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Thermodynamic research on Na migration rules during the pressurized

gasification process of Zhundong coal
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Abstract: The high content of alkali metals in Zhundong coal induces serious slagging and fouling problems during combustion, however,
the migration and transformation rules of alkali metals under pressurized condition in Zhundong coal gasification are still ambiguous. In or-
der to obtain the migration and transformation mechanism of NaCl in Zhundong coal under pressurized condition, according to the thermo-
dynamic calculation method of Gibbs free energy minimum principle of the system, the thermodynamic equilibrium calculation module of
HSC Chemistry was adopted to calculate the molar mass of sodium—based compounds in the pressurized gasification process of pure NaCl
and Zhundong coal. The results show that pressure impacts the gasification temperature of pure NaCl significantly. At ordinary pressure,the
start and finish temperatures of gasification are 800 C and 1 400 °C respectively. When the reaction pressure up to 4 MPa,the start and
finish temperatures of gasification increase to 1 500 °C and 2 200 °C respectively. When the Si, Al,H, O of Zhundong coal participate in
the reaction under the condition of 0. 1 MPa,300 °C ,the NaCl will react with SiO, , Al,0; and H, O in the coal ash to form a large number
of sodium—based compounds, such as NaAlSi, O, NaAlSiO, , Na,SiO,, etc. In 1 500 °C,the generated gaseous NaCl accounts for only
about 25% of the molar mass of Na. The higher the reaction pressure of the system is,the more NaAlSi, Oy, NaAlSiO, and Na,SiO, with
low melting point and fluxing action will be generated,and the higher risk of slagging in the furnace will be.
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Table 1 Proximate analysis,elemental analysis and ash composition analysis of Zhundong coal

Tk 5 H1/ % TCE T/ %
M.nl Ad Vdaf ch Crl Hd Nd Od St,d
11. 00 12.97 37.05 48.76 64. 16 4.24 1.58 15. 82 1.24
BRI 53 W7/ %
Fe, 0, Al, 0, Ca0 MgO TiO, Si0, S0, K,0 Na, O
12.29 14. 66 17. 84 2.63 0. 67 31.01 17.28 0.36 2.71
1.2 itEF*E SCRLEE
1.2.1 itEHEA BT R 48 0] RE & AR B N, S H HSC Chemistry

AR SCRFH HSC Chemistry 04 A4 52 -7 34 T
SRR S A 35T 1 R AR R AU S B R 1
JEH (1) ~ (4) 35

AH' = Y AU (HEIRY) - Y, AH(JRiH)
(1)
AS" = D AS'CERA) - X AS'(RE) (2)
AG' = AH" - TAS" (3)
K® = exp( = AG'/RT) (4)
L AR g He A8 AS® i3S AG" it Al A il
RBAE ; K° S K2 P 4805 R SR 8 T IR

ARy 94 OB B AG B T 284k, Lhi AG 7%
Tl 15 R SRR T ARG e S RE RS
1.2.2 ELAH

M Na EZLL NaCl KIE SR A
I, 5 B NaCl 7E IR S5 0F T 1 B 3 A ek
T PEXF 4l NaCl 760 554 B SRR T T
FLUR, M o AR b B 4 JE K AE TR 3 1 0T 5 45
FO R Na L) NaCl JE A7 1, DL T i
NaCl 55 Si Al . H 0 S5 20 Z A Mk &9
FEMESAE T B RN RHE, S T XF Hh 4l NaCl A
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Fig. 1 Molar mass variations of solid NaCl and gaseous NaCl of

pure NaCl with the temperature under different pressures
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Fig. 2 Molar mass variations of solid NaCl of Zhundong coal
with temperature under different pressures
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Fig. 4 Molar mass variations of NaAlSi, O, NaAlSiO, ,Na,SiO; ,NaCl with the temperature under pressurized condition
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