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partitioning-tempering, Q-P-T) L. 25X} A A A ik £X 41
ZUSPERRI R, R BT h SE AR R DT TE AT B
IoREA /N, et — iR m R E S AN R . E
[E MR TMCP T2 At ik — b o e fin @
T Q&P L2, FHELHEFE o B IRAE TR A | 5L

LW H: hRIFES SRR RE S (20202Y0034) ; AELTHRHEYEEHH (XM2021CXZX01)
TEBE N 18 B 5, 1985 4, W4, My TR, e 7 S A IR A RaE T 28 7UAT, 463 100081, E-mail: s1z851006@163.com



* 3154 -

G E A a

523

J R PRV B SIZEL A 2R AR A | DA B B G AR v A
LR RIBRIC 70 A LA &5 9 Q&P L ALl g AL
AR BN R T AT 5 Q&P B AL T
S, fE LR B A PR T2 (direct quenching & partitioning,
DQ&P) H] LA R A LG R, 7EFRCREFEI [F I,
I BRI 4> L 2R B SRR s 58BN T
il PR R R AN AR 7 RS e i R T 3 2 N
ARSI, 454 2250 mm FELHLAL I 45LIEA T2,
GG PRI AR A LA R, RN 2o Bed
HISLIL «— IR K -SF IR 73 AR - IR K-S HLE [
K7 AELR AL PRI (direct quenching & partitioning &
tempering, DQ&P&T) /=%, FHHRAN TAib A=
i,

A TAEREFE SL 50 A MK & & 45 /4N C-Mn B4y
R Z oy, BRI EREN Si M Al 47t
o R AL B BT H R D sk A B PG AR B IR 1)
P BOER, BT HNERSRENKRAE, BIRAEM K&
B o B ICAR BORG A2 ) o 38 249 0 4 o Ak R AT
SR AL (1) RE-Nb-Ti 1 & 42 70 & 4 = 7= i R s g 1k . &
MUEFUR A DQ&P&T L2 5 MM RQ&T T 2%t
P R RE IS, RAE T T SRR T
Sk R R TR B M ) AR A R, DS I 1200 MPa 2 HE
LA AR B S i 9 AN G RRAR v R 7R R I B
WSS

1 % I

SR LL C-Si-Mn-Al & & Wil A%, W0 Cr
B AR EENE, DRI A 4 Nb F Ti,
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AR AR LA S (Fe-LatCe 54, MLt R bt
40%) SIS AN AT A S b B, AR 4046 MnS Al
ALO; JE4& 8 J AW, G m s AN i B0 o FL AR S IR 4
B W 1.

LI AN Ok B T i B 8 o5, BAR6 Hrod BE
£ 45 2 K T Ab B - 00 M AW - XK Pk Ad 38 (LF+RH)-
R REHN, (L& E&E RH AT HAG &
A DA K [0]1<<20 pg/g WIRTHE RN, RH
KEIRFLE 150 N-m’/h, G EH 0.75 s/t, 7
E M b 0 3R AR N AR A SR AR A 3 A0 ) . AR AR
SO AN 4K 22 4, B TMatPro6.1 #4722 84 it
B CCT A TTT k(LB 1)A1 Formaster-FII 4= H
Bl AH AR O 8 AH S A, B e SR AN 5T 4 B IR AR R
B DRAREAR B B L 5 IR T 4f 3 A8 i LA
S By IR A B AR 45 IR B 43 i) 9 8404 500 375 BL K
260 C.

T SR AN AR AR IR B S BN A, 455 IR
W% Tolk 2250 mm AELHLA A= i 5Lis4 T2, i
SE T SIS AN 2 PP AR BRI R (B AL EE RQ&T FITE
LA DQ&P&T) , WK 2. F FH S % VY4 vp i
AELMLRIEAFE, B EEAN 100 mm, K 400 mm
PAEE IR ZE 1200 C (II#GEZE 10 C/min) R

F 1 KBWEFERS

Tablel Chemical composition of the experimental steels

Main element content, w/%

Other element content/ug-g”

C Si Mn P S Al Cr Nb+Ti B 0 La+Ce La+Ce
0.20- 0.50- 1.40- 0.060- 100 30-40
< <0. .25-0. <0. - <
0.25 0.70 1.60 0.015 =0.005 0.080 0.25-0.50 0.040 8-20 20 (added) (measured)

900
~eASSIS3 g - gz wwgenc a 900F @ Ferrite (0.1%) TTT b
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O TOF TSN B
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o
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Fig.1

CCT (a) and TTT (b) curves of static calculation of microstructure transformation of test steel
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30 min, )5, 2 B (F4MX (58 FAF
il (738D O 312 BIRELHIECN 8 mm N . &t
B (4r=955-350[C%]-25[Mn%]+51[Si%]+106[Nb%]+100
[Ti%]+68[A1%]-11[Cr%]-33[Ni%]-16[Cu%]-67[Mo%]
+degree of superheat (about 50~80 °C) %) Fi&k &7
BN 950 C, BOEAHLIRE N 870 C.

LI L 2 MY BAELHRIR T S, A AlRA T
2 P AL R EE . X T RQ&T LE, #MELEE 5 LA
PN 30 C/ls WEIE 600 C, RJEHENRIRF 2
184 H (A 0.5~1.0 C/s) F =i B 46 BT
TR EH R E, N4 & 58 4 B IR A0 R 5
TR AL T, 4% DQ&P&T T.E;, #HL 45 W J5 LL
N30 Cls B HIZE 500 C, A4 10~15 s,
B 5 DA RE A A A 21 A 200 °C, AR JE HE R IR 4G
ZZIBAHE (AE 0.5~1.0 C/s) 2 % IR REIDLAN A5 35 B
AR ERAH .

SIIG AN P 7 27 1 B R I A R ) (I L FL ) O DD
P PERE . A CPATELSI T ) bl M R AL . R
PR Zwick FAFIRIALIEAT 5T RRLd I A il
(R 1 mmy/s), AR N 8.0 mm*25 mm*300 mm
(JE B>~ AT bty 55 B AR K ) s R 910 v o M e R
M MTS Hzh4# 8 rh L5 HL(750 D)dEAT kil

Reheat: 1200 C a
Soaking time: 30 min
Recrystallization rolling
4emperature: 950~1100 C
P Reheat: 950 C
10 °C/min Soaking time: 10 min
[} : “
e FDT: 870 C T \
=
= Un-recrystallization rolling
5 temperature: 950~870 ‘C
=) \
g | Reheat: 200 C
5] | Soaking time: 10 min
= |
CT- 600 'C \“I(l C my)/n
\ /
AR
Slow oolm{gto.mom tcmp?ralu.rc d | Looling to roor
Cooling rate: 1 'C/mi /
rate: temperature by g
mi Cooling rate: 5 C/)
Reheat: 1300 C b
soaking time: 30 min
Recrystallization rolling
“temperature: 950~1100 C
[0} 10 C/min
3 FDT: 870 C
2 /o
s \
5 Un-recrystallization rolling Y
g temperature: 950~870 C Ve
g 30 Cls /
MT: 500 C
Holding time: 10-15s 45 C/s \
— Slow cooling to room temperature
CT: 200 C \<C°oln|1g rate: 1 'C/min

Time
P2 2 Fibhib B T 2000 B
Fig.2  Schematic diagrams of two heat-treatment processes:

(a) RQ&T and (b) DQ&P&T

RFE RSN 5.0 mmx10 mmx55 mm, FrAER) V A5
3 BT 5L P s R 4 IR B T R I R B R
J7 AN TR0 A7 5 PR 5 4 b o B 40 1P B 1 U o AR UL 7
TR ML A0 ) S B A, 3k A R IR 6 B R B
HUR L, RIS AR L I JB/T7705-1996 #hAT, W&
3. THEE 1000 %% J5 AR E A FE Ll i &, AR kAT
AN 5] IS TB] PR 328 2 B 40 iR 5, 40 AT S T A ) B A K T
550 A 56 &R .

SO0 1) G AR 8 2 T8 I BE RO S, & 4%
()T TR . T s VAR S ek R 0 5557 W 1R . o 2 2 0 4R 71 U
WAE 60 CIEIR/K WAL, 455 K H L% B
(optical microscope, OM). HE T4 & /5% (scanning
electron microscope, SEM) LA J2 AH W fic % HL ¥ 15 BT AT
&t (electron backscatter diffraction, EBSD)Mff 77 52 464
(1) 2H 2R 25 A0 43 A U m) DL R i T AR B IR TR 2, )
BRI SEM 2 i 7 I FE 55, 4 BT S W 24 L o A
F LT 15 BOR AT S 73 HTAC(EBSD) X 2 F ik 3 T2
AR FEH R ST T o7,

2 GRS

2.1 ANBTZIALETHEMN

2 P AR B T 2R SESSAN 1) A L 2 n ] 4 BT,
22 RQ&T L2 AL FEH S0 AN ZH 2 DA 5 (AR (MDD 3
TR 8k 35 14 (BF) o Bl DA K /D 2 R AR B IR A4 (RA),
WL 4a; T4 DQ&P&T T2 A FE 1) S U6 4W 25 23 U] LA
TR R F 4l B/ & 1 5 IR AR DL K ik 4 IR
s, W 4b. SIIGEN DT I A4 B 25 4B 2% SR B IR A4 B
(1 R K 70 52 BT 2 A D B DR AR I R RS, X T
DQ&P&T .20 S 56 4 vy it B8 P A4 W 28 1) oK - &5
AR T KREMWRAREFALE, HALUET W44
R CLE Sb) , SLEPE W 30 C/s /KR 500 C
HEAT SRR AC 70 DUIRAREE AR, T8 BB EIR 1 DL IR ARk R
NIRRT v B S SV @ 0l | T AR

Weights

Specimen

Slurry
chamber

Silica sand slurry

3 BRI L AR R

Fig.3 Schematic diagram of the wear test apparatus
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Fig.4 OM microstructures of test steels under two heat treatment

processes: (a) RQ&T and (b) DQ&P&T

AL, A B IR A 2R AR A R A B T s X
T RQ&T AbEEFIRFEINFAZE 950 C =B B IR AAR i 25
fn, HLURARAEE R B, IR AH I T35 5%
LWL Sa), JFAWIE =40 C/s KEEER, N
WA 200 CHHATIGHR S IR R K, B IR AR Ry
B (K-S) AlMAK, dRBmg e L m
(A 4a2)

TMCP 4b 3 J5 (1) S50 80 1) B8 IR 32 31 1 78 43 1) A2
¥, B NHLVEARRME S R ZAE, T HH
itk . BEEDZ DIPGEA A, ER o M B 4 L AR AL
B R TRk iR DR R RARH L AR R, A
BT R AR T e 658 —AHIHT XA Y
ETHLAE R FIAT (A4 Do B T TE T A% AL B AR A A
F 7o kIE Brl, RATZ DQ&P&T fEk#kk
HRFE, BL30 C/s M EAEZE 500 CHb 75 R
Bic 73 DL ECARBEAR , b N 55 A BT (N, Ti) (C,N) 75 3]
T (L 6), LA KA 1Ak & WD 7E s 5O S 4T 3L
S RO 7), S50 T 44k DT A4 Bk 25 A R B % R
*ﬂ&rg[m-lx]o

FI AR E 7 258 Image-Pro-Plus 34 %) 52
AN S AR LT o (LK 8D, ML RQ&T T

Bl 5 2 FhEAC R 20T B A G AR I e R R A T
Fig.5 Morphologies of high temperature austenite before
microstructure transformation of the specimens under
two heat treatment processes: (a) RQ&T (before
quenching) and (b) DQ&P&T

2, DQ&P&T TELL # AL I RE, E1tR DGR ER 3= 4k
i L BRI, HL DU R AR 2 A IR BR A% 8] BE A1 [ A
PR 46/, BARSEACKHE R 2. &R TR gL
FARBREE A B B A0S IR AR, 6 AR i ) 44
FF AR AR,
2.2 PAMIE T 234 48 & KL BN (5 B B2 00

FTJE AL, PR ) SR S IR R
FEUIECR, MALRGHESMHALULE . SR
DA BL PR /NS — 5 R B L T DR A AL 3 T
Zio RURE RO 1 B I R ) A B 2 L 96

Bl 9a 1 9c F3 il o T iRAAE I S RLEL ], AH LR
RQ&T T2, %4 DQ&P&T T A [l Ff ki )] ~f
BRI, SRR BCA R SRR A, T IR (SR
SAAIREL, BRI, TR EERN. RES
PO DL FRAAR R R AR B 1 um DA R AR AR (LA
— MR TT 1) IBCR) S it A%, 15 B8 QAR BEAH R 3
PR A B % HE T AN S5 25 HE 7 ) () SFAT R R (K-S K R), 3
EH G P it A2 257 1 SRR B R AR SR 2EL B, — A B IR A
B 4> E B B AT BT B AR 45 B (block) 1 2% 3 (packet)
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i b 141 Ce P b

« 25F Element at% Element at%
3 mmen . 12f s
s 20r i < 10} 5o
X Nb 107 et Fe 7.6
2 15k o 67 x 8r Al 75
= Mn 04 2 6 é’. (l)g
= Ti Cu 0.4 — F i .
8 L Fe — g —

5 Mo Ti 1 2

~ o Cy Cu . . (Nb Nb, 0 . L L
00 4 8 12 16 20 0 4 8 12 16 20
Energy/keV Energy/keV
B 6 W AT (N, TI)(CN)E S & EDS 7 #r 46 51 B 7 WAL LAY Ce0,8 TR A EDS /3 #7 45 51
Fig.6 Morphology (a) and EDS analysis results (b) of the second Fig.7 Morphology (a) and EDS analysis results (b) of the rare
phase precipitate (Nb,Ti) (C,N) earth compound Ce,O,S at grain boundary

Bl 8 2 FifabE L Z T SR FE SEM 4141
Fig.8 SEM microstructures of RQ&T (a-b) and DQ&P&T (c-d) specimens
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Table2 Proportion and size of microstructure
Proportion of  Average BF  Average M
Heat treatment yicrostructure/% layer packet
schedule ———— . ;
BF M spacing/pm size/um
RQ&T 20-30 60-70 0.6310.1 7.45+0.1
DQ&P&T  50-60 30-40 0.254+0.1 4.87+0.1

FERIELH LA T, XU S5 BRE A 3 LT 48
KA, BEPLAT I A R gy R,
I, A B A A B S B AR S R I L RSE, AR A
52 RE 2H 2 5 ) M RO i P P Y BT

FIIFH EBSD Z3 b7 A [ #4422 1) 52 P00 1D oA X
M, HahiEA R (B 9b F1 9d) , BELAIRIL K
FARE BRI (> 15°), AL 56 bnic N/M BER AL (2°~159)
— N, R ) ZE /N T 20 AR AR AR AR 25 R 2[RI
FUIE AT ST, ATE RN S T RITanE 2 NP, 38
e BT 2 PP L2 SRR AN 1 AR S R (P 10D T,
2 RQ&T AbFRFAIRAE K A b 2 o B 65%, T DQ&P&T
ASERRE R A S A T 76%.. KA SN, —J7
] CAREAG SR a i e, AT s Rk gites 5—n
T, KAl AR AR AR 2 AN doRL 1 i 0] AR B— AN

B HE B, AR T PRSI S Re, M
Pl i A B HE I AT, IR RR 3G I BB AR T (11 7%
Z, R AR AR AR 2,

FIFH EBSD WG E &1 1 2 Vb BE T2 T,
SEIGAN ) AR R ST e A oL, W 11 fs . 4 RQ&T
IR SRS RSN 2.64 pm, T4 DQ&P&T 4bH
B SR R SF N 2.06 pm,  HRSF<T pm gk 5 EE
P 8%, NG AR R B .

2.3 MBI ZXHMMERER RN

Xf H 4y B R A #oak BETZ R R G AR (I
12). B 12 AT 41, 4 DQ&P&T AbH iRk kB AH HL
RQ&T X, JERs®ETm, P ad K, J& i
beFt s, ZEfP Tt E . EEE KN DQ&P&T 4k FH 1)
HEEHA N IR R ARG EE I, & RESERK,
fa R RUST AR /IN, AH20 RL 4 Ak 2 B v R M A
(0 s WP (e B R R i N N N S BT R T
o b s

13 ik JE B 7 ) EASEA B L o IGRE R, 2
PR R T2 URE R B2 AR A R AR AL, MR T
O, TR RIBIEES . HE DQ&P&T AbHE (1
FHEE RQ&T, RIHAEE(HV,0) 4067 MPa B#(K, O

B9 2 Abfib B T2 T RN K EBSD [
Fig. 9 Orientation color (a, ¢) and misorientation maps (b, d) of the specimens under two heat-treatment processes by EBSD:

(a-b) RQ&T and (c-d) DQ&P&T
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o S 800f g
g % 110 &
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0.01F i 200} 1
. : 12
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T S P Ol vt i A 0 O 5 Yield strength Tensile strength Elongation
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Fig.10 Misorientation distributions of the specimens under two

heat treatment processes: (a) RQ&T and (b) DQ&P&T

70} —= RQ&T
—e—DQ&P&T
60t

o\oSO-

8,401
<
= 301
3
220t
=10}
0+
-10

L L
<1 >1~S252-S3 >3-4 >4-<5 >5~<6>6~<10 =10

Grain Size/pm

K11 2 b a3 T 2000 10 ol RS 40 A7 B 4
Fig.11 Proportion of grain size distribution of the specimens

under two different heat treatment processes

JE(HV 19) 4655 MPa Ft iy, J5 77 ) £ 5 351 5 P B AIK
XEB RN A B ICARTRAE 500 CHEAT I KA
TRAC 7 A R, H T L o B A e A R AR TR
FERTI I SRR AR, FEERMAE L (£
DURAREC 73 ik v, 3 v SRR 1) & A B i IR B
Bz LA B R, S 2 MEAHE, BE
HO B AR BRI, R .

14 B8 T RYNRBE R, AR AEI T 2F b
fpfdih, 4 DQ&P&T A [RFEM b RQ&T,

Bl12 0 2 Fhab 3 20T SR AR e 10 A 4 e
Fig.12  Tensile properties of the specimens under two heat

treatment processes

B2 RQ&T DQ&P&T

0 100 200 300 400 500
Vickers Hardness, HV¢/x9.8 MPa

K13 2 Pl ab 38 T 20T B0 AR 1) 4 TR 2
Fig.13  Vickers hardness of the specimens under two heat

treatment processes
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0

-60 -40 20 0 20
Test Temperature/C
K14 2 P AR 2T SEI0 AR R 2R R B A b 2
Fig.14 Impact energy of the specimens series temperature under

two heat treatment process

i DR R, LR A R IR R I R, DL SR
2o HE 10 ME 11 PR 2 R, AR A1k
FK A FE & S EC A 3G 0, A b BEAS T R EUd RE
T T N A .

15 AR A T 2R SERAE-20 C TR
MW S . 4 RQ&T AbH Ik WT 173, A
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Fig. 15 SEM morphologies of for fracture surface for RQ&T (a)
and DQ&P&T (b) specimens

FEWr A, T4 DQ&P&T AbFE LI T 3 A
e, CNAERREEWT R SR S SRS,
PR TN, RN AEE D BIRBEER . AR .
b7 27 53 R ottt B AN T D B TR R T B AR R B
R IR R B Ty, &S HR R v
1 2 R A

Bl 16 Bon T R T A F#E I T2 L3040 bl
HEMB R EK, BIRENRELE NG, 1
L% AR ] DQ&P&T RAFZE T RQ&T, BT
M <8 min I, % RQ&T b F o #E i BE AL T
DQ&P&T, i 24 B4 7] >8 min i, 4 DQ&P&T 4k
A RBEMS BEVEL T RQ&T, AR AL R 5 il ke 5
75 T PO B AR A 34 A O - DQ&P&T Ab B ) 5L U6 0 37
JE BT H IR S ST Bk AR B AR T WA I B A, B R
PR ] R RE K, SEAR AN SR PE A T R IAE T,
Tirf % 1 42 T
2.4 it &

Tif B 1 e MR 1 MR R AR AR I, 5 HL A
FERBBIINEA B # DV AEE, BF e T Rk
k%, Wl (D Fior:

Wf{K(HlnLH Fh Q)
lI-¢

—=—RQ&T
120k ~* DQ&P&T

Inflection point

\

—
S
(V]

Wear Mass Loss/g
o
o
(=)

\

Inflection point

154
9
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Bl16 2 Bl Ab 30 T2 S0 40 1URE B 45 B 5 P 400 (] 1) O 3R

Fig.16 Relationship between wear mass loss and wear time of

the specimens under two heat treatment process

b, He o DU K 73 mARER MR B BE L 48 fift 28 D)
Kbt e, Fy RANREINRIE ST, ¢ R E(—K
N 0.5~0.7), Wy s RHE SN U T (Fy) T BB i &,
R, T B PR (/W) SR L S o 2R DL S o 490 1 %
PIAH % .

JE AR S 401 2 VTN A R IS 0 2R R o S R TV
ARk 2R T 52 Rl J UKL 40 BT 2 470 B D7) B AR PR i 5 3K
REMERESEL, BIVRZOr AFEZQFEIIH . 9
PEBTRL . 2R S M v S R T 2 AR T 1 4
151 E A R AR B A 5T P R AE 2 T PR e N FHA IR 3 T
M SEREPE, R4 b ) PR B 65 78 2 IR ISR B A S
It 77 B Lk B R B A (1 D) i A, [ B ) S
A BT S B R RS R R, AR
RiA J1. Rk, ARPEAS A #0320 Se 304N i M e
FeARitS, 7620 CF, 4 DQ&P&T Kb iRk A
BEE R RQ&T MY 1.12 1.

3 S XF S 6 AN 11 < AF 2H ZURN g 2 RE R B 1 23
B, LRGSR IELRMEE T Z, = HhHs
B 5 IR DU R4 Bk 35 A DA S/ B ) B A L IR A
R, ARZAE, XF4 DQ&P&T b1 FfE 4N
PAUL R AR BR R AR N E, T4 RD&T AL BE A FE DL 2%
L RAR N E, AT R B AR L S gl B, &
RIVIRAR R AR G 70 %) 7R AR I ¥ B, 5 Rk
BR BB TOHE B R 46 /N o TEARSZ AN AR TERT, HA KA
JE g T 7 LA A R DL A Bk 3R A e 4R AR R SR
Uity (1) 8. 7 4 R AR A S OB R B g ), BRI
ROy T BRI S P R S R
AT, BEAE AL DR B AR S RN, R
Jer BRI FEE i AR 3 R o T 2 T
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TEL AL 73 B 2156 1R (500 °C) B,
DU IR Ak 25 A AR e 7E I 74 B9 IR o T8 % ) 9 2R
Ko, o3 F B IR AR A4 Ay ik — 20 2H G675 (1) 1 Ak o R BE
SE St , [ B I R sk 5 T G B R B AR R BRI
e, I T R AR R KA EE. RAZHEMN
Hall-Petch 2 ZUAR 4 Hb 4B T 48 5 A0 X6 A4 R} 5 1%
ok, =l (2) FioR:

o,=0,+kd "’ (2)

K, o0 NRRKEEEEER 1, d NHAL RS, &
N H TEAR R, BE A SRR RN,
T R THT A0 R B o 38 0, e 4R BELAS A 2 B
RE JI4R T dh TR BCR 3G N — e FEEE AR S BH 1L AR
FWT 2L ) KA T R b, Rk, Ak AR R B
MRLEPI M R4 F B . @A EBSD Ml SEM 4y
Bro2 M s T2 FRBNMARES, XA
DQ&P&T AL FAH EL RQ&T, ki N ~F B Bk, KA
SR LGB I, P R R B 2 B

K FHEL S B K ORT B3 40 1 FH e X BRI A R
TG S X TR 2564, 0T o P 30 A7 5 R T 45 44
R, NG A AR R T 2 AR AL B AL R
[ B 2y 56 i 2 A8 R0 [ it R s 26 A 0 1 R AT H
P T BNy, XA /NTREURIAT A R TR LA
ZE, AR R B . (HIE AN R AL,
2 DQ&P&T AbFH iR H 2 1M ) o B 32 A% A g
B RQ&T IFF I X, FEIX—IRMZIT AR
PP A H A 500 CHEAT SR DUIRARFE AR, FL
PRI AR e e A 7 A5 3R T R AR T /N 3 43k 25 A I
A, XPEFRECREE AR, B SR A AR
HHAT, BRI S BB S &0 W oo B
Brn, AP 2 WA IR, R A0 E Bt A B
MR B IR, A R

EARTE A, EARRWDN T 2 Fhiib
T2 TR RABULESN S e, Bk, &
DQ&P&T Ak HH (1) S 56 49 (1% 38 970 14 AV B A T Bl e
T RQ&T LZ, h#BRIEEHMHE 1200 MPa HAK
A G AN AR 7 R ORI B AR T JE R AR . E B XY
DQ&P&T fE L HMH T2, HHE—BMU T ESH
PR R T A B SRR R B S, SRR RS
AR B B DA R AN (R K A DG B S O 7
A M RE R S B PE R i 7 Rt — B IR R .

3 & i

1) 2 Frd AP T 24 77 1) 1200 MPa {I% & 4 5 ok
WU N T AR . DT AR Bk 314 DL R Tk 4 BRI,

2t DQ&P&T AbFHI™ i 223 LA UL IRAR Bk 3R A 2
M4 RQ&T ALFLH ™ W H AL 5 IR N 32, AL kL
RATiE RN TJEE
245 0 0 T AR TR R AR AR DL ER AR 3R A A R
FR T AR BRI RT, IF Bl 1 O 2 & F 0 e ol
REWS A BON RS R A Y e, 3271 T MR R L.
3) R DQ&P&T L ZALHE, ST/ i 72 h 4
RS e kR IR R R AR AT, i v LRI & = A
B LB 1) 5 O A B, 2 5 2 B
B tla, Ol B KRS RN, BUEERETT A
Bl J5E 22 5] PE AR
4) 2 FhEAAE B T2 S U6 A Y 5 B A (]
RSG5 o, BB AR L A 1] DQ&P&T
ZRT RQ&T, BV, 4 RQ&T AbHE i S 56 4 iR
BEVE LT DQ&P&T; i % B& fid i 7] (Y & &, &
DQ&P&T AbER A BRI VE A% T R AAE A, i &
PEAR T RQ&T Ab 3 (¥ UFF .
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Effect of Heat Treatment on Properties of Rare Earth Microalloyed
1200 MPa High Strength Steel

Su Cheng'*?, Wu Wei', Feng Guanghong', Zhi Jianguo™’, Zhang Hongliang'
(1. Department of Metallurgical Technology Research, Central Iron and Steel Research Institute Co., Ltd, Beijing 100081, China)
(2. Technology Center, Baotou Iron and Steel (Group) Co., Ltd, Baotou 014010, China)
(3. Key Laboratory of Rare Earth Steel Products R&D Enterprises of Inner Mongolia Autonomous Region, Baotou 014010, China)

Abstract: Combined with the advanced controlled rolling and cooling process, which is represented by the 2250 mm hot continuous rolling
production line, in China, an on-line heat treatment process (DQ&P&T) is developed, which uses dense laminar flow cooling to conduct
sectional quenching, isothermal distribution and low-temperature coil after tempering followed by rolling, and the rare-earth-microalloyed
ultra-high strength steel (R,=1200 MPa) was prepared through the traditional off-line quenching and tempering heat treatment process
(RQ&T) for comparison. The microstructure transformation morphology and mechanical properties of the test steels under two heat
treatments were systematically analyzed by OM, SEM equipped with electron backscatter diffractometer, tensile testing machine, impact
testing machine, Vickers hardness tester, and wet sand/rubber wheel wear testing machine. The results show that the microstructure of the
test steels at room temperature is composed of lath martensite, bainite ferrite and a small amount of residual austenite under the two heat
treatment processes. Compared with that prepared by RQ&T process, the lath martensite content of the steel prepared by DQ&P&T process
decreases and the bainite ferrite content increases. The bainitic ferrite formed by isothermal transformation penetrates and divides the
deformed undercooled austenite, which promotes the grain refinement and the increase in the proportion of large angle grain boundaries,
thereby improving the strength, toughness and wear resistance of the material. However, the uniformity of hardness in the thickness
direction of the product prepared by DQ&P&T process is more inferior than treated by RQ&T process. Compared with the off-line heat
treatment, the on-line heat treatment has higher efficiency and lower manufacturing cost in the production of high strength steel, and the

product performance meets the standard requirements, which proves that the on-line heat treatment process is feasible.

Key words: rare-earth-microalloyed ultra-high strength steel; heat treatment schedule; microstructure transformation; mechanical property
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