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Influence of SiO,/Al, O, ratio on microstructure of CaO-SiO,—-Al, O, melt

MA Fangru', WEI Bo' ,MAIERHABA - Abudoureheman', WANG Jianjiang', LI Xian®, WANG Xuebing’
(1.Key Laboratory of Coal Clean Conversion and Chemical Process  Xinjiang University ,Urumgi 830000, China ;2. State Key Laboratory of
Coal Combustion , Huazhong University of Science and Technology,Wuhan 430074 , China;3.School of Energy and Engineering ,Xi'an Jiaotong
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Abstract : The acid-base ratio and Si—Al ratio of coal ash are the key factors affecting coal ash properties. Adding additives to coal or
using mixed coal to adjust coal ash fusing characteristics by changing the ratio of SiO, to Al,O; is an important means to improve the ash
and slag problems in the high temperature coal conversion process. In order to analyze the influence of the change of Si—Al ratio on the mi-
crostructure of coal ash system and obtain the theoretical mechanism of the change of macroscopic properties, the radial distribution func-
tion (RDF) ,mean coordination number ( CN) , degree of polymerization, distribution of oxygen and other microstructures in CaO-Si0O, -
Al, O, system were simulated and calculated when Si0,/Al, O, increased from 0.5 to 3.1 based on first principles at 1 600 °C. The results
show that:when Si0,/Al, 0, increases from 0.5 to 3.1,Si—O has a stable four coordination structure and the average bond length is 1.61x
107" m; the average bond length of Al—O0 is 1.75x107'" m, the coordination number of Al—O is relatively stable,and the coordination
number decreases with the increase of Si—Al ratio. Si and Al are network formers in the silicate system of synthetic coal ash. As SiO,/

Al, 0, increases from 0.5 to 3.1,Q" and Q’decrease gradually,forming Q* and Q° with low degree of polymerization. Among them,Q* and
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Q’decrease by about 23% and 10% respectively and (Q° and Q7 increase by about 14% and 11% respectively. A large number of [ SiO, ]*

and [ Al0, ]7 are destroyed , the degree of polymerization is reduced , the disorder is increased, and the network structure is destroyed , resul-

ting in the decrease of ash fusibility. With the increase of Si—Al ratio, O, and O, decrease gradually,and O, increases significantly. Among

them, 0O, and O, decrease by about 7% and 13% respectively,and O, increases by about 18%. The network structure of the system is de-

stroyed ,and the loose network structure makes the system more prone to collapse at high temperature. The macro performance is that

the melting temperature of coal ash is reduced,and it is easier to produce low—temperature eutectic.

Key words: Si/ Al ratio; microscopic characteristics ;melting characteristics ;molecular dynamics ; degree of polymerization
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Table 1 Particle number distribution of the system

TR WEE,
Si/Al 1K/ nm
Ca Si Al 0 (grem™)
0.5 471 235 941 2353 2.764 3.760
0.8 490 327 816 2367 2.769 3.762
1.1 505 396 721 2378 2.768 3.763
1.5 519 468 623 2390 2.760 3.771
1.9 531 522 549 2398 2.751 3.775
2.3 540 564 491 2405 2.739 3.781
2.7 547 599 444 2410 2.728 3.788
3.1 553 627 405 2415 2.717 3.793
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Table 2 BMH potential parameters of melt ion pairs

Atom 1 Atom 2 A;/eV B;/10° m  C;/(eV - 10°%)
Ca 0 717 827.00 6.06 8.67
Si 0 62 794.37 6.06 0
Al 0 86 057.58 6.06 0
0 0 1 497 049.00 5.88 17.34
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