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Abstract— The experimental work has been carried out for the study of pyrolysis and char-air reaction of
five coals used in Y power station in Korea. For five coals, the characteristics of pyrolyis and char reaction
have been investigated with TGA, and their kinetic parameters were obtained and compared each other. The
order of pyrolysis rate for five coals were as follows : Peabody, Flame, MIP, Indominco, Elk valley. The
behavior of char - air reaction for five coal chars have been successfully described by the grain model. The
rate of char-air reaction gave the maximum value for Flame coal char, on the while Elk valley coal char had
the minimum value. For the reaction temperature over 1,000K, Flame coal char - air reaction was very fast

compared with other coal chars.

Key words : Pyrolysis, char reactivity, Activation energy, Frequency factor, Volatile
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Table 1. Properties of five coals used in this study
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Table 1] “ERRICH

22 EZ=EHEMT| (TGA : Thermogravimetric Analyzer)
57N ol tigt At H7HE $15to] TA Instru-

Proximate analysis Ultimate analysis
Coal (Wt.%, air-dry) (wt.%, dry) HHV (k?al/kg,
5 5 ) as-received)
M FC VM Ash C H (6] N S Ash

Elk valley 1.26 63.31 | 23.79 | 11.64 | 80.09 4.26 1.44 1.91 0.51 11.79 6,857
Peabody 9.30 37.01 | 43.03 10.66 71.3 5.67 9.85 0.98 0.46 11.75 6,026

Flame 9.98 3831 | 3532 | 1639 | 63.36 4.94 11.19 1.07 1.24 18.21 5,557
Indominco | 12.61 | 42.39 | 40.25 4.75 72.14 5.23 14.97 1.31 0.92 5.44 5,974

MIP 12.74 | 4333 | 38.99 4.94 70.13 5.43 16.39 1.46 0.92 5.66 5,818

"M : Moisture, Y FC : Fixed Carbon, % VM : Volatile Matter

OLX|S=t A18¢ 1= 2009



gHs) o

s

ment AFe] SDT 2910 TGAE o]-83tt 63~75 um<]
/)2 BRI o 10mge) ARE SRAUU 2 kg
Aol ARSIk AE ok 2 WAL Wl 3]
£917)5} (100m¢/min)ofA] 20°C/mine] 428 1000C
A PN B MBS NS ST S 2t TS
Sk 2 A2 oF 100mge] Pl A2 Wi £9)7]
3} 20C/mine] 4282 1000C7Hx] &-25ha4 A)=zs}
ek

ick

3.1 Van Krevlen =

U YA L)A] 20068 AREEE 477) BHE
Eta tH] AbAe) 4240 B2 UERH Van Krevelen A
=7} Fig. 10] FroiA] ¥, o] Mmojx Zetoly o}
et 5] low rank coal ] 29 Akt Fleo] Antaow
EOMA Aeo) @ B2H At X|81A Hm Ago] 5
Fo| moues Mo gix sjekio] gixlakA| el Y
Shelddao A ARGRE 477 B2 oA RO RE o
He) B0 BESID Qe AL % 4 glon & o
Tl BT TS o] 477) B FollA] Alsiak
57 ggoll ohiet olshsha|(fftEtX, Pseudo Chemical
Formula)& CaHbOcNdSeo 2 Uephd AL ZF g£o
deto] olefel 2ol hehd 4= ek,

Elk valley : Cigofg330 O1.35V2.05%.s

Peabody : CigoHos7Or037V1.18%.20
Flame ¢ CiooHy.91O1326M1 455 57
Indominco : CiggHs;.40O15.58V1.56% 57
MIP ¢ ClooHog.97Or7.55V1 7050 58

32 g8l EY "ot

Fig. 2= 57 &5l gt TGA FHal AFA9 Al
FA #AL&EW/W)E BoEh 27 FA W= 290K
(170)& 7I%o2 F3l9ch A7 F 59 S
e} FAE 52 2710 WSl S & o e
A Aatel o] Elk valley 9] $HHEL o] 7}
Z ZFo Indominco §+2] FdhRo] 7} W & 4

mh

30
)

Fig. 3 57) ©50] 2ol ni2 duaAES
Z3 gtk H& 27] SHe] FUe Aofat Fdie
23 SAS B7] fste] FEe] & P
400K S} 1270K o A0] FAE 7|zoz sto] Aikst

. B OF 620 ~ 80K o] F2 Yol 9L
10150] Flame3} Peabody] 23] S-do] v]szatu]

Lo
I me 2

*

<

o X2 1

9 2 - 37 WAle] B oA % WEAS B 11

Elk valley §19] d&dll= o] &2 =04 Z3=la &
2o SEE o =2 AS o 4 Ak
GESNEEE THA 57) THgoll tisto] v|wshd Fig. 4}
2t} Zd) G838l Peabody, Flame, MIP, Indominco
9] 2ol Elk-valley7} 74 222 & 4= Ut} Peabody
gho] 79 oF 738K oA oF 16.8%/min®] Xt G
% gh2 MoiZT ik vk Elk-valley SHe] A9 of
773K 11.5 %/min®] Hej B3 wS o= 9
i) AZeRs 57 B 1w oF 450K wolck

Flame, Indominco, MIPQ] GE3||&E FAlo| HlS=SE 7

elk_valley peabody flame  indominc WP
1 _ S
+ *4% e % +@®
", e @
208 v I N *
% oo * :: e v
5 0.6
£
Toaq
0.2
© 5 coals studied
9 . . .
0 0.05 0.1 0.15 0.2

O/Clatomic)
Fig. 1. Van Krevelen diagram for 47 coals used in Y power
station

elk valley
flame
indominco

60 [ eeeee MIP
peabody L
50 :
300 500 700 900 1100 1300

temp. (K)

Fig. 2. Rate of weight loss for five coals
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Fig. 3. Volatile evolution of five coals

Journal of Energy Engineering, Vol. 18, No. 1 (2009)



elk valley
flame
indominco

peabody

400 500 600 700 800
temp.

Fig. 4. Pyrolysis rate of five coals

900 1000 1100
(K

1200

1300

< & 5 3o Elk valley ©9] 7 o &2 25=0fA
&7t %132351% = 5 Utk Table 20 =& 50%
]

mlm _p

AR5l o] =ejEgle
% FEagolet o
V/dt L tfeal Zol o

(@)

7|4 &% A= k = Arrhenius FEJZ ofefje} Zho)

b,

£
RT

P

k= k(]cxp(f

TGA A@A HeLEs Sobe

of okele] 4] ()3} ol & 4= glon]

(st 2ol & 5 ik

2

C (C/min)o]) \ZHo]—
FES S A

Table 2. Summary of five coal pyrolysis characteristics
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Flame 734 12.3 715 13.7
Indominco 752 8 731 9.9

MIP 747 9.4 733 10.7
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Ist step 2nd step
Coal name T. (K)
ko (1/sec) E (J/mol) ko (1/sec) E (J/mol)
Elk Valley 77,197 449 15,939 0.0092 800
Peabody 87,922 2,029 8,901 0.0029 788
Flame 74,864 698 9990 0.0038 785
Indominco 57,445 27 13,144 0.0059 775
MIP 61,252 56 11,594 0.0046 780
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Table 4. Characteristics of five coal char reaction
coal name Ti=s0% Ri=s02 Tonax Runax
Elk valley 886 16.1 889 16.1
Peabody 791 23.7 796 23.7
Flame 820 27.0 824 26.7
Indominco 789 21.1 796 21.1
MIP 787 19.6 787 19.6

OLX|S=t A18¢ 1= 2009



b

ol

s o 7] HhEA19] 2

AR} FHAA Q] 714 BE (Gas film)S 53
—%4 Sheke v kA R} A Y] 71A]
= 3¢ (Stream)of|4 9] =@} Zrha 7}
7@{31—,} 7]xﬂu 9 mo] el olAsh HRArl o1z}

5o 1*1-4 mlAgt 24, & 28?1 (Grain)of| 4 ¢
714 ¥-g-Ee] slshit-gof ofsf A oA 14|
Ae] WEE el STk 5, 1ol BEe 1A
AR FHELA L] YjlofAe] Wk (Surface re-
action)o|gh W& <= QJr}. 8|9l mElo] Ao HpSln
L odle] 4] (9)2 % 4 gtk

dX /dt = ke ™" (1- x)*° ©)
TGA|A H]5L& (Non-Isothermal) 2} W34
A &2-g0] a (C/min), 27|27} Tp ¢l A9 vk3-e

= ofefel o] Lhepd 4 glck

T=T,+at

9l0] AERRE A8 )i ofel o] EA|He]

A},
RT*  owr |
X=zl—-|l-——Fke 11
{ Ry } (an
A (11)2 A3kl fo oF o] A¥she groz 1

e 4 Qlow] ol 1T i ol 9 B5stel
ko 9 ES) & 77 % 9lk

fo= 1{3{1_(; X3 } = 1n(12’—§]7% (12)

Elk valley A%t ZJof gjzte] IT 9| g2 fp & U
EPUiH Fig. 133} Zro] yepd &= glom 249 7]&7]
2RE 2slUA] (E), yH HHORTE RlE=AS
(k)5 T 5= Q). 57) Aek 2ol gt & w29 %14,
& 2493} A R|et RIEAG=Y] 71 Table 5o #A|5}
At} Elk valley Bhofl tfdt & 918 A3zRS 89 =

243} olvA] B HlEAS B2 15

w3k A2 Fig. 14 of etk 2eel 29
2} - 7] HkSo) mE A & 2AREI 9L
£ en AAF oz AwE ] Peabody, Flame,
MIP, Indominco 0] Z¢-& 22 A3k ey 2

30
¢

?ﬂ"_ Bl o] HleA] = ofH 27} AbAg); whe)
SIS S| A 242 S A
koewp (— = —4 S s 2= uEt

vl ask= o] ano}q =, logio(k) 4 y=ol, 1

constant) @l &

(1/K) gk x5l detd &5 2 W5 =s *fi'
vl o= Qlok Fig. 15+ T ludof oielh 57 At

z}o] B2 Uehdlth Elk valley 2] wh-g<
71 ¥ow Peabody, Indominco, MIP Z}o] Hh-3-<4
7} A& u|gt ke HolFa Qltk Flame Bho) A9
1,000K (727°CyodellA] o] ¥hg&wr} o2 ghgo

vle] d53] wE Ae & 5 Atk

57}

elk_valley
.Ajﬁo* (grain)

-10 r y =-17062x + 5.1902

R? =0.9989
15
o0 L

-25
0.001

fg

0.0011  0.0012

1/T (1/K

0.0013 0.0014 0.0015

Fi

=

g. 13. Arrhenius plot of Elk valley coal char for grain
model

1L elk_valley
, 0.8
x
-06
S
04
g
5 — x_experimental
0.2 in fi
© — grain_fitted
0 ‘ ‘
700 750 800 850 900 950 1000
Temp (K)
Fig. 14. Comparison of experimental and fitted values with

grain model for Elk valley coal char

Table 5. Kinetic parameters of 5 char-air reaction for grain model

Elk valley Peabody Flame Indominco MIP
E (J/mol) 141856 142338 176651 138372 135562
ko (1/sec) 1.021E+06 1.641E+07 1.048E+09 8.198E+06 5.943E+06
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