
CHAPTER III 
EXPERIMENTAL

3.1 Materials and Equipment

3.1 .1  G ases
•  10%  carbon m on oxid e in  helium  from  Thai Industrial G as P ublic  
C o., Ltd.
•  20%  carbon d ioxide in  helium  from  Praxair (T hailand) C o ., Ltd.
•  5% O xy gen  in helium  from  Thai Industrial G as P ublic C o., Ltd.
•  U ltra h igh  purity hydrogen  (99.9% ) from  Thai Industrial G as 
Public C O ., Ltd.
•  H igh  purity n itrogen from  Thai Industrial G as P ublic C o ., Ltd.
•  H ig h  purity helium  from  Thai Industrial G as P u blic  C o ., Ltd.
•  U ltra h igh  purity h elium  from Thai Industrial G as P ublic C o., Ltd.

3 .1 .2  C hem icals
•  H yd rogen  tetrachloroaurate (HAUCI4.3 H 2O ), A C S , 99 .99%  purity  
from  A lfa  A esar A  Johnson M atthey C om pany.
•  T itanium  d ioxid e (T i0 2 ) P25 A natase A R  grade o f  99 .0%  purity  
from  S igm a-A ld rich  C om pany
•  S od iu m  carbonate (N a 2C 0 3  )

3.2 Equipment

The experim ental setup for sim ulate reform atted, as sh o w n  sch em atica lly  in  
Figure 3 .1 , w a s d iv id ed  into 3 m ain parts

3.2.1 G as B len d in g  system
The reactant gas m ixture is  com p osed  o f  C O , H 2 , C O 2, and O2 . The  

carrier o f  the reactant gas is  H e. E very stream  line w a s passed  through m icro-filter to  
rem ove particles and ch eck  va lve  to prevent the reverse flow . M ass f lo w  controller
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w as used  to control the f lo w  rate. A fter that the reactant ga ses w ere m ixed  before  
sen d in g to the reactor.

3 .2 .2  C atalytic R eactor
T he P R O X  reaction w a s  perform ed in a s in g le -stag e  and a d ou b le­

stage reactor at atm ospheric pressure and the tem perature w as m onitored and 
controlled  by a P ID  tem perature controller equipped w ith  a therm ocouple (type K). 
For the reactor part, it w as m ade o f  g la ss U -tube w ith  an in sid e  diam eter o f  6  m m. 
The catalyst w as packed b etw een  g la ss  w o o l p lu gs in the m id d le  o f  the reactor.

3 .2 .3  A n alytica l Instrument
T he outlet gas from  the reactor w as analyzed  and the com p o sition  w as  

an alyzed  qualitatively  and quantitatively by auto-sam pling w ith  a A g ilen t  
T ech n o log ies 6 8 9 0 N  series the gas chrom atograph equipped w ith  a therm al 
con d u ctiv ity  detector (T C D ). The gas colüm n utilized  in  the chrom atograph w as  
carbosphere, 8 0 /1 0 0  m esh , 10 ft X  1/8 inch sta in less stee l packed co lu m n. The 
tem perature o f  o v en , injector, and detector w as m aintained at 55, 110, and 175°c, 
resp ectively .

3.3 Methodology

3.3.1 C atalyst Preparation P rocess
The Au/TiC>2 catalysts w ere prepared by d eposition-precip itation . The 

A u  am ount w as varied  in  the range o f  1-2 wt%  for studying the e ffec t o f  m etal 
loading. IIA uC U C F F O  (A cros) w as used  as the A u  precursor. H A u C14 aqueous  
so lu tion  w as prepared w ith  4.2 X 10 '3 M . Then, the so lu tion  w as stirred w h ile  the 
tem perature w as increased  to 8 0 ° c .  A fter that, the pH  o f  so lu tion  w as adjusted to  7 by  
drooping N a2CC>3 (A P S  F inechem ). T hen, 2 g  o f  TiC>2— 75% anatase and 25% 
rutile— w as added into the H A uC U  solution . T hen, pH  and tem perature w ere  
m aintained under v igo rou s stirring for 2 h. T he precipitate w as filtered  and w ashed  
carefu lly  until the disappearance o f  Cl" ions. T he A u  catalysts w ere dried at 1 1 0 ° c  
overnight and ca lc in ed  in air at the desired tem peratures for studying the calcin ation  
effect (uncalcined , ca lc in ed  at 20 0  and 300°C ).
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3 .3 .2  C atalytic A ctiv ity  T esting
T he catalysts w ere tested  w ith  tw o  ca se s  in  order to  find  the optim um  

operating tem perature w ith  the sim ulated reform ate sy stem  for the b est C O  oxid ation  
con version  and se lectiv ity .

T he first case , the sin g le-stag e  reactor testin g  w as in vestigated  w ith  all 
o x y g en . T he secon d  case , the P R O X  reactors w ere seria lly  con n ected , as sh ow n  in  
Figure 3 .1 . T he efflu en t from  the first reactor w a s p assed  d irectly  to  the secon d  
reactor. The reaction  m ixture is  com p o sed  o f  1% C 0, 1 %0 2 , 40% แ 2 and balanced  
b ein g  in  H e w ith out H 2O  and C O 2 in  the stream  w ith  a  total o f  f lo w  rate o f  50 m l/m in . 
T he tem perature and o x y g en  in  each  stage w as in d iv id u ally  controlled . The  
tem perature w a s  varied in  the range o f  30-120°c and the am ount o f  O 2 entering each  
stage w as varied  at sp lit at ratios o f  80:20, 60:40, 50:50,40:60, and 80:20.

M any param eters affectin g the activ ity  and se lec tiv ity  o f  th e  Au/TiC>2 

catalysts, w h ich  are studied in  th is research such  as the e f fe c ts  o f  calcination  
tem perature, A u  load ing , and the p resen ce o f  CO 2 and H 2O  in  th e feed  stream .

3 .3 .2 .1  E f f e c t  o f  C a lc in a t io n  T e m p e r a tu r e
The e ffec t o f  ca lc in ation  tem perature o n  th e catalytic  

perform ance o f  1% A u /T i0 2  are studied (un calcin ed , ca lc in ed  at 2 0 0 , and 30 0°C ) in  
the sim ulated reform ate gas. T he su itable calcination  tem perature is  ch o sen  for the  
n ex t study.

3 .3 .2 .2  E f f e c t  o f  A u  L o a d in g
The e ffec t o f  A u  load in g  on  the Au/TiC >2 catalyst is  studied  o n  

the C O  con v ersion  and C O  se lec tiv ity  in  the P R O X  reaction. T he p ercen tage A u  
load in g  is  varied  w ith  1%, 1.5% , and 2%.

3 .3 .2 .3  E f f e c t  o f  th e  P r e s e n c e  o f  C O 2 a n d  H 2O  in  th e  F e e d
T he C O 2 and H 2O are fed  into the reactor w ith  o th e r  reac tan t  

g a s e s . The catalytic  activ ity  o f  A u /T i0 2  is  in vestigated  for the P R O X  w ith  the  
p resen ce o f  C O 2 and H 2O.
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Figure 3 .1  E x p er im en ta l se tu p  for  p re fe r e n tia l C O  o x id a t io n  re a c tio n  u s in g  th e  d o u b le -s ta g e  reactor . toCT\



27

3.3 .3  R eal R eform ate Stream  E xperim ent
The data and result from  the sim ulated  reform ate system  should  be  

applied  w ith  the real reform ate unit (O x yg en  feed  ratio and the reaction tem perature 
o f  both  reactors), in  order to confirm  the result that it is  practical for the real 
application  unit. The real stream catalytic reform ing unit co m p o ses  of:

•  C atalytic reform ing unit
•  P R O X

Feed
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Figure 3.2 R eal cata lytic  reform ates system .

In this step, the fuel p rocessin g  system  is used  to produce hydrogen , w h ich  
co m p o se  o f  steam  reform er, and P R O X . Steam  reform ing o f  m ethanol has been  
se lec ted  as the prim ary reform ing process. The catalyst u sed  in  P R O X  reactor, from  
p reviou s step  is  perform ed, w hereas the catalysts used  in  reform er are the com m ercial 
catalyst.

In th is step , the com m ercial C u-Z n/A bC b catalyst w a s carried out in a fix -  
bed reactor loaded  w ith  0 .2  m g o f  the catalyst. T he com m ercial catalyst w a s  tested  the  
cata lytic  activ ity  b y  feed  sto ich iom etry water to m ethanol m o le  ratio (H 2O /C H 3O H  =  
1 .3 /1 ) at the total f lo w  o f  the m ost experim ent is  about 110  m l/m in . T hen, the  
reform ate gas w as sent to  the P R O X  reactor in  order to  reduce the C O  concentration  
by u sin g  the A u /T i0 2  catalyst in  the d ou b le-stage pack-bed reactor.

For the sim ulated  reform ate gas and real com p o sition  o f  reform ate gas case, 
the outlet gas w as an a lyzed  by a G as Chrom atograph (A g ilen t T ech n o lo g ies  6 8 9 0 N ). 
T he tem perature o f  rector w as controlled  by K -typ e therm ocouple. The perform ance  
o f  catalyst w as m easured b y  % CO con version , % c>2 con version , and % PRO X  
se lectiv ity .
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% C 0  con version  =  [CO]in -  [CO]out x 100
[C O ],ท

% 0 2  con su m p tion  =  [0 2 ]in -  [0 2 ]out x 100
[ 0 2]in

% PR O X  se lec tiv ity  = V i X ([C O ]in -  [CO]out) X 100
[02]in -  [O2]out

3 .3 .4  C atalyst D eactiva tion  Experim ent
A n  A u /T i0 2  sam ple w as tested  for the storage that a ffect on  the catalytic  

activ ity. The sam p le w as separated into tw o  m ain groups, w h ich  w ere  exp o sed  and  
u n exp osed  to light. The container for the exp osed  to light sam ple are transparent g la ss  
b ottles, as sh ow n  in F igure 3 .3 . On the other hand, the u n exp osed  to ligh t sam ple w a s  
kept in  the container, w h ich  w as wrapped w ith  black tape to avoid  the light. T hen, 
both sam ples w ere m easured the activ ities for the P R O X  o f  C O  reaction  for four tim es  
(fresh catalyst, 1 m onth , 2 m onths, and 3 m onths).

Figure 3 .3  C ontainers for exp o sed  and u n exp osed  to ligh t sam ples.
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3.3 .5  C atalyst C haracterization
V arious m ethods w ill be used  to characterize the prepared catalysts,

there are:
3 .3 .5 .1  A to m ic  A b so rp tio n  S p e c tro sc o p y  (AAS)

T he A A S , V A R IA N  m od el 3 0 0 /4 0 0 , w as u sed  to determ ine the 
concentration o f  a m etal in the sam ple. T his techn iqu e u se s  to  eva lu ate the 
concentration o f  an elem ent. The standard so lu tion  w as d ilu ted  from  th e stock  
solution  o f  1000 ppm  to establish  a calibration curve. The sam p le so lu tio n s w ere  
diluted to  m easure the actual m etal loading, w h ich  cou ld  b e obtained  from  the  
absorbance o f  the prepared solution .

3 .3 .5 .2  X -ra y  D iffrac tion  (XRD )
T he crystalline s ize  and the relative con ten t o f  A u  on  the 

surface is  estim ated  b y  using a X -ray  diffractom eter (ID X -3 5 3 0 ). X -ray diffraction  
(X R D ) is  based  upon the fact that the X -ray diffraction  pattern is  unique for each  
crystalline substance. T he identity o f  the crystalline p h ases can b e  found b y  m atching  
the pattern o f  the unknow n and standard.

3 .3 .5 .3  U V -visib le  S p ec tro p h o to m e try  { พ - vis)
T he spectrophotom eter is  u sed  m easure th e am ount o f  light 

absorbs. T he instrum ent operates b y  p assin g  a beam  o f  light p ass through a sam ple. 
T hen, the in tensity  o f  ligh t reaches the detector. T he in ten sity  o f  ligh t relates w ith  
quantity and type o f  e lem en t in the sam ple. The am ount, m eta llic  stage o f  A u  can be 
m easured b y  U V -v is ib le  spectrophotom eter (U V  2 5 5 0  S H IM A D Z U ).

3 .3 .5 .4  S can n in g  E lec tro n  M ic ro sc o p y  (TEM )
TE M  w as em p lo yed  to  in vestigate  the average particle  s ize  o f  

m etals and id en tify  the m icrostructure o f  prepared catalysts, such  as m eta ls d isp ersion  
and the crystalline s ize  o f  the A u  on  the support. C ata lysts w ere  prepared in  a thin  
form  appropriate for T E M , that it w as dispersed  in  pure w ater and a drop o f  the  
su spen sion  w a s d ep osited  on a copper grid. TE M  w a s carried out in  a JEM  2 1 0 0  
operating at an accelerating vo ltage  o f  2 0 0  k v  in bright fie ld  m od es. A  beam  w as  
passed  through a series o f  len ses to  form  a m agn ified  im age o f  a  sam p le that has been  
inserted in  the area o f  the ob jective  len s. The im age from  se lec ted  area w a s  v iew ed  
through p rojection  onto a v iew in g  screen. H ow ever , e lectron  b eam s are easily
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scattered b y  air m o lecu les  and TE M  colu m ns m ust be kept under h igh  vacuum . 
A d d itiona lly , the electrom agn etic  len ses w ere u sed  for focu s the electron  beam .

3 .3 .5 .5  T em p era tu re -P ro g ra m m ed  R edu ction  (TPR)
Tem perature-Program m ed R eduction  (T P R ) w as em p lo yed  for 

evaluating the num ber and quantity o f  the reducib le sp ecies  present in  the sam ple and  
the tem perature at w h ich  the reduction it s e lf  takes p la ce  as a fun ction  o f  the 
tem perature. The gas u sed  for an a lysis is  a m ixture o f  reactive gas w ith  an inert gas, 
as hydrogen  in  argon or n itrogen  at 5 -10 % . The prepared catalyst sam p le w as  
subm itted to  a linear increase o f  tem perature and to  a constant f lo w  o f  the gas m ixture. 
The reaction  gen erally  starts at room  tem perature. A t a certain tem perature, the 
reaction  speed  b eco m es considerab le and the hydrogen  con su m p tion  can  b e  m onitored  
through the T C D  detector.
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