H41% HoeH B 2 Bk H Vol.47 No. 6
2022 412 H Sintering and Pelletizing Dec. 2022

ALO, X IBR S S ELEHNSHERZ I
o EEM

B, % &, T8, H R, £ K
(AEJLEL T K2 h 4 SRelR4Be Wt JE1L 063210)

FAE AL O, IR &TIE Sy e (LR T Eh ) MM, A S b IEF A ok — RIIR R, A THF5E AL 0y Xt
FE Rl ZS R P A S PERE S U A SCRI ] ﬁ%mﬁ%ﬁ%?%MﬁTHAMu AT RS R I T RO 2
KFE ARG, 2T BMH $ ek B0 HT42 7] 434 BREL(RDF) (B4 ( CN) B AR 434 oK AR 35 5 (088 (MSD) 4510
SRS, A5 ERI AR SR AL FEELI[SI0, 14 ML AL0, 17 VT (R BT s0AE A, BE AL R 40 S0 A9 5 i, Si-0 il
AL-OR B HZR 7 1) 4 5230, /R F [ Si0, 14~ FI[ AlO, 17~ PU Th 4% (14 2% #9728 15 1k Sl A% 2 5 M A Si-0, A1-0,\ Ti-0 \ Mg-O
Ca-OE B AT AR 1.59 1. 77 2. 35 .2.29 2. 31 A A BEKBIE AL O5 JFiim /800038 intJC i 1 454k ; 0-Si-0 ,0-AL-0 |
&OS&%&&M%%%)TWWM°WM1%°85Wﬁ&¢3®ﬁ0&0%ﬁ}ﬁmﬁmmmﬂmkﬁ%%ﬁﬁEJﬂ
KR AP AR P [ S10, 1%~ DUTH IR ZE R HE A A 32 AL Jo S 3 5P 0, 2 05 47 T 1) 4% 45 4 s R I H R, AR 4
Si-0-Si T /B, A1-0-Si 1 AL-O-Al i /80, JEFE 4 Si-0-Ca Al-O-Ca , Si-O-Ti  Si-O-Mg . Al-O-Ti , Al-O-Mg 5 &4}
B TR R (G188 (MSD) | 2 FFTHE J5 B B I 22 18] 156 ZR bR, THFER ) AL Oy I /B0 R I IR 1 45 TR T 1 A
PHBGRBNERE AR ER W B AL O, B /MBI R T 1Y H 3 BUR BOZ Wi, BRI B Wi K, 2 AL O, Fift /-4t
AL 16% I, RS ISR 2548
KR ;eI A R FE
FE 45K S . X757 ; TF09 XERFRIRAD ; A XEHES 1000 - 8764 (2022)06 —0057 —09
doi ; 10. 13403/j. sjqt. 2022. 06. 085

Molecular dynamics simulation of effect of Al,O, on structure and viscosity of

molten blast furnace slag

CAO Yaran, XU Bo, WANG Zhengzheng, TIAN Chen, LONG Yue
(College of Metallurgy and Energy,North China University of Technology , Tangshan 063210, Hebei , China)

Abstract: Excessive Al, O, will worsen the performance of blast furnace slag( especially fluidity ) and bring a series of
adverse effects on normal smelting of blast furnace. In order to study the influence of Al,O; on the structure and
properties of molten blast furnace slag, molecular dynamics method is used to systematically study the microstructure
and viscosity changes of molten blast furnace slag with different Al,O; mass fractions, and the microstructure
informations such as radial distribution function ( RDF ), coordination number ( CN), bond length, bond angle
distribution function and mean square displacement (MSD) are analyzed based on BMH potential function. The results
show that Si and Al in the melt mainly exist in the form of [ Si0,]*™ and [ AlO, ]’ tetrahedrons. With the increase of
Al mass fraction, the coordination number values of Si-O and Al-O gradually approach 4, which indicates that the

structures of [ Si0, ]1*~ and [ AlO, ]°~ tetrahedrons become more and more stable. The bond lengths of Si-O, Al-O,
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Ti-O,Mg-O and Ca-O in the melt are 1.59,1.77,2.35,2.29 and 2. 31 A respectively,and the bond lengths of each
bond have no obvious change with the increase of Al,O, mass fraction. The bond angles of 0-5Si-0,0-Al-0, Si-0-Si
and Si-O-Al fluctuate around 109°,104° 145° /135° | respectively,and the peak height and peak width of the 0-Si-O
bond angle distribution curve remain the most stable, which onceagain indicates that the [ SiO, ]*~ tetrahedral
structure in the blast furnace slag melt is basically not affected by Al mass fraction,and it is the most stable skeleton
structure in the blast furnace slag network structure. The mass fraction of bridging oxygen Si-O-Si decreases,the mass
fraction of Al-O-Si and Al-O-Al increases, and the mass fraction of non-bridging oxygen Si-O-Ca, Al-O-Ca, Si-O-Ti,
Si-0-Mg, Al-O-Ti and Al-O-Mg decreases. The self-diffusion coefficient and viscosity of each atom in the melt with
different Al,O, mass fraction are calculated by using the relation function between mean square displacement (MSD) ,
Einstein equation and viscosity. The results show that with the increase of Al,O; mass fraction, the self-diffusion

coefficient of each atom gradually decreases,and the viscosity gradually increases. When Al, O, mass fraction exceeds

16% ,the viscosity increases slowly.

Key words: blast furnace slag; molecular dynamics; bridging oxygen; tetrahedron; viscosity
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Table 1 Parameters for BMH pair potential

i i A/10°eV  B/ATT €/ (eV-A%)
Ca  Ca 2.55 4.68 0
Ca Mg 1.82 5.08 0
Ca Ti 1.07 6.25 0
Mg Mg 4.16 6.75 69. 10
0 0 118 7.31 0

Si 1.98 5.77 0
Ca 1.52 4.93 0
Mg 1.06 4.95 0

Si Si 8.32 8.77 27.50
Si Ca 2.43 5.52 7.65
Si Mg 5. 86 7.64 46. 50
Ti Ti 3.51 6.25 0
Ti 0 2.40 6. 06 0

R2 BRrEMEIZLERS (RESHH)

Table 2 Main chemical composition of blast

furnace slag %o
CaO Sio, Al, 0, MgO TiO,
36. 06 28.43 14.22 8.28 8.25

Fr—3, AR T E8Ch2 158 ~2 182 41, H
RN TR3 P, HELE KN
2.90 g/cm, KW A Nose-Hoover #IAAY NVT
L%, DRI R P R GE Y 7
PRFRANR BE PR AN, BDARIREE R 5 000 K T i
B30 ps (2 #, 107" ) 192 FIISIIR R

®3 BYEASREFHE

Table 3 The composition of blast furnace slag and number of atoms

e AP 2 G (T 5 E) /% JFFHA

Si0, ALO, CaO  MgO  TiO, Ca Si Al Ti Mg 0 it
* 31.0 11 40.0 10 8 357 258 108 50 125 1260 2158
2 30.5 12 39.5 10 8 352 254 118 50 125 1262 2161
3 30.0 13 39.0 10 8 348 250 128 50 125 1265 2166
4* 29.5 14 38.5 10 8 343 246 138 50 125 1267 2169
5" 29.0 15 38.0 10 8 339 242 148 50 125 1270 2174
6* 28.5 16 37.5 10 8 334 238 156 50 125 1269 2172
7" 28.0 17 37.0 10 8 330 233 166 50 125 1270 2174
8" 27.5 18 36.5 10 8 325 229 176 50 125 1272 2177
9* 27.0 19 36.0 10 8 321 225 186 50 125 1275 2182
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Fig. 1 The RDF and coordination number analysis results of sample 17 in the blast furnace slag system
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Fig.2 The coordination number of Si-O and Al-O for the blast furnace slag system
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Fig. 4 Distribution of bond angles in the blast slag system
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Fig. 5 Distribution of T-O-T in the blast furnace slag system with different Al, O, mass fraction
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Fig. 6 Variation curve of atomic mean square displacement( MSD ) and self-diffusion coefficient of

blast furnace slag with different Al,O, mass fraction
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