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A Theoretical Analysis on Volatile Matter Release from Different Coals
Using CPD Model During a Coal Gasification
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Abstract

Integrated Coal Gasification Combined Cycle (IGCC) power plants have been developed to reduce carbon
dioxide emissions and to increase the efficiency of electricity generation. A devolatilization process of
entrained coal gasification is predicted by CPD model which could describe the devolatilization behavior of
rapidly heated coal based on the chemical structure of the coal. This paper is intended to compare the mass
release behavior of char, tar and gas(CO, CO,, H,O, CH,) for three different coals. The influence of coal
structure on gas evolution is examined over the pressure range of 10~30atm.
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Table 1 Coal independent kinetic rate coefficients
typically used in the CPD model %

Parameters Value Description
Ey 231.9[kJ/mol] | Bridge scission
activation energy
Ko.b 2.6x10"[1/s] | Bridge scission
frequency factor
Gb 7.5[kJ/mol] Standard deviation
for distributed E,,
E, 288.8[kJ/mol] | Gas release activation
energy
Koo 3x10"[1/s] | Gas release frequency
factor
o 33.9[kJ/mol] | Standard deviation
for distributed E,
p 0.9 Composite rate
Constant( = ks/ k.)
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Fig. 2 Comparison of prediction by CPD model and
measured Char, Tar and Light gas for Illinois
No.6 bituminous coal
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Table 2 The computed conditions

Parameters Value
Coal diameter [ pm | 75
Mean temperature [K] 1800
Heating rate [K/sec] 10*
Pressure [atm] 10, 20, 30
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Fig. 3 Coal rank as a function of H/C and O/C
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Table 3 Coal characteristics of three different coals

Coal Proximate (wt. %)

Moi. VM FC Ash FC/VM C

Ultimate (wt. %)

H S N

O

Structure from calculated 13 NMR

M, M, o+l P,

cl

APC 1.75 154 3.52 91.29

4.56 0.36

1.63

2.13

230.0 165 399 0.725

TOTAL 4.93 14.01 1.52 84.94

527 0.57

1.88

7.31

316.0 283 481 0.542

PIE 10.89 0.75 76.97

579 0.78

1.21

15.23

3934 398 496 0461

r+
:\m
N =

5}, E}E 1?4 7}*«1
A A1 el 17.5ms, %57} 1000K H-E
2}7} WhE-she] IS w3
Z%7] 950K *-E 1100K 7HA] EF27} 7p2~K
O B 4S viEsty hdst AdEli(Steady
state)©ll o}, aEY 7F2AE 1100K HE
1580K 7HA] 7F2=7F AufA o & wjEo] =w QHA
st Aol =deigivh webA oS 2 A
S Fote] @3u3t HAHo A z7]ol= EF2 S )
Aoz dojulx gt AdAT A FA 7
25k o] oA = ARt R HE EFE9) HH%
=] 7}}\1‘ x]q_xqoi BL%Q
Uk TRV AL o R HiEH = o]
‘:“Ei EtE27F wjEH L we #e] W
= A7} (Side chain)7} 1L

E Mol z k=2 W] [LHTL“O]E]'.

Fig. 5 + Fig. 4 oA m&¥ 7t=& CO, CO,,
H,0, CH; L#] 3L Others & A|%3}3 2 3}o]t}. Fig.
4 9} Fig. 5 9] PIE A eke] ZA3i= APC, TOTAL 4]
HolF7] wiel & =ikl A
¥]3}7] 98l PIE A ko)
1% AEE] PIE A RS

“—‘71 tﬂ%ﬁ’wﬂ E‘?ﬂ“@} ¥}
o=

=

0]

X
&
3],

oo o K ;L

L=

=

o]

0y

-2

X
% 217]
()-8l WgelAst 2ol @
T CO, CO,, H;O
sk, wAs 94

o O o

%ﬁ%%%@%

X
|
ol
e 1>

o
2

ol
-

i)
ol
rE
o
o
tlo

rlr
4
Lo

M

i
og
o

A4 oo
2 E Hrooft ox
o2
3

it gt g (1o, 1
o
o
i

2o 2 2oy 10 o & o2 o

T
o
[

B Hd Ho
=
o,
N
X

2L
N
N

Y

1

A g,

2000
1800
1600
1400
1200
1000

Temp. (K)

800
600
400
200

—:—Temp.

- — Gas

Temp.

—— . T 4

5

10 15 20

Residence time (ms)

0.8

0.6

104

0.2

0.0

(4vQ) 102 Jo uonoely SSe|

Fig. 4 Mass fraction of devolatilized products for PIE

coal @ 20atm

0.10

0.08

0.06

0.04

0.02

Mass fraction of coal (DAF)

0.00

—CO

- = H,0
- Others

—-=CO,

=--=CHy

co
~ H,0

° " Others

co,
CH,

20
Residence time (ms)

35

Fig. 5 Mass fraction of various volatile gas species for
PIE coal @ 20atm

0.6 -

0.4

0.3

0.2

Mass fraction of coal (DAF)

0.1

Fig. 6 Mass fraction of devolatilization products as a

0.5 -

®  Char
® Tar
A Gas

20
Pressure (atm)

function of pressure for PIE coal @ 1800K



CPD a5 283 4

e 7tk A

05 m Char Char

A Gas

Mass fraction of coal (DAF)

1 1 1 1 1
1200 1400 1600 1800 2000 2200
Temperature (K)

Fig. 7 Mass fraction of devolatilization products as a
function of temperature for PIE coal @ 20atm

0.8

Char

02} . °

% o6l

a

® = PE
8 e TOTAL
%5 04 A APC
S L

5 Tt~ Gas

© e TT=-o__

= T--- A
12

12

©

=

0.0 1 1 1

Fig. 6 & PIE A¥hS 4783k =% 1800K o4 &
W 3}1(10, 20, 30atm)ol] W 2, El=2 18]al 7F~9)
AFgWstES HoFErh o]l F7hghel wet 3
o} 7h=o] &2 FUbekal R RO 4 Fadhe 4
s HoFEr BEe A2odAs A E el
AL M= 71xﬂ”ﬂ1i EA g}, thge] Aze) 7
o] HEgt sEEIANME EEEA(Ta-C)’t 7E

(Soot) A L AFAAS Ax HZE wjdoz uj
Zo| Hid|, 7ty wee gHol Zvp 4
= Et2 Aol FolE57] wiel wide] mjEol
AA 2 F des o 54

2 20atm oA =%

Nt
N

&l

Fig. 7% PIE A% 443
11311400, 1800, 2200K)°l w2 =}, EF=2 1E]al 7k~
o] AgAskES WU} Fig. 7+ Fig 62 42w
sto] Hls] AFAstE] £ A ‘e—‘x]DJ Lot
=7+ 1 w} 7h 9] °¥8 3711

o fashaA B2 42 Frheta ok whek
A ‘IT_(SOOt)% Azretr] AsliAE 2= dEs
Ao ol & Ao g ALE Wk Fig. 6 ~ 7 &
APC, TOTAL Z12]al PIE A&t Z PIE &) tjsh
Ayt Wo] Il 1 o] APC ¢ TOTAL 4
T wds AR s EOHE 7] wEo]tt.

o I
2

B WE FuR iEe] B o BN

1005

Fig. 8 & Al FC/VM 9] vl & m} 7/
9 A Aere] ) g2 aga sbae] AgEsts
of tigt A¥E HoJFi 9Ith FC/VM 9] H]Eo

S5 AFEs YUERUH, 2o 42 AojAn
Ef2 e} 7pao] ofo] Aoz FolRS HoF
1 Ut} o] o] Table 3 &] Calculated 13-C NMR

tlole} FelAl 7F~2 WEE FAFE(Side chain,

M, & Fol FH o= @7] wZoltt

CPD 1:!1:410 /HF)rg] lﬁﬂﬂjq_ /\év‘i_%i_@'u}vg_
7h23h whgol A g3k g Foll 478
AFAIZ ] ta] 2, B2 ga vha=

O AsEE o5 4 9tk &3 CPD
He g Wstd mE d¥e 2 F

—

oo 19 o} rlo K
ja)
o
o
)
=)
A
N
)
[>
Lo
N
&3
olo
2
2
>,
N
7
L
<

oA E m2/agte] 7hagt uhgs A
0}71 %13 CcpPD 43% Ab&3le] APC, TOTAL L
2]al PIE A]gto] eh3jul §} HAAA &= += 7t
23} k3ol 8 A4 , BF=, CO, CO,, H,0,
CHy)S oS3kt

(1) &3zst 34 5
e, 3dE = ﬂ'é %7] ‘;;— Lol A
Aol slai U} B LRAME A&

o= HjE¥

(2) 4ol 7kl wet =
7}8tal FFE(Soot)Z WE 4=
)\-Lp}

stal ARf-akA] ShEed 7H) 2 el
ua ool A =gy,

(1) MacGregor, P. R. and Stoll, H. G, 1993, “Electric
Utility Integrated Resource Planning in the U.S.)”



1006 A - o3 - A
37" GE Turbine Stat-of-the-Art Technology Semina.
(2) Jee, P.S., Kim, J.J., Jeong, J.D. and Kim, N.H.,
1992, "The Trend of Integrated Gasification
Combined Cycle Technology," KSME, Vol. 32, No.

12, pp. 1076~1086.

(3) McMullan, J. T., Williams, B. C. and Sloan, E. P.,
1997, “Clean Coal Technology,” Proc. Inst. Mech.
Eng., Vol. 211 Part A, pp. 95~107.

(4) 1997, "Development of Technology for Integrated
Gasification Combined Cycle Technology," DTI,
Final Report.

(5) Chen, W. H., 2007, “A Simplified Model of
Predicting Coal Reaction in a Partial Oxidation
Environment,” International Communication Heat
and Mass Transfer, Vol. 34, pp. 623~629.

(6)1993, "Practical Application of Integrated
Gasification Combined Cycle Technology System,"
MP,Annual Report.

(7) Badzioch, S. and Hawksley, P. G W., 1970,
“Kinetics of Thermal Decomposition of Pulverized
Coal Particles,” Ind. Enl. Chem. Process Des.
Develop., Vol. 9, pp. 521~530.

(8) Kobayashi, H., 1976, “Kinetics of Rapid
Devolatilization of Pulverized Coal,” Dept. of
Mechanical Engineering, Mass. Inst. Technol., Sc. D..

(9) Fletcher, T. H., A. R. Kerstein, R. J. Pugmire, M. S.
Solum and D. M. Grant, 1992, “A Chemical
Percolation Model for Devolatilization: 3. Chemical
Structure as a Function of Coal Type,” Energy &
Fuels, Vol. 6, p. 414.

(10) Genetti, D., T. H. Fletcher, and R. J. Pugmire, 1987,
“Development and Application of a Correlation of 13-
C NMR Chemical Structural Analyses Coal Based on
Elemental Composition and Volatile Matter Content,”

39 39

M
ofy

e
il

Energy & Fuels, Vol. 13, pp. 60~68.

(11)Grant, D. M., R. J. Pugmire, T. H. Fletcher, and A.
R. Kerstein, 1989, "Chemical Model of Coal
Devolatilization Using Percolation Lattice Statistics,"
Energy & Fuels, Vol. 3, pp. 175~186.

(12) Fletcher, T. H., A. R. Kerstein, R. J. Pugmire, M. S.
Solum, and D. M. Grant, 1990, "Chemical
Percolation Model for Devolatilization: 2.
Temperature and Heating Rate Effects on Product
Yields," Energy & Fuels, Vol. 4, pp. 54~60.

(13) Michael A. Serio, David G. Hamblen, James R.
Markham, and Peter R. Solomon, 1987, “Kinetics of
Volatile Product Evolution in Coal Pyrolysis:
Experiment and Theory,” Energy & Fuels, Vol. 1, pp.
138~152.

(14) Kim, R.G, Lee, B.H., Jeon, C.H., Song, J.H.,
Chang, YJ. and Fletcher, T.H., 2009, "An
Experimental and Numerical Study on the
Characteristics of Devolatilization Process for Coals
Utilized in Korea using CPD model," KSME B, Vol
33, No. 8, pp 613~621.

(15) Steven T. Perry and Thomas H. Fletcher, 1999,
“A Global Free-Radical Mechanism for Nitrogen
Release during Coal Devolatilization based on
Chemical Structure,” Brigham Yong University, Ph.
D. Dissertation.

(16) Chen, J. C., 1991, “Effect of Secondary Reactions
on Product Distribution and Nitrogen Evolution from
Rapid Coal Pyrolysis,” Stanford University, HTGL
Report No. T-280.

(17)(2) P.SJee, J.J.Kim, J.D.Jeong, N.H.Kim, 1992,
"The Trend of Integrated Gasification Combined
Cycle Technology," KSME, Vol. 32, No. 12, pp 1076
~1086.



