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Abstract: A pressurized wire mesh heating reactor (PWMR) can provide high pressure and temperature experimental
conditions up to 50 atm and 1750 K, respectively. This equipment was developed to evaluate the intrinsic reaction
kinetics of CO, gasification. A PWMR utilizes a platinum (Pt) wire mesh resistance to generate heat with a direct
current (DC) electricity supply. This DC power supply can then be controlled by computer software to reach the exact
expected terminal temperature and heating period. In this study, BERAU (sub-bituminous Indonesian coal) was
pulverized then converted into char with a particle size of 90-150 um. This was used in experiments with various
pressures (1-40 atm) and temperatures (1373-1673 K) under atmospheric conditions. The internal and external
effectiveness factor was analyzed to determine the effects of high pressure. The intrinsic reaction kinetics of BERAU
char was obtained using n” order reaction rate equations. The value was determined to be 203.8kJ/mol.
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Philips 7}2=38}7] & A& AdR5E 7|Woz AA
ATk AEe gIdsh, IR A4, FHAL ¥
7F2=8b WSS F3 A7t (syngas)E A AFSHLL
E3] AMetxl 7}~3} WS 3 Boudouard reaction
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€3 4 9+ Boudouard reaction & WFHS-ES 112,
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Pressurized Wire Mesh ReactorPWMR)E A& 3}
Ax B 7t2st 9hEE A3 S 9@l Pusan Clean
Coal oA A7 2 A=A} 2 1= 50atm
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Fig. 1 o] Yetflth PWMR & =7
A
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AEFFAA(ODA technologies, OPE-18100S, 18V-
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71l FET AFE TFE F =T AFHJT

B el AR/ A7MAL d419 A7 A wht
FH 227} AgstA Ha HHe] o] ¥
W5lA "t} Compact DAQ model(National Instruments,
cDAQIITHE T3l Al =E SHsTE A
B3 JALEE Rype o €AU= FHF3 1,
9 =% AQH 2T A (Raytek, MR1S)E A}
L3k} 2H A2 o= A 2 3k(stainless steel)
HHE71E AF 100mm, ¥°] 70mm ol®, #Z
20mm 9 7HASFO 2 HA ST

AL T22ddA 4EHs == FY=
AoA] xR Bt A Y 4 order =F 2 HHEAS
dotry] s3] MdAsATt FAAY AFdxdL

, LA A=A o} M3l Co, 7kAsg vk 783

Table 1 Chosen experimental condition

Temperature(K)
1373 1473 1573 1673
T 1 O O O (0]
5 10 X X O X
g 20 X X O X
8 30 X X 10) X
A 40 X X 0 X
Table 2 Temperature calibration
Pressure (atm) ! 10 20 30 40
Gas CO, 20% + N, 80% (mass%)
= 1373 | 1.9v 23V 26V 28V 3.0V
g% 1473 | 23V 2.6V 29V 3.1V 33V
Ry 1573 | 26V 3.0V 32V 34V 36V
1673 | 3.0V 34V 3.6V 38V 4.0V

TS ol w4 S0 wE thE2A Yeht
A "k wabA 7Y dEEtdA JEREE
271 A% ARG ALY FFFE dHEEE T
& =&3t9n I 38 Table 2 o] eI
A 49, 23T #AAFE AAH FA=
719] ®shrt dojuA "ok weEbA, Ao 4
=5 7] A3 WA, 150200 pm 2 B EA]
BERAU &2 1073K, inert EjollA 23 3}
< &8 FHE AR, HFHLE 90-150 pm
g 3 o At
F BES JAY THo] ikl vAE FTFE
o7l s WgHa 7FEA ol monolayer =
S A + check valve
428 19} regulator & ©]-&-3})
o

H
Az2rE] rE XA A

(o2

C(:) + CO,(g) — 2C0(g) D
PrAoR WeE H AAe] AYL IAYRA
HoZ SAAGEWO] ol Zo] EEHUT
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Table 3 Raw coal characteristic and coal char characteristic

Coal name BERAU
Proximate Analysis Moisture 15.0
(weight %, raw Volatile Matter 39.0
coal) Fixed Carbon 40.3

Ash 5.7
Ultimate Analysis C 74.62
(weight %, raw H 5.22
coal) N 1.19

S 1.64

o 17.33
HHV (Cal/g) 6400
BET (d,= 90-150 S, (cm%/g) 657691
pm, char) dyore (M) 3.35x 107

A7V, my= 271 F Ao, m= W5 FH

A, my T ARe] AFolh M F FAFS
Sqste] m & Fatol W AF o AL 24
st wbg - FHE WAUIRAAN ALAA LS
=43k

.
_dx
app _E 3)

Apparent reaction rate <& PWMR = A}-8-3to] 7zt
o] AN 4 WA WEARNS B3] wEeAT

24 ME =%

Akl Agt =44 B4 edEY, 44
B4, vERARA0) 9on, 27k TP R4
(TGA)S} AAEA7] BET & AMg8lgla Axs
Table 3 o] YEFHA T
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A€l 29 CO, 7}23F ¥FS-A] Intrinsic reaction
rate, Ry (g/em’s)S =317 Y8l n” order rate W3
A& A3t v order rate & Arrhenius form 3%

3 AA we4 2 vat 2k

- Amt eXp( Emt /RuT ) CO,,» (4)

o714 A4,, < intrinsic pre-exponential factor(3L-{+

W18k, E,,,, 2 intrinsic activation energy(_LTr%“é

AFA), R, = 7HEET, T, PA Pcozoob
=171 hﬂlHTA CO, %< UrEHHU%

. (e}
reaction order ©]t}F. n™ order WH3-21-S reaction order
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715l o] gakel Auj= = #-Co, 7h=3k vt

22 internal/external effectiveness factor = A}-8&3+o
2ZH FAlo] 71535ttt upelA] apparent reaction rate

& vheat go] AxtE ozt

Rapp = niiznengRmt (5)

AApe] 2xeb A7]o o] AHolH=
effectiveness factor®= 7] &0l Ao FAats wlhafst
= 847 gtk 7Hgstel o9l ulE-v A
it AA QbS5 o] EXNLSES HE A

I Atk ¥ Q1A= Thiele modulus(®)E A3
__i’%i o2 Zo] yERAT

1 1 1
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eff ,CO,

A7IM d, = FF AR AD, v =
(Stoichiometric coefficient)o|™, T o] gA7}
HE3-sh=dl & == o]ibstetAe] &5 UERH
U}0.0833 moles). p, = BE7] BIEO|H Dyrs o,
o|xksl ek o] @ G4k A S (effectiveness  diffusivity
coefficient) 2 A] X &rz} QJxlz o] 3hikof] Fo]sly
b7 ol YepiTh®

shetEE A

b

.

==D (8)
T

_1+1 ©)

D D

AB k
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D, =4580d,,,, (10)
MA
0.026287°"
D, =M1/2 20 p an
48O 4> 48
0:17]}\17 MA % %;g Oy dpore% 7]%‘04 5]76]’ MAB
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AAZS W2 7k olss mEstr] {8l
external effectiveness factor(y.) = QA2 w971
ZANAM U JAFEHEANA ] FEFe] HjE A
g3k 4 glom oSy o]l yEeRd 4 9l

n =PCOZS (12)

¢ PCOZ,oo

el HEFHor de WSES AEEte] b
SELEE S =E317] 918 linear regression W
HE AFESFSlaL ofefjeb o] AGelslrt.

Rapp = U[nU;ang‘Aint eXp(_E‘im /Ru];)Pé’Oz,w (13)

R E

In(——"=—)=In4,S, ——= (14)

in"fex™ CO,,0 RT

n"order &= o} 2o diste AP AUE T
i =& 4 Y

In(R,,)=n [ln(nexpwz’w )} +C (15)
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Fig. 2 Raw experimental data of variable temperature at
latm pressure condition
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Fig. 3 Raw experimental data of elevating pressure
condition at 1573 K
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Fig. 2,3 < BERAU &9] PWMR %7]4
A, Fig. 2 o= latm 3loll A 1373-1673K
st =gk Rk ARl gk A g
Wade Fdg WA 2T SUHE
= BAHgEo] FUbeke A3E BT vk
53], 2x7F S/ vadsEe SUhEo
HAEE ARE BoFIAL3Th Fig 3 o4+ 1573K

q 1
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oA 140atm & ot == A glolth w4
kST St o] SR Bl 5
Mt ABE melFm Yrk ol L% % gHo]
27Vl whet wk-ge] Frbathe

Fig. 4 © 2 (14HE 7|dte =3
Fel7] 9% AFAALNS 487 Afolt).
L 7kl wE G FFE (Lol SIS
internal/external effectiveness factor & il
St JFL W k,, o ATE BAF AU
AZGANM = kg T ki &1 S ZHO]7E A ] 8l

Z]?l— —TJ—%Q——‘?‘— Z’E‘]__‘/—F% kint ‘TL]' kapp 9] %/k‘(i’ ;_(]—O] 7]_

Nl
, |
o
B
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n(k, ) (1/s.atm") or In(k ) (g/cm”.sec.atm")
/ .
/
é/

~e
“m
&_4 1 1 1
£0.070 0.075 0.080 0.085 0.090
1/RT (kJ/mol)
Fig. 4 Analyzed activation energy using linear fitting

method
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.
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Fig. 5 Analyzed effectiveness factor with variable
temperature
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Effectiveness factor, n (-)

00 1 1 1 1 1
-10 0 10 20 30

Total Pressure, P, (atm)

Fig. 6 Analyzed effectiveness factor with increasing

pressure
8.0x10” 3.0x10°
6.Ox10'7 -
% 42.0x10°®
@)
% 4.0x107 | o)
e o
o
= 3
2 7
~.2.0x107 |
< 41.0x10
0_0 1 1 1 1 1 1 1

40 1 2 3 4 5 6 7
Partial pressure, P, (atm)

Fig. 7 k;,; and D,y value with increasing partial pressure
as well as total pressure

1.5
= Berau-CO, L
__20r  — Linear Fitting
£
©
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Z
AQ.
&

E 30}
£

35 L L L L

-3 -2 -1 0 1 2

In(n
Fig. 8 Linear regression method for getting n” order

P ) (1/s.atm")

ex 00

AA = AHE HoFa Q L7F Eoky
of wep gqke] ¢ddko]l AA =

5 9] internal/external effectiveness factor 7} ©]& &
Watal ot HEFA SR HhEEHEE QA &4
sty A oF RIEQIA = gatke] Faks gl k7
ko] TS W kyy BT U F A B

It} 2, 2
= A

= -

A& ovlshH, Fig.

Table 4 Kinetics results

BERAU Char Apparent Intrinsic

E (kJ/mol) 137.703 203.885

A (g/em’s) 5.4x10° 2230 x 107
R’ 0.999 0.993

Table 5 Previous Investigations'

Reaction
Coal Char E;,; (kJ/mol) order. 1 (-)
Berau 152.0 0.5
SB 148.6 -
Taiheiyo 165 -
Yallourn 170 -

F=31 9\ TH(Table 4).
Fig. 7 o Ao} 3ro] gteo] Trhgel upet

ki (intrinsic ¥H-&-&5E2)7F AR S7bske 4
s Holal vt D, & fEel F7hEel et
AAE st AFEES Hola k. o= A (11)9
Dypel 3 EabE)o] Sh=lel oial wkejeo] 7] )
wolth, =g Ao s §tHo] 7ol uhel o]iks)
ghae] gAke fHaE = FS 9n| gt Fig. 6 o
A belo]l Z7hgrel]l uwlEl  internal effectiveness

factor 7} Z7FT7} FAEE o= k, 7F oFE
o] F7hgtell wet AT S7H ] W el v
=, 20atm oAk, 7} Zrobdol wEk(Rks-Eo] ZS)
Joj 2 o= O]"}@ra/\J AL 7} ol A ut
R R A R

A u) 7} okl A Aotk HEH
! s =E

23] n" order

A3 A gk n” order = Fig. 8 °ll
ERI AT & A A 3} ‘L}~ A,
n"order & 0351 2 Z=EHAT. S n” order
= Hkgo oA ¢+= o] intrinsic reaction rate ©l
H X = FaFo] Arhe= ofno]th

Table 5 &= APAF 2715 YA Z1o =, 4
g slo| X2 W= 148.6 kI/mol ~ 170 kJ/mol

o|t}. BERAU &9 i-7<4d i}oﬂLﬂX]E 150 kJ/mol

-

h

ojth. o]&l Aol n" order FAO 7]Q1ETE o
Aol " order & ol 7hgtol wel AE S
AR oz BAT)
5.2 B
w =wg Fe l=vlAoF BERAU A g3
CO, 7}2=3 3= 2 2 4" order S PWMR =



a2, agpzde e Aol A ez Co, 7kt W 787

A zbsto] a2, bAoA EEeon, gl
of thgk J&FS A4Sk

(1) BERAU A &Fx}9] intrinsic &4 3} oY= 2
Hl o1 x= 203 kl/mol, 223 x 10° glem®s ©] il
apparent 243} oyx W WIEQIRE= 1377
kJ/mol, 5.4 x 107 g/em*s ©|t}.

(2) 2=t S7ESE kA ue] s o
), F-ET WR7E gabA o] ddke] o Ath

() ¥l S7EFF kAol s v
o o F- kA u) &S 40atm 7FA] A& o=
S7FskAI Y, WAk A w3k A 1~
20atm 7FA] 7FA3EA|HF 20~40atm = UHA| 73
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