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Table 1 Chemical composition of 690 alloy (/%)

Cr Fe C Ti Al Ni
29.19 9.49 0.02 0.24 0.28 Bal.

1-container, 2-block, 3-glass pad, 4-mandrel,

S-extrusion die, 6-billet
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Fig.1 Finite element geometric model for hot extrusion

of 690 alloy
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Fig.3 Microstructures of 690 alloy at strain of 15% (a~c) and 50% (d~f) and different deformation temperatures:
(a,d) 1100 C, (b, e) 1150 C, (c) 1250 C, and (f) 1200 C
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Fig.4 Recrystallization of 690 alloy at different extrusion ratios

and billet temperatures
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Fig.5 Percentage of recrystallization and microstructures of extrusion pipe at different extrusion ratios: (a) 2.3 and (b) 8.8
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Fig.6 Grain size distribution of 690 pipe at different extrusion ratios: (a) 20.7, (b) 15.3, and (c) 8.8
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different extrusion ratios
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Fig.8 Grain size distribution of extrusion pipe at different billet temperatures: (a) 1100 C, (b) 1150 °C, and (c¢) 1250 C
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different billet temperatures
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Fig.10  Grain size distribution of extrusion pipe at different extrusion speeds: (a) 150 mm/s, (b) 200 mm/s, and (c) 300 mm/s



* 3782

My @A RS TR

47 %

sTOERE] 180 s Ae Ao A T B N AR R N AR
i, AR TR, 300 mm/s BRI AR TEIX A )
e K THIER] 90 C, AR TEHLTE R R K 1 (i 2k
FH B w8 18 T I ) 48 Jo 6] i WA R R 4 4 T, AT
S R ROST B R A T K

ANT) 5% T8 6 690 B 4 1 B KB IRy LA KB
B RE SO Kb SR RS IRE e an 11 o, nTRLE
e, B SRR, B I AR T i B KB R )
INERINE R XS TR RSN, A1 54
TEHE AL T I I N AR T Ay, MBI T 690 & 4x
A TEAT T, NI AEAFHE I ) by e 5% o B
+ 300 mm/s i, R JjiAF] 35.5 MN, D& K&
PIARERLIR . 534h, LLZ) 260 mm/s ¥ 5 B s 1
B S5 10 ok RS DT 65 pm. RSB R MLAS J1 L
RGBSR, B O AU HIAE 260 mm/s LU, #5H
RHEJE & T AR ER 1200 °C, w5 S 3k
K. (MFREERBINE, M THIENS,
BERRENE 2, RS REAR, — 7,
RRIH R & SRR Z A, AT B A
T TR A S — 7, B R, &
S A3 PR R il A7 AR RO i B, A4S B s ) B, 7
RS, AR R Rk, 7R AL W & fE LU
M ZUER AT, W R PRI 58 B s
4.4 BRTEMERSFELERITLL

R4 IR TE 1 690 & 4B & AL 8L 35 7
e O TAEAF B R 0 dokR RSH s I7E 7 HELF,
I HARUEFE R FRR AT AN R A “ R 27 (IS CHp
RS S/NT 35 MND , SEIRHIE TN N #F
JEEEAE 10.72~17.96, WORHEFEEHI7E 1180~1210 C,
BRI E/NT 260 mm/s. Ky T HAE K IF & )5 4T B
TR HER M, JF SRR s RS B (BRI LE R 15.3)

75 50
[ —=— Grain size
70 I —=a— Extrusion force 145 E
e, &
ERg ! 140 3
860t i 35 S
wn r ! =
=5s5) AT 5
E 0 | ' 430 3
O 50+ 1 ' B
L 1 ' e
45t ' B

: : : : : - 20
150 180 210 240 270 300
Extrusion Speed/mm-s™

B11 ASIRIHT HOH S R 1 690 B He B 1R 45% Hs g B it bt RS
Fig.11 Extrusion force and grain size of 690 extrusion pipe at

different extrusion speeds

K12 3t AT BR e oS48 5 S B B A0 b
Fig.12 Comparison of actual extrusion values and calculated

values by finite element of hot extrusion

690 £ & Bt A5 dtoh RSF i A BEAE ), ZEHF AL 1k
B ATIAE, WENENEE AN 1200 C, HEF] TH
LR A 77 i B 2 B R A 250 mm/s. [ 12 gk
PS5 R ABF R SL B X L, AR, B
ERAT AN, NS0 S . A
PYRE .t DL R B A 1 R RS R, e A ok
BRI, PR 60.1 um, AMEELL /N A
48.9 pm. X EERCILTE LA IR AT AN, B T RE )R T
) [ di R RS 0 A SRR A 8, L s b
1 512 B ok RSE B 5 T AR 0 7 3 A R R ZE Ak
4.5%, THERBLEE B R AR E e

5 % it

1) B BRI R, 690 A 45 e 4 1 i b R
SRR B, B ) S BT R HORRE
75 1200 C, HHoH %R 250 mm/s I, FHs L bIfe
10.72~17.96 2 [A], W] LAIRAFAoRLE /N T 7 G455 IR

2) 690 & &% e A A iR ROST Bifi 5 s il 11 BRI
TR/, 1 de KB 7 Rl 2 38K, s E ok 153,
P Z A 250 mm/s I, EIIARRHE S AE 1180~1210
C, AR R RSN T 65 um (R BRI
i R RUSE B e KA s g BB A% 1 3 25 1 18 v 8K

3) ABRITCRME T R a, B H T 690
B EBRE R LR RS 8,



12 H

PSR PR T EN 690 G G 2HEURI M R ]

* 3783 -

{05 SEBREL I AR AR Z2 A 4.5%, BEUTT 545 R BAY
B8 v PR ARG

S0k

[1] Lee W S, Liu C Y, Sun T N. Journal of Materials Processing
Technology[J], 2004,153-154: 219

[2] Meng Fanguo(i#: ML), Dong Jianxin(# £ 57), Wu Jiantao(%=
SI¥) et al. Journal of Iron and Steel Research(fWE:HIF% %
#)[7], 2017, 29(10): 838

[3] Wang Huailiu(E$R#0). Special Steel Technology(‘Fs i+
A)[I1, 2008, 14(2): 31

[4] Wang Jue(F IE), Dong Jianxin(#E & #7), Zhang Maicang(7k
Z8). Journal of Iron and Steel Research(fN & 572~ 3R )[J],
2011, 23(2): 104

[5] Qi Maishun(FZZ/i). Forging & Stamping Technology ()&
FA)[I, 2010, 35(4): 116

[6] Sun Chaoyang(#h#1FH), Liu Jinrong(X|4:#%), Li Rui(Z Hi)

References

et al. Journal of University of Science and Technology
Beijing(AL st BHE K 244R)[J], 2010, 32(11): 1483
[7] Wang Zhongtang, Zhang Shihong, Deng Yonggan. Advanced
Materials Research[J], 2013, 629: 220

[8] Wang Zhongtang(F &%), Hu Jinke(J? £ #}), Yuan Jianbo(3%
%), Transaction of Materials and Heat Treatment(F | #4
REFE22HR)[I], 2015, 36(S2): 212
[9] Hu Jinke(/" 4 #}), Wang Zhongtang(F /8 %), Yuan Jianbo(3%
%) et al. Special Casting & Nonferrous Alloy(F5 Pl i K
4 4[], 2015, 35(8): 824
[10] Jiang He, Yang Liang, Dong Jianxin et al. Materials and
Design[J], 2016, 104: 162

[11] Yang Liang(# %), Dong Jianxin(# &), Zhang Maicang
(1K FZAT). Rare Metal Materials and Engineering(¥i 1 42 )%
BB TREH[I], 2012, 41(4): 727

[12] Lin Y C, Wu X Y, Chen X M et al. Journal of Alloys &
Compounds[J], 2015, 640: 101

[13] Li D F, Guo Q M, Guo S L et al. Materials and Design[J],
2011, 32(2): 696

[14] Shi Zhaoxia, Yan Xiaofeng, Duan Chunhua et al. Transactions
of Nonferrous Metals Society of China[J], 2017, 27(3): 538

[15] Feng Han(F j#), Song Zhigang(R & NI), Pu Enxiang(Jifi B
#£) et al. Transactions of Materials and Heat Treatment(}}

B B4R, 2017, 38(5): 179

Influence of Hot Extrusion Process on Microstructure and Control for 690 Alloy

Li Zhengzhou'?, Nai Qiliang™*, Wang Baoshun®?, Su Cheng®”, Yang Liang', 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: The critical extrusion process of the fully dynamic recrystallization of the 690 alloy was analyzed by the Gleeble thermal
compression experiment. The microstructure evolution model of 690 alloy was taken into the finite element (FE) software Deform-2D, and
the secondary development of the FE software was carried based on the microstructure evolution during extrusion process. Then the
influence of extrusion ratio, billet temperature and extrusion speed on the microstructure of 690 alloy were studied. The extrusion process
control method for the microstructure of 690 pipe according to the capacity of the extruder and the microstructure requirement was
proposed. And further the actual extrusion vertification based on the FE results was performed. The results show that the grain size of the
extrusion pipe decreases firstly and then increases with the increasing of extrusion ratio. The grain size of 690 extrusion pipe decreases
with the decrease of billet temperature and extrusion speed. The grain size of the extruded pipe can be controlled bellow 62.7 pm when the
billet temperature is 1200 °C and extrusion ratio is 15.3. The relative error between the simulation results and the extruded pipe is only
4.5%.

Key words: hot extrusion; 690 alloy; percentage of recrystallization; finite-element simulation; secondary development
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