51 % 512 1
2022 4F 121

mEERMISIRE
RARE METAL MATERIALS AND ENGINEERING

Vol.51, No.12
December 2022

#1 Ce Xt C-Mn KRN 52 F 1% RIE2 A #1151

KANFE 125, 3

W23, maEE 2, kot ox) FU

(1. JERRHRY: NER S ERE K E pisiieE, Jbad 100083)
(2. NEHBNNBHARAR, HNEEH Bk 014010)
(3. WZEH AR XM LA bR el B A seae =, Wl 3k 014010)

1 O X LAERE C-MnIRIRN, BFFIRL Ce A 0 6. 9l 13 pglg X401 3 BEACIR DIV AT . Jaid 4 fe ik
A e, JEE SR EBT AR T Ce &8 T RN RS- R T M S . G5 RRH: BEEM T Ce & RAVIY
T, C-Mn AR IEAR D f Al 55 EE AN BT 9 B2 2 SRR N A %, TS AR 25 KR TS, JF HOR LA+ Ce 09 9 nglg
I, PR Rl . A Ce IMAEN 9 nglg Y, G T HALKIREDIE, ZEEFVEEM T Ce KN, HRH
JFURZ, TR/ Ce Mt Jezsy, HEURIRIRIAEL N ANRITINTARAE 1. Besh, JEXTHC TN 9 ng/g (4 pglgd Ce 55 0 pg/g
Ce LV HURBLAL A 7= [R HUKS AN —40 “C AR PIME, A HLE 9 ng/g Ce SRR PP T EL O pglg Ce IRESE S 100 £

KHIF: Mt Ce; C-Mn{RiE4; 58SF; RIRFINE; R0
XE4RS: 1002-185X(2022)12-4561-09

hEIESES: TG142.74 SCERFRIREE: A

I A (R 09 P AR A5 T ek ke o 52 %, oA T B R
HAIVE BEHE T o e RO I AR R A B
HER—ADERERR bR, N R EGE . KL, 72
WMREB TN LA SI0ER, @A s, &
AR e Z W T SR R ~F 25 T Bk el g 1B,

L n RSP A MoK AARBEMES T, &
A E R E . Ce ETAEM LR P ERFE
B, AENERSETEMAMNT . K, Liu &t
W 74 H7E 4Cr5SMoSiVL BRI K ER Lok
X RRA D HEAT St , A 3t A A SRR R B A 3 43
Bk, BT RS (SEM) MRS (EDS) XM
SRR 4008 KA S B A P TS0 R AROIR 7 AR R EROIR T
I, BRI L SUZ T K, Rl 245 R
FHRI UL 98 3 5 R AN - s B Mg 3Tt Chu 2502t
FHEHTE Q420 B N La+Ce IR &R Lt K 5 Al
Nb. S. O MEAEMH, ¥R L RBYT LIS RN
BREMBIE R, AR B AR RSE, RIS+
AR P AN SR L b Dhe 50 3 A4
Kasinska™ 3@ i i 70 I8 & % + 4 8 b & W 0 4%
G20Mn5 ZHZ R PEREMIRZI O RE WM, MAREGW L
SEICER AT AR I Y, BEAM R AL, 2
A B ARIR T T 90, X oAt g 2 1 RS 3 UK
MR AR . XK MR s, AR AR

i BEE: 2021-12-07

ESWB: PR BHRHRRESIH (20202Y0034) : W5 L HIAIX B AR H L

TEAEIMAE N 0.020% (REDHD , &k
Fis LRI )9 0.010% (JRE S HD I, AR
Mph i WIvE/S 2 8 F k. Lan LEMIHE R RS INA
La+Ce JE &M LIC & 5, AISI H13 B AKX A d 4121
R, AEoR M mTRE KR, &ML AlSI
H13 4N 1 df FLmscfb Pt 13 2040, Wr A FEE 2
MRS, AR TR . WL Ce
TLERMEZ . MAK T, TERERSARF IR L
Ce JUE T LR & B IR 8 . A R A pp b vk R 1), 76
CrNiMnMo & &M It AR+ Ce JmREHIM &It
R 22% i A1,

HAT, X Lerf o0 B 0 BORABR TR K & La.
Ce 5 La+Ce JR &+, HALTE LI SRR B, X T
Ty RS AL A 77 N AF A B RO, TR SRS = R
TR N ERAMERS TR R R . BIE, &
WFFLER X C-Mn IRIRAN, 0T 0 oE Dok tbfase 4=
AT IR SRR - Ce Ju X Hama v /e
MU, CAR N DR AR 40 ok o 26 4R, K i sh 76
T A& e E T UL AR = kAR .

1 £

FE DAV B AP 1 72, I N H3 ] Ce-Fe &4, H
bR EIAE] 20 polg AR, 5 SBOEHE KNS

(2020MS05017)

H
EE R AP, 5, 1991 4, f-L4g, b RHERSENEIA SR BR B 5 #5500 =, Jhat 100083, E-mail: 1520024546@qg.com



* 4562 -

L E A e

%5 51 45

o, S GEEE AT . AR SIS AN EL B BN Tk A = 1
C-Mn fRIEEH, £/ TERMEN: ¥ -LF Bk
—RH - &5, RH R AN AL K Ce-Fe & (3L
t Ce W B EN 30%) MMAANEALTE, RIEHE
JE 5 min, fRIE 8 min PL_E MO B R4 Bk 23 34150, 3k
M7 i . R ARL-4460 B2 20 A A )
h AR S A R, SR ICP-MS AL 2k E
+ Ce frit. R 1 NS5, A B. CHl
D 73 AR C-Mn W IMAAF & #E# 1+ Ce L&, A
R AN IR B S8 AN T BRI T o JE AR PR R AR )
fIFEELIE A T 248 2250 mm L4847 5L H A7, &
2R JE A 12 mm.

EMFE T ZAT, BAEFHL Ce AR
9 0. 6+ 9 1 13 pglg 1 4 FilF]JE FE R AN, KA
HE S [ 5% b v 20 ) 1) 4% 4 4 5] S 1) A iR R b
WIEAT R AR, £ WDW-200C T b L% ) o 1 J3 g
WIS HL =W T AT R s, 78 TB50 i ikieHl
HE47-20. —40. —50 F1-60 C i xf Lk 36 o K A i
Wi LA M £ Ce & & T bl W CHAFER A LEO
S50HV B 4= 4 H B0 UL 52 T F1 T2 35 A4 418 1 5 BT 3 kL
A= . AR, BRI FERE L Ce & & BFE
ZFTEE . WA A%IEER 2 BE S S, A Sigma 500
My I 5 471 i P UL 8 e 2 ) ) TR B S 2 R

2 BERENR
2.1 hrfRiAIE

B 18R, BEEMT Ce SR, C-Mn kiR
X ) JeE PR o PEE R LB B PR R RS G ka3, ZE AR
SR IE AR, U8 9 nglg B, 77
vty ) - S 1 DG G A £, B9 B A PR B e I o R i i&E
BT ICRE LR O SERELE, e TH
VR, 92> T ALOg IRV ik, FERAGHS F Rk
TR AR fEE, JEMS] MnS 75 & AR T, ik
g, R AT T SRR T, AT AR R T AN A
SRIAPELE, g+ Ce S EARSIEINE] 13 ng/g I,
P IR R R B, ARSI AR R, B
BRI T AR AT A2 7= . BT+ P S & H
FRIFCRRE ML, TIEREISURFR=Y . ik
il I S G Z A SR E . M T i iR
IR, Tl EUBLAG A 7= 1 C-Mn (R IEAN R 3RS R
o~ YR M FR AR
2.2 AHEHRE
221 F&IFtr

RN R0 45 R 2 fros. M 2 mT LA
K, BEEM T Ce HEMIGM, C-Mn RIEMNII R FI
Ml VBRI L B T BT R AR R
1n 9 pglg it Ce 7ESLUGIR & v—20. —40. —50 F1-60 C
T BT MRS v it e e, R b s T AR AL L BT
e, R B S 1 B (D e A2 D iEa % . 24 %8 0 13 polg
Mt Ce If, FEB5G U 20, —40. 50 #1-60 'C T
W AT B v i B ARG, A o T B AN 0 IR . X
Fbas LW, BEEM L Ce S RMARLLIEIN, ARAEHY

R OLWWELFERS

Table 1 Chemical composition of experimental steels (/%)

Sample C Si Mn P S 0o Als Ca Ti Ce
A 0.18 0.16 1.45 0.010 0.003 0.0008 0.040 0.0020 0.018 0
B 0.18 0.15 1.48 0.010 0.002 0.0007 0.039 0.0020 0.018 0.0006
C 0.18 0.15 1.48 0.010 0.002 0.0008 0.039 0.0020 0.018 0.0009
D 0.18 0.15 1.48 0.010 0.002 0.0009 0.039 0.0020 0.018 0.0013
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Fig.3 SEM fracture morphologies of samples without Ce addition at different temperatures: (a) -60 ‘C, (b) -50 C, (c) —40 C, and (d) -20 'C
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Fig.4 SEM fracture morphologies of samples with 9 pg/g Ce addition at different temperatures: (a) —60 “C, (b) -50 C, (c) —40 C, and (d) —-20 ‘C
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Fig.6 SEM morphology (a) and EDS spectrum (b) of MnS precipitated particles on the fracture of sample without Ce addition
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Fig.7 SEM morphology (a) and EDS spectrum (b) of Ce-Ca-S precipitated particles on the fracture of sample with 9 ug/g Ce addition
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Fig.8 SEM fracture morphology (a) and EDS spectrum (b) of Al-O-Ce-S precipitated particles on the fracture of sample with 9 ug/g Ce addition
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Fig.9 SEM morphologies and EDS spectra of the inclusions in C-Mn cryogenic steel with different Ce additions: (a, a’) 0 pg/g,

(b, b") 6 ng/g, (c, c’) 9 ng/g, and (d, d") 13 ug/g
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Fig.10 EDS element mappings of the typical inclusions in C-Mn cryogenic steel with 6 pg/g Ce addition
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Fig.11 EDS element mappings of the typical inclusions in C-Mn cryogenic steel with 9 pg/g Ce addition
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Fig.12 EDS element mappings of the typical inclusions in C-Mn cryogenic steel with 13 pg/g Ce addition
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Effect of Rare Earth Cerium on the Strength and Toughness of C-Mn Cryogenic Steel

Wu Liping"?®, Liu Yan??, Zhi Jianguo®?, Zhang Jiangshan, Liu Qing®
(1. State Key Laboratory of Advanced Metallurgy, University of Science and Technology Beijing, Beijing 100083, China)
(2. Inner Mongolia Baotou Union Co., Ltd, Baotou 014010, China)
(3. Inner Mongolia Enterprise Key Laboratory of Rare Earth Steel Products Research and Development, Baotou 014010, China)

Abstract: For industrially produced C-Mn cryogenic steel, the effects of rare earth Ce additions of 0, 6, 9 and 13 ug/g on the strength and
low-temperature toughness of the steel were investigated. The fracture morphology-inclusions of the samples with different Ce contents
were analyzed and observed by the tensile experiment and impact experiment, combined with the scanning electron microscope. The
research results indicate that with the increase of Ce content, the yield strength and tensile strength of C-Mn cryogenic steel increase
slowly, while the elongation shows a tendency to increase and then decrease. When the Ce content is 9 ug/g, the strength-plasticity of the
product is the best. When the amount of Ce added is 9 ug/g, it obtains the best low temperature toughness, which is mainly attributed to the
addition of an appropriate amount of Ce, which effectively modifies the morphology of inclusions, forms fine inclusions containing Ce,
and enhance fracture resistance in low temperature environment. Moreover, this paper also compared the low temperature toughness at
—40 °C of the same specification steel strips with the addition of 9 pg/g (1 pg/g) Ce and 0 pg/g Ce. It is concluded that the impact energy
of the steel strip containing 9 pg/g Ce is about 10 J higher than that containing 0 pg/g Ce.
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