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Effect of fluxing agent on the properties of CaO-Al,O; based mold flux
Li Chen"’, Qi Jie"?, Liu Chengjunl’z*, Jiang Maofa"?

(1. Key Laboratory of Ecological Metallurgy of Multimetallic Mineral (Ministry Education), Shenyang 110819, Liaoning,
China; 2. School of Metallurgy, Northeastern University, Shenyang 110819, Liaoning, China)

Abstract: In order to address the problems of serious slag strips and breakout alarms in the process of
high-aluminum steel continuous casting using calcium-aluminum-based mold flux, the comprehensive
effect of B,O; and CaF, on the melting temperature, viscosity and crystalline properties were investig-
ated. The results showed that as the mass fraction of CaF, replaced by B,O; increased, the melting tem-
perature and breaking temperature of the mold flux decreased, and the viscosity showed an increasing
trend. Moreover, the mold flux had stronger crystallization ability with high content of CaF,, leading to
the precipitation of Ca,Al,,O;,F, at a high temperature. As the mass fraction of CaF, replaced by B,O,
increases, the crystallization ability had been obviously inhibited, and the crystalline phases changes as
follows: Ca,,Al,05,F, — 2Ca0-Al,0,-Si0, — a single liquid phase.When B,0; replaces CaF, with a
mass fraction of 10%, the crystallization performance of the mold flux was effectively suppressed,
which could effectively reduce the sticking breakout alarm and meet the casting requirements of high-
aluminum steel.
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Table1 Min chemical compositions of high-aluminum steel continuous casting mold flux in a domestic steel plant %
CaO Sio, ALO; CaF, Li,0 CaO/ALO;
31.81 7.58 19.7 25.74 9.14 1.33
%2 ARABBMESRPELERS
Table 2 Chemical compositions of mold flux used for high-Al steel continuous casting %
5 Ca0 SiO, ALO, Na,0 CaF, Li,0 B,O; Ca0/AlLO,
S1 32 6 24 5 23 5 5 1.33
S2 32 6 24 5 18 5 10 1.33
S3 32 6 24 5 13 5 15 1.33
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Fig.1 Isothermal sections of Ca0-Al,0;-B,0; system and Ca0O-Al,O;-CaF, system
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Fig. 2 Viscosity-temperature curves of mold flux with dif-
ferent contents of B,0; as replacement for CaF,
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Table 3 Viscosity at 1 300 °C and breaking temperature of

mold flux with different contents of B,0; as re-
placement for CaF,
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Fig.3 SEM images of S1 mold flux quenched at different temperatures, and XRD patterns of S1 mold flux quenched at full

crystallization (5 Pa-s)
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Table 4 EDS analysis of S1 mold flux quenched at different temperatures

JEE IR 53K/ %
VR IREE/C YA
Ca Al si Na F 0
Pl 20.53 27.05 522 47.20
1260
M 25.20 3.83 525 2.56 18.25 49.07
Pl 19.73 26.67 4.53 49.07
1207
M 21.59 8.01 4.76 245 18.76 44.43
Kl 4a, by S2 ¥R mUIRBE M sE o0 Ml MOAHCRERARIAN.
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Fig. 4 SEM images of S2 mold flux quenched at different temperatures, and XRD patterns of S2 mold flux quenched at full
crytallization (5 Pa-s)
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Table 5 EDS analysis of S2 mold flux quenched at different temperatures

N JEE IR0 %
VAR C Yk
Ca Al Si Na F 0
P2 17.46 22.04 6.98 53.51
1004
M 19.25 13.74 3.70 2.51 9.72 51.08
P2 18.49 23.28 7.08 51.14
975
M 19.69 13.69 3.64 2.09 10.42 50.49
. 500 .
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Fig. 5 SEM images of S3 mold flux quenched at different temperatures, and XRD patterns of S3 mold flux quenched at full
crytallization (5 Pa-s)
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Table 6 EDS analysis of S3 mold flux quenched at different temperatures

JEE IR 5388 %
Ca Al Si Na F (6]

R IREEC L]

975 M 17.51 14.23 3.16 3.26 6.74 55.10
952 M 17.93 14.43 3.30 2.81 7.02 54.51
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Fig. 6 Crystallization of different phases for mold flux with
different contents of B,O; as replacement for CaF,

B E R A SRR L 4 T H (U1908224,
51904064, 51874082) A1+ [ 1# - j5 Bl 22 3 41 H
(2020T130084, 2019M661 1 14) ¥ AHFFE IR S 45

[1] Ma Mingtu, Zhang Yisheng, Song Leifeng, et al. Research progress of hot stamping forming of ultra-high strength steel[J].

New Material Industry, 2015, (9): 61-67.

(LN e, BRPT AR, AR TR IG, 55, R e R B R b ORI R 14 JRR [T, AR ™k, 2015, (9): 61-67.)

[2] XulJinzhong, Han Yihua, Bi Yanxue, et al. Study on the dissolution behavior of Al,O; by CaO-Al,O; based continuous casting
mold flux[J]. Iron Steel Vanadium Titanium, 2018, 39(2): 127-131.
(Vi b, A, HEAES ) 45 CaO-ALOSEE FHAI i X T ALOA AT M FIBFFE[T]. #KAILER, 2018, 39(2): 127-131.)

[3] Wang Huan, Tang Ping, Wen Guanghua, et al. Research on non-reactive continuous casting mold flux for high aluminum

steel[J]. Iron Steel Vanadium Titanium, 2010, 31(3): 20-24.

(EXR, JEME, SO, 55, SRR N PR E S Rl 25 ). e ELER, 2010, 31(3): 20-24.)


https://doi.org/10.3969/j.issn.1008-892X.2015.09.013
https://doi.org/10.3969/j.issn.1008-892X.2015.09.013
https://doi.org/10.7513/j.issn.1004-7638.2018.02.021
https://doi.org/10.7513/j.issn.1004-7638.2018.02.021

- 130 - W gk Pl K 2021 4F55 42 &

[4] Yu Xiong, Wen Guanghua, Tang Ping, et al. The effect of F~ on the physical and chemical properties of high-aluminum steel
continuous casting mold flux[J]. Chinese Journal of Process Engineering, 2010, 10(6): 1153—-1157.
(T, SOEAE, FERE, 55, FX R0 B O i BALMERE AU SE MR 0], S 72 T2, 2010, 10(6): 1153-1157.)
[5] YanglJ, Zhang J, Ostrovski O, et al. Effects of fluorine on solidification, viscosity, structure, and heat transfer of CaO-AlLO;-
based mold fluxes[J]. Metall Mater Trans. B, 2019, 50: 1766—1772.
[6] Qil,LiuC]J,Jiang M F. Viscosity-structure-crystallization of the Ce,0;-bearing calcium-aluminate-based melts with different
contents of B,O;[J]. ISIJ International, 2018, 58(1): 186—193.
[7]1 Zhang L, Wang W, Xie S, et al. Effect of basicity and B,0O; on the viscosity and structure of fluorine-free mold flux[J]. Journal
of Non-Crystalline Solids, 2017, 460: 113—118.
[8] Wang Xingjuan, Wu Binbin, Zhu Liguang, e al. Research on rheological characteristics of fluorine-free continuous casting
mold fluxes[J]. Tron Steel Vanadium Titanium, 2017, 38(4): 135-139.
(CEAR, IREEE, ARG, 5. TR A B AR R DIFE ). SERILER, 2017, 38(4): 135-139.)
[9] Yan W, Chen W Q, Yang Y D, er al. Evaluation of B,O; as replacement for CaF, in CaO—-Al,O; based mould flux[J].
Ironmaking & Steelmaking, 2016, 43 (4):316-323.
[10] Zeng Q, Stebbins J F. Fluoride sites in aluminosilicate glasses: high-resolution "F NMR results[J]. American Mineralogist,
2000, 85(5-6): 863—867.
[11] Wang X, Jin H, Zhu L, et al. Effect of CaF, on the viscosity and microstructure of CaO—-SiO,—Al,O; based continuous casting
mold flux[J]. Metals, 2019, 9(8): 871.
[12] Sun Y Q, Zhang Z T. Structural roles of boron and silicon in the CaO-SiO,-B,0; glasses using FTIR, Raman, and NMR
spectroscopy[J]. Metallurgical and Materials Transactions B, 2015, 46(4): 1549—-1554.

Ykt WA

T T T T BT T T T BN T AT T B T B T BT T BT TN BT T BTN BT BTN B T B T B T BT T B T T B TN BT T B TN B T B TG T B T BT BT B T B T B T B T BT T BT BT T BT T BTG T BTG T BTG

X£E 5 HAFRARSIERRFHREG BRI E

(8 H 13 HIHE ) ¥ HARRIPEkHE, [ Universal Achemetal Titanium(UAT) 57345k 7] ( Toho
Titanium ) HAE, WEFE TEBAR G, #ER TR PR SOV BT IR TCR I, e T2 s 2
TR = SR E AR HEE , R G AR RO, REA R B RURHRI R R Bk ek, A
SEELRED AR o

g5 RiE (Kroll) BA & BiREGE, BB mARET (TiO,) B FE T, ARSI,
JiFAE] 1000 C AT SEIAF N, SR BRSO e, SOy A R iy — S i <R . XA T2k

Az — g R AR 2 AR 2 10 ¢ AR AUAR, TEBEERZRIE T, RHFes R AiaE, Ao —niiEantk
RATTEINFE 2 ~ 3 T, JF HAs b J5Ud e rh AR P Y 2% o 5 PR B AR R)— i, X mltid i 1 1A 40

BRA PR mn g ERERE . E A AT 2 Ei

UAT A AW BRIG R R BCHT T2 HRTE, RAEMARES (TiO, ) Hhismgfkismis, Bawie
B HR T LR R ZU R SR IGE JEL SN, SRR IR e B A B AL ES 5 T3 88, PRI H s & R ek A
R, ZJRTERAGR T BB S M ECIRER & B UTRRY) , Sk si s i B R B & JE ek, I kil B
MR B 2 B A AR, WSO o5 RIEM PR ACR . XA T EHARWMBTRARITRNS S, kT4
PR R AR KSR, TA G EEINERAR, T2 R A RE R A L S 5 IR IRREAIR 70% A4 .
A D TRR EU BRGJE AT B TR B SOV E AR P2 e 4 Z2 AL S o B 2R A %L
Hfhe kG R BRI T B S REAE . oYY, JFREIRISAUE T A . A AR Bk G R AR

FESC I MR EEAN -, 2021 4F H A ARIPERA Rl X 0RO BCR AR ik 17 ik e ], G AR A
AR/ N OB S5, el A Pl A e 1 R el T 20, it A AR 7t L s 55 R VAl R
L ORISR, BRI AR A R A2

## B http://www.0917bcd.com/news/htm1/?483 . html


https://doi.org/10.1007/s11663-019-01579-z
https://doi.org/10.2355/isijinternational.ISIJINT-2017-252
https://doi.org/10.1016/j.jnoncrysol.2017.01.031
https://doi.org/10.1016/j.jnoncrysol.2017.01.031
https://doi.org/10.7513/j.issn.1004-7638.2017.04.024
https://doi.org/10.7513/j.issn.1004-7638.2017.04.024
https://doi.org/10.2138/am-2000-5-630
https://doi.org/10.3390/met9080871
https://doi.org/10.1007/s11663-015-0374-2
http://www.0917bcd.com/news/html/?483.html
http://www.0917bcd.com/news/html/?483.html

	0 引言
	1 试验过程
	1.1 试验原料
	1.2 试验方法

	2 结果分析与讨论
	2.1 助熔剂含量对高铝钢保护渣熔化温度的影响
	2.2 助熔剂含量对高铝钢保护渣黏度的影响
	2.3 助熔剂含量对高铝钢保护渣凝固结晶特性的影响

	3 结论
	致谢

