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Analysis of Slag Behavior near the Slag Tap
in an Entrained Flow Coal Gasifier

JAEHWA CHUNG-", JUNHWA CHI-, JOONGWON LEE, SEOKBIN SEQ-, KITAE KIM-, HOYOUNG PARK-

#Power Generation Lab. KEPCO Research Institute, 65 Munji—Ro,
Yuseong—-Gu, Daejeon, 305-760, Korea

ABSTRACT

A steady-state analysis has been conducted to predict the behavior of the slag layer in the entrained-flow
slagging coal gasifier. The analysis takes into consideration the composition dependent slag properties such
as density, viscosity, heat capacity, thermal conductivity, and temperature of critical viscosity. The amount
of added flux to the design coal and the variation of syngas temperature inside the gasifier have been adopted
as calculation parameters. The predicted results are the local thickness of the molten and the solid slag layers,
and the slag viscosity and the velocity distribution across the molten slag layer along the gasifier wall near
the slag tap.

KEY WORDS : Slag behavior(£2] 1 71-), Coal gasification(*]§7}223}), Slag viscosity(£ 2] 1 4 %),
IGCC(A &7t 23534, Flux( 7HA)

Nomenclature kg s

M., ;. slag mass flow rate to the cell-i, kg s
A, . wall surface area of the cell-i, m’ @,;  heat transfer rate to the cell-i, W
G : slag heat capacity, J kg'K" q.,;, - heat transfer rate exiting the cell-i, W
D : average wall diameter of the cell-i, m Qsp; - heat transfer rate from the ash deposit,
g . gravitational acceleration, 9.8 m s W
m;,;  mass flow rate supplied to the cell-, Go; - heat transfer rate to the metal wall, W

kg s oy - heat transfer rate flowing to the cell-i,

m,,; - slag mass flow rate exiting the cell-i, W

S : silica ratio
TCorrespondjng author : jhchung@kepri.re.kr T : slag temperature, K
[ A5 : 2011107 8L : 2011111 AANEEL - 2011.12.27 | T, : temperature of critical viscosity, K
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T, : average metal temperature, K
7. : average refractory temperature, K
T,, : slag-refractory interface temperature, K
T, : syngas temperature, K
7, : syngas temperature, K
v, : slag velocity, ms”
x : distance from the slag-gas interface, m
xz; . molar fraction of species i
a. - slag thermal diffusivity, m’s’
B  : slope of gasifier wall, °
5 : liquid slag thickness, m
d,, : membrane wall thickness, m
§, : solid slag thickness, m
e : liquid slag emissivity
n : slag viscosity, Pa-'s
A : thermal conductivity, Wm-1K"
A,, : metal wall thermal conductivity, Wm'K"
A\, : refractory thermal conductivity, Wm 'K
A, : slag thermal conductivity, Wm'K'
p, : slag density, kgm”
T . viscous shear stress, Pa
. Stefan-Boltzmann constant, Wm’K™*
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Table 1 Coal slag composition of design coal

Components | SiO,|AlLO3|Fe;O3| Na;O | K;O | TiO; | CaO | MgO |Others
Wt% 574292144 103107 |13(27]09] 3.1
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Table 2 Flux composition”)

Components | CaCO; | MgCOs | SiO, | ALOs | Fe;O3 | H;O | Others

Wt% 900 | 30 | 40 | 1.0 | 03 | 02| L5
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Table 3 Change of slag properties with flux addition
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Flux addition 2% 4% 6% 8%
(coal base)

7..(C) 1,430 1,460 1,400 1,320
ps(kg/m’%) 2,536 2,533 2,529 2,526
C,(J/kgK) 1,435 1,438 1,439 1,440
A, (W/mK) 1.64 1.64 1.64 1.64

S 0.79 0.74 0.68 0.64
Si O,
5= 2 ()

(Si Oy + Fe, Oy + CaO+ MgO)
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Table 4 Simulation input parameters

Syngas temperature (C) 1400~ 1,600
Total slag discharge rate (kg/s) 4.5

Thermal conductivity of refractory coating X,
(W/mK)

Thermal conductivity of membrane wall A,
(W/mK)

8

43

Thickness of refractory coating 6, (mm) 16

Thickness of membrane wall §,, (mm) 6.3
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Fig. 3 Viscosity change across the liquid slag layer with different
flux additions at the position ¢ (7, = 1550C )
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