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ABSTRACT

Mathematical models for various steps in coal gasification reactions were developed and applied to
investigate the effects of operation parameters on dynamic behavior of gasification process. Chemical reactions
considered in these models were pyrolysis, volatile combustion, water shift reaction, steam-methane reformation,
and char gasification. Kinetics of heterogeneous reactions between char and gaseous agents was based on
Random pore model. Momentum balance and Stokes' law were used to estimate the residence time of solid
particles (char) in an up-flow reactor. The effects of operation parameters on syngas composition, reaction
temperature, carbon conversion were verified. Parameters considered here for this purpose were O,-to-coal
mass ratio, pressure of reactor, composition of coal, diameter of char particle. On the basis of these parametric
studies some quantitative parameter-response relationships were established from both dynamic and steady-state
point of view. Without depending on steady state approximation, the present model can describe both transient
and long-time limit behavior of the gasification system and accordingly serve as a proto-type dynamic
simulator of coal gasification process. Incorporation of heat transfer through heterogenous boundaries, slag
formation and steam generation is under progress and additional refinement of mathematical models to reflect
the actual design of commercial gasifiers will be made in the near futureK.

KEY WORDS : Coal gasification(2] ¥t 7}2~3}), Gasification model(7}2~3} %2, Process simulation(&-7%
LA}, Entrained reactor(3&-5 HH3-7])
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b : decay factor of char velocity, s

cg : specific heat capacity of component 5,
J-kg'-K!

D : diameter of reactor, m

d, : diameter of char particle, m

E" . activation energy of reaction R, J -mol”!
¢ @ molar flowrate of component .5, through
unit ¥, mol-s”

¢+ inlet molar flowrate of component .S; through
unit 7, mol-s”

: difference in molar flowrate of component
S; between inlet and outlet of unit R, mol-s"

g . gravitational constant = 9.8 m-s”

gg" : mass flowrate of component .S; into pyrolysis
unit, kg's'l
g7, : mass flowrate of coal into pyrolysis unit,

kg-s'l
hg : molar enthalpy of component S; at the outlet

of reactor, J ~mol”
hf;} : molar enthalpy of component at the inlet of

-1
reactor, .5;, J-mol

AH?: molar heat of reaction R, J mol™

k  : constant of char conversion reaction, g

k® : constant of reaction R

L : length of reactor, m

M,. mass of char, kg

n® . order of reaction R

p : pressure of the reactor, Pa

p™ . pressure of the gaseous reagent of reaction
R, Pa

l4] : heat content in unit volume, J-m™

R, : ideal gas constant = 8.314 J-mol ™K'

r® . rate of reaction R, mol-m>-s"

[S;] : molar concentration of component .S, mol-m>
. temperature of reactor, K

: temperature of reactor wall, K

: residence time of char in reactor, s

. coefficient of overall heat loss, J stem K
v, : velocity of gas, m-s’

v, : velocity of char particle, m-s’

v inlet velocity of char particle, m-s"

: terminal velocity of char particle, m-s’
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: volume flowrate, m s’

: volume of reaction zone, m

: molecular weight of component .5, kg-mol’]
. atomic weight of element £, kg mol

: carbon conversion of char

: parameter reflecting chemical atmosphere =

[cal/[co,)

: reaction coefficient of component S5 in

reaction R

: number of atom E, in one molecule of

component S,

: density of coal, kg-m’3

. average density of gas phase, kg-m”

: density of char particle, kg-rn'3

: density of char particle at the inlet of reactor,

kg- m>

. density of char particle at the outlet of reactor,

kg- m”

: ash content in coal, dry basis
: content of element £ in coal, dry basis

moisture content in coal, wet basis
mass ratio of component .S, in pyrolysis

product

mass ratio of component S, in pyrolysis
product under 1 atm

mass ratio of volatile matter in pyrolysis

product

: viscosity of gas, Pa-s
: parameter reflecting relative magnitude of

partial and full oxidation of char

. structure factor of random pore model
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Vg - wS Veoal (1)

(8, = CO, H,, CO, H,0, HyS, Ny, CH,, CyHy)
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A wgt BEE 5,9 BAGI w7 wy,,
Nk} Ao GRrEAgolth, o el
o B =ReAE ¢Ee 9 vthee Bq 2
AREL T )

oo Horr &

Mg = {1—0.0661n(p) pN"** )

o714 Agree= 1719F el A o] ghe yERdiL,

ahkel 5 BAF Well EAjstes £ Ao AeE
Hf{a}ﬂ‘s}‘ﬁ A=} 24 (atomic balance) 25-€ o}
o & AV AHES & F Ut

walﬁmal + Vchm char + ZVSH =0 <3)

Eq. 1949 Aeka} 2] =
o] Aolgel.

FEAGE gt

Wepa = E wEKcoal (4)

E
Wepar = Zwlg“,/{dj,ar <5)
J

(B, = C.H O.N.5)

714 i, o iy, = ZH7E Eq. 49} Eq, 59l 9l 4
oj¥ = shhe] ARk EAkek F B2 v EAgk=
A} ge) Aol k. Agk #Akst 3 wje) w-g
G55 Z7F 13 -102 =3 A Bx e ea o
Ao % 1ol Fow Mg U gAY AFe
thea} 2

Ko = ®)

A5kl <1 ol A Ak Ul 2 el A5
ol el 44 ANl HHF 5 9 B
F% ws), he test 2
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in in _ pyro
gﬁ: +g(vul(1 )‘ash ))\5:
fe= (7

Wg

S, = CO. H,, CO, H,0. H,S,
N,, CH,, CsHj, char, O,

o7|M fie RHE AAL F T 53F 59
B R gr e dRd dAR FHEe dekEs
A fraFolv), As dAlA LA w9 F
sge] At Wsl (dlgl/da)= te 2ok
V(M)P gf-fiazAHP )
t W ol

sl WHed, AHE oFg o] Ao ofate] ALt
sl
KJHZ
AHT= 4200%&[[22.4»’;{;; —1548 ;g“ +820J 9)
coal
o]714
N7 = DN (10)
(8 = CO, Hy, CO, H,0, H,S, Ny, CH,, CyH;)
22 F& 48 AL
A AR Ax Gl = s HgelA
AR Iy 549 AA whgo] dojdrt
CO+1/20,— CO, (¥H& 2)
Hy+1/20,— H,0 (¥h& 3)
CH,+20,— CO,+2H,0 (¥-&- 4)
o] WhE 2~9HE 45 A2 daksteka Abs)

(carbonmonoxide oxidation, CO), 54 4F3Hhydrogen
oxidation, HO), W€+ AF8H(methane oxidation, MO)
Hhg-olgta F27|2 shd 3 A& A4 S

[¢}
WEASE ol gte] thgat ol TAT F 9
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YvEs =0, AH" (11)

(8 = CO, Hy, CO, H,O, CH,, CyHy; Oy)

(R= CO, HO, MO)

S AR A wkge] Sk e T ieEE
e FERAA A% A3} A BF 25k o
g WS AbE, nf S ARESto] oo} o] yEhd
AT

e

K =AfT"e T (12)

(R= CO. HO, MO)

r0 = K0[col ¥ 0, (13)

T’HO — kHO[%]”HJ [02}1’01 (14)

M0 = MOl cm, " [0,)" (15)
oA71A [g]= gekE 59 =sEolH wEAT v
o] Aol Bg. 1ol WEtk R & 7AW 7=
HhS-7]e] Lrmolth Mk AE Ak gl o3
9 AR =t Wk (dls))/de) "I A3 Wt
& (dlgl/dt) "= obefsb 2tk

dlS] )V .
( o ——EHJZ/ST’ (16)
v
(1) g 0
dt 7

(S, = CO. Hy, CO,, H,O. CH,, 0,)
(R= CO, HO, MO)

23 =4 44

o] wH7el A
o) ¥ahek 25}
WEHE 5579} 33l
AT,

o
TAhE
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CO+ H,0« CO,+ H, (¥-&- 5)

oo
S

CH,+ H,0— CO+3H, (9

(forward water gas shift), WGSb(backward water
gas shift) ¥H&, WEH} +F7]9] 98-8 SMR(steam
methane reformation) RF-§-¢]2} F-27]2 s} o]

S 0o &5 A o vk En (RO =& o)z
AHJJr g3} oA pAE ARS8 ofgfe} 2o
SRS

F

b
KR = Afe BT (18)
(R= WGSf, WGSb, SMR)

Wasf

II(’S kVICSf[CO] V(o [H2 }VHU (19)
TWGSJ — kWbe[ 002}”001‘ ' [ ]_12 ]”H,, (20)
FSME k&lfR[O}mV}ﬁ, [HZO}V};J) 1)

A7k NG ST WAL B
SHE (dls)/ar) o AFF A3 (dlg)/ar) e of
o}

£

K

( d([;l] = 2}; z/ng (21)
G
[4e) —Srman @)

(S, = CO. H,0. CO,, H,)
(R= WGSf, WGSh, SMR)

2.4 X9] JADL

#o] 7h2st @ Wb 2 YAt Akx, 57,
ojrbstetiel 747} wkg-ate] it AbsH(partial oxi-
dation, PO), §47F= L%(Water gas reaction, WG),
Boudoaurd ¥H&-(BD)& do.7It}h o]E HhE-ofA]

7 g AFEe g ge S .

E o{o
o
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+ ) ves =0, AH" (23)

7 (2
c 0] H s
R, K K K
l/P 0 — char _ "char + char — Mehar | po
o ¢ 2 4 2 Vehar (24)
veo =" 2veo, (25)
(J‘lea'r (er + ny E] =0 (26)

(8, = €O, Hy, CO,, H,0, H,S, N, O,)
(R=PC, WG, BD)
(B, = C H O N,S)

A7IN ¢ o] Fi Ahet A Ak A
715 vehls s EEA F ]iake] 7]
uet ot o] FojXit

27+2

=" (d, <10 °m) 27
(27+9) Z(d,—0.005)
_ 0.095
o= 713 (28)
(10°m < d, <10 *m)
p=1 (107*<d,) (29)
o] 7] 4
[cOl
Z= 7
[co,) (30)
99 Ao HheEE Hde FAg) Y B
9 (random pore model) S AHE3H T, F219] 7]
o RAEREH #Ho] H3g xE,
ki
XZl—elikt(HT) (31)

w9l AgHEeke] FHol ARG dm,, /di

char __ C,in

T Yehar [X} min (¢,t,) (32)
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A5 b A7) #9) st kg
HEk grolth olw) ki thga ol

ﬁ__‘ﬂoﬁ,

Fojxit,

L'R
k‘H:AH(pH)” e RyT
(R=PC, WG, BD)

(33)

oA7|A pis} nfi= WG R
o % o] HHEA 1 ek

o4 Aok 531

REEE RS ER
g Al st
591 5 Wk (als)/ar)©

o} G Wst (dlgl/at) = E‘r%JJr 2t
d[char] C_ 1 (dmc/m,r)
( dt B wder dt <34>
d[Ss;] p_l ngR d[char] \¢
( dt k[%; A ( dt (3
dlq] 0_1 dlchar] \¢
(W) —E(%]kRAHR)(idt ) (36)
(SZ = 0, CO, H,0, H,, COQ)
(R= PO, WG, BD)
20 E8 2 & =X
Q9 2 $AE ogs 2
dT iny i
VWZ S wgeq = zi:fglhg?l - zi]fb;hs
U
AN S
+VE( ) uA(T—T,) (37)
d[,s;]_ m .f5 (d[sl])y
dt V +z,; dt 8

S, = CO.H,. CO, H,0. 1S,
N, CH,, CyHy, char, O,

(U=P, V.G, C)
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f($7$'7y7 )_0 (50)

A 2%y 27 R e Haole] o
& AIZFOE g gholt), ui= AlTbel o] Esh
A2 ARolt. Eq. 50& vRa,

(ﬁ 6x+( 8f, ) ox’

z 'y ox T,yu
o of _
+(37)1L u6y+(%)z:1~ y5 =0 (51)

o] 714,

oz =z—2* (52)

(z=z,2",y,u)
olw] 4= Folxl A7 relN) ke wan)

B2 lof/or’ of/y)7h oL 24 & A
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He ag & A
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Table 1 Elemental composition of coal (wet basis, wt.%)

>\(3 >‘11 )‘O )‘A\ )\S

82.0 5.1 1.7 10.3 0.9

Table 2 Injection flow rates of coal and gases (kgs")

in

in
9u,0

9N,

in
Yeoal

28.49 1.2 5.72
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Table 3 Composition of pyrolysis product of coal (dry basis,

S Hs da 2A

Table 12 Activation energies of water gas shift reaction and

wt.%)z) steam methane reformation reaction (Jmol'l)g)
Ve | V| e, | G | Vis | Y| e | Y | V| 78" B B B
28 |02 |44 |18 ]34 2816471 | 12] 32 1.26x10° 6.58x10° 1.68x10°
Table 4 Heat of volatile combustion reactions (Jmol™)” Table 13 Heats of water gas shift reaction and steam methane
reformation reaction (Jmol ™) )
AH o AHHU AHJ/()
AHUUS[ AHUUH/ AHS”H
-2.83x10° 2.42x10° -3.57x10" - - -
-4.11x10 4.11x10 2.06x10
Table 5 Frequency factors of volatile combustion reactions
(m"*mol*%s™)" Table 14 Properties of reactor
e na T p(m) | Lm) | u@s'm’K")? | p(Pa) 7,(K)
2.2%10° 6.8x10"" 3.6x10 331 5.0 141.86 4.0x10° 1,073
Table 6 Activation energies of volatile combustion reactions Table 15 Properties of coal and char
(Jmol)”
d.(m) | proalkegm™) | o (kgm?) | 5, (Wt%) | Y o(Wt%)
(e HO MO
£ T B 1.0x10* | 1.5x10° 284 10 10.7
1.67x10° 1.68x10° 1.26x10°
able requency factors of gasification reactions of char
Table 7 F f f gasificati ions of ch 1800
(MPa™s™)"
qrc RS A B0 1600 T —’ ..........
1.36x10° 8.55x10" 6.78x10" 5 %;-\1.:--_’_,_,-/:______
T 10 NS
=]
- ~ -~
Tablc‘1 f7§) Activation energies of gasification reactions of char § 0,/Coal(wt./wt.) = 0.70
(Jmol™) £ 1200 — — — - O/Coal(wtnt.)=0.75 [
'_ -
EPC E wa EBD —————— Ozlcoal(Wt/Wt ) =0.80
1.30x10° 1.40x10° 1.63x10° 1000 O calld o) =085
. - . ——— O,/Coal(wt.Mt.) = 0.90
\ \ \
Table 9 Orders of gasification reactions of char” 800 ‘ ‘ ‘
0 10 20 30 40 50
e n e P Time(s)
0.68 0.84 0.73

Table 10 Specific heats of gasification reactions of char (Jkg")ﬂ

AHPC

AH wa

AHBI)

-9.25%10°

1.43x10

1.09x10’

Table 11 Frequency factors of water gas shift reaction and
steam methane reformation reaction (m3m01'ls'l)8)

4 e

A WG

A SMR

2.78

0.0265

4.4x10°
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Fig. 1 Time variation of reaction temperature under various
Oy/coal ratios
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Figs. 1~40& 7}23} 3ANA 718 2.3
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