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Abstract

Based on the principle of vehicle lightweight, 800 MPa hot-rolled medium manganese steel with
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excellent strength and toughness was obtained through two-stage controlled rolling process and
dual-phase heat treatment technique, and effect of annealing temperature on its microstructure
and mechanical properties was studied. The results show that with the annealing temperature in-
creases, the volume fraction of austenite in steel first increases and then decreases, while the tensile
strength first decreases and then increases. The yield strength decreases from 694 MPa to 492 MPa,
and the elongation rate first increases and then decreases within the range of 21.0% to 31.5%. The
strength-ductility product first increases and then decreases. When the annealing temperature is
640°C, the maximum austenite obtained is 21.3%, the tensile strength, yield strength, elongation,
strength-ductility product of the tested steel are 796 MPa, 570 MPa, 31.5%, 25.1 GPa-%, respectively,
and shows the best comprehensive property.
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1. 5|8

RERERA RRE N, BEVRJE SRR S V5 Yo 56 0 fE B 2 30, KR =T A Zosb — ik
T ORI AT B AR VRl #E - W U 3R B, 43R B BLA/D 100 kg, VRZERRATBE 100 km [R)HFER] k> 0.3~0.6
Lo VA28 F St mr i 5 o A R AN AH b, 78 R SEVR 42 0 B 2 A0 R el (VA 48 B LD 20%, A R &
TR PUREIE e 1 5 e VR, BONENERAT ML VRGEHNEAT AT FE M5 1] [2]. BT Jedt mati a7
SRR ETIRE, B—ARCBRR AR, dIBATE 5~15 GPa-%, EEAFEXAHM(DP). AR S8 H
HA(TRIP)FI ) FARAN SRR & &, I8 PLPLIRAE A 200~1500 MPa, {HERLE 10%~30%. iK%
PSR RAR, REM VRIS . 3 - RIRERNI SR, LR KPR RELE 1100 MPa 7247,
SVIEAR R EIA 95%, HORMAEIRILE] T 50 GPa-%, HHTAEGER. TAES, AR, RK
PR T I AT . 5 AR AN AT K E S (Q&PY AT ER(MM)AN, A= T2 MR s, i MR
s AR, TEAERZ R T & B 1) 03] [4].

RN — R BRI . A RESE A St R RIS B A T 2 BRI HILEA J15A AR [5]. X
ZE[6]X% Fkl Fe-4Mn-1.2Cr-0.3Cu-0.6Ni HARANZEAT IE FEIX [m] Kk, AT IR R K 5 AR Fe A b4 Ak AR BLIR
IR AL, 630°C (81K 5 RGN 1 JE AR 55 B N 677 MPa. FiLRi5mE N 762 MPa. K E N 19.6%, i
Pk RE R A, 650°C [ E RN —40°C pha W s 143 1, philitER . EHE[3X 4L Fe-0.14C-
TMn RN AR AR K, ARSI SOIREE =R + BRAR B RN E GHL, MERKRET G, RIK
ARFR 5> BT e BASE RIS, 7E 620 CIR KI5 B HTHL 2R A 1072 MPa., K ZN 34.0%. 5%
FUAR] 36.4 GPa-%, Ji¥PERbRmAE. BELIESE[ 7% %L Fe-0.13C-5Mn-0.24Ni " ERANIEAT 0 AH AR IR K,
AR IR R AR B AR I = AHZE 2R, I 00 A AR IR T R A3 o, B PR A AR 43 5 50 189 i ik
B, FE 675°C x 30 min WAHARIR K 5 LR G 1 A VEREIRAE, HBThis®EE A 1100 MPa, fHKZ8 21.0%. 54
RN 23.1 GPa-%. Bk, B K TS RN 2H SR M B A B ZR M . AR SOl 1 B 1Ak e
E(0.1C-5Mn) o BT FIFAFL 5 BT I AE DXGR K, il 4615 2 AS [F) 18 IR RE I AL R AN AN bR , T334 T
HZUME BB AR IRD 73 T iR I8 AN R SR AL, A FRELH BRI T R N 3R 5 2%
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2. RNEMR R
2.1. KIgHRL

RIS FAIRRR (0 AR A e 23 i, R R 50 Kg iR 2 I NB R , IR IR L J5 BLERAE
HAPANRIER RIS, HAZERD R 1 PR, C ozl DA B AT BRAR IRARTT 46 6 A2 TR 5 (M
R, R C SR M AR T RS RKFAR, AT DRG0 60 0 45 15 SUBUR R B b 12
PERE; Mn oER R R ICAEREGR, — &1 Mn 05 QARG 2 5 R A KA S IR A, thar Dag
B AR B I SR AL PR s DB AL R B SR AL AR -

Table 1. Chemical composition of tested medium manganese steel (mass fraction, %)

=1L AP RNOUERTREDE, %)

C Si Mn P S Al N Fe
0.1 0.06 5.2 <0.008 <0.007 0.04 0.004 RE

2.2. REEE

BRG] 32 mm ERIEREL, CEERRIN TN 32 x 48 x 65 mm (5 R, AR5 E T navrpE
IR 2 1220°CARIRE 1.5 he Z S5 5 U 78 PR AR v AR ELL B b AT PRI B s il L], S — B BoRAE
TR DXCHEAT P NIE R IERL AL, 12 BOR AR T RGN I B IR, 35 I BORTE AR 45 i X HEAT =4
IR IREEL, %M BolE— 0 R NIk B s % AR WK AR, LT ELIRE A 1120°C. &45LIR
FEH 850°C, #LGaAEKIEAREEN 3.6 mm HFLI . K Jmat-Pro K AF 513 254K K Ac) FI
Acz 53128 600°CHI 727°C, HERK LTI E THAHX 610°C. 640°CHI 670°CHIINFAI LRI 2 h HEATIB K
P, oA R EEFAMGLRENEER, HTZRERIE 1 FiR.
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Figure 1. Process flow chart of the tested steel
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FrEEN 40 mm, d#IE WAW-500C HY75 Gt BHAE HLEEAT = IR h a0 3R 15 71 2 Re, hfhidg iy 2
mm/min. RFEERPAC B G S NG B B IE AR EE, B 4%MRRIERE AR i 5 L B 2, 18
ZEISS Bfs: N Mg & A 41(OM), 7F Nova nano 400 14 H T 2 52 (SEM) WL 52 B A3 ZH 4R JEM-2100F
3% 5 LT A (TEM) N LSS IO T 30 I EAT R AR 23 #r . R FH Tl k% GB8362-87 1E % dnfiT X
XRD AR 7R AR B AR & =

3. AWERS O
3.1. R REIAELALR

I IAEL G 8 B RIS R ALK 2 s, dE 2 e HRgE i, ALK
WAhE, WHDREMRARKA, HFPREMT Mo 2R, Mn2REKAREHTER, T KRK
PRARIX, SR ATAREAR Aot A1 A IR R, A5 BRI AE BURIR VS AT UK EAR B, 534h, Mn JeER AR
BEENE, WA BRRAG MR D RA, 5 RATS CATRWARE, D R ALK AL Bl A% e
AR, AR AL R SRR, dE 2(b) IR B AT R, AP RS RIREE ZBSRIR, &
H A A2 P Bz i AL, RS ALBT B BIRAR B KOF RAK BB S5H, Ja SR B 2 (1
WERIR D A

Figure 2. Hot rolling microstructures of the tested steel (a) OM; (b) SEM
2. IRINAYAELLA L (2) OM £HER; (b) SEM £HLR

3.2. IRAEEEX R LA R AR

PEL AL 610°C. 640°CHI 670°CIRK 2 h J5 3R SAHA L QI 3 frar, £ mE MmOk
POV R AR B AR B ARH S B, FRAEREA BT . & 3 Bl IR B b 1 2 I K (PR N R R AR
AR Z1 1 S R 0 AR B B PG . RERANTE A X IR SO R, B IR R A0 R, BLIRAARTE 1 [k
BRECI S IAL A%, B IR Ak T I M FIRZS B TR BRI C 57 F0 B 4 1) Mn J5 1 1) B IR 8, BRIK
B R, T Co Mn ¥WAHRKMAREMNITER, ERAEHRFENTRERESY, BRI RE 2.
FR 5 XRD W& AT A1, 610°C 640°C Al 670°C B K A J5 1R I8 AN A B8 EC AR AR AR 20 B0 73 73 N 12.4%421.3%
A 11.6%. 24iB KIRFER 670 CHY, HRHA K AFARAEIRI G IRARA L, %2 iR K FEUR K
R A R AE IR TR AN Ik . DRk, BEAE IR R B3, B IR A AR 43 B 5 19 sk 2
Ly [AR AR 3 BE B TG T

IRIGHN 2 BT 5 M3 2 ) SEM A2 4 FioR, B MR B R AR, 125 Kk
B AR BR8] B JGREN 610°CHY, L IRARE >0 il EIR BV E A, 3 —i 0 5 IRAARTE
BRRARTESR G R 5635 8 K 2RI B IRAR, BT 610 CIB IR IERAK, R T H0 0I5 IRIAS, £
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YRR B RO L T 85, HBRE AR A B, A B 2 OBRALINT . 19 21 A B IR AR AR
D 12.4%. IRKIRFEIEINE 640°C, BIRREFEARMATHIIE S, C Mn JURHEAT 1 HHT
Be o IF R A iR B A, A 7 BLIRAA, T, R BRI MR, A B0 Ry iR B R,
AL 3 P AL B 5 13 2 1 B IR R 73 B 20 21.3%. 670°C HIIR R L B ey, 190776 A0 1) B PR (A A
HHRE, BT C. Mn TRMAEELEEN, BLoE&RIRAEN Co Mn JeEB/D,  BLRARRRE MR
%, IS ANAE P G AR A 800 BIRRAR AR N ) IRAE IR 5 3R A5 1 B IRIAA AR Bt e Dy 11.6%. [
b, B R R AL TR AN B AU S5 AR 7 BT B LR

Figure 3. Microstructures of the tested steel with different annealing temperature (a) 610°C; (b) 640°C; (c) 670°C
B 3. i NARRAEEREMELAL(2) 610°C; (b) 640°C; (c) 670°C

(b)
Figure 4. SEM micrographs of the tested steel with different annealing temperature (a) 610°C; (b) 640°C; (c) 670°C
4. IRIENAEHR AIRERY SEM 4H£H(a) 610°C; (b) 640°C; (c) 670°C

3.3. PERNEMARSHFEEENXR

AR IR KRB (AR IS AN B A 5 16 0 2 e 4 SR % 2 Fs, 4B KR EH 610°CHE N 670°CHY, i
Bz o B S/ e INAE 800 MPa 4y, i RGRE tH 694 MPa /%] 492 MPa, i Z e i 5 vk /b 78
21.0%% 31.5%, SREBFSeIEINEb o IGAN K H 1 ) C-Mn gy vt (R I P i B i 4L i+
FHDCHC 73 A EE S M N IR AR AR ZH 2R, AHAN A PR o FE =y I& 800 MPa £ . RIS AN HL A i (1) AR 5 ) N2 AE i
RnE 5 s, WA RIUNESLER. Hh 610°CIB SRR h £ 5T, 640°CHI 670°CiE K fH
2R LR VIR, RITEZS /IS 00 B ARG FE 9 A BT RN ZU B, 670 °CaB R RR I B B A RIZY, 18R Utk 8
ot B RARTE AR AR P R AE AN TE L1 5 ERARAH AR (TRIP 208 F 8091, 640°C il KARFE A K (1352
BIIX, FERAIZIE KR E TR R KA i %, TRIP XN BN &, FAAMMK RSN 31.5%, H
SRIBF B = IA ) 25.1 GPa-%, HA R4 IR 5 W (1 UL .
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RIS R 7 2R RE A2 R S g i . MIB KRN 610°CHY, 153 1) B I AR 0 5=
O 12.4%, HARKEJE R 22.0%, HAR IR O [0 7 A8 19 21 m ORI Ik A, b i
FEAHXT BN 804 MPa, 1l B R A K& BT A (A & 6(a) Bl ), A6 75 35 i IR 9 2 #5159 694 MPa.
IR KR EN 670°CHRY, £33 1B IR B DN 11.6%, RIGANTERL AR TE IS AR 1) TRIP 00

Table 2. Mechanical properties of the tested medium manganese steel

2. R PRINA ST M RE

BKIEE/C Rpo2/MPa Rn/MPa Al% FEYFY/GPa- %
610 694 804 225 18.1
640 570 796 31.5 25.1
670 492 923 21.0 19.4
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Figure 5. The tensile stress-strain curves of the tested steel

5. ILIREO R I R B B2k

() . ()

Figure 6. Microstructure and morphology characteristics of the tested steel (a) P —610°C;(b) F and A —640°C
6. IRINSNAILEL R IRIFIE(a) FTHEH-610°C; (b) $KFRMAFBITIA-640°C
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55, FARPKER WL 21.0%, = 1718 KRR SRAT R0 i A0 B IRAA AR e R T %, J5 B0 KB AR h  IR
1, 5 HOREAE D A LB R A 923 MPa, %I FRALKT R KB AR, HAE R,
{5145 8 A 5 2 B AR N 492 MPa. 640°C IR KR FE JE 793 1) B IR RR 20 B =i o 21.3%,  HAm K&
BN 31.5%, IR T R HEAR LR TR 7, 3B E R AR B [3] (] 6(b)F
R), AR A S PR Ry 796 MPa, HBRMAE N 25.1 GPa-%, AR TR TEE, KA
wAERIZRE T1E R

4. g

1) RAMEHI R o B, RIS AL BB AT A X IR K A3 2P AR AR 57 1) 800 MPa 2] H £ 4
AR, R AR SN AN G 8k 2 R R B IR I AR A, R0 B IR 2

2) IR EIPURL RN 796~923 MPa. Ji IR 3L A 492~570 MPa. i3 21.0%~31.5%, #REBFEL
FITE 20 GPa-% /i A7, HA D0 5 (i P A S A Y DT T

3) RN AR T PR RIS e, e 1 B AR 73 B TRIP RN AE s, 39m 17395
A R AR R B A B AR AR e M R AR, TE VR K i PR B IR A8 g B IR, B8 PR AR o0 Bk
TRIP RSAEFSS, BEACT H5 MK,

E&WE

BRHRZAEGF NGt RITE XS 5 R AEL R I SR A LB 5 (TE e 5 -
S202510488056X); I BHE KB F BUEM A IS0 H “ BT 2 2RI H BEE R 2R AR AA 1R %R
FISLE” (WH% 5 : 2023X065).
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