
CHAPTER 5

CONSTRUCTION ANT) LEAK-TESTING OF REACTOR SET

I n  March and A p r i l  1983 , D r Wiwut Tanthapan ichakoon w ent to  

Kyoto  U n iv e r s i t y  under th e  sp on so rsh ip  o f The A sah i G lass F ounda tion  

f o r  I n d u s t r ia l  Technology to  le a rn  the  know-how o f assem bling  a 

h ig h -p re s s u re  th ro u g h - f lo w  tu b u la r  re a c to r  f o r  m ethanol s y n th e s is .  

A f te r  h is  r e tu r n ,  a s im i la r  re a c to r  s e t was c o n s tru c te d  in  h is  la b o 

r a to r y  a t  the  Departm ent o f  Chem ical E n g in e e r in g , C hu la longko rn  U n i

v e r s i t y .  The maximum d e s ig n  p re s s u re  and tem pe ra tu re  were 50 a tg  

and A50°c re s p e c t iv e ly  (1 a tg  =1 kg^/cm ^ gauge). The m a te r ia ls  o f 

c o n s t ru c t io n  were a l l  s ta in le s s  s te e l .  Swagelok u n io n s , j o in t s ,  and 

re d u c e rs , e tc .  were used because o f  t h e i r  h ig h  r e l i a b i l i t y .

F ig u re  5 .1  shows a schem atic  d iagram  o f  the  c o n s tru c te d  h ig h -  

p re s s u re  th ro u g h - f lo w  tu b u la r  re a c to r  f o r  m ethanol s y n th e s is .  Syngas 

(p rem ixed  CO and H2 ) was th e  s t a r t in g  m a te r ia l fo r  the  s y n th e s is

CO + 2?̂ 2 -k----- - CH^OH. บ 2 was used to  purge the  system a f t e r  e xp e rim e n t.

V a lves s v - l  and SV-2 be longed to  th e  บ2 and p re -m ixed  CO/H2 c y l in d e r s ,  

r e s p e c t iv e ly .  P ressure  c o n t r o l  v a lv e  PVC was used to  re g u la te  and 

m a in ta in  the  p re ssu re  in  t h i s  system  as re q u ire d .  P I-1  and P I-2  

in d ic a te d  the  i n l e t  and o u t le t  p re ssu re s  o f th e  PVC. Needle v a lv e

NV-1 se rved  to  ro u g h ly  a d ju s t  the  f lo w  ra te  and the  i n l e t  p re ssu re
/

in d ic a te d  by P i- 3 ,  whereas NV-2 was used to  f in e  a d ju s t  the  f lo w  ra te  

in d ic a te d  by the  w e t - te s t  m eter FM and to  reduce the  o u t le t  p re ssu re  

to  n e a r ly  a tm o s p h e ric . A s a fe ty  v a lv e  was p ro v id e d  to  re le a s e  any 

a c c id e n ta l b u i ld  up to  p re ssu re  th a t  m ig h t r e s u l t  in  an e x p lo s io n .
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The re a c to r  tube (1 /2  O .D .) was in s e r te d  th rou g h  a u n ifo rm ly  h e a tin g  

fu rn a c e . Three s e ts  o f  therm ocoup le  were used to  measure th e  tem

p e ra tu re s  a t the i n l e t ,  the  m id -s e c t io n  and the  o u t le t  o f  th e  c a ta 

l y s t  bed in  the re a c to r  tu b e . SP-1, SP-2 were sam p ling  p o r ts .

Gaseous samples w ith d ra w n  a t  SP-1 c o n ta in e d  the  d e s ire d  p ro d u c t 

(m ethano l) and such b y -p ro d u c ts  as H^o, co ^ , CH^, ^ 2 ^ 4 ’ ^3^8 e t c * ’ 

and the  unreacted  CO and แ 2 . Condenser u n i t  c u  used ic e  to  condense 

m e thano l, h yd roca rb o ns , and H^o. The condensate was sepa ra ted  and 

accum ulated in  a re c e iv e r  p o t .  A f te r  c o m p le tio n  o f  an e xp e rim e n t, 

s top  v a lv e  SV-3 m ig h t be opened to  d ra in  o u t th e  condensa te . Gaseous 

samples w ithd raw n  a t SP-2 were " d r y " ,  th a t  i s ,  w ith o u t  m e tha n o l, H^o, 

o r any co nd e ns ib le  compounds. W e t- te s t m eter FM measured the  a c tu a l 

f lo w  d u r in g  an e xp e rim e n t.

The re a c to r  s e t was suppo rted  on an a n g u la r -s te e l fram ew ork 

(H180 cm X W70 cm X D40 cm) (see F ig u re  5 o l) .T o  p re v e n t m ethano l 

condensa tion  in  th e  l in e  between the  r a c to r  and SP-1 the  l in e  was 

wrapped w ith  a tape  h e a te r  and in s u la te d ,  so th a t  in s id e  tem pe ra tu re  

m igh t be ke p t above th e  b o i l in g  p o in t  o f  m e tha n o l.

Because o f  th e  h ig h  in f la m m a b i l i t y  o f  แ 2 and th e  t o x i c i t y  o f  

CO, te s t  f o r  leaks  was f i r s t  c a r r ie d  o u t u s in g  พ2 a t  1.a t g , 2 a t g , 5 a tg ,  

and 10 a tg ,  r e s p e c t iv e ly .  N ext He gas was used in  p la c e  o f  N2 gas 

to  20 a tg , .  30 a tg  , and 40 a tg ,  r e a p e c t iv e ly . In  each t e s t ,  a 

soapy s o lu t io n  was s q u ir te d  on to  a l l  a reas s u s c e p t ib le  to  le a kag e , 

such as u n ion s , j o in t s ,  v a lv e  h a n d le s , e tc .  A p p ro p r ia te  measures 

were then  taken to  c o r re c t  a l l  d e te c te d  le a kag e s . In  c o n s tru c t in g  

the  h ig h -p re s s u re  re a c to r  s e t and in  c o r re c t in g  le a k s ,  i t  was im p o t-  

ta n t  n o t to  tu rn  any j o in t s  t ig h t e r  than  n e ce ssa ry , s in c e  th a t  co u ld  

lead  to  i r r e p a ra b le  damage.
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F ig u re  5 ,1  Schem atic D iagram  o f  th e  C onstruced  H igh  P re ssu re  T h rough -F low  T u b u la r

MeOH S y n th e s is  R eac to r
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C o n s tru c t io n  o f  E le c t r i c  Furnace  and Measurement o f i t s  A x ia l  Tem perature 

D is t r ib u t io n s

The fu rn a c e  o f  m ethano l s y n th e s is  was c o n s tru c te d  from  

r e f r a c to r y  b r ic k  b lo c k .  The fa rn a c e  was made by c a rv in g  o u t 4 r e f r a c to r y  

b r ic k  b lo c k s ,  in s e r t in g  e le c t r i c a l  w ire s  in s id e  g rooves , and w rapp ing  

each s e m ic ir c u la r  s e a t io n  o f  the  fu rn a c e  in  an a lu m in iu m - t in  s h e e t. To 

c o n t r o l  the  h e a t in g  te m p e ra tu re , th e  e le c t r i c  c u r re n t  i n  the  w ire s  was 

a d ju s te d  v ia  two se p a ra te  s lid a c e s  (see F ig .  5 .2  and 5 .3 )  one f o r  the  

upper h a l f  and one f o r  the  lo w e r h a l f  o f  the  fu rn a c e  le n g th

To ensure  u n ifo rm  a x ia l  tem pe ra tu re  d is t r ib u t io n s  a long  the  

m id d le  s e c t io n  o f  th e  c o n s tru c te d  fu rn a c e , we measured the  a x ia l  

tem pe ra tu re  d is t r ib u t io n s  and a d ju s te d  the  e le c t r i c  w ire s ,  so th a t  an 

a x ia l  tem pe ra tu re  v a r ia t io n  w i t h in  + 3 ‘ c was ach ieved  ove r the  e n t i r e  

m id d le  s e c t io n  o f  the  fu rn a c e  (see F ig .  5.3)

Tem perature measurement was made by in s e r t in g  a therm ocouple  

in t o  the  re a c to r  tube  w i t h in  the  fu rn a c e  and a d ju s t in g  the  h e a tin g  

r a te  v ia  s l id a c e s .  A f te r  th e  w ho le  fu rn a c e  had reach  s te a d y  s ta te ,  

the  a x ia l  tem pe ra tu re  d is t r ib u t io n  was then  measured w i t h  the  CA 

(c h ro m e l-a lu m e l) the rm oco u p le . Base on the  observed tem pe ra tu re  

' d i s t r ib u t io n ,  s h o r t  p o r t io n s  o f the  e le c t r i c a l  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 r o r )  u n t i l  th e  maximum a x ia l  

tem pe ra tu re  v a r ia t io n  w i t h in  the  m id d le  20-cm re g io n  o f  the  fu rn a c e  was 

le s s  th a n  + 3 ‘ c .  The same p rocedu re  was re p ea ted  a t  v a r io u s  tem pera tu res  

( 200 °c ,30 0 °c  and 400°c) to  ensure u n ifo rm  a x ia l  tem pe ra tu re  d is t r ib u t io n s  

under these  c irc u m s ta n c e . F ig  5 .4  shows the o b ta in e d  a x ia l  tem pe ra tu re  

- d is t r ib u t io n s  f o r  th e  above fu rna ce  under n o -g a s - f lo w  c o n d it io n s
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L E N G T H  O F  F U R N A C E  ( C M . )

F ig u re  5 .4  A x ia l Tem perature D is t r ib u t io n  w i t h in  th e  R eac to r 
Tube In s id e  the  E le c t r ic  Furnace
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