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ABSTRACT: Based on the theory of random network model,
the effects on the structure role in the SiO,-Al,05-CaO ternary
system for each component was analysed. The theory of
random network model considers the amphoteric role of Al,O5
in the silicate system, and its strong preference for tetrahedral
coordination with its charge deficit being compensated by
alkaline earth metal cations, Mn* etc. For studying the varied
viscosity with the ratio of n(CaO)/[n(Ca0)+n(Al,O5)] in the
Si0,-Al,05-Ca0 ternary system, the relationship between
viscosity and component with the ratio of that typically in the
range of 0.4~0.6 was investigated. The results show that, with
the ratio of n(CaO)/[n(Ca0)+n(Al,O3)] increasing from 0.4~0.6,
the viscosity of the silicate melts increases slowly at first, and
then decreases fiercely, but when that was at 0.5, the viscosity
of silicate melts never reaches the maximum. Ground on the
properties of fluid, the mathematical model for SiO,-Al,O3-CaO
ternary system in completely molten state was established,
which was better than the conventional Urbain model, and
good agreement between experimental value and prediction
one was obtained.
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Tab.1 Viscosity model parameters
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1 0.665 4 0.060 3 0.274 2 1473 2.619 24326 -0.320 4 7.9854 —4.6249
2 0.665 4 0.060 3 0.274 2 1423 3.045 31501 -0.3017 8.7029 —4.753 4
3 0.627 4 0.092 4 0.280 1 1473 2.572 2.386 4 0.094 8 7.8515 -6.0205
4 0.627 4 0.092 4 0.280 1 1423 3.025 3.095 7 0.1248 8.560 8 -6.028 3
5 0.587 8 0.126 0.286 3 1473 2.458 2.3037 0.0751 76123 -6.241
6 0.587 8 0.126 0.286 3 1423 2.9 2.9983 0.088 6 8.307 —6.208 4
7 0.519 0.091 8 0.389 3 1473 1.671 1.629 2 0.0418 5.660 3 -3.9893
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17 0.4998  0.193077 0.307123 1600 0.263 0.583 4 -0.0707 4.8879 -5.5358
18 05029 0213355 0.283 745 1600 0.332 0.6337 -0.1051 5.085 4 —5.657 9
N £33 RESH
—o— MU Tab.3 Analysis of Errors
—A— Urbain #1574
8r Ty W b2
% 6l AR -0.01153 0.160 09
& Urbain #4710 -5.698 46 58438
= 4}
g R
I ff‘"f 19
et E == [n(m)-7(p)] (15)
0 4 8 12 16 20 =1
FEAHL PR 2%

6 AEEEFNMESKIEELLR
Fig. 6 Comparison of predicted values by different
models to experimental values

€rmse = \/i [, (m) =7, ( P /n (16)



55 5 1) GRS

TERIERIRAS T Si0,-Al,05-CaO 7 5 1R £ 73 4 5 it 43

A i(m) A SEIGI AR ni(p) AR SHAE
4 258

SiO,-Al,03-CaOfk #1158 B RILIRA T, SiO,
f] B SR 25 4 [7]n(Ca0)/[n(Ca0)+n(AlLO3) ] ELAE AH LE
R A R R BN B35 2x(Si0)—
14 % % FE B % n(Ca0)/[n(Ca0)+n(Al,05)] Lt A1 K
I, EISET S RS, FiRREE{En(Ca0)/
[n(CaO)+n(Al,03)]ELAE N 0.5 A/ E I, Hix
KAEAMINAE 0.5 b JE TR SIFE S T %6
JEE TR A2 A, I H BB AR 4 M Y00 5 4 stk
A FSi0,-AlLOs-CaOK R IR o A 7K BER Sp
S T F ) T A — e I ER A B

B2 3k

[ )78 A, REE, & R R RBUR AL &
). BARAL T, 2004, 24(5): 23-26.

Yu Guangsuo, Niu Miaoren, Liang Qinfeng, et al. Application status
and development tendency of coal entrained-bed gasification[J]. Coal
Chemical Industry, 2004, 24(5): 23-26(in Chinese).

[2] Christopher Higman, Maarten Van der Burgt. Gasification[M]. New
York: Gulf Professional Publishing, 2003.

[3] Shartsis L, Spinner S, Capps W. Density, expansivity, and viscosity of
molten alkali silicates[J]. Journal of the American Ceramic Society,
1952, 35(6): 155-160.

[4] Alex Kondratiev, Evguenijak. A quasi-chemical viscosity model for
fully liquid slags in the Al,05-CaO-‘FeQ’-SiO, system[J]. Metallu-
rgical and Materials Transactions, 2005, 36(5): 623-638.

[6] AEHEE, wKHEEH, B, 5. MgO-Al0s-SiO, RS M BRI 4L
HMETEBEAR]. MRERLE S TR2AR, 2007, 25(2): 197-200.
Ren Xiangzhong, Zhang Peixin, et al. Infrared spectra of MgO-
Al,05-SiO, system glass-ceramic[J]. Journal of Materials Science &
Engineering, 2007, 25(2): 197-200(in Chinese).

[6] Taylor M, Brown G E. Structure of mineral glasses—I The feldspar
glasses NaAlSizOg, KAISizOg, CaAl,Si,Og[J]. Geochimica et Cosmo-
chimica Acta, 1979, b(43): 61-77.

[7] Taylor M, Brown G E. Structure of mineral glasses—II the SiO.-
NaAlSiO, join[J]. Geochimica et Cosmochimica Acta, 1979, a(43):
1467-1475.

[8] Dingwell D B. The effect of fluorine on the viscosity of diopside
liquid[J]. American Mineralogist, 1989, 74: 333-338.

[9] Michael J, Donald B. Shear viscosities of CaO-Al,03-SiO, and
MgO-Al,03-SiO, liquids: Implications for the structural role of
aluminium and the degree of polymerisation of synthetic and natural
aluminosilicate melts[J]. Geochimica et Cosmochimica Acta, 2004,
68(24): 5169-5188.

[10] Shaw H R. Viscosities of magmatic silicate liquids: an empirical
method of prediction[J]. American Journal of Science, 1972, 272(9):
870-893.

[11] Bottinga Y, Weill D F. The viscosity of magmafie silicate liquids: A
model for calculation[J]. American Journal of Science, 1972, 272(5):
438-475.

[12] Watt J D, Fereday F. The flow properties of slags formed from the
ashes of British coals[J]. Journal of the Institute of Fuel, 1969,
42(131): 99-103.

[13] Weymann H D. Temperature dependence of viscosity[J]. Kolloid Z.
Polymer, 1962, 181: 131-137.

[14] Alex K, Evgueni J. Modeling of viscosities of the partly crystallized
slags in the Al,03-CaO-“FeO”-SiO, System[J]. Metallurgical and
Materials Transactions B, 2001, 32(6): 1027-1032.

[15] Urbain G, Boiret M. Viscosities of liquid silicates[J]. Ironmaking and
Steelmaking, 1990, 17(4): 255-260.

[16] Vargas S, Frandsen FJ, Dam-Johansen K. Rheological properties of
high-temperature melts of coal ashes and other silicates[J]. Progress in
Energy and Combustion Science, 2001, (27): 237-429.

[17] Nickel E H. Viscosity measurement of CaO-Al,05-SiO; [J]. American
Mineralogist, 1954, 39(6): 486-493.

Yeks HHEA: 2007-08-25.

E& TN

TkESC(1983—), 5, AN, LT, AR
WO ER S, comingtozzw@163.com;

FHi£(1981—), T, Wrdbfloe N, WLEFSAR, SRR A
PR R 5T 5

PEE(1978—), T, TTHERIMIN, EEEIRE, WFRREX
NS

FRRAE(1981—), T, AL E N, EEEIRE, WFREX
NS

FI86(1970—), ¥, RN, #u%, ELASE, PFLy
BRACE ORISR . TR il B RAR ) A ORI SR A B

TREZ(1944—), 5, WAREHAN, 8, WL, WFESR
PRI RS B AT A

(g F12%t)



