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A P P E N D IX

A p p e n d ix  A  C a lib ra tio n  o f  g a s  p ro d u cts

T h e  re la tio n sh ip  b e tw e e n  th e  p e a k  a rea  fro m  G C  a n a ly s is  an d  th e  gas c o n ­
c e n tra tio n  w a s  c o n d u c te d  fo r  th e  p o ss ib le  gas p ro d u c ts  su c h  a s  h y d ro g e n , c a rb o n  
m o n o x id e , an d  c a rb o n  d io x id e .

H y d r o g e n

P e a k  A r e a A m o u n t (% )
9 6 4 6 .3 8 10 .36

2 9 5 8 5 .2 5 2 7 .6 0
- . 6 0 3 5 5 .0 0 4 9 .7 9

8 3 0 9 4 .0 0 6 9 .3 2

I

20000 40000 60000

Peak area
80000 100000

F ig u r e  A1 C a lib ra tio n  cu rv e  o f  gas h y d ro g en .

W h e re  X is  p eak  a rea  from  G C  an a ly sis  
y is c o n c e n tra tio n  (% )



C a rb o n  d io x id e

P e a k  A re a A m o u n t (% )
0 0

3 3 5 0 7 4 .0 5 .1 7
15 16 53 2 .8 24 .81
3 2 1 9 7 2 1 .0 5 1 .3 4
5 0 5 0 4 4 1 .0 7 3 .3 6

P eak  a re a

F ig u r e  A 2  C a lib ra tio n  cu rv e  o f  g as  c a rb o n d io x id e .

Where X is peak area from GC analysis
y is concentration (%)
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C a rb o n  m o n o x id e

P ea k  A r e a A m o u n t (% )
0 0

8 1 4 3 3 .2 0.5
152432.1 1.64
5 1 1 3 1 3 .4 5 .69

0 100000 200000 300000 400000 500000 600000

P eak  A re a

F ig u re  A 3  C a lib ra tio n  cu rv e  o f  g a s  ca rb o n  m o n o x id e .

Where X is peak area from GC analysis
y is concentration (%)
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M eth a n e

P e a k  A re a A m o u n t (% )
0 0

23 3 1 7 8 5 .6 7
8 1 3 7 1 2 .6 7 16 .92

1431971 31 .0

F ig u re  A 4  C a lib ra tio n  cu rv e  o f  gas m e th an e .

Where X is peak area from GC analysis
y is concentration (%)
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A p p e n d ix  B  P a r tic le  s ize  d is tr ib u tio n  fro m  T E M  a n a ly s is

(a ) 1%  A u /Z n O , c a lc in e d  at 400°c (b) 3% A u /Z n O , c a lc in e d  a t 400°c

(C) 5% A u /Z n O , c a lc in e d  a t 400°c (d ) 5% A u /Z n O , c a lc in e d  a t 300°c

3 4 5 6 7 8 9 10 11 12 13
Au particle size (nm)

(e) 5%  A u /Z n O , c a lc in e d  at 5 0 0 ° c

F ig u r e  B1 P artic le  s ize  d is tr ib u tio n  o f  A u /Z n O  c a ta ly s ts  a t v a r io u s  A u  c o n te n ts  and  
c a lc in a tio n  tem p e ra tu res .
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Au particle size (nra)

(b) Z n 0 :F e 20 3 =  3 :l

0 1 2 3 4 5 6 7 8  
Au particle size (nm)

(c) Z n 0 :F e 20 3 =  1:1 (d ) Z n 0 :F e 20 3 =  1 ะ3

(e) Z n 0 :F e 20 3 =  1:9

F ig u re  B 2 P a rtic le  s ize  d is tr ib u tio n  o f  A u /Z n 0 -F e 20 3 c a ta ly s ts  a t v a rio u s  m o la r  ra ­
tio s  o f  Z n O  to  F e 20 3.
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Au particle size (ntn) Au particle size (nm)
(a) 1%  A u /Z n 0 -F e 2 0 3 , c a lc in ed  a t 4 0 0 ° c  (b ) 3 %  A u /Z n 0 -F e 2 0 3 , c a lc in e d  a t 4 0 0 ° c

(c) 5 %  A u /Z n 0 -F e 2 0 3 , c a lc in ed  a t 4 0 0 ° c  (d ) 5%  A u /Z n 0 -F e 2 0 3 , c a lc in e d  a t  3 0 0 ° c

Au particle size (nm)
(e) 5%  A u /Z n O -F e 2 0 3 , ca lc in ed  a t 2 0 0 ° c

F ig u re  B 3 P a rtic le  s ize  d is tr ib u tio n  o f  A u /Z n 0 -F e 2 0 3  c a ta ly s ts  a t v a rio u s  g o ld  c o n ­
ten ts  an d  c a lc in a tio n  tem p e ra tu res .



Appendix c  EDS pattern of Au/Zn0 -Fe2 0 3  catalyst.

F ig u re  C l  TE M  m icro g ra p h  o f  A u /Z n 0 -F e 2 0 3  ca ta ly st.

F ig u re  C 2 E D S  p a tte rn  o f  A u /Z n 0 -F e 2 0 3  ca ta ly st.
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A p p e n d ix  D  F eed  flo w  ra te  ca lcu la tio n  from  P R O /II

-d̂ >

Stream Name S1 S2 HE T-REACTOR
Stream Description 
Phase Liquid Vapor Vapor Vapor
Fluid Rates G-MOL/HR
WATER 0.0306 0.0306 0.0000 0.0306
METHANOL 0.0235 0.0235 0.0000 0.0235
HELIUM 0.0000 0.0000 0.0433 0.0433

Rate G-MOL/HR 0.054 0.054 0.043 0.097

Temperature c 25.0000 150.0000 150.0000 150.0000
Pressure ATM 1.0000 1.0000 1.0000 1.0000
Enthalpy
Molecular Weight

MM BTU/HR 0.0000 0.0000 0.0000 0.0000

Vapor Rate CM3/HR 1.512 ๙a ท/ a ท/ a
Liquid Rate G/CM3 ๙a 0.001 0.000 0.001
Vapor std. Density 
Liquid Std. Density

G/CM3 0.870 ๙a ๙a ท/ a
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