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Abstract: In this paper, we investigated the effect of calcium-sodium composite flux on the ash fusibility of Pingshuo coal with high ash
fusion temperatures. X-ray diffraction (XRD) and FactSage were used to analyze the mineral transformation behavior at high temperature.
Combined with molecular dynamics simulations, the effect of calcium-sodium composite flux on the melting mechanism was revealed at the

molecular level. The results showed that the silicon-aluminum ratio (Si/Al mass ratio) of Pingshuo coal ash with high ash fusion
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temperatures (AFTs) were approximately 1.0, with the total silicon-aluminum content (Si+Al, mass sum) about 90%. When the addition of

calcium-sodium composite flux (CaO and Na,O) was 20%, the AFTs of coal ash with the addition of calcium-sodium composite flux were

lower than that with the addition of CaO and Na,O, which demonstrates a synergistic effect of the calcium-sodium composite on the
fusibility of Pingshuo coal ash. The FT of the two Pingshuo coal ash decreased to 1377 and 1279 °C when the calcium-sodium ratio of the

composite flux was 3:7. With the addition of calcium-sodium composite flux, quartz in coal ash reacted with Na,O and CaO to form low

melting point minerals such as nepheline, melilite, gehlenite, inhibiting the formation of mullite. The formation of low eutectic minerals

occurred among anorthite, albite, nepheline and other minerals. Besides, the ordered structural was disrupted by the high diffusivity of Na,

inducing the preferential coordination of Ca** with [Al0,]*" tetrahedra. As a result, the Si-O-Si network of coal ash at high temperatures was

further broken. The addition of calcium-sodium composite flux significantly enhanced atomic diffusion capabilities within coal ash at high

temperatures. The values of mean square displacement (MSD) were higher than those with the additions of Na,O and CaO.

Key words: coal gasification; Pingshuo high-AFTs coal; calcium-sodium composite flux; ash fusibility; mineral transformation
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Table 1 Proximate and ultimate analyses of PS coal

Proximate analysis w,,/% Ultimate analysis wg,/%
Sample
M A 14 FC C H o* N S,
PS-4# 3.24 32.89 23.36 40.51 77.72 5.06 15.36 1.30 0.56
PS-11# 2.14 40.25 26.53 31.08 74.54 5.87 14.40 1.16 4.03

ad: air dry basis; daf: dry and ash free basis; M: moisture; 4: ash; V: volatile; FC: fixed carbon; C: carbon; H: hydrogen; O: oxygen;
N: nitrogen; S;: total sulfur; : by difference.

x2 FHEREUFER
Table 2 Chemical compositions of PS coal
Content w/%

Sample Sio, ALO, Fe,0, Ca0 MgO SO, TiO, K0 Na,0 P,0;
PS-4# 4533 48.38 1.93 0.36 0.38 0.13 1.82 0.32 0.23 0.29
PS-11# 48.08 41.49 5.61 1.77 0.32 0.65 1.04 0.50 0.16 0.1
Fx3 FIEIKE AFTs
Table 3 AFTs of PS coal
Temperature/ °C
Sample DT ST HT FT
PS-4# >1550 >1550 >1550 >1550
PS-11# >1550 >1550 >1550 >1550

DT: Deformation temperature; ST: Softening temperature; HT: Hemisphere temperature; FT: Flow temperature.

R 1, AT R R A ANy RSN, BEK T Sio, i ALO, 5 & AR I I A
Si0, Fll ALOs, fif &7 5 Al (Si+Al) ¥ i#8 13 85%, 435 BUSER AT, HBORA M S 1840 °C, itk 7
i 93.71% F1 89.57%; Si/Al 43 5l 4 0.94 Fil 1.16, PR ) FT Y5 T 1550 °C, XE LA 2SR <Ak
J& T LRI 1 55 Si+AL MK SI/AL FEBE K . A R B LR
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%4 BMHBEHsH"

Table 4 Parameter of BMH potential function'"

Atom type gle A/(kJ-mol ) plA CAA kI -mol )
Al 1.4175 2753544 0.172 3336.26
Ca 0.945 15019679 0.178 4077.45
0 ~0.945 870570 0.265 8210.17
Si 1.890 4853816 0.161 4467.07
Na 0.4725 11607588 0.170 0

Na,0+Si0,+AL,0,)=20%, Si/A1=0.9, SiO,+AL0;=80%
CaO/Na,O 12k 10:0-0:10, A& & i )5 FHan 3 5
i
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) JG CaO/Na,O X - 9] JE K 445 mlt 45 Pk 14 4 FH AL
B E A 2R AR 4 G (CaO+Na,0)/(CaO+

x5 BMERBEREFE
Table 5 Atomic number of the simulated system
Atom number

CaO/Na,O ratio Si Al ) Ca Na SUAI
10:0 1449 1886 6555 828 0
7:3 1449 1886 6532 575 460
5:5 1449 1886 6509 414 736 0.90
3:7 1449 1886 6509 253 1058
0:10 1449 1886 6463 0 1472
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(a): PS-4#; (b): PS-11#.
Q: Quartz (Si0,); M: Mullite (3A1,05-2S10,); A: Aluminium oxide (Al,05); An: Anhydrite (CaSO,); H: Hematite (Fe,O5).
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XRD patterns of PS coal ash at different temperatures
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