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Abstract

The mechanical properties, precipitates and dislocations of bake-hardening steel HC180B before
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and after baking were studied by means of material universal testing machine and transmission
electron microscope (TEM). The results showed that after 2% tensile deformation and baking
treatment, the number of dislocations in HC180B steel gradually increases, dislocations are en-
tangled, and the yield strength increases by 2 MPa and 73 MPa compared with that before deforma-
tion, and maintains good elongation, n value and r value. After baking, the number of large-size pre-
cipitates such as MnS, CuS, and AIN in HC180B steel decreases, and a large number of Ti and Nb
carbonitrides appear, and Nb carbides precipitate in the form of composite precipitations de-
pending on Ti carbonitrides.
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2.1. SEIEMR

SERARE I AN AR B4R ) 180 MPa IR MRS fEAL AN 50 HC180B (WA 5LEEIRNR). fERSH
ZGJWO0.05-100-2.5 1] 50 kg EZS BRI FHATIR G, FerEEELHI 3.0 mm EM RGN, AFLIEEN
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Table 1. Chemical composition of HC180B steel (wt%)
7% 1. HC180B $RHILF R (FRE S, %)

C Si Mn P S Nb N Ti
0.00168 0.00612 0.17258 0.02078 0.01029 0.00951 0.00298 0.0067

Table 2. Experimental condition

F2 LEOFM

N S AF
1# JRARIRES
2# o3 2% TR AL T
3 263 2% Fhr AT f 170°CHERE 20 min

N T T LSRN AR 1 o0 AT DA SRS L, 8 AR U ) A B SRR . FRD UK RSN 0.7 mm (1)
HC180B (A#LEIEMR)EEHIF] 60 um LAR, Ak ®3 mm K3 A 10% M SR + VKBS RRIE IR N H A
AR JEERL 50y Struers/TenuPol-5 FLEXUBTAY FREAT IR ALEE, HHRZH0 40 V. FAIH JEM-F200 i%&
S HLBEAERHAREREAT N SE, s B A 200 KV

3. R5iT1ie
3.1. R RS HC180B M4 sERY SN

F B AL 2% F AR AR T 11 J5 AR5 5 1 HCL80B ANGEAT R f itk B I E , A4 JiE IR 5 (Rer)
PR (Ren) T 2L LE 18 28 (Agomm) FEPE R AB LU (r 1H) - RARREACAE H (0 (E) FBLRE R LA (BH) . B tn
3R G5 R, MR AR TEATAAAE BN RIF IR Ags TN AR LLRD r . RARREAGAEERN n 1,
e R 8 R v B A bR (GBIT 20564.1); 283 206 AR J Ho i AR SB EE 14 i 2 MPa, LI Fir st 1z
(18 R 7] Rt2 24 244.5 MPa; 1EEAT 2% R A BB 5 100 4N i IR i FE AR TE T T 73 MPa,
TS IER BH B4 33.5 MPa, I LAEALIT BN 39.5 MPa, K3, r{d. n ENEAFAER NGRS,
BTSSR ORFF RIFIIZRE 1A Ve R o S AR TR PR 2 FEE KM 52 T v 1) 3 B2 PR 35 T e 5 Bk B A D DT e Jo
FOLA 2 i A A BAE A %

Table 3. Mechanical properties data of HC180B steel
% 3. HC180B NI F1F M REXIR

b7 75 7K Re/MPa Rn/MPa Agomm!% oo No BH/MPa
RPAHATE 205 328 425 2.42 0.21
2%H AR T 207
2%h AR TR B 5 278 331 42 2.48 0.20 335
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3.2. MEEXT HC180B $R4T A RN

B B 2 E T4 b 0 A B T 20 AT BT S | AR R, [V R TE SRS B8 25 ) 1 A B T AL AT I 5%
TE RS, BT REE— B P2 AN KT AR, BT A4S 12 3), $Em iR [12]. A
XL F5 BRI EAT T AT, 19 21 HC180B AWML I Hi 5 (1 B AUAT AR TR St ] 1 1] 2 i, &1 1 AR L
[1s 112 HC180B 4 H ATt AR FOAT S AERE bR a2 B o R T 20-437 o1 A8 FE2 X6 AR AR P S5 AT HH A Sl A Kkt Ak
BT LS R IR BT AR AT 8 . W 1(a) B 2(@) s, BB ALFERTAEZES MnS. CuS. AIN A
FRMPR AL BROIR B0 2 -S4 A, RFK/NE 100~200 nm 28], ik z SNEH EBAERAR Ti(C. N)
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Figure 1. Precipitated phase and diffraction pattern of HC180B steel before and after baking: (a) Before baking; (b) After

baking. I, Il, 1 are (a) (b) diagrams marked with corresponding diffraction patterns
1. HC180B $NMtERTEAT HARFTTETERE : () HERERT; (b) MEER. 1. 1L 11 Ja(a) (b) B AREMT L ARRT R 1T
SHERE

N T I FURE I XA P BT AR R ST A AT 2, R Nano Measurer S04 A HARIEAT GEiH 404, &5
RN 3 From. EHUERT J5, AR AT AR R SE 05008 41 £ 2 nm A1 38 + 2 nm, AT HUAH A A E
5393174 8 x 10°/mm?® 1 11.4 x 10°/mm?. HLlE LS, A4 HT AP35 RSB RAR A7 25 T e i B
GT i SRR KPR S NDC 9K BURL BT A 5%
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Figure 2. Morphology and composition analysis of precipitated phase in HC180B steel
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Figure 3. Size and distribution density of precipitates before and after baking HC180B steel
[ 3. HC180B fWMtIERI R T AR TR HmEE
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Figure 4. Dislocation variation of HC180B steel
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