W41 W mBEEERMBIE1E Vol47, No.ll
2018 4F 1A RARE METAL MATERIALS AND ENGINEERING November 2018

A

ExEV, mBer, TP, K

TIRFEX 690 5 FHRTH N AIFHF1ERY =20

m® e, R

(1. JEERERE:, EaT 100083)
(2. WL ASCEFM R B A &), WL WM 313028)
(3. WV A% v H = Tk RE B A BT TR B AR S rhty, RV W91 313028)

#  FE: FIA Gleeble PSS L AAT BTG T T i W ASTE ZKF 690 13 G AR TEAT 0y LR HF I AT YLK M, JF AR 4
S R B 45 L HEAT S bR Y B0 AE o« 45 W2 690 & G 11 L A8 B g f R AR TR R 5 Ol WU s 72K 10 87" 11 vy I AR 5t
O, AT AR RS AR N A AN, Bl AR T AR () T T R, TR R AR AR, RS Y
AR A R I TG K5 BRI, e KB I 7 Bl I AR 3 0 0 T o 206 A T v s AR SE 38 DU RO SE S L, T

B T AR 690 E AL .
KEEW: 690 & mMNARME,; HMHEIOERL; HEE
PEESES: TG146.175 XHEEARIRES: A

XEHS: 1002-185X(2018)11-3372-09

690 & 7E Inconel600 FEfilh I & FEHT—Fh Cr & & &
ik 30%LL EIEREE G4, 55 304 DL Inconel600 554
SAH L B A S S BTN g F b I RN TR T L)
BE 1, FF HLIAE I R ) 2 e R it vh 4 fase P,
AL, Bk H AT s 7K HEAZ H sl L2 v 28 70R A 2 4 44
B EEMEL . A 690 A 6 L4 I Hlid
T E N AT TR FLEOE

EFF AT, Bt HrREE . &
Py BRI T LS HOG B A R IR R A4
PR A BRI, IERHTREmMNEREZ . T
%, IICET IR & 690 To4845 A= i B v 1 5%
BEAE A, HAT, AR Gleeble #UBEHLSKL
5 DL B b s A0 TSR AF 9T 690 A 4 ) o vk
BEIST, MR O R R T, ACh 1150~1250 “C
DI ER 1~10 57 AR (1) X S A 690 & 4 it
PRI T o XSRS K 2 HUE 3T 0.01~20 57 (1)
FAR A, SR AE SE B AR 7= 690 Fr < 1) 3 AR 14 46 22
B HE R Z . BV ESNBRIFRT 1~60 s W
BIEJLH A 690 & &M ATEAT B0, (HILH
T Gleeble #AERLLE RBEAT 7047, IFRAH P RIT
KT B NAR N 690 A4 HFIEAT MM . 4
RN AR, AR TEAT N AEAE 2 A7 T
B, HOLRAEENAREII R HE, RN
SAEAE ORI T o X P 7 100 ) A8 Ak 06 8K 2% 5% ) 21
SWF AT A L S A A SRS . ik, AWF5ER

Fs HER: 2017-11-05

Hl Gleeble #UEAL LI FT T 690 £ < £F iy WAL 1
N RARTEAT g, AL T IEH T R AR TR B A
JiRE, T T RN AR TR R 690 A 4 T RN BA K PR
S SR AR . IR IV 45 A N deform #K
fF, W T H A R CRIAY,  HETR A BT T e AR
Xt 690 £ & AT Hr PR R . MRS SE BRI BR oG 45 R
LEH AL B2 TF il A . BAER 690 & 41
Pl 7 0 A = B A — o (1 s B At R S A B

o

1 £ 5

SI G A AL SR FH L 2 I e+ P T A TR LB
L2, Bk 1 R, JFRBGE L 9250 mm 5B
TBE, CEANEE 1/2 F- 1R HL 98 mmx12 mm (1) B FEIRFF

N T IS R AR T N B A AR TEAT N IR
FEX HOAIR N, AR AN AR JEHFAE,  £E Gleeble-3800 #4
BRI ML b AT 48 5 P Y A% Sl 3 2 1) PR R,
A AN 0.1 14104 25450, 75 57, A5 TEIE K 1050,
1100, 1150, 1200 C, TFENZREA 60%. L
20 C/s FIFHEFE RN 1220 CLAE 3 min 5, LU

F1 0EEFTEUERS
Table 1 Chemical composition of 690 alloy (/%)

Cr Fe C Ti Al Ni

29.19 9.49 0.02 0.24 0.28 Bal.
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Fig.6 Microstructures of 690 alloy deformed to 70% true strain at 1100 ‘C at different strain rates : (a) 0.1 s, (b) 10 s™,(c) 25 s™', and
(d) 755!
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Fig.7 Microstructures of 690 alloy deformed to 70% true strain at 1200 ‘C at different strain rates: (a) 0.1 s, (b) 10 s, (c) 25 s™', and
(d) 75
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Fig.8 Strain rates of the extrusion pipes of 690 alloy at different extrusion speeds: (a) 50 mm/s, (b) 100 mm/s, (c) 200 mm/s, (d) 250
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Fig.12 Surface and microstructures of the 690 alloy extrusion pipes at different extrusion speeds: (a) 200 mm/s and (b) 300 mm/s

3 & it

1) 690 £ < Ui AR N g X6 it 55 S I 7% 3k 2 35 Ay
I8, BRI N AR R R, AR TEPUI K.
AR KT 10 87 (R NASEE R, SRR
51050 °C/75 s [ AR HE 3 R 45 51 70% 1) BV AR LI
HETHEF] 562 Co AEKT 10 s IR NAZHE A N REATH
BT P2 ST NS ) et & SN TR DT

2) 690 £ A 1E = N AR TR T AR TE I, WEAE N )
P TV 1l S RN AR T3 6 1 06 2 T A0 AR 7 R 3R A

Z = £exp(507003.6/RT)

é=128.88x10"[sinh(0.0035575)]

exp(—507003.6/RT)

3) MFFHEh 5, HRIREEN 1150 TR, 690 &
ST R 0 B 5 S 4 1 38 58 FRAR S T v, AT R T

7.50273

RN PR R PR AR, Rk ) B AR R
T, BERRETHEE, PR 2] 300 mm/s
I, B R = B IR 1) 1370 °C o {E 200 mm/s [¥]
B R T A7 690 A4z, w3k A R IR 2 T AL
DL )5 2

30K
[1] Lee Woei-Shyan, Liu Chen-Yang, Sun Tai-Nong. Journal of

References

Materials Processing Technology[J], 2004, 153-154: 219

[2] Meng Fanguo(#: L), Dong Jianxin(ZE £ #1), Wu Jiantao(*&
81¥%) et al. Journal of Iron and Steel Research(EHlF 5%
R)[I], 2017, 29(10): 838

[3] Wang Huailiu(-EFRHM). Special Steel Technology(FFFiEN+i:
R[], 2008, 14(2): 31

[4] Feng Han(F= ##), Song Zhigang(K ERI), Pu Enxiang(Gii B +£)



* 3380

Wit e mA RS TR

%847 %

et al. Transactions of Materials and Heat Treatment(Ff k3
AL FE 23R [1], 2017, 38(5): 179

[5]1 Shi Z X, Yan X F, Duan C H et al. Transactions of Nonferrous
Metals Society of China[J], 2017, 27(3): 538

[6] Lv Yachen( IV F7), Ren Yunlai(f£i23K), Nie Shaomin(%%4
IR). Journal of Plasticity Engineering(¥8 1% L F& 2% #R)[J],
2009, 16(6): 39

[71 Wen D X, Lin Y C, Chen J et al. Journal of Alloys and
Compounds[J], 2015, 618: 372

[8] Zhang H, Zhang K, Jiang S et al. Journal of Alloys and
Compounds[J], 2015, 623: 374

[9] Wang Bin(= #), Chen Ming(#2 1), Zhang Shihong(7k 1:%%)
et al. Chinese Journal of Rare Metals(%i4 4 J8)[J], 2011,
35(6): 841

[10] Laasraoui J, Jonas J J. Metallurgical Transactions A[J], 1991,

22(7): 1545

[11] Yang L, Dong J X, Zhang M C. Rare Metal Materials and
Engineering[J], 2012, 41(4): 727

[12] Goetz R, Semiatin S. Journal of Materials Engineering and
Performance[J], 2001, 10(6): 710

[13] Bi Z N, Zhang M C, Dong J X et al. Materials Science and
Engineering A[J], 2010, 527: 4373

[14] Bruni C, Forcellese A, Gabrielli F. Journal of Materials
Processing Technology[J], 2002, 125: 242

[15] Ueki M, Horie S, Nakamura T. Materials Science and
Technology[J], 1987, 3(5): 329

[16] Coryell S, Findley K, Mataya M et al. Metallurgical
Transactions A[J], 2012, 43(2): 633

[17] Jiang H, Dong J X, Zhang M C et al. Metallurgical
Transactions A[J], 2016(47): 5071

Effect of High Strain Rate on Hot Deformation Behavior and Extrusion Feasibility of
690 Alloy

Li Zhengzhou '?, Nai Qiliang >, Wang Baoshun®’, Su Cheng*’, Dong Jianxin'
(1. University of Science and Technology Beijing, Beijing 100083, China)
(2. Zhejiang Jiuli Hi-tech Metals Co., Ltd, Huzhou 313028, China)

(3. Engineering Research Center of High Performance Nuclear Power Pipe Forming of Zhejiang Province, Huzhou 313028, China)

Abstract: Effects of high strain rate on hot deformation behavior and extrusion feasibility were investigated by Gleeble
thermal-simulation experiment and finite element method (FEM). The results show that the flow stress of 690 alloy is sensitive to the
strain rate. The temperature rise of the alloy deformed at high strain rate (above 10 s™') is significant. The recrystallization grain size
decreases with the increase in strain rate at a low strain rate, while it increases with the increase in strain rate at a high strain rate. The
maximum extrusion force decreases first and then increases with the increase in extrusion rate. The 690 pipe were successfully extruded
according to the experiment and FEM results.

Key words: 690 alloy; high strain rate; finite element method; hot extrusion
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