
CHAPTER 4

PREPARATION OF METHANOL SYNTHESIS CATALYST

x v

C a ta ly s ts  used fo r  m e thano l s y n th e s is  can be dev ided  as 

f o l lo w in g .

1. C a ta ly s ts  c o n ta in in g  o n ly  one m e ta l o x id e  eg. ZnO, CuO,

C r203 .

2 . M ixed c a ta ly s ts

-  B in a ry  c a ta ly s t  c o n ta in in g  two m e ta l o x id es  eg. ZnO/ 

CuO, ZnO/Cr203# Cu/Th02 .

-  T e rn a ry  and Q ua te rn a ry  c a ta ly s ts  c o n ta in in g  th re e  and 

fo u r  m e ta l o x id e s  re s p e c t iv e ly  eg. C u /Z n 0 /A l203 , 

Cu/ZnO/Cr2อ 3 , C u /ZnA l20^/Zn0  and th e  co m b ina tio n  o f  

C u -C o - t ra n s it io n  o x id e - a lk a l i  o x id e  e tc .

T e rn a ry  co m p o s itio n s  C u /Z n 0 /A l203 and C u /Zn0 /C r203 a re  c u r 

r e n t ly  th e  most im p o r ta n t in d u s t r ia l  c a ta ly s ts .  In  t h is  s tu d y , a 

C u/Zn0/C r203 c a ta ly s t  w ith  a to m ic  r a t io s  o f  C u :Zn:C r = 31:38 :10 ' was 

p repa red  f o r  m ethano l s y n th e s is .  I t  was p repa red  from  copper n i 

t r a t e ,  z in c  o x id e  and chromium o x id e . The p rocedu re  was as fo l lo w s :

1. D is s o lv e s  5.9272 gm copper n i t r a t e  (Cu (NC>3) 2 . 3H20) com

p le te ly  in  50 ml d i s t i l l e d  w a te r .  P r e c ip i ta te  the  copper n i t r a t e  

by add ing  q u ic k ly  3 .7  ml o f  ammonium w a te r from  a p ip e t te  and m ix in g  

the  s o lu t io n  f o r  ( a t  le a s t )  2 m in u te s .
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2. Taka c u t the  m ix tu re  and c e n t r i fu g e  f o r  10 m inu tes  to  

se p a ra te  the p r e c ip i ta te .  Then measure and re c o rd  the  pH o f the  

top  s o lu t io n  (the  pH m eter was c a l ib r a te d  w ith  6 .86  and 9.18 b u f

f e r  s o lu t io n s )

3. Decant the l i q u id ,  wash th e  p r e c ip i t a t e  w ith  d i s t i l l 

ed w a te r 50 ml and c e n tr i fu g e  o u t th e  p r e c ip i t a t e  f o r  10 m in u te s . 

A f te r  each washing, measure and re c o rd  the  pH o f  the  top  s o lu t io n .  

Repeat the  washing p rocedure  fo u r  more t im e s .

4. Take the  p r e c ip i ta t e  o u t and g r in d  th o ro u g h ly  in  a 

m otar f o r  30 m inu tes .

5. Add 0.7835 gm o f  chromium o x id e  (CrO^) powder and 

m ix -g r in d  fo r  1 h o u r. (Use hand g lo ve s  and h a n d le  w ith  p re c a u t io n ) .

6. Dry the  m ixed p a s te  in  an oven a t  70-80°C f o r  3 h o u rs .

7. Add 2.4504 gm o f z in c  o x id e  (ZnO) powder to  the  d r ie d  

pad te  and m ix -g r in d  r ig o r o u s ly  f o r  30 m in u tes  to  o b ta in  about 5 gm 

o f  Cu/ZnO/C^O^ w ith  the  a to m ic  r a t io s  o f C u :Z n :C r = 3 1 :3 8 :1 0 .
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b. The o b ta in e d  p r e c ip i ta t e  from  re a c t io n

Cu (N03) 2 . 3H20 + NH40H
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d. M ixe d -G rin d  o f  about 5 gm. C u0/Zn0/C r20 w ith  the  a to m ic  r a t io s  

o f  C u :Zn:C r = 31:38:10

F i g u r e  4 .1  The 0: r a in e d  C a t a l y s t  a t  Each s t e p  o f  t h i s

P r e p a r a t i o n
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4 .1  R e d uc tio n  o f  M ethanol S yn th e s is  C a ta ly s t

A f te r  p re p a ra t io n ,  the  above c a ta ly s t  needed to  be reduced 

by a m ixed gas (COîH^ = 2 :1 ) d i lu te d  w ith  N2 in  a fu rn a c e . (The 

f a c i l i t y  fo r  c a ta ly s t  re d u c t io n  in c lu d in g  th e  fu rn a c e  was se t 

up by o u r s e lv e s ) . The purpose o f re d u c t io n  was to  enhance and 

s t a b i l i z e  c a ta ly s t  a c t i v i t y .

F ig .  4. 2 shows a schem atic  d iagram  o f  th e  c a ta ly s t  re d uc

t io n  system . Here A,B,C  were f in e  m e te r in g  v a lv e s ,  E was a stop  

v a lv e ,  F and G were p re ssu re  gauges. V a lves A ,B ,C  and p re ssu re  

gauges F,G were used to  a d ju s t  the  f lo w  ra te s  o f  CO, and then 

to  o b ta in  the  d e s ire d  gas c o m p o s it io n . The bubb le  f lo w  m eter 

was used to  measure v o lu m e tr ic  f lo w  r a te .  N it ro g e n  gas w h ich  

passed th rou g h  l in e  CGE was f o r  p u rg in g  CO gas from  th e  system .

The m a te r ia ls  o f  c o n s t ru c t io n  were a l l  Swagelok f i t t i n g s  f o r  s a f ty  

and h ig h  r e l i a b i l i t y .

N^GAS

A E
REDUCTION BUBBLE

V v
FURNACE FLOW

B F
METER

PURGE

VALVE

PRESSURE

GAUGE

H>OAS (fo r purge)

F i g u r e  4 .2  S c h e m a t ic  D ia g ra m  o f  t h e  C a t a l y s t  R e d u c t i o n  S ys tem



F ig u re  4 .3  A x ia l  Tem peratu re  D is t r ib u t io n  w i t h in  the  G lass Tube o f 

th e  C a ta ly s t  R e d u c tio n  Furnace
'-JO'
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The h e a tin g  fv,rnace f o r  c a ta ly s t  re d u c t io n  was molded by 

p o u rin g  r e f r a c to r y  cement in  an a lum in ium  c a s t,  and then  8 e l e c t r i 

c a l h e a tin g  w ired  wevrt in s ta l le d  in  p a r a l l e l .  A p y re x  g la s s  (100cm 

long,5cm  o u te r d iam ete r) was p la ced  in s id e  the  fu rn a c e  and the  

a p p lie d  e le c t r ic  power to  th e  h e a tin g  w ire s  was a d ju s te d  v ia  a 

s l id a c .  A f te r  the  whole fu rn a c e  had reached th e  d e s ire d  s te a d y - 

s ta te  tem pe ra tu re , a l'A (c h ro m e l-a lu m e l) the rm ocoup le  was in s e r te d  

in to  th e  p yrex  g la ss  to measure the  a x ia l  tem pe ra tu re  d is t r ib u t io n .  

From th e  measured tem pe ra tu re  d is t r ib u t io n ,  p o r t io n s  o f  the  h e a t

in g  w ire s  were s tre tc h e d  and compressed a c c o rd in g ly  (by t r i a l  and 

e r ro r )  u n t i l  an a x ia l  tem pe ra tu re  v a r ia t io n  o f  3 °c  was ach ieved 

f o r  the  m id d le  20-cm re g io n  o f  the  fu rn a c e . The check p rocedure  

was repea ted  to  ensure u n ifo rm  a x ia l  tem pe ra tu re  d is t r ib u t io n  

around 200°c, .and 300°ç ■ r e s p e c t iv e ly ,  under n o - f lo w  c o n d it io n .-  

F ig .  4 .3  shows the  o b ta in e d  a x ia l  tem pe ra tu re  p r o f i le s ^ o f  the  

c a ta ly s t  re d u c t io n  fu rn a ce  a t  around 200°c and 300°c . F ig  4 ..4  

is  a pho tog raph  o f  the  in s id e  o f th e  fu rn a c e .

F ig u r e  4 . 4  The I n s i d e  o f  C a t a l y s t  R e d u c t io n  F u rn a c e



A f te r  f a b r ic a t io n ,  a le a k  te s t  was c a r r ie d  o u t on the  

c a ta ly s t  re d u c tio n  s e t .  F i r s t  n it ro g e n  gas a t  1, 4 and 7 a tg , 

r e s p e c t iv e ly , was used. D u rin g  each t e s t ,  a soapy s o lu t io n  was 

s q u ir te d  onto  a l l  areas s u s c e p t ib le  to  le a ka g e , such as un ions  , 

j o i n t s ,  and va lve  h a n d le s . Next h e liu m  gas a t  10 and 20 a tg  was 

used in  p la ce  o f n it ro g e n  gas.

The c a ta ly s t  to  be reduced was spread o u t on a ce ram ic  

b oa t and p laced  in  a p y re x  g la s s  tube  w i t h in  the  re d u c t io n  f u r 

nace. The boa t was p la ced  a t  a p o in t  where a u n ifo rm  a x ia l  tem

p e ra tu re  p r o f i le  had been found a p r i o r i .

A d e s ire d  f lo w  r a t io  o f  00/แ2 = 1/2  was s e t by 1) open

in g  v a lv e  c (CO l in e )  and a d ju s t in g  th e  f lo w  ra te  a t the  bubb le  

f lo w  m eter to  the  d e s ire d  v a lv e  (50 m l/h r  in  t h i s  c a s e ) , and 

2) opening v a lv e  B (แ 2 l in e )  and a d ju s t in g  i t  u n t i l  th e  t o t a l  

f lo w  ra te  a t  the f lo w  m eter was th re e  tim e s  th e  fo rm e r (150 m l/h r )  

To n re ve n t n o s s ib le  re d u c t io n  in  CO f lo w  by new ly  a p p lie d  p re ssu re  

o f  แ2 » the  re g u la te d  p re s s u re  o f  CO fro m  th e  ta n k  shou ld  be se t 

s l i g h t l y  h ig h e r than  th a t  o f  แ2 . F in a l ly ,  f lo w  o f d i l u t i o n  gas 

(N2 ) was s e t by open ing  and a d ju s t in g  v a lv e  A u n t i l  a t o t a l  f lo w  

ra te  o f  ฬ2 , CO and แ2 a t th e  bubb le  f lo w  m eter was 3600 m l/h r „

In  th is  way a f lo w  r a t io  o f  C0:H2:N2 = 1 :2 :6 9  was o b ta in e d .

A f te r  the  d e s ire d  f lo w  c o n d it io n s  had been o b ta in e d , the  

in s id e  tem pera tu re  above th e  b oa t was ra is e d  a t  a ra te  o f  2 °c /m in  

from  room tem pe ra tu re  to  180°c, 0 .5 °c /m in  form  180°c to  230°c and 

h e ld  c o n s ta n t u n t i l  the  c o lo u r  o f  th e  e n t i r e  c a ta ly s t  tu rn e d  to  

b la c k .  To ensure com plete  re d u c t io n  the  tem pe ra tu re  was then  

ra is e d  from  230°c to  250°c a t  a ra te  o f  2 °c /m in  (see f i g .  4 .5) • -



F ig u re  4 .5  The R e d uc tio n  Tem peratu re  o f  M ethano l S y n th e s is  C a ta ly s t

^๐



A f t e r  c o o l i n g  down, t h e  r e d u c e d  c a t a l y s t  p o w d e r  was k e p t  i n  an

a i r - t i g h t .

When i t  was tim e  to  c a r ry  o u t e x p e rim e n t, the  powder was 

weighed a t  0 .24  gm and then compressed to  a volum e o f  0 .12  ml to  

o b ta in  a p e l le t  w ith  2 gm/ml d e n s ity .  The p e l le t  was n e x t c u t 

up and screened to  c la s s i f y  fragm ents  o f  s iz e  between mesh #16 and 

30. These c la s s i f ie d  fragm en ts  were ready to  pack in t o  th e  re a c 

t o r  f o r  m ethanol s y n th e s is .

Besides th e  above s e lf -p re p a re d  c a ta ly s t ,  an in d u s t r ia l  

c a ta ly s t  was a ls o  s tu d ie d .

F ig  4 .6  The c a ta ly s t  re d u c t io n  system
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F ig u re  4 .8  The O bta ined  Reduced C a ta ly s t
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