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Abstract: In the process of producing 1Cr13 stainless steel, serious longitudinal cracks breakout and transverse dents ap-
pear in the casting billet. FactSage8. 2 thermodynamic software was used to calculate ternary and quadruple phase dia-
grams to design the ingredient of the protective slag. At the same time, the solidification characteristics of 1Cr13 stainless
steel were calculated. As this steel is a peritectic steel, it will produce a sharp volume contraction during the solidifica-
tion process, resulting in longitudinal cracks in the weak part of the blank shell. In order to avoid the dents and longitudi-
nal crack caused by the uneven raw shell, the basicity of the protective slag should be improved, the crystallization prop-
erty of the protective slag should be improved, and the heat transfer control ability of the protective slag should be im-
proved too. The basicity of the new protective slag is 1.5, the slag is 6%MgO, 2%Li,0, 16%Al1,0,, 8%Na,0, 3%B,0;,,
10%CaF,. The melting point of the original slag of 1Cr13 stainless steel is 1 155 ‘C, the constant temperature viscosity is
0. 442 Pa+s, and the transition temperature is 1 140 ‘C. The melting point of the new protective slag is 1 120 °C, the vis-
cosity is 0. 304 Pa-s, the transition temperature is 1 171 “C, and the crystallization temperature is 1 270 ‘C. After actual
production, the surface quality of the casting billet is obviously improved.
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Quality defects of 1Crl3 stainless steel casting billet :

Fig. 1

(a) longitudinal cracks breakout, (b) transverse dents
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Table 1 Chemical composition of 1Cr13 stainless steel %

C Si Mn P S Cr Ni

0.125 0.35 0.40 0.02 0.01 12.50 0.60
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Fig. 2 Iron—carbon phase diagram of 1Cr13 stainless steel
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Table 2 Physicochemical indexes of Cr 13 stainless steel protective slag

Ca0/% $i0,/% ALOJ%  Na,0/% MgO/%

K,0/%

MnO,/%  Fe,0,/% F /% TC R

23.10 28.77 4.25 14.93 3.95

0.40 0.22 0.97 10.25 8.61 0.8
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Fig. 3 The relationship between different MgO content and

area ratio of the liquid phase region at different temperatures
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Isotherm phase diagram of quaternary slag system: (a) Na,0 —CaO- SiO, —ALO, , (b) ALO,- SiO, - CaO - CaF,
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Isotherm phase diagram of quaternary slag system: (a) Li,0 —CaO- SiO, —AL0,, (b) B,0, -Ca0- Si0O, -ALO,
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Table 3 Test ingredients of 6 groups of 1Cr13 stainless steel protective slag

PRy oy R 20 1%

w9 : :
CaO Sio, ALO, Na,O MgO Cal', Li,0 B,0,
Al 1.3 322 24.8 16 8 4 10 2 3
A2 1.3 31.1 239 16 8 6 10 2 3
A3 1.3 30.0 23.0 16 8 8 10 2 3
A4 1.5 342 22.8 16 8 4 10 2 3
A5 1.5 33 22 16 8 6 10 2 3
A6 1.5 31.8 21.2 16 8 8 10 2 3
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Fig. 7 Schematic diagram of melting characteristic tester for

protective slag
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Table 4 Test results of melting temperature of 6 groups of
protective slag

i JHRRIEC Rk C IR/ C
Al 1129 1136 1145
A2 1 080 1090 1103
A3 1070 1079 1090
A4 1143 1150 1165
A5 1110 1120 1135
A6 1103 1111 1122
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Fig. 8 Schematic diagram of viscosity characteristic test of

protective slag
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Table 5 Viscosity results of 6 groups of tested protective
slag Pa-s
Al A2 A3 A4 AS A6
0.406 0.366 0.289 0.376 0.305 0.271
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Fig. 9 The viscosity — temperature curves of 6 groups of tested

protective slag
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Table 6 The turning temperature of 6 tested groups of

protective slag C
Al A2 A3 A4 AS A6
1107 1123 1135 1129 1171 1244
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Fig. 10 Schematic diagram of DHTT-II melting crystallization

temperature measuring device
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Table 7 The crystallization temperature of 6 groups of
tested protective slag C
Al A2 A3 A4 AS A6
1203 1226 1259 1238 1270 1306
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S VERERFFT SR Crl 3 (847 it B AL MEREFE b >,
W8, Wi AS BIRY IR S MEREANLT, 5 Cr13 f4
it B AL RE R AR R M BB TS bR BT IS AL IR E N
1120 °C, YT N 1171 °C, 36 4 0.304 Pa-s,
REASIH 2 1Cr13 ANEFA Pl e RE A ZER o
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Table 8 Physical and chemical properties indexes of Cr13
stainless steel protective slag

{RAF i ERE A1 PrerdstERE FepibieNsd|
1300 ‘CEfE/(Pa-s)  0.3~0.7 AR C 1180~1220
AR/ C 1120~1170 || ##E/A(kg-t™) 0.4~0.6

4  Toloe

LG LSO T A R SRR T AS PR i
TR . A= T2 WA R « b oK — 8K il
L FE—60 t AOD—LF—4 | 4 i & $5 Il — & & —
KB EE—ELHL, EHIL EESHILR 9,

x99 EHBNEESH
Table 9 Main parameters of continuous casting machine
W MK gRAK BEeK i i/
HLAY 1%/m ¥ /mm FE/m (mmXmm)  (m-min’")

B 9 800 222 150x150 1.1~1.5

T TR 9 524N TR 4 ML 4 3 B LT 1Cr13 R
Bt A RHZ R E . Ao #
oL SR T LR, B MR TR (] 11 AN A\
SUEFI ke AR AN 1 1R A R R

B it i i ke

Sample diagram of optimized casting billet

Fig. 11

(D)X 1Cr13 40 it 16 e PERE I, 45 A0 IR B2 A
1 155 °C, B 0 0.442 Pa-s BL4TIRE 1 140 °C, 151k
TR SRR e o

(2) Fe AU PRt it i 4088, (Ca0)/(Si0,)
1.5, Fit N 16% AL0,. 8% Na,0.10% CaF,.3% B,0,.
2% 14,0 LA} 6% MgO .,

(3) TERER AR T AL R 4 0.304 Pacs,
PEPTIREE R 1171 °CL 85 IR 1270 °CL 1 kiR
JE 1120 °CL 52, it TR A 7= 1C0r13 R 4589
PR AR [ M1 5 RN 2\ 2475 381 B I 5%



© 96 - IR W 455
&% 3k
(1] BB AEEWR N SR B IM ] JE5t: LB R, 2010, 37(1): 63-72.
2010. [15] Presoly P, Pierer R, Bernhard C. Identification of defect prone
[2] Wu H L, Huang Y, Huang Z, et al. Experimental research on the peritectic steel grades by analyzing high-temperature phase trans-

abrasive belt grinding turbine blades material 1Cr13 stainless steel
[J]. Key Engineering Materials, 2011, 487 452-456.

(3] R, BEIHIE, MR, 55 . Cr13 T [RARR 4540 J5 B0 3%
PRI IF RS ]. FFERAN, 2023, 44(3): 53-58.

(4] Wk 7%, SUE4, MoK, % 20r13A 5 R AR S50 0 24T 0
B B ARG 5t tﬁ(zma@)%lﬁlh‘rﬂﬂ%ﬂc Wi
SCAE(BA). B, 2013: 552-559.

[5] w7, BEIE, sk, 5. s hnd A /Ny S A 3 T
Bim il Gk [T]. KR, 2022, 38(2): 49-53.

[6] Ruiz Mondragon J J, Herrera Trejo M, de Jesis Castro Roman M,
et al. Description of the hypo-peritectic steel solidification under
continuous cooling and crack susceptibility [J]. ISIJ International ,
2008, 48(4): 454-460.

(7] E450H, B, Rat, 5F . REUEURMEN
LIEDRAE ﬂﬂ%ﬂﬁ:, 2018, 39(2): 121-126.
[8] R, sBZE, #igkiE, &5 . (AN IE 5 HI O g id T RE I 1L

[J]. WA 4, 2012, 20(5): 1-3+6.

(9] V@A . il il o P 3 5 R it g RS LD ). 490
2016, 32(1): 52-54+61.

[10] Z=ELh, KA . AL AR AR R N BLL0o3 i Mo f it DAk [T ).

HEF, 2021, 46(2): 57-60+70.
[11] 81 . SRR MR SRR ()], iR 57
Ak, 2020(6) : 40-41+44.

[12] & 5%, B4, £H0. Q355B IR SLBEAHLBLI T 545

H g1 ], ILVEH4:, 2023, 46(11): 115-117.

HPERE . Fe-Mn-C (-Al) 5 TWIP #1363 -5 B AR G 3L il BF 5%

[D]. dbst: JEatRHERY:, 2018,

[14] Korojy B, Nassar H, Fredriksson H. Hot crack formation during

B AR I 1T

[13]

peritectic reaction in steels [J]. Ironmaking & Steelmaking,

formations [J]. Metallurgical and Materials Transactions A,
2013, 44(12): 5377-5388.

[16] Dippenaar R, Moon S, Szekeres E. Strand Surface Cracks - The
role of abnormally large prior-austenite grains[J]. Iron and Steel
Technology, 2007, 4: 105-115.

[17] RSrot, sKmEH:, XUMGR), 45 . ER70-Ti H ¥ 50 4 114 1) 244
GrAT SR RILT ], ERBLER, 2020, 41(3): 166-171.

[18] JinHB, TuLF, Zhang X B, et al. Optimization of mold slag for
continuous casting of peritectic steel [J]. Steel Research Interna-
tional, 2023, 94(8): 220868.

[19] Liu T, Long M J, Chen D F, et al. Investigations of the peritectic
reaction and transformation in a hypo-peritectic steel: Using high-
temperature confocal scanning laser microscopy and differential
scanning calorimetry[]]. Materials Characterization, 2019, 156:
109870.

[20] GAO Jin-xing. The influence of NazO on the solidificationand
crystallization behavior of Ca0-Si0, -AlO: based moldflux [ciy
Proceedings of the 6 th International Congress onthe Science and

Technology of Steelmaking ( 1). Beijing: TheChinese Society for

Metals, 2015:604.

[21] $hScBE, PLttk, RRR . TR yaEn &) M
BRRIFSY, 2003, 31(2): 53-56.

[22] BB s, ZESTHE, BAYE, . MgO il Liy0 Xt 545 70 G Ik #5
PrRyrE IR R sgma [ ], #495, 2009, 34(2) : 44-46.

[23] EAH, BP0, Rt % . B,0,% Ca0-A1,0,-8i0, 3% 55
PPt e S A 2 m [T, AR, 2019, 33(8): 1395-
1400.

[24] B3¢, B W, BEW, 5. /AN IRAREEEAG 1 A il
[J]. #5949, 2006, 22(6) : 45-47+56.

4 A ik A &, 1%

mm Fﬁﬂa‘ﬁ\#ﬂ%n,&&«ﬁﬁ #
¥ Lﬂ&‘*i%i’iévfo&d& EEHE SIS L
13812128736

V]
u
V]
u



