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gukA] 0 & F}ASHE 11-2(1300~1400 °C), 13+ (30~40 bar)ellA] 3-4o] 7FsEL} o]2 X517 9&f #%8t oy
A7F ARG B Aelde 34 255 Fo)7] f18 & F9 F K,CO, Na,COys AGHe] Afo]Zef A
(Cyprus) &toll F71s15131, oabaleba 9171604 7EAsA Izl S W vehhs Whg5/3S ATsISitt d5E71E
Fgate] Fu9 T, Fule] T, XEE WFEA 7t 3E0S AXIsleh Ak Euld SR FulE &
3] Al Twt%2] Na,COy7F H7Hel Alg7h detic) =2 &4 2otk ehaddhs ASS 53] g8 Az
Hh3 RS A48 Z 7}, volumetric reaction model(VRM)P| 438 755 71 2 HARIATE. 7 wi%e?] Na,COs=
7¥ek Alol Ze A wke] d3) oUX]& 63 ki/molE YEHHTE WEow o]i= ojAkaleka 1.9)7]ol ] Mekraste] uk
35 FIANTh= 318 HofFSict.

Abstract — In general, the coal gasification has to be operated under high temperature (1300~1400 °C) and pressure
(30~40 bar). However, to keep this conditions, it needs unnecessary and excessive energy. In this work, to reduce the tempera-
ture of process, alkali catalysts such as K,CO; and Na,CO; were added into Cyprus coal. We investigated the kinetic of
Cyprus char-CO, gasification. To determine the gasification conditions, the coal (with and without catalysts) gasified with
fixed variables (catalyst loading, catalytic effects of Na,CO; and K,CO;, temperatures) by using TGA. When catalysts are
added by physical mixing method into Cyprus coal the reaction rate of coal added 7 wt% Na,CO; is faster than raw coal for
Cyprus char-CO, gasification. The activation energy of coal added 7 wt% Na,CO; was calculated as 63 kJ/mol which was
lower than raw char. It indicates that Na,CO; can improve the reactivity of char-CO, gasification.
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A& viEste] A T-2d3kE 7S EthE B 7RI o) SE
sl7] flall JAz o= 7)Aok wa el 3 4iAlE stk
Qlom, olatsteth ¥x] 9 A A7]<&(Carbon Capture and
Storage, CCS)& &-g-3t0] AAA 0= CO,E Fol& wgo] A Al
AR o® A&E T Qlek SR CCS= AR HIE-5& 278
EE COoY 7] W= 7FeA T4 ol EAIRE 2k Qlo] oF
SO % GS 7]EEe] o]Fojzo} gt} o]o] MERS g&AOoR
ARt kO R AR o] 85t 7tAs) 718 vt ST
ZHOF et

Ae7Esl 71 A7) D8l (pyrolysis)k H(char) 718} v
So® - ¢ itk sl S R FEd I ARt
o] #2041 (350~800 °C) w3l =|o] E3]1t3}(devolatiliztion)
== S Qulsitt. 7 A 2 ksl vk 13 71l
0] &7t Hk-S-(heterogeneous reaction) ©. 2 W 7] F-FF(pore
structure)Wi-ol] Whgo] Hitah G3s} srde] vh3E5Ert wig-
gt whEbA] #HrAs vhE T AA| A'rkas) v A
HiSA .
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Aok Aol 7]ofe ik opg), A RS &S
I TS it

Water-gas shift reaction (CO conversion reaction):
CO + H,0 < CO, + H,

Boudouard reaction:

C + CO, < 2CO

Heiasl 71ae ti7] 2.4 54 dAgko] A a1, IGCC(Integrated
Gasification Combined Cycle), SNG(Substitute Natural Gas), IGFC
(Integrated Gasification Fuel Cell)} 22 3] &84 & Sl
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Table 1. Proximate and Ultimate Analysis of Cyprus coal
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H)X= Q1L T Hi3EA O R Fuf| gk, Sl T, 250 TS &
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Proximate analysis(wt%), as received Ultimate analysis(wt%), moisture ash free coal HHV maf (kJ/kg)
Fixed carbon  Volatile matter Water Ash Carbon Hydrogen Oxygen Nitrogen Sulfur 6700
422 394 13.2 53 76.4 6.3 15.7 43 0.3 ’
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Fig. 1. Schematic diagram of TGA.
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Fig. 2. The weight loss of Cyprus coal by pyrolysis and char-CO,
gasification at 850 °C.
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Fig. 3. Carbon conversion and reaction rate of Cyprus coal mixed
with 4 wt% Na,CO; and 7 wt% K,CO; CO, gasification with
CO, at 850 °C.
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Correlation coefficient (R?)

Sample 750 °C 800 °C 850 °C 900 °C
SCM VRM RPM SCM VRM RPM SCM VRM RPM SCM VRM RPM
Cyprus coal + K,CO; 09217 09782  0.9294 0.9037 09669 09104 09336 0.9739 09413 0.9679 09519 09748
Cyprus coal + Na,CO; 0.8764  0.9533  0.8849 0.8947 09607  0.9019 0.9579 09843 09620 09618 0.9567  0.9681
Cyprus coal 0.9805  0.9805  0.9945 0.9860  0.9860  0.9886 0.9788  0.9788  0.9681 0.9939  0.9939  0.9851
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Fig. 5. Carbon conversion and reaction rate of the Cyprus char-CO, catalytic gasification: (a) Cyprus coal, (b) Cyprus coal, (c) Cyprus coal-
K,CO;, (d) Cyprus coal-K,CO;, (e) Cyprus coal-Na,COj, (f) Cyprus coal-Na,CO;.
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Fig. 7. Comparison of kinetic model of Cyprus-K,CO;(7 wt%)
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Fig. 9. Arrhenius plot of Cyprus char-CO, gasification by volumet-
ric reaction model.
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Sample 750 °C 800 °C : 850 °C 900 °C Eq (k) A (min')
Cyprus coal + K,CO, 0.0183 0.0432 0.0452 0.0549 74 109
Cyprus coal + Na,COs 0.0228 0.0328 0.0550 0.0582 63 40
Cyprus coal 0.0044 0.0086 0.0115 0.0167 88 138

Korean Chem. Eng. Res., Vol. 53, No. 5, October, 2015



7)-aA] SRS o8

WA A5 AR 300, 7k} wkgeli] Sie] dF, Srfe)
FH, LEE SRR} B ST 2 S AN AR &
sl7ksgte] Sl vk Fed QoS Slskgny, e, 7)-3
A MEAL o187 ATHAE Srirlst vk

FEA 714317] A0 8 Lol vl

Az 284 5 glozz) e

5|1 F93 )%

z Al

= AT deuATE

24320 % ALY

A7 FLAMI S UZKKIER B4-

Nomenclatures

X : carbon conversion

4 : weight of char [mg]

W, : initial weight of char [mg]

AW : weight of ash component at complete burn-off [mg]

k : gasification reaction rate constant [min™']
A : pre-exponential factor [min™']
E, : activation energy [kJ/mol]

R : gas constant [kJ/mol-K]

T : temperature [K]

t : time [min]

\) . structure constant

Sy : pore surface area [cm?/cm’]
L, : pore length [cm/cm?]

€ : solid porosity

X : maximum of reaction rate
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