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The influence of heating process on the microstructure and properties of
700 MPa grade automobile beam steel
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China University of Science and Technology, Tangshan 063210, Hebei, China)

Abstract: In this study the effects of heating temperature and soaking time on the microstructure and
properties of Ti-microalloyed automotive beam steel 700L had been investigated. Optical Microscopy
(OM), Transmission Electron Microscopy (TEM), and Electron Backscatter Diffraction (EBSD) had
been used to analyze microstructural changes in Ti-microalloyed automotive beam steel 700L under dif-
ferent heating processes. Theoretical calculations had been conducted by using a Thermo-Calc thermo-
dynamic simulation software to analyze the precipitation behavior of the second phase, combined with
EDS spectral analysis to examine the morphology and size of the second phase precipitates. Finally,
Vickers hardness (HV) testing evaluated the comprehensive mechanical properties of the specimens.
Results indicate that heating temperatures between 1230-1260 °C suppress primary austenite grain
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growth, yielding fine-grain strengthening with hardness (HV) ranging from 315 to 332. With soaking at
1290 °C, abnormal grain coarsening occurs alongside large (2 um) TiN particles. Extending the hold-
ing time from 80 min to 160 min, austenite grain coarsening became pronounced, hardness (HV) de-
creased from 282 to 251, and the mechanical properties of the test steel deteriorated.

Key words: Ti microalloying; automobile frame steel; heating process; performance stability; second

phase precipitation
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Fig.1 Thermodynamic calculation phase diagram of automobile frame steel
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Table 2 Calculated TiN precipitation amounts at differ-
ent temperatures

Temperature/ Solid solution Precipitate Solid solution Precipitate

T [N]/% N/% [Ti}/% Til%
1900 0.003 90 0 0.093 00 0
1850 0.003 84 0.00006  0.09279  0.000 21
1 800 0.003 19 0.00071  0.09057  0.00243
1750 0.002 62 000128  0.08862  0.004 38
1700 0.002 12 000178  0.08691  0.006 09
1650 0.001 69 000221  0.08544  0.007 56
1 600 0.001 32 000258 008418  0.008 82
1550 0.001 03 0.00287  0.08319  0.009 81
1500 0.000 78 000312  0.08233  0.01067
1450 0.000 58 000332  0.08165 001135
1400 0.000 43 0.00347 008113  0.01187
1350 0.000 30 000360  0.08069  0.01231
1300 0.000 21 000369  0.08038  0.01262
1250 0.000 14 000376  0.08014  0.012 86
1200 0.000 09 000381  0.07997  0.01303
1150 0.000 06 0.00384  0.07987  0.013 13

*®3 AREEBET TIC fHENIHEHE
Table 3 Calculated TiC precipitation amount at differ-
ent temperatures

Temperature/ Solid solution Precipitate Solid solution Precipitate

C [C1/% C/% [Ti)/% Ti/%
1150 0.059 00 0 0.079 87 0
1100 0.058 27 0.000 73 0.076 96 0.002 91
1050 0.052 67 0.006 33 0.054 63 0.025 24
1000 0.048 24 0.010 76 0.036 96 0.042 91

950 0.044 91 0.014 09 0.023 68 0.056 19
900 0.042 54 0.016 46 0.014 23 0.065 64
850 0.040 98 0.018 02 0.008 01 0.071 86
800 0.040 03 0.018 97 0.004 22 0.075 65
750 0.039 48 0.019 52 0.002 02 0.077 85
700 0.039 20 0.019 80 0.000 91 0.078 96
650 0.039 06 0.019 94 0.000 35 0.079 52

4 FERSEHAR
Fig. 4 Microstructure of steel in original state
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B 11 JRiBik#E EDS TEE S

2.3 T AN A RE AR

R S T 2R R RE I — R R AR T B, BB I
BRZH VI R IROREAE . A0l 16 FioR, BEE AR
BEM 1200 C FHZE 1260 °C, #sk#k £ Ti AL
VI it B IR P A BT A e 2R BRI n
FH B SR Y B R AL A ) 2H 2R A AR AR
T B PR ST I TEOREL Al R A S5 A A5, TR et
FEMFIN R R A A HGREE A 1290 C
B, JELRE R, Ti AR AL TC vk BELAG J h B FG A
AR, AR AR S e SR, ok =
2, T80l B o 25 TR, S ORIE BT H] R 80 ~

Fig. 11 EDS elemental surface distribution map of the original sample

160 min, 7E 1 200 °C B, &< {7 i B[] {75 fifg 2k 72
5y, PRI, BERE(HV )M 273 $EE0 2 282, 7E 1 230 C
FsF, BE PRI B] AR RAAIR, 2 ERAA AR S5 B 34 RH s ,
BERE(HV) DA 315 #2475 &2 332, M P& He R ~F ik
JIN, A7 A8 U ) SR ) B R, R RSB T B, 3K
X A AR AR AR B & A YA VEAS IR, SE T4 i
RF B g BN Y BGR N 1260 °C B, AR R
160 min F4AF FF #R45 m H3E T, U B AE IR T i
RO IATE RN . IR 1290 C B,
FE R AR ) ) &5 1 B AR i br B8 22 () B[] A Ak,
[RILAERE (HV ) DA 282 [ %2 251, T FEAYIREEE K .



- 106 - SRS 2026 475 47 45
300000 [RIi, 7 R AV P S BEORT Ti AR
250000 | Fe Element w7 Y RSE, IR BE DR 1230 C B, GKRGIABr HL

v o T S RS K, 40 A TR T T
200000 Ao 5 1290 °C T HH 4 e A D5 0 D, G o

2 sl € oo R, 3ok TR HE 2 ST Hh AL AL RS — ARG

E oo PR, RGN AL R 1 3 kAR PR , AT 6 166 4
100000 Fe 89:58 Ak‘ (01 H Uﬁ%ﬁmﬁk.l‘lgfﬁﬁzl ':F'ilzﬁ}*ﬁﬂj%{ﬁ% 95%

ool %T?Lﬂnﬁﬁ’ﬂﬁiﬁﬁ, He A TiC 25080 T, MR 40k 1 1
s CrMnme PR SRR SF RO AR . R, TiN AR ST 49 28 2 um,

0 — m . AT ARG S 2 HERE 2 R, O T AR ANk
Energy/keV ﬁﬂ:‘%ﬁif\ﬁ EE{ZIKHH*JT K%#‘?ﬁjﬁ, ﬁﬁﬁﬁiﬁ Ti %

B 12 [RipikEE EDS gEEE
Fig. 12 EDS energy spectrum of the original sample

[, 25 AN SEBRA P O, IR B LR L
FEHIFE 1230 ~ 1260 °C, FRIEATE] 4 80 ~ 160 min.

B 13 1230 C B EDS TEES 7
Fig. 13 EDS elemental mapping of steel soaked at 1 230 °C

E 14 1290 C #) EDS TEEZ
Fig. 14 EDS elemental mapping of steel soaked at 1 290 °C

300000
F Element w/%
e D,
250000 NN
N 078
Al 0.05
200000 | pe Si 026
= Ti  0.05
% 150000 F Cr 0.22
£ Mn 133
- Fe  90.74
100000
50000 Fe
C . ~ Mn|
A1Si TiCr
0 A >
0 5 10 15
Energy/keV

15 1290 C £%i& 160 min #J EDS #Ei
Fig. 15 EDS energy spectrum diagram of steel soaked at
1290 °C for 160 min

360
—&— 80 min
—— 1
340l 160 min
S
T 320
Q
=2
<
>
» 300
[}
<
kel
]
- 280
260
1200 1230 1260 1290

Temperature/ C

El 16 AEIRETH4RER
Fig. 16 Vickers hardness of steel soaked at different tem-
peratures



544 W R, S T 2 700 MPa Zh5 25K RS0 SR R - 107 -
s Y hn#GEEE Ky 1290 °C, A4 160 min B}, ffkr
3 & S A OB HY TIN. 26 36T HLAE . 40 5
D IR AR PRI B GRSk Z e mEoeik,  FTSR RO .
#:1200. 1230, 1260 °C F1 1290 °C HiHIF43 A% 2) T E IR E R 1230 ~ 1260 °C, {51k

7 80 min A1 160 min J5 7K ¥, HIPAFRACR D G4k, BF[E] 4 80 ~ 160 min, BLA51F T, 4K 55 —AH
BE AN BRI TR B, B LGRS K, TG P AEMr i sRAR/E ], H Ti JCER A AR S50 [
M SR 98 o MR JE R 1230 °C, £ IR s ] an SRR AR, BEAS 35 R I N R RE B (H V),
160 min i}, BT 48K % Ti(C, N), =47 oAk AE T A 315.70 & 332.03,

S5 3k

(1]

[2]

[31]

[4]

[6]

[7]

[8]

[91

[10]

[11]

[12]

[131]

[14]

R, XIUEE, ROCH, 4. Ti-V-Mo 4 41k 22MnBS 87 AR B HERALAE T[], 598Kk, 2022, 57(2): 127-138.
Han Rong, Liu Hongxi, Yu Wenchao, et al. Precipitates and their strengthening in Ti-V-Mo microalloyed 22MnBS5 steel[J].
Iron and Steel, 2022, 57(2): 127-138.
Xu Ning, Wang Lingyu, Hu Jun, et al. Enabling strong and formable advanced high-strength steels through inherited
homogeneous microstructure[J]. Scripta Materialia, 2025, 259: 116560.
SR, XUSCIE, 5K AT, 45, Ti GE 4 VA SO AU 1] K A v ZH 2R B B2 R[], BB A B2 41, 2023, 44(11): 184-191.
Wu Lin, Liu Wensheng, Zhang Ke, et al. Changes in microstructure and hardness of Ti-microalloyed quenched steel during
isothermal tempering process[J]. Transactions of Materials and Heat Treatment, 2023, 44(11): 184-191.
Li Shihao, Kumar P, Chandar S, et al. Directed energy deposition of metals: processing, microstructures, and mechanical
properties[J]. International Materials Reviews, 2023, 68(6): 605-647.
Qin Zou, Ye Xihui, Li Yanguo, et al. Effects of Ti on microstructure and properties of Fe—Mn—Si—Cr—Ni shape memory
alloy[J]. Materials Chemistry and Physics, 2023, 293: 126992.
Hu Jun, Li Xuyang, Zhang Zheming, et al. Overcoming the strength-ductility trade-off in metastable dual-phase heterogeneous
structures using variable temperature rolling and annealing[J]. Materials Research Letters, 2023, 11(8): 648-654.
Nagini M, Murty B S. Mechanical alloying: An advanced processing route for development of iron-based oxide-dispersion-
strengthened alloys[J]. Advanced Engineering Materials, 2025, 27(6): 2401111.
Song Hongyu, Wang Guodong, Liu Haitao. Effect of cold rolling on microstructure and texture evolution in strip casting Fe-
36% Ni invar alloy foil[J]. Journal of Alloys and Compounds, 2021, 888: 161519.
Theska F, Nomoto K, Godor F, et al. On the early stages of precipitation during direct ageing of alloy 718[J]. Acta Materialia,
2020, 188: 492-503.
TE. BRI 41k 700 MPa AR SR AL HLI K T 259 & [D]. dbat: dbntRHE K, 2024,
Wang Yi. Strengthening mechanism and process development of titanium microalloyed 700 MPa grade high strength
steel[D]. Beijing: University of Science and Technology Beijing, 2024.
ZEIG Ty, BRI A IMY. JEE: iAok L, 2006.
Yong Qilong. Secondary phases in steels[M]. Beijing: Metallurgical Industry Press, 2006.
FIR, 22072, 0, A5 ISR I TR0 18Ni(250) B FC MR I 2O ZH SURIE RE A S (7). BERHIA AL BRA2 41, 2024, 45(12):
159-166.
Yan Kun, Li Shaohong, Han Shun, et al. Effect of solution treatment time on microstructure and properties of 18Ni(250)
maraging steel[J]. Transactions of Materials and Heat Treatment, 2024, 45(12): 159-166.
FS A SRS B T UK ER AP SRR AT SR AGRCRIESE[D]. B YRR, 2021.
Lii Zhiwei. Investigation on isothermal precipitation and strengthening effect of nano carbide in titanium micro-alloyed
steel[D]. Zhenjiang: Jiangsu University, 2021.
FEIFF, T G, sk, 55 @ PRES AT Ti S G P 90K SR I A B RA 5 TR,
2016, 7(4): 27-32.
Du Kaiping, Yu Yueguang, Zhang Shuting, et al. Nano-carbide precipitates in Ti microalloyed steel under ultra fast cooling

condition and their strengthening effect[J]. Nonferrous Metals Science and Engineering, 2016, 7(4): 27-32.



- 108 - W gk Pl K 2026 455 47 &

[15]

[171]

[18]

[191]

[21]

[22]

T, AR, HUREE, 25, 20CtMnTi BIF R A0 T Ti(C, N) BPHALAT R [T]. AL ETRk R 244], 2009, 31(S1): 182-184.
Wang Guanglian, Zhu Rong, Shen Jingxia, et al. Ostwald ripening of Ti (C, N) in 20CrMnTi gear steels[J]. Journal of
University of Science and Technology Beijing, 2009, 31(S1): 182-184.

Chen Chihyuan, Liao Menghsuan. Synergistic effects of carbon content and Ti/Mo ratio on precipitation behavior of HSLA
steel: Insights from experiment and critical patent analysis[J]. Materials & Design, 2020, 186: 108-361.

Wang Zhengiang, Sun Xinjun, Yang Zhigang, et al. Effect of Mn concentration on the kinetics of strain induced precipitation
in Ti microalloyed steels[J]. Materials Science and Engineering: A, 2013, 561: 212-219.

Mukherjee S, Timokhina I, Zhu Chen, et al. Clustering and precipitation processes in a ferritic titanium-molybdenum
microalloyed steel[J]. Journal of Alloys and Compounds, 2017, 690: 621-632.

BALRRR, B U, TR B, A5, RNV Ak OO i ) FAR IR A B2 405 2 PERE RS2 MR (1], FHRHR AR B4R, 2025,
46(9): 133-141.

Hu Jikang, Yin Litao, Zhou Yucheng, et al. Effect of secondary solution treatment on microstructure and mechanical
properties of maraging steel for low temperature application[J]. Transactions of Materials and Heat Treatment, 2025, 46(9):
133-141.

Wang Yi, Che Zhichao, Chen Yufeng, et al. Influence mechanism of solution temperature on microstructure evolution and
tensile properties of Ti microalloyed high strength steel CGLC700[J]. Journal of Materials Research and Technology, 2024,
30: 2936-2944.

Liu Tao, Long Mujun, Chen Dengfu, et al. Effect of coarse TiN inclusions and microstructure on impact toughness
fluctuation in Ti micro-alloyed steel[J]. Journal of Iron and Steel Research International, 2018, 25(10): 1043-1053.

Duan Haojian, Zhang Ying, Ren Ying, et al. Distribution of TiN inclusions in Ti-stabilized ultra-pure ferrite stainless steel
slab[J]. Journal of Iron and Steel Research International, 2019, 26(9): 962-972.

HE RZ

(E#% 91 D)

[191]

[20]

ZULEE 1RE I G T ROM]. bt Bz i, 2018.

Li Guihong. Principles of metallurgy. 2nd ed[M]. Beijing: Science Press, 2018.

BT, BRI, 425, 4. BAEBIR IR AR I3 2 B3l 52 0. -4, 2015, 31(5): 7-11.

Zhan Dongping, Qiu Guoxing, Niu Ben, et al. Thermodynamics and kinetics research of nitrogen dissolution in steel[J].
Steelmaking, 2015, 31(5): 7-11.

Ono-Nakazato H, Matsui A, Miyata D, et al. Effect of aluminum, titanium or silicon addition on nitrogen removal from
molten iron[J]. IS1J int, 2003, 43(7): 975-982.

Ono-Nakazato H, Usui T, Morisawa S. Rate of nitrogen desorption from CaO-AlLO; melts to gas phase[J]. Metall Mater
Trans B, 2002, 33(3): 393-401.

Fruehan R J, Goldstein D, Sarma B, et al. Recent advances in the fundamentals of the kinetics of steelmaking reactions[J].
Metall Mater Trans B, 2000, 31(5): 891-898.

MRS, BRAAF-, BRFFRIR, 2. G T A9 IR S 22 (0] TRERA5R, 1996, 18(6): 505-508.

Chang Heming, Chen Boping, Chen Ziqing, et al. Kinetics of vacuum denitrogenation from steel using fluxes[J]. Chin J Eng,
1996, 18(6): 505-508.

NiuJ P, Yang K N, Sun X F, et al. Denitrogenation during vacuum induction melting refining Ni base superalloy using CaO
crucible[J]. Mater Sci Tech Ser, 2002, 18(9): 1041.

BB R A PFALAEIM]. U5t S AL, 2021,

Guo Hanjie. Physical chemistry of metallurgy[M]. Beijing: Higher Education Press, 2021.

K, B, SKIKT, 2. AU R R R AR N TS )] RN, 2024, 40(4): 74-79.

Peng Fei, Wang Lihui, Zhang Qingyu, et al. Process practice of smelting ultra-low carbon automobile steel by the electric arc
furnace[J]. Steelmaking, 2024, 40(4): 74-79.

mE EH



	0 引言
	1 试验
	1.1 试验材料与方法
	1.2 微观组织表征
	1.3 硬度测试

	2 试验结果
	2.1 第二相的析出行为
	2.2 加热工艺对微观组织的影响
	2.3 加热工艺对力学性能的影响

	3 结论
	参考文献

