
CHAPTER III 
EXPERIMENTAL

3.1 Materials

3 .1 .1  G a se s
T h e  g a se s  u sed  in  th is  research  w er e
a) 2 4 .8 5 %  carb on  m o n o x id e  in  h e liu m  from  T h ai Industria l G as  

P u b lic  C o ., Ltd.
b ) 20%  carb on  d io x id e  in  h e liu m  from  P raxair  (T h a ila n d ) C o ., Ltd.
c )  9 9 .5 %  carb on  d io x id e  from  B a n g k o k  In d ustria l G a s  C o ., Ltd.
d) 8 % o x y g e n  in  h e liu m  from  T h ai In d u stria l G a s P u b lic  C o ., Ltd.
e ) H ig h  p u rity  o x y g e n  (9 9 .7 % ) from  P raxair  (T h a ila n d ) C o ., Ltd.
f) U ltra  h ig h  p u rity  h y d r o g e n  (9 9 .9 9 % ) from  T h ai Industria l G as  

P u b lic  C o ., Ltd.
g )  H ig h  p u rity  n itro g en  from  T h ai In d u stria l G a s P u b lic  C o ., Ltd.
h ) H ig h  p u rity  h e liu m  from  T h ai In d ustria l G as P u b lic  C o ., Ltd.
i) U ltra  h ig h  p u rity  h e liu m  from  P raxair (T h a ila n d ) C o ., Ltd.

3 .1 .2  C h e m ic a ls
T h e  c h e m ic a l reag en ts  u sed  for  ca ta ly s t  p rep ara tion  w e r e  as fo llo w
a) H y d ro g en  tetrach loroau rate  (H A u C l4 .3 H 20 ), A C S , 9 9 .9 9 %  purity  

from  A lfa  A e sa r  A  J o h n so n  M a tth ey  C o m p an y .
b ) T ita n iu m  d io x id e  P -2 5  ( T i 0 2) from  D e g u s s s a  C orp ora tion .
c )  T ita n iu m  d io x id e  ( T i 0 2) A n a ta se  A R  grad e o f  9 9 .0 %  p u rity  from  

S ig m a -A ld r ic h  C o m p a n y .
d ) T ita n iu m  (IV ) b u to x id e  or T etrab u ty l orth otitan ate  ( C i6H 360 4 T i)  

A R  gra d e from  F lu k a  C o ., Ltd.
e ) M eth a n o l (C H 3O H ) A R  grad e o f  9 9 .8 %  p u rity  from  L a b sca n  A s ia

C o ., Ltd.
f) N itr ic  acid  (H N O 3) A R  grade o f  65%  p u rity  from  R ie d e l-d e H a e n

C o ., Ltd.
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g ) A m m o n iu m  h y d r o x id e  (2 8 -3 0 % N H 4O H ) from  J.T . B aker.
h ) G o ld  a to m ic  sp e c tr o sc o p y  standard so lu t io n  (1 0 0 0  p p m  A u ) from  

F lu k a  C o ., L td.
i)  T r i-M a g n e s iu m  D ic itra te  N a n o h y d ra te  ( C i2H io M g 3 0 i4.9 H 20 ) 

from  F lu k a  C o ., Ltd.

3.2 Equipment

T h e  e x p e r im e n ta l setu p  as 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 ed  
in to  3 m a in  parts:

3 .2 .1  G as B le n d in g  S y ste m
T h e reactan t ga s m ix tu re  w a s  c o m p o se d  o f  C O , H 2, C 0 2, and 0 2 

b a la n ced  in  H e . E a ch  g a s  w a s  su p p lied  from  a c o m p r e sse d  g a s  c y lin d e r  at in itia l 
p ressu re  a p p r o x im a te ly  o f  2 0 0 0  p s ig . E a ch  stream  w a s  p a sse d  th ro u gh  th e m icron  
lin e  filter  to  r e m o v e  p a rtic le s  and c h e c k  v a lv e  to p r ev en t r e v e r se  f lo w . T h e  stream  
f lo w  rates w e r e  co n tr o lle d  b y  8 4 0  S ierra In stru m en ts m o d e l m a ss  f lo w  con tro llers  to  
a c h ie v e  th e  d es ired  c o m p o s itio n . T h e  reactan t g a se s  w e r e  m ix e d  in  th e  m ix er  and 
b u b b led  th ro u gh  w a ter  to  h u m id ify  b e fo r e  se n d in g  to  th e  reactor.

3 .2 .2  C a ta ly tic  R ea cto r
T h e  s e le c t iv e  C O  o x id a tio n  w a s  e m p lo y e d  at a tm o sp h er ic  p ressu re in  

a P y rex  g la s s  บ - tu b e m icro reactor  w ith  an in s id e  d ia m eter  o f  4  m m . T h e  ca ta lyst  
w a s  p a c k e d  b e tw e e n  g la ss  w o o l p lu g s  in  the m id d le  o f  th e  reactor. T h e  tem perature  
o f  ca ta ly s t  b e d  w a s  m o n ito re d  and co n tro lled  b y  P ID  tem p era tu re co n tro ller  eq u ip p ed  
w ith  a c h r o m e l-a lu m e l th erm o co u p le  (T y p e  K ).

3 .2 .3  A n a ly t ic a l In stru m en tation
T h e  e fflu e n t  gas from  th e reactor  w a s  a n a ly z e d  q u a lita tiv e ly  and 

q u a n tita tiv e ly  b y  a u to sa m p lin g  w ith  a H e w le tt  P ack ard  5 8 9 0  se r ie s  II gas  
ch rom a to grap h  eq u ip p ed  w ith  a th erm al c o n d u c tiv ity  d e tec to r  (T C D ). T h e  co lu m n  
u tiliz e d  in  th e  ch rom a to grap h  w a s  carb o sp h ere , 8 0 /1 0 0  m e sh , 10 ft X 1/8 in ch



Figure 3.1 T h e  sc h e m a tic  f lo w  d ia gram  o f  e x p e r im e n ta l e q u ip m en t.
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sta in le ss  s te e l p a c k e d  co lu m n . T h e  tem peratu re o f  th e  o v e n , in jec to r , and d etector  
w a s  m a in ta in ed  at 5 5 , 1 1 0 , and 175°c, r e sp e c tiv e ly . T h e  ou tp u t o f  ch rom atograp h  
w a s reco rd ed  b y  a H e w le tt  P ackard  3 3 6 5  se r ie s  II ch em sta tio n .

3.3 Catalyst Preparation Procedure

T h e  c a ta ly s ts  w e r e  prep ared  b y  d e p o s it io n -p r e c ip ita t io n  m eth o d  and  
im p reg n a tio n  o n  s o l-g e l  m eth o d . In th is  research  w o r k , g o ld  su p p o rted  o n  titan iu m  
d io x id e  ( A u /T i 0 2) w a s  sy n th e s iz e d  and th e am o u n t o f  A u  w a s  v a r ie d  in  th e  ran ge o f  
0 .5  to 5 w t% .

3 .3 .1  D e p o s itio n -p r e c ip ita tio n  M eth o d
A u /T i0 2  ca ta ly sts  w e r e  prep ared  b y  d e p o s it io n -p r e c ip ita t io n  m eth o d . 

T h ere are 2  so u r c e s  o f  titan iu m  d io x id e  ( T i 0 2) su p port in  th is  w ork : D e g u s s a  P -2 5  
and S ig m a . D e g u s s a  P -2 5  h as a m ix tu re  o f  an a tase  and  ru tile  ty p e  at th e  ratio  3:1 
w ith  B E T  su rfa ce  area a p p ro x im a te ly  6 0  m 2/g . S ig m a  h a s o n ly  an a ta se  form  o f  T i 0 2 
w ith  B E T  su r fa ce  area a p p ro x im a te ly  12 m 2/g .

a) T h e  appropriate am o u n t o f  h y d r o g e n  tetrach loroau rate  
(H A u C l4 -3 H 20 )  w a s  d is so lv e d  in  d is t ille d  w a ter  u n d er  c o n tin u o u s  stirring and  
h ea tin g  at 70°c.

b ) T h e  p H  o f  th e  a q u eo u s  so lu t io n  w a s  ad ju sted  to  a f ix e d  p o in t o f  8 
b y  a d d in g  N H 4O H .

c) T h e  am o u n t o f  T i 0 2 su p p orted  w a s  ad d ed  in to  th e  m ix e d  so lu tio n .
d) T h e  am o u n t o f  T i 0 2 w a s  su sp en d ed  and a g ed  for o n e  hour.
e )  T h e  su sp e n s io n  w a s  sep arated  b y  c e n tr ifu g e  at 2 0 0 0  rpm  for 5 

m in  and w a sh e d  b y  h o t d is t ille d  w ater.
f) In ord er to e lim in a te  the e x c e s s  io n s , w a s h in g  p roced u re  w a s  

rep eated  se v e r a l t im e s  u n til th e  c o n d u c tiv ity  c h a n g e  o f  su p ern atan t b e in g  con stan t.
g )  T h e  p rec ip ita te  w a s  d ried  at 110°c for  2 4  h  and th en  c a lc in e d  in  

air b y  v a r y in g  tem p era tu re for 5 h.
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h ) T h e  sa m p le  w a s  grou n d  to p o w d e r , th en  s ie v e d  to  8 0 /1 2 0  m esh  
s iz e  and k e p t in  a d e ss ic a to r  b e fo r e  b e in g  u sed .

3 .3 .2  D e p o s itio n -p r e c ip ita tio n  M e th o d  w ith  A d d it io n  o f  M g  C itrate (D P  
w ith  A d d it io n  o f  M g  C itrate)
T h e se  ca ta ly s ts  w er e  prep ared  in  th e  sa m e  m an n er  d e sc r ib e d  ab o v e , 

e x c e p t  that s o m e  o f  ca ta ly sts  w er e  treated  w ith  M g  citrate . T h e  M g  c itra te  w a s  added  
to  th e  stirr in g  slu rry  w ith  M g /A u  r a tio = 1 8  after ad d in g  TiC>2 su p p ort (T su b o ta  et a l . , 
1 9 9 1 ).

3 .3 .3  Im p regn atio n  o n  S o l-g e l M eth o d  (IS G )
S u p p ort TiC>2 w a s  prepared  b y  th e  s o l - g e l  m e th o d  w ith  fo llo w in g

step s.
a) T w o  so lu t io n s  w e r e  p repared , th e  first so lu t io n  c o n s is te d  o f  the  

am o u n t o f  tita n iu m  (IV ) b u to x id e  (T B O T ) d is s o lv e d  in  m eth a n o l.
b ) T h e  se c o n d  so lu tio n  c o n s is te d  o f  d is t ille d  w a ter , n itric acid  

(6 5 w t% ) and  m eth a n o l.
c ) T h e  latter w e r e  ad d ed  to the T B O T  so lu t io n  in  a c lo s e d  sy stem , 

u nder N 2 a tm o sp h ere  w ith  v ig o r o u s  stirring.
d) T h e  tran slu cen t g e ls  w er e  a g ed  for 1 9 -2 0  h  to in c r e a se  th e  r ig id ity  

o f  the g e l n e tw o r k  b y  s u c c e s s iv e  p o ly c o n d e n sa t io n  reac tio n .
e ) T h e  su p port w a s  d ried  at 110°c  for 2 4  h  and c a lc in e d  in  air at 

tem p era tu re o f  4 0 0 ° c  for 5 h.
f) T h e  d esired  am o u n t o f  h y d r o g e n  tetrach loroau rate  

(H A U C I4.3 H 2O ) w a s  w e ig h e d  and d is so lv e d  in  d is t ille d  w ater.
g )  T h e  c a lc in e d  su p port w a s  im p reg n a ted  w ith  a so lu tio n  o f  

H A U C I4 .3 H 2O  b y  a d d in g  a fe w  d rop lets to  support.
h ) T h e  sa m p le  w a s  d ried  aga in  at 1 1 0°c  for 2 4  h  and c a lc in e d  in air 

b y  v a r y in g  tem p era tu re  for 5 h.
i)  T h e  sa m p le  w a s  grou n d  to  p o w d e r , th en  s ie v e d  to  8 0 /1 2 0  m esh  

s iz e  and k ep t in  a d e ss ic a to r  b e fo r e  b e in g  u sed .
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3.4 Catalyst Characterization

T h e  ch a ra cter is tics  o f  th e  prep ared  c a ta ly s ts  w e r e  in v e s t ig a te d  b y  4  
te c h n iq u e s  d e scr ib ed  b e lo w .

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

prep ared  c a ta ly s t  sa m p le s  h a v e  b e e n  d eterm in ed  b y  B ru n a u e r -E m m e t-T e lle r  (B E T )  
m e th o d  u s in g  A u to so rb -1  G as S orp tion  S y ste m  (Q u a n ta ch ro m e  C o rp ora tio n ). N 2 ga s  
w ith  c r o s s -s e c t io n a l area o f  16 .2  X 10'20 m 2/m o le c u le  w a s  u se d  as th e  ad sorbate at 
liq u id  N 2 tem p era tu re (7 7 K ). A ll sa m p les  w er e  o u tg a sse d  b y  h e a t in g  u n d er va cu u m  
to  e lim in a te  v o la t ile  ab sorb en ts in  th e  su rfa ce  at 200°c for at lea st 2 h b efo re  
m ea su rem en t. T h e  su rfa ce  area o f  ea ch  ca ta ly s t  w a s  c a lc u la te d  from  fiv e  p o in t  
a d so rp tio n  iso th erm . T h e  av era g e  p ore d ia m eter  and  p o r e  v o lu m e  w e r e  d eterm in ed  
at P /P 0 ra tio  c lo s e  to u n ity . T h e  resu lts  w er e  a n a ly z e d  b y  A u to so rb  A N Y G A S  
S o ftw a r e  V e r s io n  2 .1 0 , w h ic h  u se s  th e  B E T  e q u a tio n  as sh o w n  in  E q u a tio n  3 .1 .

w here:

ห / X ^ - 1  p K * c ) +
(3 .1 )

พ  =  w e ig h t  o f  g a s  ad sorbed
w m =  w e ig h t  o f  ad sorb ate  co n stitu tin g  a m o n o la y e r  o f  su r fa ce  c o v e r a g e  
p  =  th e  p ressu re  o f  gas
P 0 =  th e  saturated  va p or  p ressu re  at th e  o p e r a tin g  tem p era tu re  
c  =  c o n sta n t that is  re la ted  to  the e n e r g y  o f  ad so rp tio n  in  th e  first 

a d so rp tio n , in  th e  first ad sorb ed  la y er  and m a g n itu d e  o f  
ad so rb a te /ad sorb en t in teraction .

T h e  su r fa ce  area w a s  c a lcu la ted  b y  E q u atio n  3 .2 .

^ * ' พ , , *  (6.02 x io 23)
พ .พ,nitrogen

(3 .2 )
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where:
ร = surface area (m2/g)
Anitrogen = cross-sectional area o f one molecule nitrogen 

= 0.162 nm2 (at 77K)
Mw.nitrogen = molecular weight o f nitrogen (28).

3.4.2 X-ray Diffraction (XRD)
The X-ray diffractometer has been used to identify the internal 

structure, bulk phase, and composition o f crystalline catalysts. X-ray diffraction 
(XRD) is based upon the fact that the X-ray diffraction pattern is unique for each 
crystalline substance. If there are peaks in the scattering pattern presence of 
crystalline phases can be assumed. The identity o f the crystalline phase can be found 
by matching the pattern o f the unknown and authentic sample. It is also possible to 
make a relatively quantitative analysis by comparing the intensity o f the diffraction 
lines. For the same crystalline substance, the higher intensity shows higher content 
of that phase.

A Rigaku X-ray diffractometer system (RINT-2200) equipped with 
graphite monochromator and a Cu tube for generating a Cuka radiation (1.5406 Â) 
was used to obtain the XRD patterns at a generator voltage o f 40 k v  and a generator 
current o f 30 mA. Nickel filter was used as the Ka filter. The goniometer parameters 
were: divergence slit = 1° (29); scattering slit = 1° (20); and receiving slit = 0.3 mm. 
The sample was ground to a fine homogeneous powder and held in the beam in a 
thin-walled glass container. A scan speed of 5° (20)/minute with a scan step o f 0.02
(29) was used during a continuous run in the 5 to 90° (20) range. The digital output 
o f the proportional X-ray detector and the goniometer angle measurements were sent 
to a on-line microcomputer to record and subsequent data analysis. Crystallite size 
was calculated by using Scherrer equation in Equation 3.3.

Db =  KÀ, / Bd cos 0 (3.3)
where:

X  = the X-ray wavelength (Â)
K = the Scherrer constant which is equal to 1
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Bd= the angular width o f the peak in the terms o f A(20)(Radian)
0 = the Bragg angle o f the reflection (degree)
Db= the mean crystallite diameter (Â).

3.4.3 Atomic Absorption Spectroscopy (AAS)
The AAS, VARIAN model 300/400 was used to determine the actual 

content Au loading on the support. The necessary amount o f catalyst was dissolved 
with aqua regia solution (hydrochloric acid to nitric acid o f 82 to 18 ratios) and then 
heated to 100°c for one hour. Several standard solutions were made from stock 
solution o f 1000 ppm to establish a calibration curve. The metal solution was diluted 
to the measuring range. The amount o f Au loaded on the supports was obtained by 
measuring the absorbance o f the prepared solution.

3.4.4 Transmission Electron Microscope (TEM)
In this work, TEM was used to investigate the average particle size of 

Au because Bethke and Kung (2000) studied that optimal average particle size o f Au 
about 5-10 nm gave the best activity. Characterization o f TEM samples was 
performed using a JEOL 2010, operating at an accelerating voltage o f 200 kv. The 
samples were prepared by sonicating the powder in ethanol for 2-3 min, followed by 
deposition o f a few drops o f the resulting suspension on the holey carbon film grids. 
Bright-field images were taken at magnifications between 150-200 K with an 
objective aperture in place. TEM works much like a slide projector. A projector 
shines a beam of light through the slide, as the light passes through it is affected by 
the structures and objects on the slide. These effects resulted in only certain parts of 
the light beam being transmitted through certain parts o f the slide. This transmitted 
beam was then projected onto the viewing screen, forming an enlarged image o f the 
slide. Crystallinity and crystal structure o f the samples were evaluated from selected 
area electron diffraction patterns. Images processing for constrast enhancement and 
image evaluation were done by means o f the programs Digital Micrograph.
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3.5 Activity Measurement

Selective CO oxidation reaction was carried out in the fixed bed reactor. 
The reactant gases were flowed passing through the sample o f catalyst in the reactor 
containing 1%C0, 2%C02, 1%02, 2.6%H20, and 40%H2 balanced in He at the total 
flow rate o f 50 ml/min (SV = 30,000 mlg^h'1) and at atmospheric pressure. The 
amount o f catalyst was 100 mg with 80/120 mesh size and reaction temperatures 
were set between 50 to 190°c.

3.5.1 Effect o f Catalyst Pretreatment
Catalyst pretratment can change in the structure o f the catalyst leading 

to the changes in the activity and selectivity.
a) The calcined catalysts were pretreated with

- 50 ml/min of pure H2 at 200°c for 2 h
- 50 ml/min of pure O2 at 200°c for 2 h
- 50 ml/min of pure He at 200°c for 2 h.

b) Samples were placed in the reactor and cooled down to the reaction 
temperature under pure He.

3.5.2 Effect o f Calcination Temperature
Calcination was the last step in the preparation method in order to 

form structure and eliminate undesired product. The difference in catalyst structure 
caused some changes in the activity and selectivity.

The effect o f calcination temperature on catalyst was conducted 
using 100 mg o f catalyst calcined at different temperatures, which were 300, 400 and 
600°c for 5 h. The reactant gas contained l%CO, 2% C02, 1%02, 2.6%H20 , and 
40%H2 balanced in He flowing at 50 ml/min and under atmospheric pressure.

3.5.3 Effect o f Metal Loading
The amount o f Au loading has an effect on the catalyst activity. Thus, 

different metal Au loadings o f 0.5, 1, 3, and 5% by weight were examined using 100
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mg of each catalyst. The reactant gas contained 1%C0, 2%cc>2, 1%02, 2.6%แ20, 
and 40%H2 balanced in He flowing at 50 ml/min and under atmospheric pressure.

3.5.4 Effect o f Catalyst Preparation
The preparation methods for highly dispersed Au catalysts have been 

developed in order to improve the catalyst activity. The effect o f catalyst preparation 
method on catalyst activity was tested using 100 mg of each catalyst prepared by 
different methods. The catalysts were prepared by 2 techniques, which were 
deposition-precipitation and impregnation on sol-gel method.

3.5.5 Effect o f C O
Hoflund e t  a l .  (1995) found that the retention of CO2 led to the 

increase o f surface coverage by intermediate species. Therefore, the activity test was 
examined using 100 mg o f catalyst by varying the concentration o f CO2 in order to 
investigate the effect o f CO2.

3.5.6 Effect o f H7O
Generally, the catalyst activity is depressed in the presence of water 

vapor. Thus, the activity was tested using 100 mg o f catalyst by varying the 
concentration o f water vapor in the reaction gas mixture.

3.5.7 Deactivation Test
It is necessary to investigate the stability o f catalyst. Therefore, 

catalyst deactivation was tested for 48 h under reaction condition for selective CO 
oxidation.

3.6 Calculations

The CO conversion and selectivity were calculated by Equation 3.4 and 3.5, 
respectively.
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% CO Conversion [ c o i  -  [C o ]  
1c o i

X  100 (3.4)

% Selectivity (3.5)
Icooxi" +

where:
[ c o ] 0  =  Amount o f CO in reactant gas
[CO] = Amount o f CO after reaction
[ 0 2 \c o o x i"  = Amount o f O2 for CO oxidation 
[ 0 2 ] H20ท่ท =  Amount o f O2 for H2 oxidation.

3.7 Experimental Plan

Condition : 100 mg o f catalyst (80-120 mesh size)
Reactant gas : l%CO, 2%C02, 1%02, 2.6%H20 , and 40%H2

Reaction temperature : 50-190°c  
Reaction pressure : atmospheric pressure

3.7.1 Effect o f Catalyst Pretreatment 
Catalyst preparation method

- Depostion-precipitation method (Degussa P-25): DPI
- Impregnation on sol-gel method: ISG 

Calcination condition: 400°c for 5 h
Table 3.1 summarizes the experimental plan for effect o f catalyst

balanced in He
Flow rate 
Space velocity

50 ml/min
30,000 m lg -V

pretreatment.
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Table 3.1 Experimental plan for effect o f catalyst pretreatment

Run No. Type o f catalyst Pure H2 Pure 0 2 Pure He
1-3 l% Au/Ti02 (DPI) * * *
4-6 l% Au/Ti02 (ISG) * * *

3.7.2 Effect o f Calcination Temperature 
Catalyst preparation method

- Depostion-precipitation method (Degussa P-25): DPI
- Depostion-precipitation method (Sigma): DP2
- Impregnation on sol-gel method: ISG 

Pretreatment condition
- Pure O2 at 200°c for 2 h for DPI and DP2
- Pure H2 at 200°c for 2 h for ISG

Table 3.2 summarizes the experimental plan for effect o f calcination
temperature.

Table 3.2 Experimental plan for effect o f calcination temperature

Run No. Type of catalyst 300°c 400°c 600°c
7-8 l% Au/Ti02 (DPI) * * -

9-10 l% Au/Ti02 (DP2) * * -
11-13 !% Au/Ti02 (ISG) * * *

3.7.3 Effect o f Metal Loading
Catalyst preparation method

- Depostion-precipitation method (Degussa P-25): DPI
- Impregnation on sol-gel method: ISG 

Pretreatment condition
Pure O2 at 200°c for 2 h for DPI 
Pure แ 2 at 200°c for 2 h for ISG
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Table 3.3 summarizes the experimental plan for effect of metal
loading.

Table 3.3 Experimental plan for effect o f metal loading

Run No. Type o f catalyst 0.5% Au l%Au 3% Au 5% Au
14-17 l% Au/Ti02 (DPI) * * * *
18-20 !% Au/Ti02 (ISG) * * * -

3.7.4 Effect o f Catalyst Preparation 
Catalyst preparation method

- Depostion-precipitation method (Degussa P-25): DPI
- Depostion-precipitation method (Sigma): DP2
- Impregnation on sol-gel method: ISG 

Pretreatment condition
- Pure (ว2 at 200°c for 2 h for DPI and DP2
- Pure H2 at 200°c for 2 h for ISG

Table 3.4 summarizes the experimental plan for effect o f catalyst
preparation.

Table 3.4 Experimental plan for effect o f catalyst preparation

Run No. Type o f catalyst DPI DPI
+Mg citrate DP2 ISG

21-24 Au/Ti02 * * * *

3.7.5 Effect o f CO?
Catalyst preparation method 

- Depostion-precipitation method (Degussa P-25): DPI 
Pretreatment condition: Pure (ว2 at 200°c for 2 h for DPI 
Table 3.5 summarizes the experimental plan for effect o f C 0 2.
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Table 3.5 Experimental plan for effect o f CO2 (reactant gas: 1%C0, 1%(ว2, 
2.6%H20 ,  and 40%แ2 balanced in He)

Run No. Type o f catalyst 0%CO2 2% C02 10%CO2
25-27 l% Au/Ti02 (DPI) * * *

3.7.6 Effect o f H?Q
Catalyst preparation method

- Depostion-precipitation method (Degussa P-25): DPI 
Pretreatment condition: Pure O2 at 200°c for 2 h for DPI 
Table 3.6 summarizes the experimental plan for effect o f H20 .

Table 3.6 Experimental plan for effect o f H20  (reactant gas: 1%C0, 1%02, 2%C02, 
and 40%H2 balanced in He)

Run No. Type o f catalyst 0%H2O 2.6%H20 10%H2O
28-30 l% Au/Ti02 (DPI) * * *

3.7.7 Deactivation Test
Catalyst preparation method

- Depostion-precipitation method (Degussa P-25): DPI 
Pretreatment condition: Pure 0 2 at 200°c for 2 h for DPI 
Table 3.7 summarizes the experimental plan for deactivation test.

Table 3.7 Experimental plan for deactivation test

Run No. Type o f catalyst Deactivation test
31 l% Au/Ti02 (DPI) *
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