
CHAPTER 6

EXPERIMENTS ON METHANOL SYNTHESIS

E xperim en ts  were c a r r ie d  o u t on m ethanol s y n th e s is  from  one 

p a r t  o f  CO in  the  presence  o f two p a r ts  o f H^ a t  v a r io u s  te m p e ra tu re s , 

p re s s u re s . Two types  o f  c a ta ly s ts  were used. One o f  them was p re 

pared in  th e  la b o ra to ry  w ith  a tom ic  r a t io s  o f Cu,Zn and Cr = 31 :38 :10  

The o th e r  c a ta ly s t  was s o l ic i t e d  from  a Japanese company w ith  Z n :C r= l.8 -2 .2

For the  p repa red  c a ta ly s t ,  th e  re a c t io n  p re s s u re  was v a r ie d  

fro m  20 to  40 a tg ;  th e  re a c t io n  te m p e ra tu re , from  200-300°C ; and th e  

space v e lo c i t y ,  from  around 2000 -  16000 m l o f s y n th e s is  gas /m l c a t . h r .

For the  in d u s t r ia l  c a ta ly s t ,  the  re a c t io n  p re s s u re  was a g a in  v a r ie d  

fro m  20 to  40 a tg ;  th e  re a c t io n  te m p e ra tu re , fro m  280 -  400°C; and 

th e  space v e lo c i t y ,  from  2000 -  16000 ml s y n th e s is  g as /m l c a t . h r .

B e fo re  c a r ry in g  o u t the  e xp e rim e n ts , th e  c a ta ly s t  o f in t e r e s t  

was packed in  th e  re a c to r  tube  a t a p o in t  where th e re  is  u n ifo rm  h e a t

in g  and thu s  u n ifo rm  a x ia l  tem pe ra tu re  in  the  fu rn a c e . Three CA (c h ro -  

m e l-a lu m e l)  therm ocoup les were in s e r te d  in to  a th e rm o w e ll in  th e  

re a c to r  tube  to  measure th e  re a c t io n  tem pe ra tu re  a t th e  to p , th e  m id d le  

and the  b o ttom  o f  th e  c a ta ly s t  bed (about 3 -  4 cm h ig h ) .

6 .1  E x p e rim e n ta l P rocedure  o f  M ethanol S yn th e s is  (see f i g .  5 .1  and 5 .2 )

1. The GC (gas chrom atography) (Shim adzu-M odel 8AIT) w ith  a MS-5A 

(m o le c u la r s ie v e  5A) and a PT (porapak T) column was s ta r te d  up f i r s t ,  

as fo l lo w s .  (see f i g .  6 .1  and 6 .2 )
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F ig u re  6 .1  Shimadzu TCD Gas Chrom atography (Model 8 A IT )

Thermostats

F ig u re ^ 6 .2  Schem atic D raw ing o f 'a  Gas C hrom atograph ic  System
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1.1 Open the  s to p  v a lv e  o f  th e  h e liu m  c a r r ie r  gas c y l in d e r  

and s e t the  secondary p re ssu re  o f  th e  re g u la to r  a t  7 -  8 a tg .

1 .2  A d u js t  the  c a r r ie r  gas p re ssu res  a t  about 3 .4  -  3 .5  a tg  

and 5 a tg  f o r  the  MS-5A and PT columns and s e t th e  gas f lo w s  around 

10 m l/10  sec and 10 m l/19  sec, r e s p e c t iv e ly .

1.3 Set th e  in je c t / d e te c t o r  ( in j / d e t )  te m p e ra tu re  a t 1 5 0 °c , 
and the  column te m p e rtu re  a t  1 2 5 °c .

1.4 S w itch  on th e  GC

1.5 C on firm  th a t  c a r r ie r  gas comes o u t o f  v e n ts .  Set c u r re n t

a t  60 mA.

1.6 Set the  p o la r i t y ,  and a tte n u a t io n  to  th e  p r o p r ia te

p o s i t io n  f o r  the  a n a ly s is .  (G e n e ra lly  p o la r i t y  = + and a t te n .  = 1

( f o r  แ 2 > CH^) and 4 ( f o r  CO) f o r  MS-5A; p o la r i t y  = -  and a t te n  = 1 f o r  

PT .)

1.7 Turn on th e  re c o rd e r  and w a it  f o r  the  base l in e  to  s ta 

b i l i z e  .

2 . P repare th e  wet gas m e te r by p o u r in g  in  c le a n  w a te r  u n t i l  th e  

w a te r le v e l  reaches the  nee d le  p o in t . Next connect b o th  th e  i n l e t  and 

o u t le t  ru b be r tubes to  th e  m e te r, and check f o r  le a k .

3. Open the  s top  v a lv e s  (SV - 1 . )  o f  th e  s y n th e s is  gas c y l in d e r  

(c o n ta in in g  0 0 :แ 2 = 1 :2 ) and s e t the  o u t le t  p re s s u re  o f  th e  p re ssu re  

c o n t ro l v a lv e  (P I-2 )  a t 5 a tg  f o r  abou t 30 m in u te s , so th a t  s y n th e s is  

gas w i l l  purge a l l  N2 o u t o f  th e  sys tem . Ensure th a t  th e re  is  no N2 

gas l e f t  by sam p ling  and a n a ly z in g  th e  s y n th e s is  gas a t  SP-1.
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4 . Turn the  p re ssu re  c o n t r o l  v a lv e  (PVC) and NV-1 to  a d ju s t  

the  p re ssu re  o f s y n th e s is  gas a t  P I-3  as d e s ire d .  I t  may be 2 0 ,3 0 , 

and 40 a tg .

y
5. Turn on NV-2, and a d ju s t  i t  a lo ng  w ith  NV-1 to  o b ta in  th e  

d e s ire d  gas f lo w  ra te  (space v e lo c i t y ) .

6. Put lumps o f  ic e  to  th e  condenser u n i t  (cu ) . O c c a s io n a lly  

d ra in  o u t w a te r and add ic e  d u r in g  th e  e x p e rim e n t.

7. S ta r t  up th e  h e a tin g  fu rn a c e . In c re a s e  tem pe ra tu re  g ra d u a lly  

by a d ju s t in g  the  s lid a c s  u n t i l  th e  d e s ire d  re a c t io n  tem pe ra tu re  is  

reached and m a in ta in e d .

8 . A t the  m a in ta in e d  te m p e ra tu re , sample the  re a c t io n  gas a t 

SP-2 (0 .5 -  m l) _ u s in g  the  s y r in g e  and in je c t  i t  in to  th e  MS-5A 

column (GC 8AIT) to  a na lyse  th e  c o n c e n tra t io n s  o f  แ 2 > CH^, and CO in  

the  re a c t io n  gas.

9 . Next sample a n o th e r 0 .5  m l o r 1 m l o f  th e  re a c t io n  gas a t  SP-1

in je c t  i t  in to  th e  PT column o f  th e  same GC to  a na lyse  th e  c o n c e n tra 

t io n s  o f  hydrocarbons (eg . CgHg), DME (d im e th y l e th e r )  and

a lc o h o ls  (e s p e c ia l ly  m e th a n o l) . S ince m ethano l was in  th e  form  o f  

va p o r, th e  s y r in g e  used f o r  sa m p ling  shou ld  k e p t above 78°c, th e  

b o i l in g  p o in t  o f m e thano l, to  p re v e n t th e  co nd e nsa tio n  o f  m e tha n o l.

The s y r in g e  was in s u la te d  and a lw ays k e p t in  an oven s e t a t  150°c.

10. A f te r  the  a n a ly s is  o f  th e  b o th  samples has been com p le ted , we 

a re  ready to  proceed to  a new re a c t io n  te m p e ra tu re , by r e tu r n in g  to  

s tep  4. O th e rw ise , proceed to  s te p  11 to  sh u t down th e  e x p e rim e n t.

and
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1 1 .  F i r s t  s w itc h  o f f  h e a tin g  fu rn a c e  and keep the  s y n th e s is  gas 

f lo w in g  th rough  the  c a ta ly s t  bed u n t i l  i t s  tem pe ra tu re  d rops lo w e r than  

5 0 ° c .  Then s top  th e  s y n th e s is  gas f lo w  and w a it  u n t i l  th e  p re ssu re  in  

th e  l in e  drops to  5 a tg . Next purge th e  s y n th e s is  gas w ith  N2 a t  

5 - 1 0  a tg  about 30 m in u te s . M eanw hile, sh u t down the  GC s tep  by s tep  

as fo l lo w s .

1 1 . 1  Reset b o th  th e  column and in j / d e t  tem pe ra tu res  to  0 ° c  

and open w ide  the  GC oven.

11.2 Turn o f f  the  re c o rd e r ,  and the  c u r re n t  o f  th e  d e te c to r .

1 1 . 3  C on firm  th a t  th e  in j / d e t  and column tem pe ra tu res  have 

dropped be low  100 -  1 5 0 ° c .

11.4 S w itch  o f f  th e  main power o f  th e  GC.

11.5 Shut o f f  the  c a r r ie r  gas.

6 .2  A n a ly s is  o f  E xperim ent Data

D e te rm in a tio n  o f the re a c t io n  gas c o m p o s itio n  was c a r r ie d  o u t v ia  

gas ch rom atography. The b a s is  f o r  gas ch rom a tog raph ic  s e p a ra tio n  i s  

th e  d is t r ib u t io n  o f sample components between two phases. One o f  th e  

phases is  a s ta t io n a r y  bed o f  la rg e  s u rfa c e  a rea  and the  o th e r i s  a 

gas w h ich  p e rc o la te s  th rough  the  s ta t io n a r y  bed in  the  column a long  

w ith  an in e r t  gas ( c a r r ie r  g a s ) . The s ta t io n a r y  bed s e le c t iv e ly  re ta rd s  

th e  sample components a cco rd in g  to  t h e i r  d i f f e r e n t  d is t r ib u t io n  coe

f f i c i e n t s  u n t i l  th e y  form  se pa ra te  bands in  th e  c a r r ie r  gas. These 

component bands le a ve  the  GC column w ith  the  gas stream  and t h e i r  amounts 

and r e te n t io n  tim es  are  d e te c te d  by a the rm a l c o n d u c t iv i ty  d e te c to r .

The b a s ic  p a r ts  o f a GC, as shown in  f i g .  6 .2 , a re  :
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1. C y lin d e r of c a r r ie r  gas

2V Flow c o n t ro l le r  and p re ssu re  re g u la to r

3 . In je c t io n  p o rt (sample i n l e t )

4 . Column

5 .  D e te c to r (w ith  necessary  e le c t r o n ic s )

6 . Recorder

7 . Therm ostats f o r  the  in je c t o r ,  column and d e te c to r

Recorded GC d a ta  are u s u a lly  in  th e  form  o f  a c o n tin u o u s  cu rve  

w ith  numerous peaks a t co rre sp on d ing  r e te n t io n  t im e s . The r e te n t io n  

tim e  da ta  a re  u s e fu l f c f  q u a l i t a t iv e  a n a ly s is  to  id e n t i f y  th e  components 

in  the  m ix tu re .  Q u a n t ita t iv e  a n a ly s is  can be based e i t h e r  on peak 

h e ig h ts  o r  on peak areas, w h ich  a re  c a l ib r a te d  a p r i o r i  a g a in s t known 

c o n c e n tra t io n s  o f th e  components o f in t e r e s t .  In  t h i s  w o rk , a r e la t io n 

s h ip  between the  a n a ly t ic a l  peak a rea and th e  c o n c e n tra t io n  (m ole o f  

th e  component in  th e  gas m ix tu re )  was de te rm ined  e m p ir ic a l ly  u s in g  a 

s e t o f  s tanda rd  gas m ix tu re s . F ig .  6 .3  shows a t y p ic a l  c a l ib r a t io n  

cu rve  thus o b ta in e d . I t  i s  im p o rta n t th a t  th e  c o n d it io n s  o f  th e  GC 

must be id e n t ic a l  d u r in g  a l l  ana lyses  o f  th e  samples and s ta n d a rd s .

In  t h is  way e x p e rim e n ta l d a ta  from  th e  GC may be in te r p r e te d  f o r  th e  

co m p o s itio n  o f th e  gas m ix tu re .  C a l ib r a t io n  cu rves f o r  co^, CH^, แ 2 »

C2H6 , CgHg, CO, DME, แ 20 and CHgOH (m ethano l) p re sen ted  in  A ppend ix A .

As an i l l u s t r a t i o n ,  a n a ly s is  o f e x p e r im e n ta l da ta  o b ta in e d  a t 

40 a tg , 2 6 5 ° c  and 8000 h r   ̂ w ith  our p repared  c a ta ly s t  w ould c a r r ie d  

o u t in  d e t a i l  to  show how to  d e te rm ine  the  re a c t io n  gas c o m p o s it io n , 

th e  p e rc e n t co n ve rs io n  per pass o f  CO to  m e thano l, c a ta ly s t  s e le c t i v i t y  

and space tim e  y ie ld .  F ig .  6 .4  and 6 . 5  show re s p e c t iv e ly  a c tu a l gas 

ch rom atog raph ic-a l da ta  o b ta in e d  from  MS-5A and PT columns f o r  re a c t io n
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F ig u re  6 .3  C a lib ra t io n  Curve o f  cc>2
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F ig u re  6 .5  Gas C hrom atog raph ic  I>ata from  Porapak T
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c o n d it io n s  o f 40 a tg ,  2 6 5 ° c  and 8000 h r ^ . T ab le  6 . 1  summarized the  

r e s u lts  in te rp re te d  from  peak areas in  f i g .  6 . 4  and 6 . 5  w ith  the  a id  

o f c a l ib r a t io n  cu rves (Appendix A) . Note th a t  th e  amount o f  gas 

sample a t  SP-1 was 0 . 5  cc o r  1 cc, w h ile  o n ly  0 . 5  cc was taken  a t 

S P -2 .  F u rthe rm ore , the  sample tem pera tu res  were d i f f e r e n t ,  and the  

gas sample a t  SP-2 con ta in ed  no c o n d e s ib le  vapo rs  ( i . e .  no m ethanol 

/  o r  w a te r vapors) . So the  amount o f sample gas a t  SP-2 had to  be

a d ju s te d  a c c o rd in g ly  to  make i t  com parable to  th e  gas sample a t SP-1. 

The method o f  a d jus tm en t is  as fo l lo w s .

L e t X

a

b

c

d

= t o t a l  moles o f co n d e n s ib le  va p o rs /m o le s  o f  d ry  gas 

m ix tu re s .

= t o t a l  moles o f  CO, แ2> and CH^ d e te c te d  by MS-5A from  

a 0 . 5  -  cc sample a t SP-2 (see f i g .  5 . 1 ) ,  (The gas 

m ix tu re  a t SP-2 i s  a t  3 2 ° c )

= t o t a l  moles o f  C2H6 , CgHg, C02> CHgOCHg, CHgOH and H2 0 

d e te c te d  by PT from  a 0 . 5 -  cc o r  1 -  cc sample a t 

SP-1 w ith  s y r in g e  tem pe ra tu re  b e in g  1 0 0 ° c .

= t o t a l  mole f r a c t io n s  o f  m e thano l and แ20 in  a sample 

a t  SP-1.

= tem pe ra tu re  co n ve rs io n  f a c to r ;  f o r  example

d = 273 + 100 = 1 .2 2 3  f o r  c o n v e rs io n  from

273 +  32

3 2 ° c  to  1 0 0 °c .

From mass b a lan ce ,



T a b le  6 .1  E xa m p le  o f  E x p e r im e n ta l  D a ta

Cat 

p ะ

p repared  c a ta ly s t  CO ะ แ 2 feéd  “ 2 : 1  Date 8 14 

40 a tg .  s . v .  ะ 8000 h r ” 1 T ะ 265’ c

A ugust 27 1984

Raw Data T o ta l 

Wet gas g-atom  o f feed

ะ C0NV 

-  11.3

. Z S e le c t lv i t y

R e ac tio nSP2 Dry gas (3 2 ’ c) } SP1 W et. gas (~/ๆ0 0 *c )

Area

2cm

0 .5  c .c  

mole

. Area

2 ' cm

0 .5  c .c  

mole

1 .0  c .c  

mole

0 .5  c .c .  

mole

c H 0

CO 2.384 5 .2 5 x l0 “ 6 _ _ . 4 .1 6 0 2 5 x l0 “ 6 4 .1 602 5x l0~ 6 4 . 16025xl0“ 6

H2 .29
L

107xl0“ 7 - - - 8 .478S 8x l0 “ 6 - 1.69579x10"' _ -
ch4 0.015 0 . I x i o ' 7 7 .9 242 8x l0 “ 9 7 .9 2 4 2 8 x l0 -9 3.16971x10“ * 1.50 CO + 3H2 CH4 +  H20

C2H6 0.04 0 .1 7 5 x l5 a 0 .3 5 x l0 “ 8 0 .1 7 5 x l0 “ 8 3 .5 x l0 ~ 9 1 .0 5 x l0 “ 8 0.66 2C(H5H2t ^ C 2H6+ 2H20

C3H8 3CO+7H2?ะ! C3H^+3H20
C02 0.975 0 .5 5 x l0 “ 7 X ข

__
_

J

0 .5 5 x l0 “ 7 0 .5 5 x l0 -7 l . l x i o -7 10.38 C(HH20 ^ C 0  2+แ2
CH3OCH3 0 .0 3 0 . 15xlO-7 0 .3 x l0 ~ r 0 .1 5 x l0 _ / 0 .3 x l0 “ 7 0 . 9 0 x l0 ~ 7 0 . 15xlO“ 7 5.66 2C&+4H2^ ±  CH3OCH3+«2
CH 30» 0.284 2 .4 5 x lo “ 7 4 .9 x l0 “ 7 2 .4 5x lO _ / 2 .4 5 x l0 _ / 9 .8 x l0 “ 7 2 .4 5 x l0 “ 7 46 .23 C0+212 4 = t CH3CH

H20 0 .1 5 1 .6 x l0 -7 3 ! 2 x l0 -7 ^ 1 .6 x lo “ 7 3 .2 x lO “ 7 1 .6 x l0 “ 7

< ^ ท ( l .  8858x10“  7) (3.7716x10“ 7) 35 .58 mCCH-(nr+2)H 2?ะe q ^ + m l^ O

O ther

T o ta l 1 .5 96x I0_ i 4 .7 6 7 5 x l0 “ 7 1 .3 123 9x l0 -5 4 .5 0 1 6 7 x l0 “ 6 1 .83901x lo “ " 4 .6 9 0 2 5 x l0 “ 6 C :0  -  0.95979
T o ta l 
ad ju s  t -

'4 .6 9 0 2 5 x lo “ 6J( l.8 7 6 7 x l0 “ 5 ) 100.01 H : 0 -  3.9209332 

H:C -  4.0851816๏ d -  1.223 (b ) c -4 .0 5 x l0 “ 7 CmHn -  m -  1, ท .  2

2 c -“  -  b

c -b

-1 .2716x10

,‘1-ร-  -7 .175x10

« -4^0
- *t- ร

26

1.27211x10 -5

0.0318423

w et ; -  day x

w e t day X 0.7924287

H :C 4.0013347
VO
VO



b x  4- _____ ax______  = c

1+x d (  1+x) (1+ x '

T h is  can be r e w r i t te n  as

( c - b ) x ^  + ( 2 c - £  -  b )x + c  = 0
d

I f  we l e t  B = c-b

a = (2 c -a  -b )
d

Y = J Y2 -  4 Be

then  X = -Y-B
2B

100

A d ry  gas m ix tu re  co u ld  be co n ve rte d  to  a "  wet "  gas m ix tu re

a t  the  same c o n d it io n s  by m u lt ip ly in g  w ith  1 . 1 . In  t h is
d 1 + x

manner, the  moles o f  a l l  gasous and va po r components in  a d ry  gas 

m ix tu re  can be tra ns fo rm e d  to  those o f  a wet gas m ix tu re .  Gram-atom 

(gm-atom) o f  ca rb on (C ), hyd rogen (H ), and oxygen(O) in  the  feed can 

r e a d i ly  be c a lc u la te d  from  s to ic h io m e try ,  s in c e  th e  a to m ic  r a t io s  o f  

b o th  H:0 and H:C in  the  feed  are  b o th  4 : 1 .  O the r m is s in g  h y d ro c a r

bons th a t  the  MS-5A and PT columns f a i l  to  d e te c t w ould be accounted 

f o r  by a d ju s t in g  the  a tom ic r a t io s  o f  b o th  H:0 and H:C in  the  p ro d u c t 

to  be 4 :1 .  C onvers ion  per pass o f  CO and % p ro d u c t s e le c t i v i t y  a re  

c a lc u la te d  from

c r r1 moles o f  CO th a t  has been conve rted
c o n ve rs io n  p e r pass or cu = __________ ;------------------------- ----------------- ------

t o t a l  m oles o f CO in  feed

s e le c t i v i t y  o f i-com ponent=  moles o f  CO th a t  were co nve rte d  to  i -com ponent

moles o f  CO th a t  has been co ve rte d
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As an i l l u s t r a t i o n ,  we f in d  from  ta b le  6 .1  th a t

a = 5 .25  X 10-6  + 107 X 1 0 "6 + 0 .1  X l o " 7 = 1 .596 X 10"6

b = 0.175 X 10_8 + 0.55 X 10~7 + 2 .45 X 10_7+ 1.6 X 10-7

= 4.7675 X 10~7

c = 2 .45  X 10-7  + 1.6 X 10~7 = 4 .05  X l o " 7

y /
d = 1.223

a _ 2 X 4.05 X l o ' 7 -  1 .596 X l o " 6 -  4.7675 X 1 0 -7
1.223

= -1 .2 7 1 6  X 10-5

6 = 4 .05  X 10-7  -  4 .7675 X l o " 7 = -7 .1 7 5  X 1 0 -8

Y = ^ ( -1 .2 7 1 6  X 10- 5 ) 2-  4 (-7 .1 7 5  X 10_8 ) (4 .0 5 X 10- 7 )

= 1.27211 X 10~5

T h e re fo re , X _ - ( -1 .2 7 1 6  X 10_5 ) - 1 . 27211 X l o " 5

2 X (-7 .1 7 5  X 10- 8 )

= 0.0318423

and 1 . 1 = 1 1 = 0.792487
d 1+x 1.223 1 + 0.0318423

Hence 1 mole o f  d ry  gas m ix tu re  i s  e q u iv a le n t  to  0 .7 9 2 4 3  o f 

th e  wet gas m ix tu re .  The mole f r a c t io n s  o f  CO, H^» CH^ a t  3 2 ° c  in  

0 . 5  cc o f  the  d ry  m ix tu re  may be c o n ve rte d  to  those  o f  th e  wet m ix tu re  

( 0 . 5  cc) a t  1 00 °c  by m u l t ip ly in g  w ith  0 .7 9 2 4 3 .



1 02

Thus, fo r  the  wet m ix tu re  ( 0.5 cc a t 1 0 0 ° c )

mole o f CO = 5 . 2 5  X l o ' 7 x  0 . 7 9 2 4 3 = 4 . 1 6 0 2 5  X 10 -6 mole

mole o f
H2 =

107 X 1 0 ~ 7 *  0 . 7 9 2 4 3 = 8 . 4 7 8 9 8  X 10 ~6 mole

mole o f CH4 = 0 . 1  X 10" 7 X 0 . 7 9 2 4 3 = 7 . 9 2 4 2 8 7  X 10~ 9 mole

Then the  com plete a n a ly s is  of the  d e te c ta b le  components in  the  

p ro d u c t gas m ix tu re  (0 .5  cc o f w e t-m ix tu re  a t 1 0 0 ° c )  are  as fo l lo w s  :

CO = 4 . 1 6 0 2 5  X i o " 7 W ole

H2 =
8.47898 X 10-6 ■mole

CH4 = 7.92428 X IO-9 า(ทo le

C2H6= 0.175 X IO-8 W o le

C02 = 0 .55  X 10-7 W o le

DME(CH30CH3) = 0 .15  X 10-7 rrto le

ch3oh 2 .45  X 10-7 m o le  .

h 2 0 = 1.6 X 10"7 ■mole

N ext we make a c ba lance fo r  the  wet p ro d u c t gas m ix tu re ,  as

fo l lo w s  ะ

gm-atora o f c  in  CO = mo l£  o f CO = 4.16025 X 10-7

It If "  "  CH4 = o f ๓ 4 = 7.9243 X 10-9

Il II "  "  C2H6 - 2 X mole o f C2H6 = 2 X 0 . 1 7 5  X i o " 8

Il II "  C02 moJ<a o f C02 = 0 .55  X 10 7

Il II "  "  DME 2 *  mole o r DME = 2 X 0 . 1 5  X i o " 7

Il II "  "  CH30H = mole o f  CH30H = 2.45 X 10_7

T o ta l gm-atom o f  c  d e te c te d  in  the p ro du c t gas m ix tu re  = 4 . 1 6 0 2 5  X 10

+  7 . 9 2 4 3  X 10-9  +  3 . 5  X 10 ~ 9 +  0.53  x io " 7 + 0 . 3  X l o " 7 + 2 . 4 5  X l o ' 7 

= 4 . 5 0 1 6 7  X 10~ 6
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S im i la r ly ,  t o t a l  gm-atom of H d e te c te d  in  the p ro d u c t gas m ix tu re  

= 1.83901X 10 ^ and t o t a l  gm-atomof 0 d e te c te d  in  the  p ro d u c t gas 

m ix tu re  4.69025 X 10 ^ .  I f  we were a b le  to  d e te c t a l l  e x is t in g  compo

nen ts  in  the  p ro d u c t gas m ix tu re ,  then  the  a tom ic  r a t io s  o f H:C and 

H:0 in  the  p ro d u c t gas m ix tu re  would be b o th  4 :1 . By assuming th a t  

the  m is s in g  hydrocarbons can be re p re s e n te d  on th e  average by C^H^ we 

f in d  from  c a lc u la t in g  back th a t ,  i f  m :n = 1 :2  and i f  th e  gm-atoms o f 

c and H in  c a re  1.8858 X 10 7 m ole and 3.7716 X 10 7 m ole, respec

t i v e l y ,  the  d e s ire d  a tom ic  r a t io s  o f  H:C and H :0 e q u a ll in g  4 :1  w i l l  be 

o b ta in e d .

In  summary, th e  re a c t io n s  th a t  c o n tr ib u te d  to  th e  above p ro d u c t 

gas m ix tu re  a re  as fo l lo w s :

CO + 3H2 --------- ►

2C0 + 5H2 --------- ►

3C0 + 7H2 ---------* -

CO + แ20  * -

2C0 + 4แ2  ►

3C0 + (m+n)H_---------- ►-
2 2

CH4 + แ20

C2H6 +  2H20 

C3H8 + 3H20 

C02 + h 2 

ch3och3 + h 20

C H  + mHo0 
m ท 2

The t o t a l  m ole o f CO in  the  feed  th a t  has been conve rted

= 4.69025 X lo ” 6 -  4.16025 X 10~6 = 5 .3  X 10~7 mole

c o n v e rs io n  p e r pass o f  CO = 5 .3  X 10~7 X 100 = 11.3%

4.69025 X 10~6

s e le c t i v i t y  o f  CH, = 7.9243 X 10 ^ X 100 = 1.5%

5.3  X 10 7

I f f l  II
"  C2H6

= 3 . 5  X 10~9 = 0 .66%

5 . 3  X 10 -7

/
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s e le c t i v i t y o f C02 = 0 .55  X 10“ 7 

5 .3  X 10-7

= 10.38%

Il It II II DME = 0 .3  X 1 0 "7 = 5.66%

5 .3  X 1 0 "7

Il II II II CH 3 OH = 2.45 X 10-7 

5 .3  X 10~7

= 46.23%

Il II II II H .c . = 1.8858 X 10-7 = 35.58%

5 .3  X 10~7

F u rth e rm o re , the space tim e  y ie ld  (STY) ( in  term s o f moles o f 

p ro d u c t i / ( l i t e r  c a ta ly s t ) ( h r )  ^) i s  g iv e n  by

STY o f p ro d u c t i  = space v e lo c i t y  X % c o n v e rs io n  X % s e le c t i v i t y

22.4  X 3 X 100 X 100

Thus STY o f  CH30H = 8000 X 11.3 X 46.23  = 6.219

22.4 X 3 X 100 X 100

STY o f DME = 8000 X 11.3 -X 5 .66  = 0.3807

22.4 X 3 X 100x2x100

The above da ta  a n a ly s is  r e s u l t s  a re  f o r  the  case o f  space 

v e lo c i t y  = 8000 h r   ̂ and re a c t io n  c o n d it io n s  = 40 a tg . j  265°c.
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