EOVTE S W HBEERMRIEIRE \Vol.46, No.4
2017 4 4H RARE METAL MATERIALS AND ENGINEERING April 2017

X+ 20MnCrNi2Mo it BE$5 01 )4 B S (R 42 T /Y
52 R 4|2
T=EY EFEFE Y, XFE S, RBE°, 280 °
(1. RigX%, Lig 200072)

(2. WEEREKY, WES %k 014010)
B WEHABKKAZHEN 24 THSGERHE SRR E, NEL A% 0140100

#  ZE:RH L78 RITA KK AL . QUANTAA400 14 H 4% A1 JEM-2100 3% 5 Fa B2 BiF 7% 8 4l Ve & 6 - %F 20MnCrNi2Mo
i 5 A AN ¥4 WL ER A S 4R v M AR B 0 2 R R A A S, SR P F R A 45 B T AR B SO A R DA R,
Bt AR IR R BA R RN P I ATERA, &E0 La AT ERBNE . W, & P & % 1 L
M., RERY, BEITRAR LM 20MnCrNi2Mo i 454K CCT MBIk A FirBsl, il T ESA LSRR T
TR R, P 7 iste, MARAD RRAL P2 BT/ m. Sk, BEE TSR E =48 T %

SR SRGREE AL, PGSR S RE . PHEEY HOEIE, MR- KRR,

BET S0 2L U AR

KRR BRIRAM L, B 20MnCrNi2Mo fif BE#540: CCT Hik: 224

FEZESES: TG1115 THEAFRIREE: A

YEHS: 1002-185X(2017)04-0997-06

s = HA R BRI 22 M, R L TR AE A
TEAN AR i B FH AR D9 08 R 45 6 ) I B RO
Kz —, ZHERCIFRT KEMIFR T, HFIETE
SRR B AT A AR AR R A1 S B
W AR RS Sth, B2, BTHEoR
WG, TENP I EE AR HUN, LI, [E13
VFZ A 78 TAEAAN A5 B3 75 1 PR 2 B B, s 7B
RIS S WAERYEE A Tt b S5EE.

I i B 85 A0 2 H AT — SR A KR A& it g5
MR, JEAER, M L AEAR A S B AR R i N R A A%
ZEM, VIR, AINFE AT DLSGE K A A i B
HARIITE . SR B, R b Y I N v
1 & G Tif B 5 A9 — e 8 VA Jom el KOS AE T, Rk, A
FORR L AR A G i 5 5 AN Ik v B A SR v HV G AR 1)
SO, ANRE G A AR AN N ) B S BT F R A
PR s ae A, i HLE A ) TR N AR

KHFFEEE R 20MnCrNi2Mo i BE45 4N, HIF 5% 4l il
VB A s L H T A N B AR By ) 2 e AN TRV ST R A
YRR, I R 2R [ VA L A7 LR IR A HE T 4R R
M L A FBLEE

1 5 I

WiS HHEA: 2016-04-25

SIS A ORE R n A b R WS n g R A M 1
20MnCrNi2Mo i B 580, FHAb % sy it & 5080 8-
0.19%~0.20% C, 0.49%~0.56% Si, 1.02%~1.04% Mn,
<0.005% S, <0.01% P, 1.10%~1.16% Cr, 1.89%~1.90%
Ni, 0.52%~0.54% Mo, ¥ Iin# -t ) S 56 4 o F F 1 5k
B4 &9 0.0027% La A1 0.0300% Ce, H: 4N Fe. XM
L78 RITA K EIKAX, 456 S AH M EE 5 B ks B 4y
T, W58 AR D0 5 R A L e ST 11 3 804 )
AF (CCT) HhZk; KA QUANTA400 1 4 H & fl
JEM-2100 3% 5f H B8 S FLTC 2% 14 e 0l A0 AN [F) 4 38
I R S AT WL 5E s SR A AR AV VR A v it
AT B AR, DR AR LR s uE s, RATH
JECRE A S5 B AR RS (ICP-MS) il 5 FiL i v v 1 A
Ao E, WM LMEESE; KA JEM-2100 &
S5F FRLBE B FLTC 45 1) B8 T A3ONT S 50 B9 8% A5 20 2 b AN [R) s
BB SEHITZMAE. 20UNE, DIFERRK
AR AR AEIRAS s B B, e TR
La fEZR R A I SR 256 0 il Bl VR &
X 20MnCrNi2Mo i & % 89 i ¥4 B I A4 i S v H) e
5 (1) 5] o

2 HER50H

EEWE: EXREARRIY¥ES (51261018); WE T HARARIEFES (2012MS0805); W5 i BH R0 Hi 74 (2011INCL037)
TEZEN: T, &, 1972 94, A, 88, AEHREREM BRI 58 &%, WEH @3k 014010, HiE: 0472-5951572,

E-mail: jiyunpingpp@163.com



+ 008 « W &EMRS TR

46 %

2.1 L3 CCT BhZMIS T

SZUGAN I CCT #h i 1 fros. "I 0L, Rnfs +
SRINE LS9 CCT ki RA I Rk #E AR
X FIE [RARFEAR X, DR AR X 5 PR, HE
(36 B B, VB MR AT s WS INFR X CCT #h i)
IRFEABAE LW, EEE Bew Mgw My KAR[RIAHE R
AR MR FE YRR Sh4h, WIS LK T SE 304K
G FEA HVE RN B K A N
9 Cls, WML KNG FAIEE SN 4 Clse 2
Z, HEE S M s R 45 20MnCrNi2Mo  fiif B 7
() CCT Wk Btk R ah, ftm 7 Hid ¥ B IRk
1 Fe e M
2.2 HLEXARSIR AL TN

Bl 2 2 RN LI SR 3G A9 LL 0.05 “C s (133 B A )
F) & IR I SRA 1 DUIRAARZH 4L, o B 2a & SEM B,
AR 25 5 00 By R0 2R 43 A0 T D1 IR 8k 3% 4 B A
s B 20 2 ERALU TEM I8 A & & Sk BT 67 B 1
e X LT ATIAERE, AT AERE R R g, B
WHL R FEREANZE S, IEHE D R, X 2R
NAEA H AR R, TR & 7 00 & i B AR A — 35
AR T KA, BT MIA B, AT DL
o HAN, TEM MEER LA S A A i, Br

1000

As-cast condition

Austenization: 900 'C, 10 min a

= ————————

Ac3=827 C

goof S Nk

" Aci=678 C
600 -
400 LV c\

Temperature/C

\ "" \ \ \ X
WA \\p b - \
AR \ 9 L\
\ \
M '-."-.", YNy \ \ o\
M=191C WL \ T
Ly 5 \
200 ! R \ \ \

Ly |
l"ln\ (I |

Temperature/'C

Cooling rate/C s 100 30" U 9, 1 04 005 32(130
Hardness, HV. /M"%goo 487048304530 4470 3910 3400 3350
1 2 3 4 5
1 10 10 10 10 10
1000 —
As-cast condition Austenization: 900 C, 10 min b
- . e Acs=831 C
R e S e
800 T3 SN &
X N NN \ " Ac1=689 C
600
\ A
400 [ms=364 C Ly
l. M \! "v ‘. \
\ \ | %
- \ al
200 Mi=169 C \ \ L ,L |
™ 13 ) |
ICooling rate/C s 1100 15 10 |, \ \ 43920 1 ol 0.05 0'.;02
0 Hardness, HVs/MPa5150 5090 50605 2044 0492043304770 20, 3830 3530
T 2 3 7 5
1 10 10 10 10 10

Time/s

K1 SERANES CCT ik
Fig.1 CCT curves of testing steels: (a) without rare earth and

(b) with rare earth
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Fig.2 Microstructures of the testing steel without rare earth by
continuous cooling at 0.05 °C/ s: (a) SEM and (b) TEM
image and corresponding SAED pattern of the area

pointed by arrow in island structure
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Fig.3 Microstructures of the testing steel with rare earth by continuous cooling at 0.05 ‘C/s: (a) SEM, (b) TEM image, and (c) EDS

spectrum of location 1 in Fig.3b
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Fig.4 SEM (a, b) and TEM (c~e) microstructures of testing steels by continuous cooling at different velocities: (a) without rare earth,

at0.1 Cl/s, (b~d) without rare earth, at 1 ‘C/s, and (e) with rare earth, at 1 ‘C/s
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Fig.5 TEM images of lath martensite in testing steels by
continuous cooling at 30 ‘C/s: (a) without rare earth and

(b) with rare earth
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Fig.6 EDS spectra of one spot on grain boundary (a) and one

spot in bainitic ferrite matrix (b)

SRJG SR, RILGFAL La & 84008 2.35% (il
B, TRD, #N La MEELA 1.62%, IEL
RRW, B L7 FAAAFAET @I, 5B R,
HEFm M EERMNES %, 54, WE 3
A K Sk KB AL A ) R 1% e A B AT DUR I, F e R
WAATET WA (GE&BmA) H, XA R R EmRL
YT H )AL B A TR A7 AR L T

PR JR 1 340 242 4 0.1210 nm, i A IR 1 340
424> %29 0.1877 A1 0.1825 nm, Fit (La. Ce) J&
TAAA R LK 40%LL 1, (R BEAS BE A B L 4 [
Wk, fES SRR, 28 5 THES BN
TRRA R X8k, fEiXeef 8, kR T K15 21 La. Ce
s JE T AR R R 7 5 S 1 W AR BB 2 T o P ARk
Rl R R NS 2, B La. Ce Wik )sirit
T i F 2 i R S5t B o7 BB L A o5t A% 1E 5 B R 1 T R
TR, R 125 G AF 0 T b I 55 AR R B &b o 53 4b,
F v e 5 OV sk R P 3 1 8 — Mk R R 4 O B
ZEREIHH IR T ML La TCEAE a-Fe T 5 7 5
], S5 R, La J5 7w 58 T S AR X, B S AR
SE R TR AR E
2.4 BHTIERVIEMIRIT

T BT A - AR U, SRR e R,
£ 770 CHF, La FEREET R FIYT R E N
1.59x10"" m? . KW, Fe JiTT 770 CE K
R R Y BRSO 2.17x10"° m? 87, 1 L AT
RN 10 EL . MILER, Wt La TP
kR Ty g R 2 .

] % 6 P s S f 1) T ) B PR AR o (1 R
MR ERE AL E AR, PRAERREIM NI B S, FRAR
Jiee: [FES, b Fe JRF PR KM Lay Ce R FEET
R ERRE AL, BHZEY HOEE, PSR 7P B Ees
JUN =

AR SR X 2% B2 N B, DL IR A AR AR 3o i e
BR 5 A 4 S AL RS D7 22 ST A W [R] BRGR0E BR
TR R, M, AR A B AR v E AR i AR
W, B LR SR NIRRT S KRR, B
REdARKAKRENE, £ CCT MERA T
B, RIS A M R R A R AE . AN, X
BR[1L]EFE e, BEE N LR T I EwE, SR W
WA R R SR X p-Fe fib MR 7B 1 45 & 7, TR
A g ARG N, AHSE MR e, X AR A B HEIR
gt FME AR, R A R KR R e, AR
CCT #hkiA FH#sh. A7 M TN th%
B, MR EREGESITRNEE, REGEITRMERK
WP RR, B IR R R e .



%4 W

ML B4 20MnCrNi2Mo i BEAG 4RI 74 B8 IR B6 A8 S i L LR

= 1001 -

A R X Mg s R, SCRR[13]4E e, W L
I B A B8 QAR A (95 FE R 3, [ I 28 e B A it i
X R N Ty [ R AR B T 3R B Ay, TR A A
M s BRAG. Ah, B IR AH AR (1 T8 A% 1 155 & [ 35 A AR
TERZ ) — Mo, RO JETEBRPE AL A%, 18IS T80
{180 L T 00 1) T 1) B DA D T A R A T Ak
£, PRI TRE, HI99 5 IR T AZ 0 #Gs 2618, A
M BAAG 55, PR Mg 5o

ESE AR YN OET T Ae Y SRR S o 2
PRI S 5 I AR AR R AR REAG G, B IR R AR I
FRAG, BRSO, AR RE R, A
T AR A B AR K T 1], T BORS 4 28 & T DA AR
WA RARRE . ARSI, VI LA 20MnCrNi2Mo
M B 854N ) CCT Ak 145 N 77 #68), M, iR,
LA AR, EAHRRHEET, S+
(1) S 00 B9 Ly AR AR IR B UG, NSRBI INTE 2, A
MAES RS R, ATk NG T, e
TE TR 22 128 S T 4544 o

3 &£ it

1)20MnCrNi2Mo i B85 80 1¥] CCT 2k R MK
PRI AR XA T [OARBE AR X, 25 v I gl v DA Sk 75 DL B Ak
MR, WX CCT ML IR EEA B A e, (H
f§i#3 CCT sk Btk it N % 3).

2) £ 20MnCrNi2Mo i B 5 M 3 14 B IR A4 3% 44
HEEAR LR, IR R T R D RAR 1 K
20MnCrNi2Mo i B85 £ I v K I SRR EE B2 9 °C
Is, WRINHG ATV KIE SRR HIEEAR )y 4 Cls; X T
FH A A £ B T 3RA5 AR 5% B IR 2L 24, R 0 s e
I FARAR % RSk /)y, B IR v i 22 i B B

3) HEIRA M LBy 0.0327%[% 20MnCrNi2
Mo i B 5 40 Hh La () [E]7%5 & 8.2 pglg. Ce [[H ¥ &=
N 44.6 polg,  ELIEVE T4 00 -+ 5 176 & S 58
] T B9 A 1S R T R A AR B FE AL, e
ik di i BE « PHZES BlOE I , B FAH % - Kl 2,
R ESURCR N NEE Sk i by N 1 1A S U3 S L
HARE) I R R
52 30k

References

[1] Li Chunlong(Z=#J£). Chinese Rare Earths(# =:)[J], 2013,
34(3): 78

[2] Wang Longmei, Lin Qin, Ji Jingwen et al. Journal of Alloys
and Compounds[J], 2006, 408-412: 384

[3] Kim ST, Jeon S H, Lee | S et al. Corrosion Science[J], 2010,
52(6): 1897

[4] Liu Yangiang, Wang Lijun, Chou Kuochih. Journal of Rare
Earths[J], 2014, 32(8): 759

[5] Wan Yong, Chen Weiging, Wu Shaojie. Journal of Rare
Earths[J], 2013, 31(7): 727

[6] Senberger J, Cech J, Zadera A. Archives of Foundry
Engineering[J], 2012, 12(1): 99

[7] Wang Haiyan( T i), Gao Xueyun(/5 3 =), Ren Huiping({F
#F) et al. Rare Metal Materials and Engineering(¥i & 4 )&
RS TFE)[J], 2014, 43(11): 2739

[8] Peng Hongwei(¥2 % 1%), Gong Chenglong(Z£3f J¢), Zhao Lei
(# #%) et al. Metal Materials and Metallurgy Engineering(4:
JE R 5 16 4 L FE)[J], 2010, 38(6): 3

[9] Wang Haiyan( T i), Gao Xueyun(/5 3 =), Ren Huiping({F
) et al. Acta Physica Sinica(#)# 2:4))[J], 2014, 63(14):
148 101

[10] Liu Zongchang(X%% &), Yuan Changjun(ZZKZ), Ji Yun
ping(it = #) et al. Transactions of Materials and Heat
Treatment(#1 R} # kb 2 2242 ) [J], 2011, 32(10): 74

[11] Wang Haiyan(E#3#E), Ren Huiping({£ "), Gao Xueyun
(715 =) et al. Transactions of Materials and Heat Treatment
(FF B} Ak B2 24 417)[3], 2011, 32 (S1): 90

[12] Liu Hongliang(x1l 7% %), Liu Chengjun(xll & %), Jiang Maofa
(7% &). Chinese Journal of Rare Metals(#i#H 4 J&)[J],
2011, 35(1): 53

[13] Xu Zuyao(#xtHHE), Lv Wei(E 115), Wang Yongrui(E 7k %ii).
Iron and Steel(# #%)[J], 1995, 30(4): 52

[14] Ji Yunping(it = #£), Liu Zongchang(xXl5% &), Ren Huiping
(fEE-F). Transactions of Materials and Heat Treatment(#4
R AL R 223 [J], 2013, 34(4): 162

[15] Liu Yuejun(X#% %), Huang Boyun(i&fH =), Tan Yuhua(i&
£ 4£). Transactions of Materials and Heat Treatment(#4 & #
AL FE2£4R)[J], 2005, 26(1): 48



+ 1002 * WA & REAMES T 5 46 45

Effect of Rare Earth on Super-cooled Austenite Transformation of 20MnCrNi2Mo
Wear-resistant Cast Steel and Its Mechanism

Ji Yunping™?, Ren Huiping™®, Liu Xinhua®?, Hou Jingchao?, Jin Zili?
(1. Shanghai University, Shanghai 200072, China)
(2. Inner Mongolia University of Science and Technology, Baotou 014010, China)
(3. Key Laboratory of Integrated Exploitation of Bayan Obo Multi-Metal Resources, Baotou 014010, China)

Abstract: The effects of lanthanum-cerium mischmetal on the kinetics and the microstructure of the super-cooled austenite continuous
cooling transformation in 20MnCrNi2Mo wear-resistant cast steel were studied by L78 RITA quenching thermal dilatometer,
QUANTA-400 scanning electron microscope and JEM-2100 transmission electron microscope. The inductively coupled plasma mass
spectrometry was used to measure the amount of the solid-solution rare earth and the JEM-2100 transmission electron microscope was
used to probe the existential state of the solid-solution rare earth. The action mechanism of the solid-solution rare earth was analyzed
combined with the measurement of the interface diffusion coefficient of La. Results show that the CCT curves are moved to the bottom
right, the hardenability is improved and the twin substructure in lath martensite is increased due to the effect of the rare earth. A trace
amount of solid-solution rare earth can exist in grain boundary, dislocation and other crystal defects. They can reduce the grain boundary
energy, block the diffusion channels and then defer the nucleation and growth of the new phase. So the phase transformation and the
microstructure are influenced.

Key words: lanthanum-cerium mischmetal; solid solution; 20MnCrNi2Mo wear-resistant cast steel; CCT curves; twin crystal
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