f i c i e n t  to  

remove a l l  c o n ta m in a tin g  io n s .  In  t h is  case an io n -e x c h a n g in g  ope ra ­

t io n  w i l l  be re q u ire d  p r io r  to  w ash ing . Such a s i t u a t io n  a r is e s  in  

th e  p re p a ra t io n  o f  c o g e lle d  s i l ic a - a lu m in a  c ra c k in g  c a ta ly s t s .  These 

a re  exchanged w ith  NH^+ o r A l+^ io n s  p r io r  to  w ash ing . A number o f  

o x id e  co m b ina tio ns  possess z e o l i t i c  p r o p e r t ie s .  F o r exam ple, th a t  

s i l i c a - z i r c o n ia  g e ls  may possess c o n s id e ra b le  base exchange c a p a c ity .  

Thus, the  o b s e rv a tio n  th a t  the wash w a te r shows no c o n ta m in a tin g  io n s  

is  no p ro o f th a t  the  p r e c ip i ta te  is  a ls o  f re e  from  th a t  co n ta m in a n t. 

T h is  can o n ly  be p roved  by a n a ly s is .

D ry in g . In  the  p re p a ra t io n  o f  in d u s t r ia l  c a ta ly s ts  the  d ry in g  

o p e ra t io n  is  f r e q u e n t ly  a co m p lica te d  one. Many p a te n ts  have been 

g ran ted  on s p e c ia liz e d  d ry in g  techn iques  f o r  p a r t i c u la r  c a ta ly t ic



68

p ro d u c ts . However, in  g e n e ra l,  these  c lo s e ly  c o n t r o l le d  o p e ra t io n s  

are  used to  in s u re  c e r ta in  d e s ire d  p h y s ic a l c h a r a c te r is t ic s  in  th e  

p ro d u c ts . They a re  n o t u s u a lly  im p o rta n t to  the  ch em ica l and c a ta ­

l y t i c  p ro p e r t ie s  o f  th e  c a ta ly s t .  Of co u rse , extrem e changes in  

p h y s ic a l p ro p e r t ie s  sh ou ld  be avo ided  as they may change th e  c a ta ly ­

t i c  p ro p e r t ie s .

U s u a lly  d ry in g  is  c a r r ie d  o u t in  a i r ,  in  la b o ra to ry  e le c t r i c  

o r steam ovens. The tem pe ra tu res  used v a ry  from  p o s s ib ly  60 to  200°c . 

I f  one is  n o t concerned w ith  the  s t r u c t u r a l  q u a l i t ie s  o f  h is  p ro d u c t 

he cou ld  use p r a c t i c a l l y  any tem pe ra tu re  w i th in  t h is  ra n ge . A sa fe  

w o rk in g  w ou ld  be from  100 to  150°c. H ig h e r d ry in g  te m p e ra tu re s  may 

r e s u l t  in  severe f r a c tu r in g  o f  th e  g e l p a r t ic le s  so th a t  th e  p ro d u c t 

cannot be te s te d  w ith o u t  b e in g  p e l le te d .

C e r ta in  c a ta ly s ts  l i k e  Raney n ic k e l  o r c o l lo id a l  p la tin u m  used 

f o r  low tem pe ra tu re  h y d ro g e n a tio n  a re  n o t d r ie d  a t  a l l .

C a ta ly s t Form ing o r S iz in g . The u lt im a te  end o f  a c a ta ly s t  

p re p a ra t io n  is  i t s  use in  a c a ta ly t ic  re a c to r .  R e c e n tly , a t t e n t io n  

has been focused on the  p rob lem  o f  d i f f u s io n ,  p a r t i c u la r l y  in  connec­

t io n  w ith  c a ta ly s ts  h a v in g  s u rfa c e  a rea  and s m a ll p o re s . Some s c ie n ­

t i s t s  have s tre s s e d  the  im po rtance  o f  t h is  fa c to r  in  c a t a ly t i c  re a c ­

t io n s .  Hence, i t  i s  im p o r ta n t to  in s u re  freedom  from  d i f f u s io n  l i m i ­

ta t io n s  by s iz in g  o f  the  c a ta ly s t .

I f  p ro p e r ly  h a n d le d , many o f  the  g e l le d  and p r e c ip i ta te d  

c a ta ly s ts  can be o b ta in e d  as hard  lumps a f t e r  d ry in g .  G r in d in g  and 

s ie v in g  to  th e  p ro p e r mesh s iz e  a re  the  o n ly  o p e ra tio n s  re q u ire d  p r io r  

to  c a lc in a t io n  and a c t iv a t io n .  For most sm a ll s c a le  t e s t in g  o f c a ta ­

ly s ts  in  f ix e d  bed re a c to rs ,  p a r t i c le  s iz e s  between 6 and 30 mesh a re
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used. The s iz e  range is  n o rm a lly  d e f in e d  in  te rm s o f  the  S tandard 

Screen S ca le . D u rin g  the  s ie v in g  o p e ra t io n  c a ta ly s t  f in e s  which 

cause la rg e  p re ssu re  drops th rough  a c a ta ly s t  bed a re  e lim in a te d .

The sh rin ka g e  fa c to r  on c a lc in a t io n  sh ou ld  be co n s id e re d  in  s iz in g  

th e  d r ie d  c a ta ly s t .

I f  the  d r ie d  c a ta ly s t  crum bles to  a pow der, o r i t s  s t ru c tu e  is  

too  weak to  w ith s ta n d  the  g r in d in g  o r  s ie v in g  o p e ra t io n , p e l le t in g  o r 

e x tru s io n  is  re q u ire d .T h e se  la t te r o p e r a t io n s  re q u ir e  s p e c ia liz e d  e q u ip ­

ment and knowhow to  o b ta in  the  c a ta ly s t  in  th e  d e s ire d  shape and s iz e .

C a lc in a t io n  and A c t iv a t io n . C a lc in a t io n  and a c t iv a t io n  take  

s e v e ra l form s depending on the  type  o f  c a ta ly s t  b e in g  p re p a re d . These 

s teps  re p re s e n t the  f i n a l  o p e ra tio n s  in  c a ta ly s t  p re p a ra t io n .  In  

g e n e ra l,  the  d r ie d  c a ta ly s t  i s  c a lc in e d  and a c t iv a te d  a t  tem pe ra tu res  

a t  le a s t  as h ig h  as those  used in  th e  re a c t io n .  T h is  tre a tm e n t i s  

c a r r ie d  ou t w h ile  a la rg e  volume o f  purge  gas i s  passed th rou g h  o r 

ove r the  c a ta ly s t  to  m a in ta in  a low  p a r t i a l  p re s s u re  o f  the  evo lved  

va p o rs .

The hydrous o x id e  c a ta ly s ts  p repa red  by the  tech n iq ue s  p re ­

v io u s ly  d iscussed  re q u ire  o n ly  a c a lc in a t io n  tre a tm e n t a t  tem pe ra tu res  

o f  350 to  750°c. F o r exam ple, the  a c t i v i t y  o f  s i l ic a - a lu m in a  c ra c k in g  

c a ta ly s ts  is  s t a b i l iz e d  by h e a t in g  in  an in e r t  o r  a i r  atmosphere a t 

a p p ro x im a te ly  650 to  750°c. The c a lc in a t io n  may be c a r r ie d  o u t in  a 

c a ta ly t ic  re a c to r  o r in  a m u ff le  fu rn a c e . I f  a m u f f le  fu rn a ce  is  used, 

the  c a ta ly s t  shou ld  be p la ced  in  a s h a llo w  bed to  in s u re  u n ifo rm  t r e a t ­

ment.
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C a ta ly s ts  w h ich  a re  to  be used fo r  h y d ro g e n a tio n  o r  dehydro­

g e n a tio n  re a c tio n s  a re  c a lc in e d  and a c t iv a te d  in  a re d u c in g  a tm osphere. 

N ic k e l,  c o b a lt ,  i r o n ,  o r copper c a ta ly s ts  a re  p repa red  by re d u c t io n  

o f  the  co rre sp o n d in g  o x ides  in  a hydrogen atm osphere a t 300 to  500°c . 

The i n i t i a l  a c t i v i t y  o f  these m e ta l l ic  c a ta ly s t s ,  as w e l l  as those  o f 

p la tin u m  and p a lla d iu m , is  a fu n c t io n  o f  the  e x te n t o f  re d u c t io n  and 

th e  tem pe ra tu re  used. For the  n o n re d u c ib le  o x id e s  o f  th e  t r a n s i t i o n  

m e ta ls , such as chromium, molybdenum, and tu n g s te n  o x id e s , a c t iv a t io n  

in  a stream  o f hydrogen a t h ig h  tem pe ra tu res  r e s u l t s  in  a re d u c t io n  

o f  the  va le nce  o f  the  m e ta l io n .

A f te r  re d u c t io n ,  these  c a ta ly s ts  shou ld  be hand led  in  an in e r t  

atm osphere such as n it ro g e n  o r carbon d io x id e  to  a vo id  o x id a t io n .  Ex­

posure  o f  f in e ly  d iv id e d  m e ta l l ic  c a ta ly s ts  to  a i r  f re q u e n t ly  d e s tro y s  

t h e i r  a c t i v i t y .

In  the  la b o ra to ry ,  th e  re d u c t io n  s tep  is  n o rm a lly  perfo rm ed  

in  th e  c a ta ly t ic  re a c to r  p r io r  to  the  in t r o d u c t io n  o f  th e  re a c ta n ts .

I f  e xac t knowledge o f  c a ta ly s t  w e ig h t and volume is  re q u ire d  the  

reduced c a ta ly s t  shou ld  be co o led  in  a stream  o f  n it ro g e n  to  m in im iz e  

the  amount o f  hydrogen adsorbed on the  c a ta ly s t  s u r fa c e .

S eve ra l c a ta ly s ts  re q u ire  s p e c ia l a c t iv a t io n  and c o n d it io n in g  

tre a tm e n ts  to  show maximum a c t i v i t y .
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