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Table 1 Chemical composition of 718Plus alloy (/%)
Co Mo Al Ti Nb Fe Cr W C Ni
9.10 2.88 1.36 0.75 5.45 10.13 17.80 1.11 0.024 Bal.

PRI 10 h KA BIRAEIN Tk @10 mm><15 mm [ #E 4
EE, 2> HI7E 900, 950. 1000 C LA 0.001. 0.01. 0.1s™
(118 3 R4 500%, 7K7% o F R4 5 R o0 G e
I, Bl o T B S5, H 150 mL
HCI+5 mL H,S04+20 g CuSO, H,0+80 mL H,O ¥ i Ji&
ot F P E G A A R R B N WS A R
RS B FHITESR . B A A I

2 HR549th

2.1 EFESEEEMAR

%} 718Plus & 44T 1050 ‘CARIE 2 h J& /K A [
WAL, SRIE ML BN, WK 1. AT, [
AEERJEBR T AN B ENE I — IR b, S A N
B e A AR
2.2 pHEBITAMAR

Kl 2a,~2a, 43 1A 718Plus A4:1F 800 “C I ALEE 1.
5. 10. 20 h 5B L. w AR5 A 47 800 “CHIAL
AR 1 h 5, FRAR AR TR G A AT D B RRCIR I
M MBS K E S h G, WAL g MEE, HEs
FORLA KN HIRIR ;i 25 A 4R S8 K22 10 h J5, f&
Stk op MGkEIE 2, HRRR ¢ AL A Ko
MR ARTRLT A 20 h i), A AR G A BT H oK A
Btk M, SRR g A0 EET 2O KEIR.

& 2b,~2b, 43 5 718Plus & 4:7E 850 “CHf 2tkb
F 1.5.10.20 h J5 i B 2. AT AR5 & 4 7F 850 C
B EE 1 h S5, AR AR SR B TR AT D B
oy M, b N 52 B0 D B/ NFORCIR I A5 B R
K25 h 5, @A B KRERERE 9 41, &
WA FF UG AT A B ERAR p AH B RIS R gk 20 K 2

1 718Plus &4 1050 ‘CHRiR 2 h /K¥ Ja IR REH R
Fig.1 Microstructure of 718Plus alloy after solution- treatment

at 1050 °C for 2 h

10 hJ5, @bFtR g AT R RAEHEOIRI n AH, &5t g
AHKARLEIE R, N AHAT S0 24 280t TR) Dy
20 h B, @R SRS N AR AE K O K AEIR BLPE 7
TR VI Y i o

2¢1~2C4 43 12N 718Plus 4 4= 7E 900 C i R b 22
1. 5. 10. 20 h J5 HI B4l 2. m] WLk 5 & 4= 7F 900 C
B EE 1 h J5, b TR R AT R 2 BBOREIR 1Y 4
IR RN A 5 h S, SR N AT R R
ARy Al Bl A BSOS TR R 30, R A R R R g A 2
HEAAH K B RERKE 20 h f5, MmN, @t
Bt o REKER ¢ A, HKARE R K. &0
[ B 2 RIS, 900 C R o M I A EE £ .

Kl 2d,~2d, 735~ 718Plus & 4:7E 950 °C &k 4k
¥ 1, 5,10, 20h JERMAHLA. w0, WG &
950 CHI b3 1 h J5, A EIFMET D EEEIR
A BRI NE 5 h e, FEEER g R KA
o3 hnAN B S5 B ST R) D 10 h BE, R N R AL g A
W, KAWWK; FAEEEKSE 20 h 5, » AT
R E, 5 g MEEEMEH, KA,

ot Bl AN [ B 208 2L B R ) 5 f SE 4L 4 AT DL
e, FHFET R R R, B R T, o AT A
HEEE N, KAEWEHE K, 900 CF » AT H &
P, M EWEA K, ®mT 900 Clh, M RAE H
M B R . 45 s, 718Plus & 4 M T
HH ISR R FE AE 900 C.
2.3 ntHIBBITAMR

R4 A AF 78 45 B n %0 900 ‘C M 718Plus & 4
W A VA B R B, R T R L MBI S A [
WO, B 718Plus & &l FEJe E4T 1050 C AR 2 h
KA TE AR B, AR5 34T 900 °C R 20 h 7K ¥4 B 2%
W, ESNIMHTHKRER ¢ M, XA ST
ANV E . SRR IR (] R Ab B, BT 0 b o RH I
ey K E N

3a;~3a4 A 718Plus &4 7E 980 C 4 Al /i 5.
20, 60. 120 min J5 R Z. £ 980 C[## 5 min
G, HTEFREE, n AHARNIEAE, AN R
FEAE R ERKARE o A1 [E¥E 20 min J5, 7 AHKARLEL
RERN, KEORE p AHRAHEER. W, 1
A RFIRER; B A E K % 60 min 5, B 7R
KRR n #H, RE> n AR — BN 5
[V I RT3 N & 120 min J&, p MK EIEMR, ik R
Tl /D> 5 AR BTRLAR (1) 7 AH

K 3b;~3b, A 718Plus & 4= 7E 1000 C 4 A AR il 5+
20. 60. 120 min J5 {I & 414, 7F 1000 C [& ¥ 5 min
Je, n MBI, AR R =K ER 1 A
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Fig.2 Morphologies of solution-treated 718Plus alloy aged at different temperatures for different time

[V 20 min J5, KEHIR n A A BIE R, KAR L
S 5 I A A g B AL 2 A B IR g AH
[E] V5 I (8] 29 60 min J&, n AHE— P> . AR [V
B[R] 120 min 5, FHR » AR = RS, g R
Tl N —LEFORLIR  AH. URAh, FEZ A BEE R
120 min J&, fmkiRABRKKR, X2 THE My
FAHEIRE I, KRBT EAMETIAER, 14N
BEMER TR AR 7T, &AL g MK
AFE REAE AT 2 ET 4L &b S 1) it b K B A o

Kl 3ci~3c, N 718Plus &4 7E 1020 C 4 A f i 5+
20, 60. 120 min J5 ) RAMAHL . w0, 1020 C &%
5 min G SRAFAEIR Z K EIR A7, {H/& 5 1000 °C [
W5 min JFIAZALL, KEIR ¢ HEERCD, FIR
IRZFHER n A1, X HTRET SR g HIERE,
D] 30 23 B MR o A R A Y8 A D 2R DT T R — 6 i e

AR n #H s A 20 min 5, Feprd A5 v s R g A8,
HAKAR L B2k [ AR A ZE K 22 60 min J5, &N
(1 MKRIEM, KA &I 3R > 550 R A ok
AR M BEVERHAA 120 min i, 4R AR &
FORCIR ¢ AH. 7E 1020 'C R [EE 120 min J&, At by
AR, SRR AERKK, B &ANTE,
W /b B JORLDIR 1) o AHREAE T KRS 1 SR oRL Y o

P 3d,~3d, A 718Plus A 4:7E 1040 C 4y HIfRI 5.
20, 60. 120 min JE R EMAL. wJ L, [E¥% 5 min j5£
PR AHASER R AR AR WY, AR rp AR
A5 T A A ZE K 22 20 min B, JEERR g ARHE— DA/
A5h s [EEIHE A 60 min B, g AOKEIEMR, kg R
Tl BRR g A, SR T SRR, BAEE
JE A g M RETE TR RS I RL P30 2 (A I [)
EKZE 120 min J&, g FHTLF28 0, dkii] 24K,
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Fig.3 Morphologies of 900 “C /20 h aged 718Plus alloy heat treated at different temperatures for different time

7E 980 C LA b [# 7 b BR S, [ o5 [ 95 o ) A 24K
0 A IR A 0 B A b, o VA IR B TR, o AR
fR I B PR, 7E 1040 CIRIR 2 h, n AHP 58 AV
FE NS AR PHER MR S RAEVER . WL, TR
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Wi n AW T RN RA T BRI, BE
. PR R, SR O . R ER R T
gt b g IR E AT R BAT FL S S VE . BELAS &
S ®, MEMA L g HESEMR, KRE TR
ETHLIEA, SRR A T REK K.
2.4 pHEMHEHERTWAERR

Bl 4 N EAERTIE n MEHTH (A 4 ap~ag). D& g
AT H (B 2 bo~bs)« K& # MIHTH (C 4 co~ca) ik
BEFE 950 C . LA 0.01 s (U3 R K45 0% 10%. 30%-
50% 5 iR &5 R 2H 4. AT L, MIARIRAS T (R 46 &

0%, TG g AHBT H R A ok S i 4L 20 HL
FOPHE DE g AT HEREE T, g MER SR ERE
BORMr e, SN TC n s K& g AT Al o AY
TEfn AT p A, AE S AT R EAKERIR » #H. 3
AR L4 10% )5, BIWA KA SRS, b,
By AR R REER A T A B, o sl
W g ATFER R AR TR46 30%)5, ASEPIRAS 1)l ke
KRE TH BB L, WA HEE RN
by>a,>Cyp; JEAH RGN A 50%)5, ag~as WA Al by~bs
AEESI A B4 R 02 Z IR, co~cg AR B2 15 45 i
I:WIJE%{JMU(, Zj]%fﬁ%ﬂ%thﬁﬂj‘j b;>a3>c3. Y:Ejﬁ
BlRE T (ZEEAN 50%), G208 n MHIREFERELS
m LG ) B T e 2 PRAS B, U] D B
R n AAFAEA BT R T 1 75 o 715 45 4 B 3] 1) 32
, MATHORE p AR KRR AR R 2 3h 25
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No 7 phase

Deformation of 0%

Deformation of 10%

Deformation of 30%

Deformation of 50%

Wi, RIS o AHBRE 1 P45 & L] A .

B 5 NEAHNTH 7 A (A 4 ap~ag). Hriid&E
ﬂ*ﬁ (Béﬂ: bo“'b3)\ *ﬁﬁjﬁ%ﬂ*ﬁ (Céﬂ: Co"'Cg) E':]
BBEAE 950 “CLL 0.01 s HUE R IE 4 0%+ 10%- 30%-
50%J5 ) SEM R4, w0, WIMRIRE T (R4
0%) MR, ag bl i 32 B2 — L JUIR I R 1L 4«
bo AL A AR AE i ST AR & 5t BT s co ik
R FEASAE & T8 T FLAE d N 2K E IR T
3 MM LS 10%)5, HEAKEDNB L M, a ik
FERN by 1A A S 06 AR LR e i, 4R S T 5 H R
%, by AEE AR ) AHTE SR T R p R AR T AR

Small quantity of # phase

--

Large quantity of 5 phase

: b C3
100 pm

B4 g tEHTH (A4D. DR g MHTH (B4 K& p AT (C 4D MikFEAE 950 C LA 0.01s™ [IH R 4 0% 10%. 30%.
50% 5 i} & i L2131 OM JiE
Fig.4 OM images of recrystallization structures of the 718Plus alloy with different quantities of  phase under different deformations at
950 °C with the rate of 0.01 s™

Wrgd, oM RERE L F R BURDIRAT FLAE S 5 s o WA
R R, SIS LR, KEPIR n ARTER
B RERRAH B W, B L g AR
HOAR IR, T A A A E IR g METEAR I RR
AR, HEWR., 3 HikFEES 30%)5, a, ke
HOR AR ER 3 BN AS PR fhs by R R AR B 2 Bh A T
ghiin, HANEHE RGN T a, by R sk
n ARIE—D IR, E B R R AR ET HLAE &
By oo MR AE—ERERSIES TS, HIER
SEEH L BIIE T ap Fl by, n MR AR TEAR WTRL, 238N
FAEIR. 3 PR 50% )5, as ilFERAEM
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BI5  JCq MTH (A LD, AR g HIHTH (B 4. ki g M (C 4D MR FEZE 950 C L 0.01 s 193 % FE4F 0%, 10%. 30%.

50%)5 [t SEM 55

Fig.5 SEM morphologies of 718Plus alloy with different quantities of # phase under different deformations at 950 °C with the rate of

0.01s*
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FEARTE B 30%MT, Hrii/b& n AR B 4Ll sh &
fr I BB IE i T E 2 Al T KA & (50%)
i, B AHAFEEh A4 R IEHI I B & T A 40 C Hik
B, BURDIRIC o ARETSLAE S L, fE 45 A5

AN e A K& n M) C ALBEAE A AR T & T 1
ARER BN ETFL A T (2 A AR

3 ARSI A A AR B AT 5 1 45 R,
n IS B AR RS WS TR 2 b Wi, fE
REFLET, HE50 IHRmERy: A/08 ¢ At
IBURE> TG o AT R KRR > K ATt AR . K
o AHT R B A fE A SRR, HAE I PLEE A IR
A RGN, Lk BTk, fEuFerhHibr iR
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Table 2 Recrystallization ratio and variation of » phase of compressed 718Plus alloy with different quantities of # phase

Proportion of dynamic crystallization/%

Quantity, morphology and changes of #-phase

Deformation/%

A B C B C
A little, rod-like, located at A great quantity, long
0 0 0 0 grain boundaries and twin needle-like, located at grain
boundaries boundaries and grains
A great quantity of rod-like
A little, rod-like, located at n phase and a little long
10 0 0 0 grain boundaries and twin needle-like » phase, located at
boundaries, started to dissolve grain boundaries and grains,
started to bend and crack
A great quantity of rod-like
A little, rod-like, located at n phase and a little long
30 50 55 35 grain boundaries, further needle-like # phase, located at
dissolved grain boundaries, further
shortened
A little, rod-like, located at A great quantity of rod-like
50 80 100 35 grain boundaries, further n phase, located at grain

dissolved boundaries, further shortened

ARSI AT AR T A0 5, 2 KRR S A% T R g i 2
ETHLAR T R IESh S4B SR b e . ik, A
BT KA &R, ANFEEE AN A AR T TT e it
— B IT, AFE 7 R AR B R AP RL Y B
RIS TR SR 4R 5

2.5 ARIBEEABTHEERTEHIZMAR

A b 25 B0 B FilAT 2D & AR 5 R R AT
F g, fERDIERE TR B4 LM (Rilsh
SHEE S GRAER. FTHIFRE T RERL R
AN [ P AN AN [R] A8 T 6 R R 48 T 2 5T .

B 6 A2 4 BT 2D & AH B9 30FE 78 900.,950,1000 C
43 ILL 0.001, 0.01. 0.1 s 3 K JE 4 50%)5 ) OM
HR . AT 0L, 7E 900 °C R FR4EMT, H e 46 5 5 AR
B4 AR AR, BRI, KAEDE LS
i tL Il . 950 C R E4ERT, MR MEE 0.001 s*
B, RASESNEEHSEN: UEEHN 001, HE
A5G 90%; IR E N 0.1 s I, BhAEL ML
B A 60%. 7F 1000 C R IE4ERT, E45 %4 0.001 s
W, RATRENEHL S, BT ESHEREHE
AR, WA RLRE T ERKR: JiEEN
0.01 s i}, JEARA NS FELE M, Mridy5]).
/N HIEFN 0.1 s, BHAFL BN 80%.

H 7 2T E g MREAEE 900, 950,

1000 C F435ILL 0.001. 0.01. 0.1 s )3 K L 45 50%
J5 ) SEM AR 4. nT L, 900 C FARTE, %
4 0.001 s RAE D EE ST, AR,
WA G ke, BT RRIREMR, 24 FEEA
WG n M EFER A T &5t 950 C A, B
A FE RS 2 AR TR SRR, AR 0.001 s R
RAESTEAFES, BE4gRMSRNERKER, XFEE
18 2 AR T I FE R A ORL 4% 38 (R0 AT 2% 25 1 % d
FETHLE A 5 ABRER N 0.01 s, M54
ghmA N H RS g, S B ARTERURLIR ¢ A
BN 0.1 s I RAEF S ShAF45 i 1000 CF
I, AWHER N 0.001 s, KA AENSELS R
Bk O K K BIHEFE A 0.01 s I IEA N 5¢ 4250
BHELE 6, BREEN 0.1 sTIAUR AR sh A H L
wns SR RIS AHRURL O 42 3 1R .

AT, AR R g AHRI DA, R AR I A
W BHOCRE S BN ET LA AR TR T 3R 153450
Y/ L ZY . AR TR B AR R T 3h 2 1 45 i K
A, AR TR & n AHENE R DR, A BETHLE
Mo RAEEBRKAE & G 050G 1A 3
RRNRER, ShAHE NS o A B M EEH,
TERAE T ANS T M RN AL KA SRR, A
MR FIRFIIE] . AN s R E . R, 76 TFESE
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0.001s* 0.01s* 0.1s™

it

900 °C

950 °C

1000 °C

6 Mt E A BUREFE S R B T 20 500 LAAS [R] O 33 < TR 45 509 )5 T 45 5 4430 OM [y

Fig.6 OM images of recrystallization microstructures of 718Plus alloy with small quantity of # phase compressed at different

temperatures with different rates under the deformation of 50%

0.001 s 0.01s? 0.1

950 °C

1000 °C

20 um

7 TR g AR RRRE S R TR 43 0 EUAS [ 13 R R 46 50% 5 1) SEM JE SR
Fig.7 SEM morphologies of 718Plus alloy with small quantity of 5 phase compressed at different temperatures with different rates under

the deformation of 50%
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b, W DALA X — AU IE S IE R AR TR T E 2L,
FERRR ) 26 BT BURSE R TP RIS X ST 4 A 21,
N AARAT LRI RE SR it R AIE -

3 & it

1) 7F 800~950 CHJ 4 AL FEIY, 718Plus &4+ g
FH BT S 7 iy SR 22 0 T 5 ORI D 6 A IR At B R
R, KA, MiREA S, SAL
n ABKARLEAR W, &N KRERKEIRE 4
FHo WRJER T 900 CJa, By HiE R AR B R R R,
DRI 718Plus 4 4 n ABAT WG IR FE/E 900 C.

2) ff 980~1040 °C[HVAEALERRF, #n AHMAER IR
e AR N RE AR BR 5 AR BUURLIR o g ARV A 52 B T 52 1)
WK, BERTE N 2 h, n MEERAIE M, WS,

VAR BB . 7F 1040 CREVA 2 h )5, » HA B4
AR

IS 8 g MR KA I RE oy DU i3t 2
SEAWRE, TRENTH g ME R
I Zh A A5 IR A

4 ERBLET, BHFEGENRE. FENZTE
AR, FUAT AR g AR S S A A SRR A AR
M, BRI TIRGH S A/ SR 2
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Precipitation Behavior of  Phase and Its Effect on Hot Deformation in
718Plus Alloy

Kou Jinfeng®, Bai Yaguan®, Zhang Xin®, Guo Wei', Zhang Bingbing®, Li Hongmei*, Nie Yihong ?
(1. Tianjin Heavy Industries Research & Development Co., Ltd, Tianjin 300457, China)
(2. China First Heavy Industries, Qigihar 161042, China)

Abstract: Solid-state microstructure, microstructure evolution of # phase and the recrystallization microstructure of 718Plus alloy with
different » phase after compression with different compression amounts were investigated by OM, SEM and the thermal simulation
compression testing machine. The compression process of different temperatures and deformation rates were obtained. The results show
that the peak temperature of # phase precipitation occurs at 900 °C. The dissolution behavior of # phase is mainly affected by solution time,
and it dissolves effectively after solution treatment at 1040 °C for 2 h. A small quantity of » phase contributes to dynamic recrystallization
in large deformation process while a large quantity of # phase restrain dynamic recrystallization. At appropriate deformation temperature
and rate, a small quantity of » phase interacts with the dynamic recrystallization process, which makes for the uniform fine crystal
structure.
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