
CHAPTER III 
EXPERIMENTAL

3.1 Materials

3 .1 .1  R eactan t G a se s
A ll g a se s  that w ere  u sed  in  th is e x p e r im e n t are as fo llo w s :
a) 4 0 .1 3 + 0 .4 0  % p r o p y le n e  (C 3H 6) in h e liu m  (T h a i In d u str ia l 

G as P u b lic  C o ., L td .)
b) H ig h  purity  p r o p y len e  (p o ly m e r  grade, 9 9 .9 9 % ) (N a tio n a l  

P etro ch em ica l P u b lic  C o m p a n y  L im ite d )
c ) O x y g e n  ( 0 2) 2 0 .2 ± 0 .2  % in h e liu m  (T h a i In d u stria l G as  

P u b lic  C o ., L td .)
d) U ltra h ig h  purity  (U H P ) h y d ro g en  (9 9 .9 9 9 % ) (T h a i  

Indu stria l G as P u b lic  C o .. L td .)
e ) H ig h  purity  (H P ) h e liu m  (9 9 .9 9 % ) (T h ai In d u stria l G as  

P u b lic  C o ., L td .)

3 .1 .2  C h e m ic a ls
A ll  c h e m ic a ls  u sed  in ca ta ly st  p rep aration  w e r e  a n a ly t ic a l grad e  

as d escr ib ed  b e lo w .
a) A lu m in u m  iso p r o p o x id e  (A l (OC 3 H 7 ) 3 ) o f  9 8 %  purity  

(F lu k a  C o ., L td .)
b) S ilv e r  n itrate ( A g N 0 3) o f  9 9 .9 %  p u rity  (B D H  L ab oratory  

S u p p lie s )
c ) 1 ,3 -B u ta n ed io l a n h y d ro u s (CTI L (O H ) C 2 H 4 OH) o f  99%  

purity  (F lu k a  C o ., L td.)
d) N itr ic  a c id  o f  65%  purity  (L a b sca n  C o ., L td .)
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e )  F u m in g  titan iu m  d io x id e  ( T i 0 2 > 9 9 % ) (F lu k a  C o ., L td .)
f) G o ld  c h lo r id e  (H A u C14.3 H 20 )
g ) A m m o n ia  so lu tio n  (3 0 %  N F I 4 O F I )  for a n a ly s is  (R P E  

C A R L O  E R B A  R e a g e n t)
h) A n h y d r o u s  ca lc iu m  su lfa te  (9 7 %  C a S 0 4, 3 % C o C L ) 8 m e sh  

w ith  in d ica to r  (A ld r ich  C h e m ic a l C o ., L td .)
i) P ro p y len e  o x id e  or 1 ,2 -e p o x y p r o p a n e  (C :,H 60 )  o f  9 9 %  

purity  (A ld r ic h  C h e m ic a l C o ., L td .)

3 .2  A p p a r a t u s

T h e  e x p e r im e n ta l apparatus sh o w n  sc h e m a tic a lly  in F ig u re  3.1 w a s  
d iv id e d  in to  3 parts: ( i)  ga s b le n d in g  sy s te m , ( i i)  c a ta ly t ic  rea cto r , and  ( i i i)  
a n a ly tica l in stru m en ta tio n .

3 .2 .1  G as B le n d in a  S y ste m
T h e  reactant ga s m ix tu re  c o n s is te d  o f  p r o p y le n e , o x y g e n , and  

h y d r o g e n  b a la n ced  in h e liu m . E ach  ga s w a s  p a ssed  th rou gh  a m icro n  lin e  filter  
to r e m o v e  sm a ll p a rtic le s  and a ch eck  v a lv e  to p reven t th e r e v e r se  l lo w . T h e  
g a s  l lo w  rate w a s  c o n tr o lle d  by a m a ss  H ow  co n tr o lle r  (S ierra  In stru m en ts , 
Inc. m o d e l 8 4 0 )  h a v in g  th e g a s  H ow  rate o f  50  to  100 m l/rn in . T h e  m ix e d  g a s  
w a s  a d ju sted  to  th e d es ira b le  d irec tio n  by a th r e e -w a y  v a lv e , an d  sen t to  a 
reactor. A ll  f it t in g s  and tu b in g s w e r e  m a d e  o f  s ta in le s s  stee l h a v in g  o u ts id e  
d ia m eters  o f  1 /4 ” and 1 /8” o b ta in ed  from  S W A G E L O K  C o ., L td.



F i g u r e  3 .1  S c h e m a tic  f lo w  d ia g ra m .



14

3 .2 .2  C a ta ly tic  R ea c to r
T h e  partial p r o p y le n e  o x id a tio n  w a s  carried  o u t in  an 8 m m  

in s id e  d ia m eter  quartz tu b e reactor  at a tm o sp h e r ic  p ressu re . T h e  tem p era tu re  
w a s  v a r ied  from  100 to  250 °c. T h e  0.2 g  c a ta ly s t  w a s  p a ck ed  b e tw e e n  q u artz  
w o o l  in  th e  m id d le  o f  th e  reactor  w h ic h  w a s  h ea ted  u s in g  an e le c tr ic a l h eater . 
T h e  tem p era tu re  o f  th e  ca ta ly st  b ed  w a s  m o n ito red  and c o n tr o lle d  b y  P ID  
c o n tr o lle r  (Y a m a ta k e . H o n e y w e ll ,  m o d e l S D C 1 0 )  e q u ip p ed  w ith  a 
th e r m o c o u p le  w h ic h  w a s  in serted  at th e  m id d le  o f  c a ta ly s t  b ed . T h e  p ro d u ct  
g a s  le a v in g  from  th e top  o f  th e  reactor  w a s  p a sse d  th ro u g h  a m o is tu r e  trap and  
se n t  to  a g a s  ch rom atograp h .

3 .2 .3  A n a ly t ic a l In stru m en ta tio n
T h e  e ff lu e n t  ga s from  th e reactor w a s  a n a ly z e d  b y  H e w le tt  

P ack ard  5 8 9 0  se r ie s  II g a s  ch ro m a to g ra p h  eq u ip p ed  w ith  b o th  th erm al 
c o n d u c t iv ity  d e tec to r  (T C D ) and fla m e  io n iz a tio n  d e te c to r  (F ID ). A  P orap ak  N  
p a c k e d  c o lu m n  ( 8 0 /1 0 0 ,  12' X 1 /8 " S S ) c o n n e c te d  to  T C D  w a s  u sed  to  sep a ra te  
H 2, 0 2, C 0 2, C 3H 6, C 3H 8, and C 3H 6o .  In a d d itio n , a G S -G a sP r o  ca p illa ry  
c o lu m n  (0 .3 2  m m  inner d ia m eter ) c o n n e c te d  to  F ID  w a s  a lso  u se d  to  sep a ra te  
C 3FI6, C 3H 8, an d  C 3FI60  at 70°c. T h e  sa m p lin g  lo o p  w a s  a p p lied  to  in je c t  th e  
a n a ly z e d  g a s  w ith  a 10-p ort v a lv e  (V a le o  In stru m en t C o , In c .)  e v e r y  3 0  
m in u te s  in to  th e  G C  for a n a ly s is . T h e  ch ro m a to g ra m s w e r e  a tta in ed  u s in g  a 
P C  in s ta lle d  w ith  a H e w le tt  P ack ard  3 3 6 5  se r ie s  II C h em sta tio n .

3 .3  C a t a l y s t  P r e p a r a t i o n

T h e  c a ta ly s ts  w e r e  prep ared  b y  s in g le -s te p  s o l-g e l  and  d e p o s it io n -  
p rec ip ita tio n  m e th o d s . In ord er to  c la r ify  th e  e f fe c ts  o f  c a ta ly s t  ty p e  and s ilv e r  
lo a d in g , th e  s i lv e r  a m o u n t w a s  v a r ied  in th e  ran ge o f  0  to  1 0 .0  w t%  b a se d  on  
th e  fo l lo w in g  eq u a tio n .
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Me,ฟ loading =------^ ๗*ๆ 1* *  ) x , w * -------  (3.1)Metal (weight ) +  Support (iweight )

In a d d itio n , to  stu d y  th e c a lc in a tio n  tem p eratu re  e f fe c t ,  th e prep ared  
c a ta ly s ts  w e r e  c a lc in e d  at d ifferen t tem p eratu res.

3 .3 .1  S o l-g e l  M eth o d
T h e  su p p orted  s ilv e r  c a ta ly s ts  w e r e  prep ared  b y  s o l-g e l  m eth o d . 

F ib r illa r  a lu m in u m  h y d ro x id e  s o ls  w e r e  o b ta in ed  by a d d itio n  o f  a lu m in u m  
iso p r o p o x id e  (A IP )  to  hot w ater  (8 5 °C ) under v ig o r o u s  stirr in g  in ratio  o f  1 g 
to  10 m l. T h e n  a sm a ll a m o u n t o f  n itr ic  a c id  (th e  m o le  ratio  o f  n itr ic  a c id /A lP  
w a s  0 .1 9 5 )  w a s  in tro d u ced  in to  the hot slurry for th e  p ep tiza tio n  o f  a lu m in u m  
h y d r o x id e  to  a c lea r  so lu tio n . A fte r  that the so lu t io n  o f  s ilv e r  n itrate d is s o lv e d  
in 1,3 -b u ta n e d io l w ith  A 1 P /1 ,3 -b u ta n e d io l m o la r  ratio  o f  1 to  4 w a s  s lo w ly  
a d d ed  to  th e fib r illar  so l so lu tio n . T h e  tem p eratu re  o f  th is m ix e d  so lu t io n  w a s  
c o n tr o lle d  at 85°c for an hour. T h e  so lu tio n  w a s  k ep t stirr in g  at ro o m  
tem p era tu re  for 2 4  h ou rs. A fter  v ig o r o u s  stirrin g , th e g e l w a s  d ried  at 110°c 
for o n e  d ay  and c a lc in e d  at d ifferen t tem p era tu res i.e .,  5 0 0 , 5 5 0 , 5 7 0  and  
600°c for 5 h ou rs. T h e  prep ared  c a ta ly sts  w e r e  s ie v e d  b e tw e e n  7 0  and 120  
m e sh  and sto red  in a d ess ica to r .

3 .3 .2  D e p o s it io n -p r e c ip ita t io n  M eth o d
T h e  su p p orted  g o ld  c a ta ly s ts  w e r e  prep ared  b y  d e p o s it io n -  

p rec ip ita tio n  o f  A u (O H )3 o n to  T i 0 2 in an a q u e o u s  so lu t io n  o f  H A u C l.| at pH  o f
8. T h e  a m o u n t o f  H A 11CI4 .3 H 2 O  w a s w a sh e d  w ith  d is t ille d  w a ter  u n d er  stirr in g  
and h e a tin g  c o n d it io n s  at 70°c. T h is  so lu t io n  w a s  m a in ta in ed  at pH  o f  8 by  
c o n tin u o u s  d ro p p in g  1 M  a m m o n iu m  so lu tio n  in to  the a q u e o u s  so lu t io n . T h en  
th e  a m o u n t o f  T i 0 2 su p p orter  w a s  ad d ed  in to  the m ix e d  so lu t io n . T h e

1 1 0  3 0  3C  353
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p recu rso r  w a s  c o n tin u o u s ly  m a in ta in ed  at 70°c and p H  o f  8 for  1 h ou r. T h e  
p recu rso r  w a s  w a sh e d  sev era l t im e s , d r ied , an d  c a lc in e d  at 4 0 0  and 500°c for  
3 h o u rs.

3 .4  C a t a l y s t  C h a r a c t e r i z a t i o n

3 .4 .1  S u r fa ce  A rea  M ea su rem en t
T h e  su rfa ce  area, to ta l p o re  v o lu m e , and a v e r a g e  p o re  d ia m eter  

o f  a ll p rep ared  c a ta ly s ts  w e r e  d e term in ed  u s in g  A u to so rb -1  G a s  S o rp tio n  
s y s te m  (Q u a n ta ch ro m e  C o rp o ra tio n ) in  w h ic h  th e B r u n a u e r -E m m e tt-T e lle r  
(B E T )  m e th o d  w a s  e m p lo y e d . It w a s  o p era ted  b y  m e a su r in g  th e q u a n tity  o f  
g a s e s  a d so rb ed  o n to  or d eso rb ed  from  a so lid  su r fa c e  at e q u ilib r iu m  v a p o r  
p r e ssu r e s . N itr o g e n  g a s w ith  a c r o ss  s e c t io n a l area o f  1 .6 2 x 1  O'2 n m 2/m o le c u le  
w a s  e m p lo y e d  as an ad sorb ate  at a liq u e f ie d  n itro g en  tem p era tu re  (7 7  K ). 
B e fo r e  a d so rp tio n , th e  sa m p le  a m o u n t o f  8 0 0  m g  w a s  d ried  and o u tg a s se d  in  a 
sa m p le  c e l l  at 300°c for at lea st 2 h ou rs to  e lim in a te  v o la t i le  a d so rb en ts  o n  th e  
su r fa c e . A u to so r b  A N Y G A S  S o ftw a r e  v e r s io n  2 .1 0  w a s  u sed  to  a n a ly z e  th e  
resu lts .

3 .4 .2  X -ra y  D iffr a c tio n  M eth o d
T h e  X -ra y  D iffr a c tio n  m eth o d  (X R D )  w a s  u t iliz e d  to  id e n t ify  

th e  in tern a l stru ctu re, b u lk  p h a se , and  c o m p o s it io n  o f  c r y s ta llin e  c a ta ly s t . A  
R ig a k u  X -r a y  d iffra c to m eter  sy s te m  R IN T  2 0 0 0  S E R IE S  w a s  u se d  to  o b ta in  
th e  X R D  p attern s. T h e  sa m p le  w a s  grou n d  to  th e  f in e  h o m o g e n e o u s  p o w d e r  
an d  w a s  h e ld  in  th e b ea m  in th in -w a lle d  g la s s . C o n str u c tiv e  in te r fe r en ce  m a y  
b e  a c h ie v e d  w ith  m o n o c h r o m a tic  irrad iation  b y  v a r y in g  th e  a n g le  o f  in c id e n c e  
(5  to  9 0  d e g r e e s ) .  T h e  d ig ita l ou tp u t o f  th e  p ro p o rtio n a l X -ra y  d e te c to r  and th e  
g o n io m e te r  a n g le  m e a su rem en ts  w e r e  sen t to  an o n lin e  c o m p u te r  for th e  
s to r a g e  an d  su b se q u e n t data  a n a ly s is .
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3 .5  C a t a l y s t  A c t i v i t y  M e a s u r e m e n t

S e le c t iv e  o x id a tio n  o f  p r o p y len e  w ith  o x y g e n  and h y d r o g e n  o v e r  
s ilv e r /g o ld  su p p o rted  ca ta ly sts  w a s  carried  out to  stu d y  th e e ffe c t  o f  the  
f o l lo w in g  factors:

(a ) ty p e  o f  ca ta ly st  (s i lv e r  and g o ld )  w ith  d ifferen t p rep aration  
m eth o d s .

(b ) m eta l lo a d in g  o f  A g /A l20 3 ca ta ly st ( 1 - 1 0 %  A g )
(c )  m eta l lo a d in g  o f  A u / T i 0 2 ca ta ly st  (1 and 1.5 % A ll)
(d ) total f lo w  rate o f  fe e d  ga s m ix tu re  ( 5 0 -1 0 0  m l/m in )
(e )  ca lc in a tio n  tem p eratu re  o f  A g /A l20 3 ca ta ly st  (5 0 0 -6 0 0 ° C )
( f )  c a lc in a tio n  tem p eratu re o f  A u /T i0 2 ca ta ly st  (4 0 0 -5 0 0 ° C )
(g )  p r e se n c e  o f  h y d ro g en  in feed  gas (0 -2 0  % m o l o f  h y d r o g e n )
(h ) c o m p o s it io n  o f  feed  ga s (C 3H 6, o 2, H 2)

3 .5 .1  E x p er im en ta l P roced u re
T h e  a m o u n t o f  0.2 g o f  70/120 m esh  s iz e  ca ta ly st  w a s  p a ck ed  

in to  th e reactor. T h e  reactant g a s m ix tu re  o f  C 3H 6, 0 2. H 2, and H e at d es ired  
c o n c e n tr a tio n  an d  total f lo w  rate, w a s  p a ssed  c o n t in u o u s ly  th rou gh  th e  c a ta ly s t  
b ed  at ro o m  tem p eratu re  and sw itc h e d  to  th e ga s ch ro m a ta g ra p h  to  c h e c k  th e  
fe e d  stream  c o m p o s it io n s . A fter  that th e ca ta ly st  sa m p le  w a s  p retreated  at 
300°c in a 20 m o l % 0 2 f lo w  for 2 h ou rs. T h e  tem p eratu re  w a s  th en  d e c r e a se d  
to  the d es ired  rea c tio n  tem p eratu re. T h e  p rod u ct ga s c o m p o s it io n  fro m  the  
rea cto r  w a s  m ea su red  e v ery  30 m in u tes  until it rea ch ed  eq u ilib r iu m . D ata  w e r e  
c o lle c te d  at s ix  d ifferen t tem p eratu res b e tw e e n  80  and 225°c w ith  a 2 5 ° c  
in terva l.
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The activities of the catalyst were defined in terms of 
percentage conversion of propylene, selectivity to PO, yield to PO, and PO 
production rate (Hayashi et al., 1998).

The overall conversion of c 3fl6, X, was defined as:
Y -  ^ c ~ ^C(V'- )»’ ] * 100 (3 2 )

The selectivity to PO, ร, was defined as:

ร = — ------ Y '" - "  I ” -------—  X 100 (3.3)
[ ( ^  c 3ห t ) out ~ (C  c, พ,, ) in J

The yield to PO, Y, was defined as:

Y = x s  = ( c (ÿ "  X 100 (3.4)(C  c 3, , , ,  ),1,

T h e  PO p rod u ction  rate w a s  d e fin e d  as

(C cv1 0 ) 0111 X total m olar ( lo w  rate (3 .5 )
PO  production  rate = ----------------------------------------------------------

ca ta lyst w e ig h t

w h e r e
c  is the co n cen tra tio n  o f  c h e m ic a l c o m p o u n d .
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