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Study on the composite inclusions of MnS-Al,O; in wheel steel
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Abstract: The composite inclusions of MnS-Al,O; in high-speed railway wheel steel can reduce the ef-
fect of AL,O; on fatigue properties of wheel steel. In this study, the types of inclusions in wheel steel
were determined as MnS, Al,O; and MnS-Al,O; composite inclusions by testing wheel steel prepared in
laboratory. The inclusions of Al,O; were extracted by acid dissolution method. XRD results showed that
crystal texture of AL,O; inclusion in steel was a-Al,O;. The composite inclusion in steel was extracted
by non-aqueous electrolysis method, and the morphology of MnS-Al,O, composite inclusion was detec-
ted. Based on the thermodynamic calculation of steel composition, the relationship between the solidus
and liquidus temperatures of experimental steel and the precipitation temperature of inclusions was ana-
lyzed. The results show that Al,O; inclusions in wheel steel can provide nucleation sites for the precipit-
ation of MnS. It was clarified that the surface of (100) of MnS can precipitate on the AL,O; (0001)
through the calculation of the mismatch between the two phases of MnS and Al,Os. This works provides
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a theoretical basis for the formation of MnS-Al,O; composite inclusions in steel and the reduction of the

damage of Al,O; inclusions.
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Fig.1 Schematic diagram of inclusion extraction device
by electrolysis
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Table 2 The lattice parameters of a-AlLO;
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perimental steel

2.5 BRI AR T
FIRSTEAAN Z ) B A RE 2 S B A%A TR
BEHIR R, FEfEN, A S AR A
T RE SHICE M R R TR (3)° Fom:
Y=Y+ Yat+Ye (3
o,y PR SLEIRE, 9. AR ] A Ak 2 P T Ol
)5 B RE AR AL, 9, DAL I S PR BCRE, p. N
AR LT RS R A e AR L . XS e Tk

200 400 600

e T R BB . RZHFFEH U, B BEAS I
FEXT TR S OB AR E] T £ FEH . Turnbull 55
NP e SUT — 4RO, Ik (4) FTR:
_ A 4
Ay
Horp, £ oA R AN A AH B — e AS BCRE 5 ag WIEAZ
ARECAE B T L %) A% 555G Aag IR AR S SEIIE AR
FEMCAE BN I b A W B 22 . — A, 2448
Be BEAIR T 6% B, M S8 55 Bl AR 6% ~
129% B, R— A RO $5CEE R T 129% B, X5 T
oK R AR TEAL . Briamffit™ & M % F WC fl 5-Fe
U ST 7, — RS O R AN RERFRE WC T LA
PEiE 5-Fe oA . X T — 24 e 1 28 =X H BB L
FHAE P SRR ) ol 5 T 1 R R i . o T ek
— AR R LN SRR, T AN ] it 2R g i A B

Briamffit /& X T 4B AL, 102K (5):
|(d[Lle]iC0S9) - d[uvw]; |

Sl = Zl d“g’”'" x100% (5
K, (hkD), R EE I ARAEER A, [wow], I AT
(R — AT B 18] ey, R 1280 T ) SR ) B
(hkl), FIE AR ARFEE A, [uvw], 12 i 1 —
AMRFEELED 1], iy, FTTIZ D 0] 0 JEF- [ BE, 0
[uvw], Fl [uvw], BIFESH .

L ZET Y MnS-ALO, & & J& 44 nT LA fii 1k i
AR, HLANZE R MnS Je 248, 0 h AL, Je 2t
Y. XtF MnS @A, 2 HC= A IS £ 43k
(100). (110), (111); ¥FF ALO, A, BEHUR) = MK
T8 BT 43 )N (0001), (11-20), (10-14), ARE
3 (5) #E4T MnS Fl ALO; FE i S BCEE T, 1155
50N 3 Fis. ATLAE H, MnS /1 (100) 5 ALO;,
(0001) T F 45 BC FE R AT 0.92%, K T 6%; XF T
MnS 1 (100) 15 ALO, (10—14) T, 4% i B e ff
HH 6.45%. %1, ALO, Je 44yl LIfE#E MnS 7
HFREA . X RHEN I MnS-ALO; A %
220, RS ALO; Je 2 iy fa 4Rt 7 BB LAl

&3 MnS M ALO, T [E R EMEECE
Table 3 Mismatches of different crystal planes of MnS

and Al O,
FETCRE /%
ALO, AT
Mn$S(100) MnS(110) MnS(111)
AL,0; (0001) 0.92 18.25 20.82
ALO; (11-20) 17.22 24.79 10.94
ALO; (10—-14) 6.45 16.36 20.20




- 188 - W gk Pl K

2023 A5G 44 5

3 &®

1) SE9 % AR A 5N h FZAEAE ALO, et
¥ . MnS J& 224 F1 MnS-ALO, & & Je 244y H
ALO; JZWH AR o-ALO;.

2) 3 o AF KA R H T T ARG H ) MnS-
ALO, B 5 Je75W) . TEHRT ALO, Je 43R
HRAFAE MnS,

3) MnS 7E IR 504K 1 B AH H AT, T ALO; 7E4K
A AR BT R, 32X AT B MnS-ALO, & & e 4+
T I,

4) MnS #Y (100) 5 ALO, (0001) T 4 i 22 1%
F 6%, 1fif MnS ¥ (100) 105 ALO, (10—14) 1Al )5
BCREL H A 6.45%, FITLh, MnS 7] LATE ALO, J2:4)
RIEABOEZHTH
ikt

TGN E R R N R B AR e i EE T I E
WAL AR ER R4 (E2021209039), 2021 4F
AL 51 8k B8 24 A R B Bh I H (C20210309), JF

LI T B A 8T P BA RS 3% 1l 5 H (21130209D) Ay
Z'J%ﬁi]é)

SE 0k

[1] Fan Xinguang. Research on rolling contact fatigue crack initiation and propagation of train wheels [D]. Beijing: Beijing
Jiaotong University, 2019.
GEHOL. I 4 AR TR S Hf 57 L7 Ly JEATFE[D). JEat: JEatsgil R, 2019.)
[2] Li Wei, Cheng Shengwei, Zhang Jinwen, et al. Research on technology of preventing rims crack from railway wheel
fatigue[J]. Physical Testing and Measurement, 2019, 37(5): 32-37.
(AT, AR, SRERSC, 5. B 1R RE 4248 0% 07 AR EOR B [I]. B, 2019, 37(5): 32-37.)
[3] Cong Tao. Research on ultra-high cycle fatigue behavior and life evaluation method of railway wheels [D].Beijing :Beijing
Jiaotong University, 2019.
(AR, BRI 4 S8 oy SRR 55 1T WIS A AmiAil 7k (D). b st bt sgid R, 2019.)
[4] Meng Wei. Prediction of critical size of inclusions induced wheel rim crack [D]. Chengdu: Southwest Jiaotong University,
2019.
k. 175 & A A e I AL e 2 Wl SRS U (D). 1GR3 K27, 2019.)
[5] Mi G, Nan H, Liu Y, et al. Influence of inclusion on crack initiation in wheel rim[J]. Journal of Iron and Steel Research
International, 2011, 18(1): 49-54.
[6] Xu Zhou. Effect of Mg treatment on inclusions, microstructure and properties of low carbon microalloyed steel [D]. Suzhou:
Soochow University, 2018.
(3. MghbHRHRBR A 4 B Hh e e . LR SRR SZ IR [D]. ZRM1: 730 K%, 2018.)
[7] Guo Zhenhe, Deng Liqin. Effect of magnesium and calcium treatment on inclusions and fatigue properties of wheel steel[J].
Baosteel Technology, 2016, (4): 16-20.
CERPRAN, XS F 5. B Ak HOGH A= 54 e 2y Kol 55 PERE I REMAI[]. SEEAR, 2016, (4): 16-20.)
[8] Tang Qingyu, Yang Jichun, Yang Wenkui, ef al. Effect of rare earth Ce on microstructure and impact properties of
CL50 wheel steel[J]. Journal of Inner Mongolia University of Science and Technology, 2017, 36(3): 221-224.
EIRAR, B 4, 4 3CE, 55 #i £ CeXf CLS04- A4 R EH SUR b PERE R SZ R [J]. NS RHBOR 272241, 2017, 36(3):
221-224.)
[9] Wu Zhanfang , Liu Zhenyu , Qiu Shengtao, et al. Effect of composition and morphology of non-metallic inclusions on fracture
toughness in as-cast AHSS[J], Metall. Res. Technol., 2019, 116: 623.
[10] Yu Yinhong. Effect of sulfur content on second phase precipitation and mechanical properties of high-speed wheel steel [D].
Kunming: Kunming University of Science and Technology, 2013.
(R W& W R AR S B S — AT Hh S )2 A P RE 52 [D]. BLBA: EEWIEE TR, 2013.)
[11] Lei Shaolong, Jiang Min, Yang Die, et al. Effects of oxides on MnS precipitation in Al deoxidized steel[J]. Journal of
University of Science and Technology Beijing, 2013, 35(11): 1443—1449.
(e, ZH, W, . AU P AL X MnSHT H B2 M )], LB R 42741, 2013, 35(11): 1443-1449.)


https://doi.org/10.1016/S1006-706X(11)60010-1
https://doi.org/10.1016/S1006-706X(11)60010-1

554 TN, A8 PR ZEEE AT MnS-ALO, B A RAWIITTE - 189 -

[12] Hou Chuan’an, Huang Ye, Li Jingshe, et al. Effect of cooling rate on the inclusion ratio of MnS+Al,O, composite in steel[J].
Industrial Heating, 2016, 45(3): 20-22.
(et tt, BUT, 22 mitk, 5. Vo 5 3 X0 MnS+ALO,E 5 Je 22 W AL 22 R (52 M i 98 [J]. Tk #k, 2016, 45(3):
20-22.)

[13] Shen Chang, Lu Qiang, Guo Junbo, et al. Process development and practice of forming MnS plastic inclusion in middle and
high carbon aluminum killed steel[J]. Iron and Steel, 2021, 56(12): 62—67,74.
(ML, Bl SRARIE, &5, v iR BT UMn S ¥ I A (Y T 200 e 5 SR D). A9k, 2021, 56(12): 62-67,74.)

[14] Li Li, Xue Dongmei, Pan Tao, et al. Effect of heating temperature on chemical metallurgy of high sulfur wheel steel
inclusions[J]. Continuous Casting, 2017, 42(3): 43—48.
(5T, BEAR IR, T, 2. INAAELEE XS S B 42 A R e A2 ORI D). 195, 2017, 42(3): 43-48.)

[15] Li Zhaodong. Study on microstructure and property control of new high-speed railway wheel materials [C]//Proceedings of
the 11th China Steel Annual Conference. Beijing: The Chinese Society for Metals, 2017.
(IR, B A A AR 2 SURIPE RE IR TS [C/A i v E B Bk AE 21 SCEE. bt P E @R 242, 2017.)

[16] Li Shengjun, Ren Xuechong, Gao Kewei, et al. Effect of heat treatment on morphology and distribution of inclusions in
wheel steel[J]. Journal of Materials and Heat Treatment, 2011, 32(12): 48—54.
(ZEWEZE, AT, ve 3, 55, BV BEOE 42 48 A rh e 2 W BT 25 R0 03 A 1952 0 [J]. A0RHRAE B2 41, 2011, 32(12):
48-54.)

[17] Chen P, Zhu C, Li G, et al. Effect of sulphur concentration on precipitation behaviors of MnS-containing inclusions in
GCrl5 bearing steels after LF refining[J]. ISIJ International, 2017, 57(6): 1019.

[ 18] Yang Jichun, Liu Xiangjun, Zhou Li, et al. Effect of rare earth Ce on mechanical properties and corrosion resistance of
CL50D high-speed wheel steel[J]. Heat Treatment of Metals, 2019, 44(4): 15-18.
(W& &, XU 45, FAR, 55, Wi b Cext CL50D ey 4= 5 19 71 °7 11 RE SR I8 T PE RE 20 [7]. 462 B #AR B, 2019, 44(4):
15-18.)

[19] Thomas B G, Samarasekera I V, Brimacombe J K. Mathematical model of the thermal processing of steel ingots: Part I. Heat
flow model[J]. Metallurgical Transactions B, 1987, 18(1): 119-130.

[20] ChenJ X. Manual of chart and data in common use of steel making[M]. Beijing: Metallurgical Industry Press, 2010.

[21] Tiller W A, Takahashi T. The electrostatic contribution in heterogeneous nucleation theory: Pure liquids[J]. Acta
Metallurgica, 1969, 17(4): 483—496.

[22] Turnbull D, Vonnegut B. Nucleation catalysis[J]. Industrial & Engineering Chemistry, 1952, 44(6): 1292—1298.

[23] Bramfitt B L. The effect of carbide and nitride additions on the heterogeneous nucleation behavior of liquid iron[J].
Metallurgical Transactions, 1970, 1(7): 1987—1995.

A RE

T T BT T BT T BT T BT BT B BT B T BT B T BT BT BB T BTSN T BTSN T BT B T B TS T B TS T BT BT BT BT BT BTSN B TS B T BT BT B TSI B TS T BT S

ARt X ESRAXEPRRERE RN B &2 %

20134F 7 H 6 H, 7£ “2023 EA MR AT EEEsh I, BREL 164400, ViR X 2 mick
AR A RE L i s RS H 75 P BRIV R BT IX .

T H RN AR S X SR P BT RE IR FRA R4, Lk 2 e Bk i X A 1L A X
FHHB ALY 80 B, FEHEEEE 100 MW/500 MWh BRI ABRE /S HL b o 122500 H S tH: GRSl |
4 [ EENH IS AR A B TS S H BT DU A R RERER SRR, SRR T A
A TP EPLHRZ AR (g ), R SPURTAERE ™ AL R VU L FRTVERE . RS e ERANE T
£, IFHESh A RE R AT I e B AL i .

% B http://www.panzhihua.gov.cn/tzfw/zwgk/tzdt/4478841 .shtml


https://doi.org/10.13228/j.boyuan.issn0449-749x.20210210
https://doi.org/10.13228/j.boyuan.issn0449-749x.20210210
https://doi.org/10.2355/isijinternational.ISIJINT-2017-007
https://doi.org/10.1007/BF02658437
https://doi.org/10.1016/0001-6160(69)90030-3
https://doi.org/10.1016/0001-6160(69)90030-3
https://doi.org/10.1007/BF02642799
http://www.panzhihua.gov.cn/tzfw/zwgk/tzdt/4478841.shtml

	0 引言
	1 试验材料与方法
	1.1 车轮钢样品制备
	1.2 夹杂物的检测
	1.3 酸溶法提取Al2O3夹杂物
	1.4 非水溶液电解法提取复合夹杂物

	2 结果与讨论
	2.1 夹杂物的类型确定
	2.2 Al2O3夹杂物的晶体类型
	2.3 夹杂物的形貌检测
	2.4 MnS析出热力学计算
	2.5 复合夹杂物界面错配度计算

	3 结论
	致谢
	参考文献

