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Overview of non-quenched and tempered steel for automotive
Liu Nianfu"’, Shen Wei', Tian Qianren', Fu Jianxun'"

(1. Center for Advanced Solidification Technology (CAST), State Key Laboratory of Advanced Special Steel, Shanghai
University, Shanghai 200444, China; 2. Baowu JFE Special Steel Co., Ltd., Shaoguan 512123, Guangdong, China)

Abstract: In this paper the development history and status quo of non-quenched and tempered steel for
making auto parts worldwidely had been described, and the technologies such as strengthening & tough-
ening, sulfide form and distribution control, and material segregation control had been highlighted. The
strength and toughening of non-quenched and tempered steel are mainly realized through two ap-
proaches: composition and production process optimization and microstructure optimization. Sulfide
morphology and distribution can be regulated from smelting, solidification, and rolling processes, and
sulfide segregation can be improved from solidification process and continuous casting process. In the
future, with the development of the non-quenched and tempered steel market and the further improve-
ment of variety demand, non-quenched and tempered steel will further develop in the direction of multi-
variety, micro-alloying high strengthen, easy cutting, high speed, and high reliability.

Key words: automobile steel, non-quenched and tempered steel, microstructure, strengthening and
toughening, sulfide
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Table 1 Steel grade and composition properties of typical non-quenched and tempered steel produced abroad

FEIIH %
P M Fig R /MPa
Si Mn S v Ti N

49MnVS3 0.47 0.20 0.85 0.050 0.10 0.014 it 850
T C70S6 0.70 0.20 0.50 0.060 0.03 0.015 AT 900
38MnVS6 0.38 0.65 1.40 0.030 0.10 0.017 % 850
eS| 44MnSiVS6 0.44 0.65 1.45 0.025 0.16 0.015 0.017 e 950
" V-2906 0.45 0.30 0.70 0.050 0.10 0.017 it 850
a V-2908 0.38 0.55 1.40 0.050 0.016 ik 800
S38CMS1 0.38 0.55 1.45 0.060 0.014 ik 800
HA SVh40C 0.40 0.20 0.75 0.020 0.05 0.010 e 800
36MnVS4 0.38 0.65 1.00 0.070 0.25 0.017 HEFT 950
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Fig. 2 Analysis of changes in the number of annual pat-
ent applications related to non-quenched and
tempered auto parts in foreign countries
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HigA LA
H Al gtk =t 2t 127
KIFERFRN R 24t 54
BREC S il 4 e 50
JFENEtR &4t 30
HEARE AR 25
Y NEZ ) 47 S wAr N 18
G IEIRALEIR 18
H A2 il A ik =0 24t 18
FEH A FRA At 17
H7= A sh Rt 17
120
CAEJE N
Nm_EJﬁ%%%ﬁﬁ% 102.5
) 7.
80 - 802 753
= 66.
m 60F
B 8.4
40 (374
m‘
0

2012 2013 2014 2015 2016 2017 2018
Ay
E 3 2012~2018 FHREIEEFRWNAER GELER™

Fig.3 The consumption and proportion of non-quenched
and tempered steel in China from 2012 to 2018

Rt o R VR A4S e AR AR w3 I, 2022
AR 4 ENLEh A B IR E] 4.17 28, HphiR 4
319 AZHH™Y, B B TR A4 TS REVEHE ) 7 R
B30, T AR BUNTER A Tl )22 R H,
Az 7R AR S 2 AR, I PR AR R A R o
TEfE 10 Z4E1598) T HGE L RE . 1963 ~ 2020 4F[H]
TR BB AR TR BN & Rl 4 Fios, B 5
B EHAFAE Y N 1997 4E, 2001 ~ 2013 4E 1 6] B 3



- 118 - W gk Pl K

2024 45 45 4

B, #2014 AEHE R I I B ER N

H AT, =JE 9 5 A0 e P = R AR VR4 i
T, TRZE BT TREHUMCKES ., TR B, —
T TR AR INEE WL AT AR DB A 44 2R
46MnVS5. 38MnSiVS4 JEJH AN A= =, AR KL, BEB
WS RS HBEAEEI . oWl KE[H T H
C38N2, 48MnV A TR AT A= = B 4™

)
,»—t

LB
)
i
Joo

5
al 4 4

N

2L
1 1 | 1H 1111 |¥
000[Tooool Il ITIIL, .
2000 2005 2010 2015 2020
tEpy

B4 ENSREZTHERIERRNNEXEMNSENRIEHE
S
Fig. 4 Analysis of changes in the number of annual pat-
ent applications related to non-quenched and
tempered for auto parts in China

2 FEE R R REK

BEE VR FAIIE mPERe . K edar ., ik,
G ARBUAS ZHE . By A5 ) AR, Xk
PRI RE . m R PR R VC L . N R AT A
A ER P T R AR
2.1 AEEBTNA R R

P AR PR B R P FE B A B A e T
RACFIA U A
211 WGy KA T A

R T B R R AR -BROCAR R R BTN SR E,
Al DLl R Y C &, $E i SiL Mn i,
i I [ Ay g R M T DGE A v,
Ti. Nb. N A 4R, Zad #m TEHr ik
AR, T AR s A i VR A = R
A T A SR s R SR AR 1R A AR T B Y
BRI, g S Ak S A A AR

D BRAE A0 e EL s Ab T R, A s il ik
T RS A R SR SR . A YB3
IS 2SN S i1, SRR B, (Bl
PIE TR, I, AT RAZER S B A S0t R & ek

(=]

SR B A T B Oy AR UESR BE B S50, dd
WAL T Btk 25 1, AT R N B B0

2)ERICER Y KRB LAMXITER, 7] 5 R
TCRRE, BAER R A DI BRI, A —sE
ARG ER BB LA 0 A 7 2RI OB R R A,
SRFBOGIAR S =, IF B NGB R 2RI, 5k
AR, TR I . BRI R AL TR,
REAR R R AT BURII 2 53 A, DT i Bk o
I, AT Y4 e B R R 1

A BITRE S IMA T SRITEAT R
(VE R, Gn7E 49MnVS3 F AR N Ti, d@ i Ti-v
HAWHA A, LS T ARE 1.2, W SE ik
A4k, B8 GRS 34 ffoki ROSF N 110 pm 245 F 2
40 um Zids . AN Ti SANHN Ti SN0 A BE AR,
& TiANAZ R AL B T 2, a0y e
JIINR, Hed e fe it e, NnErER e
TR G A AARXERS 3 P RE B 4 i AR 8 BT, PRt
W TEAR B PR A SIS TR I k.

4) HASH H R "I IFE N g i A8 e e 4
(Oxides Metallurgy ) £ AR, i A 1 45 il 89 H 451k
#) k2% (ALO;, MnO, FeO. (Ti,Mn),0;) FIK 5. %L
AR, LLd s b T 2GA B TH A 5 )
PERE . B Al NTREON AL I A E R N B
REITCAZIAZ L, A/ INVE IR R A B8 IO
By, SR 4380, Atk itk DI EAN i 4 45 31
FF P V5 NTHHIE LY VN 5 ek
EINTY LS N WA A RN N P AN 5 |
Ah P4k 2K (intragranular ferrite, IGF) 041, KR
AR RIS, VN B AR L VAN A4
WS Bt - AT VN R — S A B A
TR R —>HAE AL SR, V-N 4R kgL 5
FOLIE 5,

ol e —
o (B -

5 V-N W@t maE"
Fig. 5 The grain refinement principle of the V-N steel

2.1.2 @8Rk
SRy R AR -BR A HR A 1A o B AL AL B R
T M IR B ER O RE, B2 B FE— 2B L,



2

VAR, A5 AR BN B A R BLIR I a4 - 119 -

i 3o 5 A B PEL /B T2, WA R N L | A
AL TR R L/ B A8 0 5 s A R S
LA (R AR . BOBIRSER L), BRR AR R
ANGE), PRI LR HE R A ST R
Nb. V. Ti BB AHE S oA, RIS HAR
(LR, B AR B s 1

BRI A, 30T L 3E A oA 3 8 Jo A G 3 A 4
SR AR A SR . 76 R RRAR () LR _E AR
Bk &, WIN Mo, Ni. W, B, Si % D1 [CIARE 5
XY KICE, FEHIRENHEEE, 1 A& H LA DT EAAh A
9 UL FCAR IR BN s B A & i, JT & LA
I B R SR B Ak 5 ER AR ZH SR R R
22 WAPIES RS AR

VA AN S B EEINA — 2 & = BIE R Ak
YideZok M IgIbERE . B AR B A R
i, BOTE FE L MnS I RAAE T8 . eI
TR 2 ) TE AR e 2 AT S B R R, 1)
JB 25 5 e, M B2 i AR 3 AN a D RS R
P BT DT PR RE I H S A N SOE S A AR
A SIR, B A3 5 S A5 AR, AR DT I
RERR AT BRI T LU/ | TSt BRIk, A1
BHE DI RERR AT il 2 B A e 24K 58 LE R AIK,
PR OTHIPERS BGZ W T, [ 6 MR AL R X
YIHIPERE 52

220

200

180

DIHIEE%

160 -

140 -

120

K RE/TERE
Bl6 WALHRARITIIHIERE AR I
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MIERE T2, FEIrE S OB
Pl AR GE AT e N TR —, B
REIEVR BUA I 5345, X R A T2,
HLBEDEPE RS AR A BERE . I R BERE AOR
Ui L REBEE, BT AT LS PR S A, X o
BRI A, 2H 45 (8 FH 0T D M B A O B A . He
B T A RS AR AR, DD RER R HUA3, i
DERARY . BRALH B s Q%R T HOR R
R IR AR i P ) 5 11 A 8 o 3 5 e o s
JIAR T —RE B, DTS 53k sl Dl 553 7 5 T AL
A5 BOVE R BE A i h o A L, I HLAEEE R R ik
UNTE- S5 A B Y Y VA e I U AR SRS
JRTCZR TR A BE [ 99 b HB 23T, A 3 e v O
BB A, DATI o 32 S 0 14 058 1] ZH U 23 BE 24 2
EAESEBR A o, RIS | BB BT If A8 5 T2
SR AR VS, FrLVR I N TSR i S Prak
R AT R RIS B A = S BRI

3 FRANEIERRFTRT |

IDELYL K a

BIRCELTT A BRE-BOCATY | DAL
Iy PRI 5, (H 2 H AT E A AR R -0
PRAL A 3, DU EGAA, o AR 8] A o i 2, T
HAEVRAZ U S AT L | AT 32,
R RcNG s A0, BRRIR-BOGIARY | DR IARL, DI
PRI BT B S AT SR i 20, ELAR I LA LA R 1
HE, AEIFRD .



#24

VAR, A5 AR BN B A R BLIR I a4 - 121 -

)G ARk

H AT A& B AN = 3 i AR e B i
fINb, V &4, 58P ¢ N T2 T A, 784
RAERT R PEH . (Hid 5/ Nb, vV e 2
JE R RAIE A, SR SR R, BEAR R
9 RRIEOR, M4 N C 5 Nb. V 4k 2#BE HE Y
SR, 25508 Y r LT T2, REUE N 95 Nb,
V, TR HE . SN, sk AL Ti fAE Nb, VA
SRy Y, B s & a0,
T RAARAR A BN B 26 7 1A

3)AEIE Y S DI AL

HHA A B SR AR T BT Y 2 DD Pk, 2258 it
B R i, B AT VA S AR R ok 4 il
£ 0.040% ~ 0.070% . A K& &5 N T ik
Yyl 2 7™ 8, A ST RIXE R IR, B SR BRI
EAEREARA T —E e m, BRI R Kt
W | A R S A I B, G el R R L 9% 57
il A T B (iR A (R Tl QN o P €
0.020% ~ 0.040%, i# L AN Te. RE 584k 4 0o
I, 254G E R R IR T R RR, 7o s i
TR AL A B oA, R B 3 e skt R sl 2 Rtk
TR e, BEARAR AL A A5

4) AL B T AR

S 30k

Bifi 5 8T RE TR VR AR Pk e, YRGB 1% sl
%) 5 S A B v, Pl DR R 3 000 r/min 42 3
6 000 r/min LL_I-, B[E)FHAE 23 BT Huds i, X4 pt
BHSREE | ¥ whiiERR . P57 ERBF IR ) LU AT
GERRIMTR A T R AR, KRR I v | e 2
PRAST 7R ZUAEBR T ™ wi Ah, RS AR
A (tension) | HEF; 5 Hh (bending ) BY9% 57 14 BE S-N H]
S RN IR o TR
4 HE

D) AR E AR BTN A & L R R
R, (HJRAEVR A N TG L S AT & e
FIUA K™ it o s i 45 5 T 5 R S M AT A —
P38

2) H AR IR B A s Ak 3 B o A e T
ZRACTA LA IR AR I, SR PIE AR5
AT A, BEE . FLH RN R A R A R A 7 A
P, toe . WA AT AT LA MEE [ FE RN 5 T 2 W TH
Tk .

3) AR AR BB 7R VA A T A
TEZ AP R RIS . A il . 2 UTHI .
b B T T 1) S5 T AR .

[1] Dong Chengrui. Microalloyed non quenched and tempered steel[M]. Beijing: Metallurgical Industry Press, 2000.

(G . B AR BTN M. JE 5t v Tolk kit 2000.)

[2] Deardo A J, Hua M J, Cho K G, et al. On strength of microalloyed steels: an interpretive review[J]. Materials Science and
Technology, 2013, 25(9): 1074—1082.

[3] Thewillis G, Naylor D J. New alloys help cut the cost of forged steel components[J]. Metals and Materials, 1981, (12): 21-28.

[4] Mi Fengliang. Regulation of microstructure and mechanical properties of C38+N crankshaft of non quenched and tempered
steel[D]. Jinan: Shandong University, 2018.
CRF5E. AR BTN CIS+NI I ZUR ) AP RERTFE D). B 1R, 2018.)

[5] Mibourn D. Vanadium microalloyed non-quench and temper forging steels[R]. Chongqing: International Vanitec Technology
Committee, 2011: 1-35.

[6] Chen Yunbo, Ma Mingtu, Wang Guodong. Resent progress of non-quenched and tempered steel for automotive sheet[J].
Strategic Study of CAE, 2014, 16(2): 4-17, 45.
(PRELRE, s, E ER. AR A A AT dE R 0], v [ TR, 2014, 16(2): 417, 45.)

[7]1 Chen Silian, Hui Weijun, Wang Lianhai, et al. Research and development of energy-saving high performance microalloyed
forging steels[J]. Iron & Steel, 2014, 49(6): 1-7.
(RIEBG, HUTLAE, F 340k, 25, 9 REMRRAS & i BRI BTN A I A2 (). B0k, 2014, 49(6): 1-7.)

[8] Miao Taosheng, Jiang Peng. Application research on non-quenched and tempered steel for automotive forging of crankshaft
and connecting rod[J]. Forging & Stamping Technology, 2010, 35(6): 1-5.
(R, 8. AR BRI Al AT F AR RIS (D). SRR, 2010, 35(6): 1-5.)

[9] Dong Han. Understanding of developing high quality special steel industry[J]. China Steel, 2011, (10): 10—13.


https://doi.org/10.3969/j.issn.1672-5115.2011.10.004

<122 - ™ £ # 5K 2024 45 45 4

[10]

[11]

[12]

[13]
[14]

[15]
[16]

[171]

[18]

[191]

[20]

(T X & R o i AR RN M AR D). P SRk, 2011, (10): 10-13.)

Zhou Yazhuo, Jin Wenhui, Yu Qin, et al. Development trend on crankshaft materials of non quenched and tempered steel[J].
Heat Treatment Technology and Equipment, 2018, 39(4): 61-65.

CRIMEARE, < SORE, T80, 5. AR o il il F A & R a3 0], SV FIEER 5% 4, 2018, 39(4): 61-65.)

Naylor D J. Review of international activity on microalloyed engineering steels[J]. [ronmaking & Steelmaking, 1989, 16(4):
246—252.

Liu Donglin, Tan Li, Liu Pan, et al. The application of 38MnVS6 non quenched and tempered steel on automobile steering
knuckle[J]. Hot Working Technology, 2014, 43(2): 8081, 85.

CRIRRAR, A, XI5E, 25, 38MnVS6FE i BT 7E IR 456 107 _ERYRIHI[T]. $Uin 12, 2014, 43(2): 80-81, 85.)

Buchmayr B. Critical assessment 22: bainitic forging steels[J]. Materials Science and Technology, 2016, 32(6): 517-522.
Liu Jie, Wu Dan, Yang Xiujuan, et al. Research status and development trend of non-quenched and tempered steel[J]. Hot
Working Technology, 2021, 50(23): 1-6, 10.

A, =AY, B 750, 25 AR BTN DTS BUIR B R 0], T T2, 2021, 50(23): 1-6, 10.)

Merkel C, Engineer J. Hochfester bainitischer stahl 20MnCrMo?7 fiirumformanwendungen[J]. Schmiede Journal,2014(2): 38-41.
Wang Xiaoning, Fang Gang, Li Yang, et al. Application status and development of automotive non quenched and tempered
steel[J]. Automobile Technology & Material, 2014, (9): 52—58.

(CE/NT, 7RI, 2200, 45 VR4 FHARTR BT 0 i BR 5 & R (1] VR4 T2 518, 2014, (9): 52-58.)

Gu Zhimin, Zhang Qingjun, Zhu Liguang, ef al. Recent progress in non-quenched-tempered and its application[J]. Journal of
North China University of Science and Technology(Natural Science Edition), 2012, 34(3): 59—63.

(A Rt TRPCAE, IR0, A5, ARV BTN A RIS 0E e B HAZ B D). TR & R 224 (F AR AR, 2012, 34(3): 59-63.)
Wu Wei. Application and development of non-quenched and tempered steel for automotive parts[J]. World Iron & Steel,
2009, 9(4): 62-68.

(REG. VRERTRAE AR IR BT 4 TR (D). SR EER, 2009, 9(4): 62-68.)

Market research report analysis. Report on the current situation and future trends of the global and Chinese non quenched and
tempered steel market, QYResearch Forecast: 2019-2025 Current situation and future development trends of the global and
Chinese non quenched and tempered steel market [EB/OL]. (2019-09-26) [2022-05-15]. https://zhuanlan.zhihu.com/p/
84287755.

(TS IR . ATk K [ A 981 5 A9 1l 37 IR B AR R 3L 1] 43 i i, QY Research Wil : 2019-202542 1k 5 v [ 4
BTN T B K AR & B34 [EB/OLY. (2020-10-27) [2023-07-02]. https://zhuanlan.zhihu.com/p/84287755.)
Zhiyanzixun. In 2018, China's non quenched and tempered steel industry produced 824000 tons, and it is expected that the
market size will exceed 6 billion yuan by 2020 [EB/OL]. (2019-03-21) .https://www.chyxx.com/industry/201903/723554 . html.
(BB 3R, 20184 m [ 9/ S 89 47 b 7= 1 82.4 05 Wi, T3 20204F 117 3% AL 4 # 1 6042 7T [EB/OL]. (2019-03-21) .
https://www.chyxx.com/industry/201903/723554.html.)

The total number of new energy vehicles in China has reached 13.1 million [N] .New Energy Vehicle News, 2023-01-16 (5).
(LEHFRERIR A Tk 1310 755N, Fragliii 417, 2023-01-16(5).)

MaMingtu. Duplex steels - physical and mechanical metallurgy 2nd Edition[M]. Beijing: Metallurgical Industry Press, 2009: 1-12.
(EL S E] U —— W3RN J) 2R S 502 R M. b ot 164 Tl i, 2009: 1-12.)

Huo Dongmei, Xiao Bangguo, Yang Weining, et al. Summary of the standard “ Non-quenched and tempered steel for

automobile crankshaft and connecting rod"[J]. Metallurgical Economy and Management, 2020, (3): 41-43.

CREMEAy, 1 R, A7, 25, QPRSI AT FHAR IR BT B 5 ) BT AR IELRIR [T]. 1285t 58, 2020, (3): 41-43.)
Zhu Shuaishuai, Wang Zhangzhong, Mao Xiangyang, et al. A review about strengthening-toughening technologies for ferrite-
pearlite non-quenched and tempered steels[J]. Materials Reports, 2016, 30(9): 122—-126.

CRIMD, E75A8, Bm b, 5. SRR M- RO G AR BT B AL HORBI SRR (1], BRHT4R, 2016, 30(9): 122-126.)
Chen Silian, Zhao Xiaoli, Hui Weijun, ef al. Precipitation behavior of medium-carbon steel for fracture splitting connecting
rod[J]. Iron & Steel, 2015, 50(7): 77-83.

(WRREUER, BXIERN, B D2, 45 IR AT i B BT B no BT i s Ak A7 (3], $MER, 2015, 50(7): 77-83.)

Jha G, Sharma R, Jha C N, et al. Medium carbon microalloyed steel 49MnVS3: development towards improved quality[J].
Transactions of the Indian Institute of Metals, 1997, 50(2): 181-190.

Chen Yunbo, Ma Wei, Jin Kang. Development on improving the strength & toughness of microalloyed steels[J]. Materials
Reports, 2000, (8): 3—7.

(WRZIEE, B0, G RE. s BRA a AR R BT BT 3 m[J]. 1R, 2000, (8):3-7.)


https://doi.org/10.3969/j.issn.1672-5115.2011.10.004
https://doi.org/10.1080/02670836.2015.1114272
https://zhuanlan.zhihu.com/p/84287755
https://zhuanlan.zhihu.com/p/84287755
https://zhuanlan.zhihu.com/p/84287755
https://www.chyxx.com/industry/201903/723554.html
https://www.chyxx.com/industry/201903/723554.html
https://www.chyxx.com/industry/201903/723554.html
https://www.chyxx.com/industry/201903/723554.html

5524 KUAE T, 45 VR AR TR AR 1 S TR B J a3 - 123 -

[28]

[41]

[42]

[43]

Song Yu, Wu Guoping, Wu Tianli. Application of oxide metallurgy technique in improving microstructure and property of
steels[J]. China Metallurgy, 2012, 22(6): 1-7, 11.

(R, RIEE, RFAL. FADi6 SHEARESCEW M A LUMERE P R ). hERG 4, 2012, 22(6): 1-7, 11.)

Yu Yang, Pan Tao. New technology opens up new space - rapid development and application of vanadium nitrogen alloying
technology[J]. China Metallurgy, 2005, (2): 44—45.

(T, W& FEORTIT IR B2 ] —— U & SR I AL AL G @ AR [T]. h R 42, 2005, (2): 44-45.)

Chen Silian, Hui Weijun, Shao Chengwei, et al. Effect of controlled cooling on microstructure and properties of medium-
carbon high-vanadium microalloyed steel[J]. Iron & Steel, 2015, 50(8): 77—82.

(WRREUR, BUTLZZ, BRAU, 5. v 2% e s LA IR BT A 2 2P RR RO 2 MR D], 9%, 2015, 50(8): 77-82.)

Liu H T, Chen W Q. Research on recovery for adding low melting point metal bismuth to eco-friendly Bi—S based free
cutting steel[J]. Ironmaking & Steelmaking, 2014, 41(5): 355-359.

Mohla P P, Beech J. The formation of sulphide inclusions in cast steel[J]. Brit Foundryman, 1968, 61(12): 453—460.

Ma Mingtu. Development of non quenched and tempered steels for automobiles[C]// National High Quality Special Steel

Production Technology Seminar and Special Steel Academic Annual Meeting of China Metal Society. Jinan:China Metal
Society,2021.

(TS, YRR ERT TR R R C 1/ 2 e R TR A T B A 2 P R SR AR S D I 23, 2021.)
Wang Zhanhua, Hui Weijun, Zhang Yongjian, et al. High-cycle fatigue properties of microalloyed medium-carbon forging
steel 45MnVSS with modified sulfide[J]. Iron & Steel, 2021, 56(10): 117-126.

(E 57, # T, ok (@, 55, Sk BT #45Mn vV SF I 5T 9 14 25 R 55 PERE (D). $WER, 2021, 56(10): 117-126.)
Zhou Zhiwei, Tian Jun, Xu Yifeng. Distribution of inclusions in non-quenched and tempered steel billets[J]. Steelmaking,
2019, 35(5): 68-74.

(s, R, framié. RV BTN PR h I A Mt 73 A [J]. #-49, 2019, 35(5): 68-74.)

Qiao Xueliang, Sun Peizhen. Quantitative study on Ca content and sulfide morphology in free cutting steel[J]. Journal of
Huazhong University of Science and Technology, 1995, 23(1): 121-123.

(Fr2zse, M pL. 2y VTR b Ca i = SR AL YL S0 E EATSE[]. AP IR LA 22 4, 1995, 23(1): 121-123.)

Larsson A, Ruppi S. Structure and composition of built-up layers on coated tools during turning of Ca-treated steel[J].
Materials Science and Engineering:A, 2001, 313(1-2): 160—169.

Ai Kenan, Xie Jianbo, Zeng Zhiqi, et al. Effect of Mg on microstructure and sulfide in non-quenched and tempered steel[J].
Journal of Iron and Steel Research, 2019, 31(4): 361-367.

(v r, W, WAk, 45, BEXTIE IR BN 2 2 B AL W i S [T]. BRI 9E 2441, 2019, 31(4): 361-367.)

Feng Shunhuai. Development of free cutting steel at home and abroad in the 1980s[J]. Manufacturing Technology & Machine
Tool, 1994, (7): 51-54.

CEPPR. 8OAECIE NS5 UTHI N K R 0. HIEH AR SHLUIR, 1994, (7): 51-54.)

Lou Dechun, Wu Xiaochun. Prediction of rare earth inclusion in free cutting steel[J]. Research on Iron and Steel, 1995, (3):
29-33,28.

CETER, RIEE. S UJHIB P e e W 2R B N 1] SERIIESE, 1995, (3):29-33, 28.)

Yao Dengyuan, Wu Huajie, Lu Pengyan, et al. Effect of Ca treatment on sulfides morphology in S-bearing non-quenched and
tempered steel[J]. China Metallurgy, 2017, 27(4): 11-16.

(W& oT, RAT, BEMOME, 45, F5A0 PR B ai ki B P A e S a2 (0], tPIEG 42, 2017, 27(4): 11-16.)

Shen P, Yang Q K, Zhang D, et al. The effect of tellurium on the formation of MnTe-MnS composite Inclusions in non-
quenched and tempered steel[J]. Metals, 2018, 8(8): 639(1-12).

Shen P, Zhou L, Yang Q K, er al. Modification of MnS inclusion by tellurium in 38MnVS6 micro-alloyed steel[J].
Metallurgical Research and Technology, 2020, 117(6): 615(1-8).

Xie Xiaoyu, Gu Chao, Wang Min, ef al. Manganese sulfide inclusion control technology in medium and high sulfur steel[J].
Iron & Steel, 2021, 56(12): 52—61.

CHHR =, IR, E8, 55, s B N T B AR I 2 P I HOR (1], 898K, 2021, 56(12): 52-61.)

Hu Tao, Zhong Liangmei, Zhou Lei, et al. The practice of tellurium to control the form of sulfide in non-quenched and
tempered steel[J]. Steelmaking, 2022, 38(1): 63—67.

(5%, Bhse e, JAEE, 45, mxh A8 B R A M A5 R Y S 0], JRHW, 2022, 38(1): 63-67.)

Wu Huajie. Effect of secondary bloom rolling on sulfide morphology distribution of sulfur-containing
steel[C]//2021 Proceedings of National off Furnace Refining.Guiyang: Beijing Metal Society, 2021: 619-625.


https://doi.org/10.1016/S0921-5093(01)00964-9

- 124 - ™ £ # 5K 2024 45 45 4

[47]

[48]

[49]

[50]

[51]

(RAEAR. R ITEREL IR & B BB AL P T 25 43 A (52 M [C1/202 1484 [P SRS IR I8 SCEE S : Jb ot & J@ 24 2%, 2021:
619-625.)

Shao X J, Wang X H, Ji C X, et al. Morphology, size and distribution of MnS inclusions in non-quenched and tempered steel
during heat treatment[J]. International Journal of Minerals, Metallurgy and Materials, 2015, 22(5): 483—491.

Shao Xiaojing, Wang Xinhua, Wang Wanjun, et al. Influence of isothermal treatment on sulfides in YF45MnV steel[J].
Transactions of Materials and Heat Treatment, 2010, 31(10): 80—84.

(FB &%, £, 7%, 45, AR P Y FASMn VA FR AR AL (9 R2 0[], AR R, 2010, 31(10): 80-84.)
Shao X J, Wang X H, Jiang M, er al. Effect of heat treatment conditions on shape control of large-sized elongated MnS
inclusions in resulfurized free-cutting steels[J]. ISIJ International, 2011, 51(12): 1995-2001.

Liu Hui. The precipitation and growth behavior of MnS during solidification in resulphurised steel[D]. Shanghai: Shanghai
University, 2019.

CXUWE. 5 B W BE A R R AL B AT 1 B A KA AIFSED]. i B¥#ERA#, 2019.)

Xu Weiyang. The formation and control of carbon segregation of gear steel in the bloom casting process[D]. Beijing: Central
Iron and Steel Research Institute, 2011.

(FHBH. 5 T R AN IR “BE AL IR BT AT iS5 12 1 [D]. Jb e SEkIFIE EBE, 2011.)

i PR E

(k&

[11]
[12]

[131]

[14]
[15]
[16]
[171]

[18]

[20]

[21]

£ 78 )

Anand P, Verma A, Hong Y, et al. Morphological and elemental tuning of BiOCl/BiVO, heterostructure for uric acid
electrochemical sensor and antibiotic photocatalytic degradation[J]. Chemosphere, 2023, 310: 136847.

Shan L, Liu Y, Suriyaprakash J, et al. Highly efficient photocatalytic activities, band alignment of BiVO,/BiOCl {001}
prepared by in situ chemical transformation[J]. Journal of Molecular Catalysis A: Chemical, 2016, 411: 179-187.

Thirumalraj B, Jaihindh D P, Alaswad S O, et al. Fabricating BiOCI/BiVO, nanosheets wrapped in a graphene oxide
heterojunction composite for detection of an antihistamine in biological samples[J]. Environmental Research, 2022, 212:
113636.

Ma X, Ma Z, Liao T, et al. Preparation of BiVO,/BiOCI heterojunction photocatalyst by in-situ transformation method for
norfloxacin photocatalytic degradation[J]. Journal of Alloys and Compounds, 2017, 702: 68—74.

Cao J, Zhou C, Lin H, ef al. Surface modification of m-BiVO, with wide band-gap semiconductor BiOCl to largely improve
the visible light induced photocatalytic activity[J]. Applied Surface Science, 2013, 284: 263—269.

Razavi Khosroshahi H, Mohammadzadeh S, Hojamberdiev M, et al. BiVO,/BiOX [1](X = F, Cl, Br, 1) heterojunctions for
degrading organic dye under visible light[J]. Advanced Powder Technology, 2019, 30: 1290—1296.

Li D, Zhang D, Pu X, et al. One-pot combustion synthesis of BiVO,/BiOCl composites with enhanced visible-light
photocatalytic properties[J]. Separation and Purification Technology, 2017, 174: 97-103.

Liu Jingjing, Yan Yue’e. Synthesis and properties of the diatomite/BiVO, composite photocatalysts[J]. Iron Steel Vanadium
Titanium, 2023, 44(1): 49-55.

(XI55, LTIk, G 3L /BIVO, AL I & S AERERISE ()] SHERBILER, 2023, 44(1): 49-55.)

He Z, Shi Y, Gao C, et al. BiOCI/BiVO, p—n heterojunction with enhanced photocatalytic activity under visible-light
irradiation[J]. The Journal of Physical Chemistry C, 2014, 118: 389-398.

Yang C, Li F, Li T. A one-step ionic liquid-assisted ultrasonic method for the preparation of BiOCl/m-BiVO, heterojunctions
with enhanced visible light photocatalytic activity[J]. Cryst Eng Comm, 2015, 17: 7676—7683.

Hu Mingyue, Li Dongya, Sun Jingyu, et al. Preparation of BiOCl with rose-like hierarchical structure and its photocatalytic
activity for RhB degradation[J]. Environmental Protection and Chemical Industry, 2018, 38(4): 419-424.

CEITH, 2R, NS F°, 5. CBRAEARJr 04544 BiOCT 1] o S HOGIE S 2 P B HUTERE [J]. fL TR, 2018, 38(4):
419-424.)

B TR


https://doi.org/10.1007/s12613-015-1097-8
https://doi.org/10.2355/isijinternational.51.1995

	0 引言
	1 国内外非调质钢发展历程及现状
	1.1 国外非调质钢的发展历程及现状
	1.2 国内非调质钢的发展历程及现状

	2 非调质钢的品质要求
	2.1 非调质钢的强韧化技术
	2.1.1 成分及生产工艺优化
	2.1.2 组织优化

	2.2 硫化物形态和分布控制技术
	2.3 非调质钢偏析及控制

	3 非调质钢主要发展研究方向
	4 结语
	参考文献

