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A P P E N D IX  A
C A L C U L A T IO N S

In this study, the fo llo w in g  physical properties o f  M icro 850 graphite w ere to 
be m easured and calculated:

the B E T  total surface area, BE T  (m 2/g ) 
the average diam eter o f  graphite flakes, d (p m )  
the average th ickness o f  graphite flakes, h (p m )  
the basal plane surface area. A l (m 2/g ) 
the ed ge p lane surface area. Al (m 2/g).

The B E T  total surface area, B E T  and the average diam eter o f  graphite sam ple, 
d w ere m easured by m anufacturer. For determ ining the th ick n ess o f  graphite 
flakes, the basal p lane surface area and edge p lane surface area, they can be 
determ ined by the fo llo w in g  assum ption.
1. T he graphite flakes are taken as a disk.
2 . N 2 adsorption has no selectivity between the edge plane surface and basal plane 

surface.
3. T he graphite sam ple is a graphitic carbon w ith no pores.
T he th ick ness, h can be calculated  from  the geom etry  by the fo llo w in g  
equation.

h =  0 .9 0 9 1 7———I—7̂ —--------r(b e t  -1 .8 1 8 2 /d )
K n ow in g  the average particle diam eter, d and th ick ness, h and the density  (2 .2  
g /cn r  ) w as used in this study) o f  the sam ple, the ed ge p lane surface area. A 2 
and basal p lane surface area can be sim ply  calculated  from  the geom etry  o f  the 
flakes.
T he fo llo w in g  m ethod is the order o f  calculation .
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1. C alculate the vo lu m e o f  a graphite flake by the equation as fo llow s:

volu m e per one flake =  —

K n ow in g  the d en sity  o f  the sam ple and vo lu m e o f  a graphite, the m ass o f  a
graphite flake can be determ ined.
2. D eterm ine the total surface area o f  a graphite flake by the fo llo w in g  

equation:

The total surface area o f  a graphite flake
=  (B E T ) X  (the m ass o f  a graphite flake)

3. D eterm ine the ratio betw een  the basal plane surface area o f  on e graphite 
and the total surface area o f  a graphite flake and the ratio b etw een  the edge  
plane surface area o f  on e graphite and the total surface area o f  a graphite  
flake.

the basal p lane surface area o f  one flake 27t(d/2)2
total surface area o f  one flake ~~ 2 m(d/2 ) 2 +  2 ji(d /2 )h

the edge p lane surface area o f  on e flake 2 Ti(d/2 )h
total surface area o f  one flake -  27r(d/2 ) 2 +  27r(d/2 )h

K n ow in g  total surface area o f  a graphite flake and the ratio b etw een  the basal 
plane surface area o f  one graphite and the total surface area o f  a graphite flake  
or the ratio b etw een  the ed ge plane surface area o f  one graphite and the total 
surface area o f  a graphite flake, the basal p lane surface area and the edge  
surface area o f  one flake can be determ ined.
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For determ ining reaction rate on the d ifferent bases, the m ass reduction  data 
from T G A  experim ents b etw een  10% to 20%  b urnoff and the initial surface o f  
graphite w ere  only used.
1 _1 . 1 1  . 1 the m ass reduction data1. R eaction  rate based on w eig h t =  ------------------ —-------------------initial w eigh t o f  graphite

4. Convert the basal plane surface area and edge plane surface area of one
flake into the basal surface surface area and edge surface area per one gram
of the graphite sample by dividing with the mass of a graphite flake.

2. R eaction  rate based on total surface area

" the m ass reduction data 
v initial w eight o f  graphite

3. Reaction rate based on edge surface area

'  the m ass reduction data \  1-------------------- --------------------- (edge surface areav initial w eight o f  graphiteJ

4. Turnover frequency

f  the mass reduction data  ̂
initial w eight o f  graphite (edge surface area)(Avogadro N um ber)

(M olecular w eight o f  carbon) 0 .1 2 0 edge carbon atoms
พ



A P P E N D I X  B  
E X P E R IM E N T A L  D A T A

T able B - l  TO F for carbon-N O  reaction  at various tem perature ( 6 % N O  concentration , M icro850  graphite).

Tem perature (°C ) 500 550 600 650 700 750
Rate o f  carbon rem oval (m g/m in ) 0 .0013 0 .0 0 2 8 0 .0 0 6 9 0 .0 1 5 5 0 .0 3 9 7 0 .0 8 6 4

Initial graphite w e ig h t (m g) 5 .0 1 8 0 5 .0 8 2 0 5 .0 6 8 0 6 .1 5 9 0 5 .1 7 8 0 6 .0 7 6 0
R eaction  rate based  on w eig h t  

(g  carbon /gcarbon  m in) 0 .0 0 03 0 .0 0 0 6 0 .0 0 1 4 0 .0 0 2 5 0 .0 0 7 7 0 .0 1 4 2
R eaction  rate based  on total surface area 

(g  carbon /B E T  m 2 hr) 0 .0 0 1 0 0 .0 0 2 1 0 .0 0 53 0 .0 0 9 7 0 .0 2 9 7 0 .0 5 5 0
R eaction  rate b ased  on ed g esu rface  area 

(g  carb on /ed ge m 2 hr) 0 .0 3 5 4 0 .0 7 4 0 0 .1 8 2 2 0 .3 3 5 6 1 .0 2 2 1 1.8949
TO F (s e c ’1) 0 .0411 0 .0 8 5 9 0 .2 1 1 6 0 .3 8 9 7 1.1870 2 .2 0 0 5
100 0 /T  (K '1) 1 .2934 1.2148 1.1453 1 .0832 1.0276 0 .9 7 7 4

InTOF -3 .1 9 1 9 -2 .4 5 4 0 -1 .5 5 3 0 -0 .9 4 2 5 0 .1 7 1 4 0 .7 8 8 7
N O  pressure (atm ) 0 .0 6 33 0 .0 6 0 9 0 .0 5 8 7 0 .0 6 1 7 0 .0 6 1 6 0 .0 6 1 4

In N O  pressure -2 .7 5 9 8 -2 .7 9 8 5 -2 .8 3 5 5 -2 .7 8 6 0 -2 .7 8 6 4 -2 .7901



Table B-2 TOF for carbon-NO reaction at various temperature (20% NO concentration, Micro850 graphite).

Tem perature(°C ) 500 550 600 650 700 750

R ate o f  carbon rem oval (m g /m in ) 0 .0 0 2 4 0 .0 0 5 6 0 .0 1 9 2 0 .0 5 3 6 0 .1 0 3 2 0 .2223

Initial graphite w e ig h t (m g ) 5 .0 5 9 0 5 .0 7 7 0 5 .1 4 5 0 5 .1 6 60 5 .1 7 2 0 6 .1 7 3 0
R eaction  rate based  on w eig h t  

(g  carbon/g  carbon m in) 0 .0 0 0 5 0 .0 0 1 1 0 .0 0 3 7 0 .0 1 0 4 0 .0 2 0 0 0 .0 3 6 0
R eaction  rate based  on total su rface area 

(g  carb on /B E T  m 2 hr) 0 .0 0 1 8 0 .0 0 43 0 .0 1 4 5 0.0401 0 .0 7 7 3 0 .1 3 9 4
R eaction  rate based  on ed g e  su rface area 

(g  carb on /ed ge n r  hr) 0 .0 6 3 0 0 .1 4 7 7 0 .4 9 8 5 1.3824 2 .6 6 1 3 4 .8 0 1 8

TO F ( s e c 1) 0 .0 7 3 2 0 .2 1 33 0 .5 7 8 9 1.6053 3 .0 9 0 5 5 .5 7 62

1000 /T  (K '1) 1 .2934 1.2148 1.1453 1.0832 1.0276 0 .9 7 7 4

InTOF -2 .6 1 4 6 -1 .5451 -0 .5 4 6 7 0 .4 7 33 1.1283 1.7185

N O  Pressure (atm ) 0 .2 1 0 0 0 .2 1 9 6 0 .2 1 9 4 0.2141 0 .2 2 5 6 0 .2223

In N O  pressure -1 .5 6 0 6 -1 .5 1 6 -1 .5 1 6 7 -1 .5 4 1 2 -1 .4 8 8 9 -1 .5 0 3 9

L/ไ



Table B-3 TOT for carbon-NO reaction at various temperature (40% NO concentration, Micro850 graphite).

T em p era tu re  (°C ) 5 0 0 5 5 0 6 0 0 6 5 0 7 0 0 7 5 0

R ate o f  ca rb o n  r e m o v a l (m g /m in ) 0 .0 0 8 2 0 .0 2 2 1 0 .0 4 3 0 0 .0 9 0 4 0 .2 3 2 8 0 .4 1 5 3

Initia l g ra p h ite  w e ig h t  (m g ) 5 .4 2 2 0 5 .0 0 0 0 5 .2 3 3 0 6 .1 0 7 0 5 .3 0 0 0 5 .8 7 6 0
R e a c tio n  rate  b a se d  o n  w e ig h t  

(g  c a r b o n /g  ca rb o n  m in ) 0 .0 0 1 5 0 .0 0 4 4 0 .0 0 8 2 0 .0 1 4 8 0 .0 4 3 9 0 .0 7 0 7
R e a c tio n  rate b a se d  o n  to ta l su r fa c e  area  

(g  c a r b o n /B E T  m 2 hr) 0 .0 0 5 9 0 .0 1 7 1 0 .0 3 1 8 0 .0 5 7 3 0 .1 7 0 0 0 .2 7 3 6
R e a c tio n  rate b a se d  o n  e d g e  su r fa c e  area  

(g  c a r b o n /e d g e  n r  hr) 0 .2 0 1 9 0 .5 8 9 1 1 .0 9 4 8 1 .9 7 4 4 5 .8 5 6 2 9 .4 2 3 3

T O F  (sec" 1) 0 .2 3 4 5 0 .6 8 4 1 1 .2 7 1 4 2 .2 9 2 8 6 .8 0 0 6 1 0 .9 4 3 0

1 0 0 0 /T (K " ') 1 .2 9 3 4 1 .2 1 4 8 1 .1 4 5 3 1 .0 8 3 2 1 .0 2 7 6 0 .9 7 7 4

InT O F - 1 .4 5 0 4 - 0 .3 7 9 7 0 .2 4 0 1 0 .8 2 9 8 1 .9 1 7 0 2 .3 9 2 7

N O  p r e ssu r e  (a tm ) 0 .4 0 7 4 0 .4 0 7 5 0 .4 1 1 9 0 .4 0 4 8 0 .3 9 1 5 0 .4 0 5 1

In N O  p ressu re -0 .8 9 7 9 -0 .8 9 7 6 -0 .8 8 6 9 -0 .9 0 4 5 -0 .9 3 7 7 -0 .9 0 3 7

น/ฯ๐0



T a b le  B -4  C o m p a r iso n  o f  T O F  for  M ic r o  8 5 0  gra p h ite  w ith  S P -1  and M ic r o  4 5 0  g ra p h ite  at v a r io u s  tem p era tu re  in  
c a r b o n -N O  r e a c tio n  (6%  N O  c o n c e n tr a tio n ) .

T em p era tu re
(°C )

1 0 0 0 /T
(K -1)

T O F  ( s e c '1) InT O F
M ic r o  8 5 0  

g ra p h ite
SP-1

g ra p h ite
M ic r o  4 5 0  

g ra p h ite
M ic r o  8 5 0  

grap h ite
SP -1

g ra p h ite
M icro  4 5 0  

g ra p h ite
5 0 0 1 .2 9 3 4 0 .0 4 1 1 - 0 .0 3 0 8 - 3 .1 9 1 9 - -3 .4 7 9 4

5 5 0 1 .2 1 4 8 0 .0 8 5 9 0 .7 8 8 8 0 .0 7 0 8 - 2 .4 5 4 0 -0 .2 3 7 3 -2 .6 4 7 2

6 0 0 1 .1 4 5 3 0 .2 1 1 6 1 .8941 0 .0 9 9 9 - 1 .5 5 3 0 0 .6 3 8 8 -2 .3 0 3 6

6 5 0 1 .0 8 3 2 0 .3 8 9 7 2 .7 9 7 9 0 .2 4 4 5 -0 .9 4 2 5 1 .0 2 8 9 -1 .4 0 8 4

7 0 0 1 .0 2 7 6 1 .1 8 7 0 5 .9 8 7 6 0 .5 9 5 5 0 .1 7 1 4 1 .7 8 9 7 -0 .5 1 8 3

7 5 0 0 .9 7 7 4 2 .2 0 0 5 1 6 .5 2 0 4 1 .0 8 8 7 0 .7 8 8 7 2 .8 0 4 6 0 .0 8 5 0

'J1ร๐



Table B-5 TOF for carbon-N20  reaction at various temperature (6% N20  concentration, Micro850 graphite).

T em p era tu re  (°C ) 5 0 0 5 5 0 6 0 0 6 5 0 7 0 0 7 5 0

R a te  o f  ca rb o n  r e m o v a l (m g /m in ) - 0 .0 0 0 7 0 .0 0 3 1 0 .0 1 2 5 0 .0 6 8 3 0 .2 1 7 2

In itia l g ra p h ite  w e ig h t  (m g ) - 7 .0 3 0 0 7 .1 5 0 0 7 .0 3 1 0 7 .0 7 8 0 6 .8 5 8 0
R e a c t io n  rate b a se d  o n  w e ig h t  

(g  c a r b o n /g  ca rb o n  m in ) - 0 .0 0 0 1 0 .0 0 0 4 0 .0 0 1 8 0 .0 0 9 6 0 .0 3 1 7
R e a c t io n  rate b a se d  o n  to ta l su r fa c e  area  

(g  c a r b o n /B E T  m 2 hr) - 0 .0 0 0 4 0 .0 0 1 7 0 .0 0 6 9 0 .0 3 7 4 0 .1 2 2 6
R e a c tio n  rate b a se d  o n  e d g e  su r fa c e  area  

(g  c a r b o n /e d g e  n r  hr) - 0 .0 1 3 4 0 .0 5 7 0 0 .2 3 7 2 1 .2 8 6 6 4 .2 2 2 9

T O F ( s e c ‘) - 0 .0 1 5 6 0 .0 6 6 2 0 .2 7 5 5 1 .4 9 4 1 4 .9 0 3 9

1000 /T (K " ') - 1 .2 1 4 8 1 .1 4 5 3 1 .0 8 3 2 1 .0 2 7 6 0 .9 7 7 4

InT O F - - 4 .1 6 2 0 - 2 .7 1 5 0 - 1 .2 8 9 2 0 .4 0 1 5 1 .5 9 0 0

N 20  p ressu re  (a tm ) - 0 .0 6 0 4 0 .0 6 1 0 0 .0 6 0 3 0 .0 5 9 5 0 .0 6 0 2

In N 20  p ressu re - -2 .8 0 7 0 -2 .7 9 7 5 -2 .8 0 9 2 -2 .8 2 2 5 -2 .8 0 9 5



Tabic B-6 TOF for carbon-N^O reaction at various temperature (12% N20  concentration, Micro850 graphite).

T em p era tu re  (°C ) s o n 5 5 0 6 0 0 6 5 0 7 0 0 7 5 0

R ate  o f  ca rb o n  r e m o v a l (m g /m in ) 0 .0 0 0 2 0 .0 0 2 1 0 .0 0 6 0 0 .0 3 0 8 0 .1 2 5 8 0 .4 2 6 2

I in itia l g ra p h ite  w e ig h t  (m g ) 7 .1 7 6 0 7 .0 5 0 0 6 .8 9 9 0 7 .0 6 1 0 6 .6 0 3 0 6 .6 8 2 0
R e a c tio n  rate b a se d  o n  w e ig h t  

(g  c a r b o n /g  ca rb o n  m in ) 3 .2 9 3 8 E -0 5 0 .0 0 0 3 0 .0 0 0 9 0 .0 0 4 1 0 .0 1 9 1 0 .0 6 3 8
R e a c t io n  rate b a se d  o n  to ta l su r fa c e  area  

(g  c a r b o n /B E T  n r  hr) 0 .0 0 0 1 0 .0 0 1 1 0 .0 0 3 4 0 .0 1 5 7 0 .0 7 3 8 0 .2 4 6 9
R e a c tio n  rate b a se d  o n  e d g e  su r fa c e  area  

(g  c a r b o n /e d g e  m 2 hr) 0 .0 0 4 4 0 .0 3 8 9 0 .1 1 5 4 0 .5 4 0 8 2 .5 4 0 3 8 .5 0 4 5

T O F  ( s e c 1) 0 .0 0 5 1 0 .0 4 5 2 0 .1 3 4 0 0 .6 2 8 0 2 .9 5 0 9 .8 7 6 0

1 0 0 0 /T  ( 1 ๙ ) 1 .2 9 3 4 1 .2 1 4 8 1 .1 4 5 3 1 .0 8 3 2 1 .0 2 7 6 0 .9 7 7 4

InT O F -5 .2 7 8 5 -3 .0 9 6 7 -2 .0 0 9 9 - 0 .4 6 5 2 1 .0 8 1 8 2 .2 9 0 1

N 20  p ressu re  (a tm ) 0 .1 2 2 2 0 .1 1 8 2 0 .1 1 9 0 0 .1 1 9 4 0 .1 2 1 0 0 .1 1 8 4

In N 20  p ressu re -2 .1 0 1 9 -2 .1 3 5 7 -2 .1 2 8 3 -2 .1 2 5 0 -2 .1 1 2 3 -2 .1 3 4 0



Table B-7 TOF for carbon-N20  reaction at various temperature (20% N20  concentration, Micro850 graphite).

T em p era tu re  (°C ) 5 0 0 5 5 0 6 0 0 6 5 0 7 0 0 7 5 0

R ate o f  ca rb o n  r e m o v a l (m g /m in ) 0 .0 0 0 4 0 .0 0 2 8 0 .0 1 3 0 0 .0 3 8 9 0 .2 0 0 1 0 .5 6 5 6

In itia l g ra p h ite  w e ig h t  (m g ) 7 .1 2 2 0 6 .9 3 3 0 6 .9 2 8 0 6 .7 6 0 0 6 .9 4 7 0 6 .7 0 1 0
R e a c t io n  rate b a se d  on  w e ig h t  

(g  c a r b o n /g  carb on  m in ) 0 .0 0 0 1 0 .0 0 0 4 0 .0 0 1 9 0 .0 0 5 7 0 .0 2 8 8 0 .0 8 4 4
R e a c tio n  rate b a se d  o n  to ta l su r fa c e  area  

(g  c a r b o n /B E T  n r  hr) 0 .0 0 0 2 0 .0 0 1 6 0 .0 0 7 3 0 .0 2 2 2 0 .1 1 1 5 0 .3 2 6 7
R e a c tio n  rate b a se d  o n  e d g e  su r fa c e  area  

(g  c a r b o n /e d g e  n r  hr) 0 .0 0 6 8 0 .0 5 3 4 0 .2 5 1 0 0 .7 6 6 3 3 .8 4 1 4 1 1 .2 5 4 7

T O F  ( s e c 1) 0 .0 0 7 9 0 .0 6 2 0 0 .2 9 1 4 0 .8 8 9 8 4 .4 6 0 9 1 3 .0 6 9 7

1 0 0 0 /T  (K '1) 1 .2 9 3 4 1 .2 1 4 8 1 .1 4 5 3 1 .0 8 3 2 1 .0 2 7 6 0 .9 7 7 4

InT O F - 4 .8 4 6 2 -2 .7 8 0 3 -1 .2 3 2 9 -0 .1 1 6 7 1 .4 9 5 3 2 .5 7 0 3

N 20  p ressu re  (a tm ) 0 .1 9 9 3 0 .2 0 3 5 0 .2 0 0 9 0 .2 0 0 7 0 .1 9 5 7 0 .2 0 1 0

In N 20  p ressu re -1 .6 1 2 7 -1 .5 9 2 1 -1 .6 0 4 8 -1 .6 0 5 8 -1 .6 3 1 1 - 1 .6 0 4 5
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