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Effect of borax on microstructure and viscosity of fluorine-free mold
fluxes containing titanium-bearing blast furnace slag
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Abstract: To clarify the role of borax as a fluoride substitute in fluoride-free and titanium-bearing mold
fluxes, the test samples were prepared using industrial raw materials such as titanium-bearing blast fur-
nace slag, limestone, quartz, soda ash, witherite, and borax. Molecular dynamics simulation and Raman
spectroscopy were used to study structural characteristics of the samples, including radial distribution
function, average coordination number, bond angle distribution, and structural unit Q" distribution. The
intrinsic factors of the viscosity changing with borax content were analyzed from the perspective of slag
structure. The results show that with the increase of borax content (from 4% to 12%), the stability of the

riE B HA: 2024-12-26

EEWB: EKARBFIEE T IIN H (51774140); b4 A RRHFA 54 9E B0 H (E2024209062) ; it 4 45 & S A
BHIF 45 2% 95 B0 H (JQN2023005); J3 LLATRMH - 9% BhI0 H (24130206C) .

YEE B XN, 1988 4RI AE, B, ILZRTTFEN, BIZUR, I SHE & T 20 W2 S St Bl 5 1 0 R E TAE, E-mail:
heutliulei@163.com; B IAEH: BB, 1966 44, &, WALfE A, #82, 1S, KIWSIEE T 5 Y Ry Yt ey
T O FERIIFSE T A, E-mail: hanx11965@126.com.


https://doi.org/10.7513/j.issn.1004-7638.2025.02.020
https://doi.org/10.7513/j.issn.1004-7638.2025.02.020
https://doi.org/10.7513/j.issn.1004-7638.2025.02.020
mailto:heutliulei@163.com
mailto:hanxl1965@126.com

#24

X, A WD R S TC IR R I GO Ry S R P P R - 143 -

Ca-O structure deteriorates, a large amount of low polymerization degree B-O structure forms, the or-
der degree of Si-O-Si bond angle decreases, and the structural units Q° gradually depolymerize into Q'

and Q’, making the slag structure more complex and the overall polymerization degree smaller. That is,
the viscosity performance decreases macroscopically. Moreover, when the borax content increases to
more than 8%, the fluoride-free and titanium-bearing mold fluxes reaches a low and steady viscosity

level.

Key words: fluoride-free and titanium-bearing mold fluxes, slag structure, viscosity, borax, molecular

dynamics simulation
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Table 1 Chemical compositions of raw materials %

J7BL Si0, CaO TiO, ALO, MgO Na,0 B,0; CaCO; Na,CO; BaCO,

e
REN
yits 24.74 26.71 22.31 11.87 8.96

A3 9832
fRAT 97.15
i >99
vl >99
s 30.49 68.51
®2 ABRBHUFRS
Table 2 Chemical compositions of slags %

#5 CaO Si0, ALO; MgO TiO, BaO Na0O B0,

Bl 3578 27.63 6.05 456 1136 294 819 349
B2 3488 2622 6.01 454 1130 293 891 520
B3 3313 2593 594 449 11.17 290 9.58 6.86
B4 3227 2456 591 446 11.11 2.88 1028 8.53
B5 3057 2429 585 441 1099 285 1092 10.12

1.2 5k

B XA R IR 5 6 1 5 R T S TC SRR PP i
FIH 5T 8 J1 240 5 1%, AR R AR 1) 43 A pRER
SP-HAY AN K B 0 A AT R RO TR Q40 A S 4
P 8, MBHOUL 22 T e A B 5 B 6 5 Bk e G
FARAPIE R . 5 B 12 AR IS F T RERR
L IEAKR 25 ¥ 1 58 1) Born-Huggins-Meyer( BHM ) #
PR, BB IE U R LR (NVT), SR A S 2 3
JIT7R o AR R AE 5000 K [T R 1T
10 000 4, B J= F- 283 10 000 2458 R IR JE 2
1673 K, fJ57E 1673 K {5 10 000 ik 2153
SRR, DABLL A s A A B b R B AR,
NS RNZR A R s 45 H 15 L

R3 DFHNFEBBESH

Table 3 Molecular dynamics simulation related parameters
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B1 988 475 73 177 147 30 272 62 2776 5000 2.88 41247
B2 967 452 73 176 146 30 298 92 2766 5000 2.81 41.488
B3 921 449 73 175 145 29 321 122 2765 5000 2.73 41.727
B4 900 426 72 174 145 29 345 152 2755 5000 2.67 41.946
BS5 856 423 72 173 144 29 368 181 2755 5000 2.60 42.179
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Fig. 1 Partial radial distribution function of slag sample B3
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Fig. 2 Effect of borax content on partial radial distribution function
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Fig. 8 Viscosity characteristics of slags with different borax content
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