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A PPEN D IC ES

Table A1 Gas chromatograph with thermal conductivity detector (GC-TCD, model 
GC-14B) conditions

Appendix A Experimental Data of Gas Calibration for Shimadzu GC-14B

T em p eratu re ° c P ressure kPa C u rren t mA
Column 50 Carrier Pressure (P) 500 Detector 120
Injector 120 Carrier Pressure (M) 450
Detector 120 TCD-Ref 120
TCD-T 120

1. Nitrogen

Figure A1 Relationship between area and concentration of nitrogen.
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Area

Figure A2 Relationship between area and concentration of nitrogen.

2. Hydrogen

Figure A3 Relationship between area and concentration o f hydrogen.
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Figure A4 Relationship between area and concentration of hydrogen.

3. Carbon monoxide

Figure A5 Relationship between area and concentration o f carbon monoxide.
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Figure A6 Relationship between area and concentration of carbon monoxide.

4. Carbon dioxide

Figure A7 Relationship between area and concentration o f carbon dioxide.
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5. Methane

R ela tio n sh ip  b e tw een  a rea  and  co n c e n tra tio n  o f  m e th an e .

Figure A9 Relationship between area and concentration of methane.
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6 . O x y g en

Figure A10 R ela tio n sh ip  b e tw een  a rea  and  c o n c e n tra tio n  o f  o x y g en .

Figure A ll  Relationship between area and concentration of oxygen.
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Table B1 G as c h ro m a to g ra p h  w ith  flam e io n iza tio n  d e te c to r  (G C -F ID , m o d e l: G C - 
17A ) co n d itio n s

Appendix B Experimental Data of Gas Calibration for Shimadzu GC-17A

Pressure kPa T em p eratu re ๐c C u rren t ท] A
H y d ro g en  (H 2) 80 C o lu m n 150 D e tec to r 1 2 0

A ir  Z ero 30 In jec to r 2 0 0

A U X 1 N itro g e n  (N 2) 60 D e tec to r 2 0 0

A U X 2  N itro g e n  (N 2) 60

1. A ce to n e

Area

Figure B1 R ela tio n sh ip  b e tw een  a rea  an d  c o n c e n tra tio n  o f  ace to n e .
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2. A ce tic  ac id

Area

Figure B2 R ela tio n sh ip  b e tw een  a rea  and  c o n c e n tra tio n  o f  ace tic  acid .
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Appendix c  Calibration Curve of Brooks 5850E Mass Flow Controllers

1. N itro g e n

Figure C l R ela tio n sh ip  b e tw een  se t p o in t an d  v o lu m e tric  f lo w  ra te  o f  n itro g en .

2. H y d ro g en

Figure C2 Relationship between set point and volumetric flow rate of hydrogen.
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3. O x y g en

Figure C3 R ela tio n sh ip  b e tw een  se t p o in t an d  v o lu m e tric  f lo w  ra te  o f  o x y g en .



Li
qu

id 
Vo

lum
etr

ic 
Flo

wr
ate

 (m
L/

mi
n)

77

Appendix D Calibration Curve of Eldex ReciPro Liquid Metering Pumps

Figure D1 R ela tio n sh ip  b e tw een  v o lu m e  se t p o in t and  v o lu m e tric  f lo w  rate .
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A ppendix E E xperim ental D ata of C atalytic Activity Tests

Table E l C ata ly tic  a c tiv ity  te s t o f  C e 7 5 Z r 2 5 0 x an d  q u a rtz  w o o l at 65 0  °c, to ta l 
f lo w  ra te  170 m l/m in , W /F  =  0 .3 5 2  g h m o f 1, s /c  m o la r  ra tio  =  6  ( fo r  S R  an d  A T R ), 
and  0 2/ace tic  ac id  m o la r ra tio  =  0 .35 (fo r P O X  an d  A T R )

C e7 5 Z r2 5 0 x Q u artz  WoolP aram eters — — ____ ____ ___ ——— — —________ ____SR POX ATR SR POX ATR
C -C  b reak ag e  c o n v e rs io n  (% ) 44.41 6.73 45 .68 1.07 0 .54 1 . 1 2

C H 3C O O H  co n v e rs io n  (% ) 65 .20 11.32 67.01 1.43 1.62 1.28
O2 c o n v e rs io n  (% ) - 2 6 .8 6 40.31 - 4 .05 5.80
H 2 Y ie ld  (% ) 26.71 1.77 19.51 0 .48 0.08 0 .30
C O  Y ie ld  (% ) 3 .37 0 .14 3.21 0.15 0 .06 0 . 1 0

C 02 Y ie ld  (% ) 32 .12 2 .39 34 .25 0 .59 0 .29 0.73
CH 4 Y ie ld  (% ) 0 .50 1.09 0 .0 0 0.18 0 .14 0 .14
C H 3C O C H 3 Y ie ld  (% ) 2 .42 2.51 0 .0 0 0 .60 0 .46 0 .59
C O  S e lec tiv ity  (% ) 8 .54 2.43 8.31 9.15 7 .04 6 .44
C 02 S e lec tiv ity  (% ) 82.21 41 .38 88 .72 40.91 3 3 .9 7 4 9 .6 2
CH 4 S e lec tiv ity  (% ) 1.19 19.04 0 .0 0 12.83 16.02 9 .14
C H 3C O C H 3 S e lec tiv ity  (% ) 4 .59 33 .48 0 .0 0 3 1 .4 6 39 .53 30.11
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Table E2 Catalytic activity test of 15%Ni/Ce75Zr250x catalyst at 650 ๐c , total flow
rate 170 ml/min, s /c  molar ratio = 6 (for SR and ATR), and 0 2/acetic acid molar
ratio = 0.35 (for POX and ATR)

W /F (g h m o l1) P aram eters SR POX A TR
0.088 C -C  b reak ag e  c o n v e rs io n  (%) 39 .83 8.14 4 5 .4 6

C H 3C O O H  co n v e rs io n  (%) 78 .55 19.82 6 6 .5 6
O 2 c o n v e rs io n  (%) - 9 4 .9 6 89 .97
H 2 Y ie ld  (%) 51 .69 11 .54 40 .15
C O  Y ie ld  (% ) 5.08 1.47 3 .68
C 0 2 Y ie ld  (% ) 2 9 .2 6 4 .96 37 .28
C H 4 Y ie ld  (% ) 0 .40 0 .24 0 .82
C H 3C O C H 3 Y ie ld  (% ) 3.43 1 .6 6 3.04
C O  S e lec tiv ity  (% ) 13.32 17.67 8 .2 1

C O 2 S e lec tiv ity  (% ) 76 .64 59 .54 83 .17
C H 4 S e lec tiv ity  (%) 1.06 2 .8 6 1.83
C H 3C O C H 3 S e lec tiv ity  (%) 6 .74 14.94 5 .09

0 .176 C -C  b reak ag e  co n v e rs io n  (%) 61.51 10.73 57 .52
C H 3C O O H  c o n v e rs io n  (%) 95.91 24 .62 92 .97
O 2 c o n v e rs io n  (%) - 9 9 .6 0 98 .32
H 2 Y ie ld  (%) 6 4 .3 0 14.70 55 .84
C O  Y ie ld  (%) 8.31 2 .35 8.03
C 0 2 Y ie ld  (%) 44 .88 5.41 4 1 .0 2
C H 4 Y ie ld  (%) 0 .0 0 0.63 0.43
C H 3C O C H 3 Y ie ld  (%) 0.81 1.05 0 .72
C O  S e lec tiv ity  (%) 15.40 24 .88 15.99
C O 2 S e lec tiv ity  (% ) 83.11 57 .30 81.71
C H 4 S e lec tiv ity  (% ) 0 .0 0 6.71 0 .8 6

C H 3C O C H 3 S e lec tiv ity  (% ) 1 . 1 2 8.33 1.08
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Table E2 (con’t) Catalytic activity test of 15%Ni/Ce75Zr250x catalyst at 650 °c,
total flow rate 170 ml/min, s /c  molar ratio = 6 (for SR and ATR), and 0 2/acetic acid
molar ratio = 0.35 (for POX and ATR)

W /F (g h m o l1) P aram eters SR POX A TR
0 .264 C -C  b reak ag e  co n v e rs io n  (%) 76 .08 13.58 78 .66

C H 3C O O H  c o n v e rs io n  (%) 1 0 0 .0 0 29 .23 1 0 0 .0 0

O 2 c o n v e rs io n  (%) - 1 0 0 .0 0 1 0 0 .0 0

H 2 Y ie ld  (%) 72 .89 19.29 64 .50
C O  Y ie ld  (% ) 10.26 3 .09 9.11
C 0 2 Y ie ld  (% ) 55 .55 6.23 60 .44
C H 4 Y ie ld  (% ) 0 .0 0 1.17 0 .0 0

C H 3C O C H 3 Y ie ld  (% ) 0 .0 0 0 .09 0 .0 0

C O  S e lec tiv ity  (% ) 15.60 29 .17 13.10
C O 2 S e lec tiv ity  (% ) 84.41 58 .90 86 .90
C H 4 S e lec tiv ity  (%) 0 .0 0 11.06 0 .0 0

C H 3C O C H 3 S e lec tiv ity  (%) 0 .0 0 0.65 0 .0 0

0.352 C -C  b reak ag e  co n v e rs io n  (%) 75 .44 13.95 7 8 .8 6
C H 3C O O H  c o n v e rs io n  (%) 1 0 0 .0 0 30 .43 1 0 0 .0 0

O 2 c o n v e rs io n  (%) - 1 0 0 .0 0 1 0 0 .0 0

H 2 Y ie ld  (%) 73 .07 21.71 64.81
C O  Y ie ld  (%) 9.73 3.23 8 .90
C 0 2 Y ie ld  (%) 55 .97 6 .42 6 1 .0 7
C H 4 Y ie ld  (%) 0 .0 0 1.08 0 .0 0

C H 3C O C H 3 Y ie ld  (%) 0 .0 0 0 .0 0 0 .0 0

C O  S e lec tiv ity  (%) 14.81 30 .08 12.72
C O 2 S e lec tiv ity  (% ) 85 .19 59 .87 87 .28
C H 4 S e lec tiv ity  (% ) 0 .0 0 10.05 0 .0 0

C H 3C O C H 3 S e lec tiv ity  (% ) 0 .0 0 0 .0 0 0 .0 0
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