¥53% 3 BESRMBSIIE Vol53, No.3
2024 4F 3H RARE METAL MATERIALS AND ENGINEERING March 2024

DOI: 10.12442/j.issn.1002-185X.20230094

%% IN718 BiRA & PRBRERHX 1%

M RERY 2N

mALokERY &R, ZRAY HERS LR
(1. RERFERAKSE MRAES TR, LT LM 110016)
(2. BB RBT ST S 45 BOUH 0, LT LM 110016)
(3. RERERE BOMBHS % 20 R 9C00%, L5 /M 110016)
A BB R AT RA R BRI BR R L, )& BIVT 520500)

oo 1,23 3
ARk beS, 2

W OE. BRI AEALRE LR R, BT ARG L ZESEOELE R R 718 & G SR P AR
. SEREH, EYELIEEZKT 1150 CHATREM T 00%M&HT, A4 KER KR, FHREESNTMH
ey HAELIEEIL ] 1150 CaliVR Y 81k 3] 90%), F LA RIS M SH A FLERM T 990 CIEVAAILE,
S ARBTH FE G A=A ETHAE A, AT IR S R S BAE AR UER MR R R AE 315 CHYJE IRGREE . bR (A R A
) 1050 MPa 1 1238 MPa, Wija K %@k 26%; 243E47 1020 C [ % Ab 3 )5 ol 3K K IS0l ok, FrdE R A 3 )5 18

315 CHJEIRIEE . PihiosE ¥ E ik 3] 985 MPa 1 1175 MPa, WiJ5 K &k 29%, Eon it BRI sk .

EBIE: BRATI8 A4 WKM: B B
FEESES: TG146.1°5 XHERFRIRTE: A

X E4S: 1002-185X(2024)03-0736-12

Inconel718 & 4 /& — Fh i &5 L &Y Ni-Cr-Fe 277
Emime 4, Badid y BIAEM. oM. MC IRy
g LA AR, HE AN DOy, BT A "4
(NisNb) , %l Bb 58 4k #1 o8 L12 B4 H A1 ' M
(NizAITi)*2, IN718 & 4 7E-253~650 C [J37 )i i [ Y
&R mmt o, Pridfe. pugsy. bR iR rtae
RPN TR E, sees @l mEREE T2
SHGI T AR SRS, ) R 2 AN IR B F 2R ) 4%
FKEM, WA iR AZEZE. A 1%
A3 S 3 T AR I IR S B

TEAZ FLAIE, INT18 A 4 32 ZEHIAE IR B N 4544
AR b S oA B SR T, OB LA 1) S L A B A
SR PR IR AL (50 A A, T 3 SR AR
PEUL R RS W e DL SR . N T REE AR I AR PR IR B AR
EMRA%, %M INT18 & & /i 2 hiia e . Hr
W AT A T R HR A R AR T /) DA B SR A R M 5 S R
FOREL M, XBIFHE R 718 &4, 1% IN718
447 Ni. Nb. Co. C. B &It RS & s HfER(K
Ko SRR R B Ak TG R Niv Nb it
% C M BB A & AL R 1 kB B T

ks HER: 2023-03-27

FWIOING TT AT LU K iR A b ply W AR (0 B I
Ni & & G &y FE LT B . s Ak Ab
Ja, & Ni FEEEEY yHESRARM, & Ni %
A& y FHECN RN, Ni R ISR &4
(IR RS . B om g K 8 R SR . Yang 2 AR HL C &
B EEEE S S EMASMEAMRESE £ R EY
mi, BEE C &R —EIEHENZEHNm, &4+ MC
Je MoaCo BRAGH I RT3 K, B AL P I T8 3 R R
AR R R BURHUIR,, &4 7E 760 "C/662 MPa T [f]
FAGmEIH A mE TR ES . ERESREG
G BEAE Nb SR,y A RO 8 5B AN K,
G i R om BB R AR v, AR M R B R A B G
Nb & &t — B3, (218G E Ak y"#H—GH4169
FE AR, y" 5y 8 AT BCRS BC R AR K 0 SR A% B
Ag, EFGRVE R, FR Nb AR R S o
FH BB IR FE

B AT L, AHOCHE FT A R AR R Niv Nb.
C &EIMAE. HRH IN718 & 4 #v8 % in 1.1,
[ 5 I 2 Ak B OB K A AR N TXE INTL8 & 4 10
IR Hy 2k e S 5 T2, XHIE Ni. Nb. C 1)

1EZ®N: 0, 5, 1097 44, WA, FERBHEEEAR KM ER S TR, C9° J0PH 110016, Hif: 024-23971986, E-mail:

tliang@imr.ac.cn



%5 3 1]

ZEBLHAE: R INTL8 TRy & 4 A VR et J IR B et 77 2 1 B 1A 52 <737+

R IN718 & 4&# N T T & HY M J1 R rwt
T

Rk, AWFFCAZ B IN718 & & N F 0 4,
KA SEM. TEM J b fils R 5T 7 A A #4
AR E . A E GG X EL S AL B A INT18
G e A BB AR ERER R, TN INT18 &
< 2 A B RO S H .

1% B

S AR R 25 kg g B A RS I R %
IN718 & & 4E , ¥ 5E 45 o A (i & 73 21, %): 0.01C.
0.5Al. 1.0Ti. 3.0Mo. 18.4Cr. 5.02Nb. 18.2Fe, & &
Ni. B %5KH 150 kW HLBH Y% X EE AT MR 3 S ik
AEFE, HBSIEHIEEN 1160 CARIR 24 h, 1200 C1Ri%
36 h, RELHETAEZZE. BETZEN: KBiEk
hn#Z 1100 CORIE 2 h, GRHXIRAL 1140~1160 C, Z4
WEXRT 900 C, #HEEL L KX —3 50 mm
>80 mm A1 3 32 30 mm>80 mm J7 4R . 4B 5 ARA 5E
HEAT 1050 C AV AL EE, B G W THAS R 3L T 24T
L, BAATZ08: HO78in#E 1200 CHRIE 1 h,
FFALW BE 4y %A 1150, 1100 A1 1030 CJ5, FIH
@450 mm XU R ELHUR AR 8 — 4L %2 5 mm &,
W 58 # LR T B A AR EL IR FE R SR 0 & S H 2R RE Y
S, SEhR L 2ASHWE 1R,

NT HBRBME T ENE S MELAL KSR
(ISEIE, X 4 FhELIREEAT G0 — RO ARAb B, O 4 Fb
TS IREUBGEAT S AR B, [ E 430 990,
1020, 1080 C, [E¥HIAIZE— N 0.5 h, RJGHH4THR
YEFAT RAL TR, B R AL HE T 20 . 720 'C/8 h +

620 "C/8 h. K H 2 B4 Bi (OM, Olympus) K 3% K 5t
HH 8 (SEM, Apreo) MEHA . AR T ZRELE K
PR FE 5 A 4 1) B VR DS AE . A T
5§47 5+ (EBSD, MERLIN Co MPact) M & H#14:
ELR T JE W R 2L B oy A ik 4S . OML SEM
TE S 42 B FH RS i 3 B &AM i Ao AL B, R
A8 FH D AR 4 WUFE 4T BE 46, i 2] D7 3 40 2% Jg ol
Ji§ k%4 100 mL C,HsOH+100 mL HCl+5g CuCl, ¥
#; EBSD Ffit N RELSHRM AT O E 2 mm B
(R EE, £ 10% HCIO, + 90%C,HsOH ¥ ik o i3k 47 %
FL R E AR S SE VR AL IR AT SR KR 5 mm (AR
MARBEYIE] . FTEEZE 50 um JE, 8 1 HL AR XA 4T
b2 Yk 7, SUBTCR F 5% HCIO, + 95%C,He0 TR & ¥
Wi, SRJGMH ] Talos F200x % 5F L% 06 45 i AH 347 A0
%%, 315 Cridfi kit /F INSTRON5S982 /i REik 4
WL B AT, HUORE DT [ ~FAT TR 5L 5 ), B %L
J& AR AT LB 10 AN BA b B R AR RENS [R] I i
JE [ R 280G PR BRI T SR, R RSPl 1
fras, MR ARuE N GB/T228.2-2015, [Al—iRE & 1FF
Bk 2 SCOPATERE, e bR R L e R
FEFIIEAP 2, K P35 ME A iz 4% A T IR vk g

2 HFER5R

2.1 BESEMALRHNES T

Bl 2 4 2 & SABARAN A A7 B S AR SRS . AT
ML B RMA LS SR E, Bk 28R MR
. E2a. 2c 735124 50 mm BB EZ 50 E OM &
AL, B K )Z (FE 2a) N RKERK LT EZER T,
fn g+ FVRECE D B AN SRR, B (B 20)

x1 REILIZEY

Table 1 Hot rolling process parameters

Serial . . Insulation Initial rolling Final rolling Final rolling Downward
number Forging plate size/mm temperature/’C  temperature/°C thickness/mm temperature/’C  deformation ratio/%
1# 50>80 1100 936 90
2# 30>30 1100 920 83
3 30560 1200 1030 S 870 83
4# 30>80 1150 1005 83
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Fig.1 Schematic diagram of tensile test specimen

NSRS > B R AR R S AR 3. 18 2b. 2d
739179 30 mm EAEAREE R 50 OM B, AL
B 2 2 AL GUN TR IR R 410 (B 20D, i K il
G AT AR /DB 0 A5 Al RORE 5 T Ca 78 58 R 0 ot 0 5
AR B 2 2, TR T W SR LA (1 2dD .
TR R T8 I 4 R L, PR SRR R R,
FAX B, F H i AR R R A R id S B R R
frh, LR R INT18 & 678 F K i K& 5



.« 738 ¢ W& EMRS T

%53 %

A BARZE T LAZ 4 A B IR AR 2R Do)

3 B R A [ L I B A kL A 2 22 R S
AR R A AR AR S AR R,
W2 B2 N T FE AR AR, AT /N, DR T2 T 1
Kl BRI AR R H JUIR A s T BB AR R JZ 17 Hpr e J2
B, TR ZEET R, R BEIE O, FEE
ROZEHIE 2, KGR 2 98 o AR RN T 2

Equiaxed fine %i{ns

Flat long grain

Twin grain boundary

Flat long grain

Equiaxed fine grains

Twin grain boundary

AR ) 25 A1 2 R AR R PS5 RS 1 22 57, 41 50 mm
JEABAR O ¥R A NG, TR 3D A P46 i D& TT B S L T
OOV B, DR 50 mim SRR 0 3 T 45 o R S
Ifi T 30 mm EABAR . A T BRI S MEBAS S RLA Y,
XPHERACHEAT 1 [ AL, [ AL ER I EE S 1050 C/1 h,
2 FAB AR (1 A S K 3 Fiow, 2B A5
R R S5 A 2N, R S350 3.5 s

Flat long grain

Equiaxed fine grains

Equiaxed fine grains

Flat long grain

200 pm

K2 2 B AAS [ A 2 21

Fig.2 Microstructures of surface (a-b) and core (c-d) of forging plate with the thicknesses of 50 mm (a, ¢), and 30 mm (b, d)
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Fig.3 Microstructures of surface (a-b) and core (c-d) of forging plate in different solid solutions with the thicknesses of 50 mm (a, c), and

30 mm (b, d)
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Fig.4 Longitudinal EBSD grain orientation (a-b) and local misorientation (LM) (c-d) mappings of samples with different heat

deformations: (a, ¢) 90% and (b, d) 83%
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Fig.5 Longitudinal EBSD grain orientation (a-c) and local misorientation (LM) (d-f) mappings of samples at different initial rolling

temperatures: (a, d) 1030 C, (b, €) 1100 C, and (c, f) 1150 C
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Fig.6 SEM morphologies of different hot rolled samples after solid solution treatment at 990 °C: (a) 1100 ‘C/90%, (b) 1100 °C/83%,
(c) 1030 C/83%, and (d) 1150 ‘C/83%

£ 1020 °C[FA AL BRI, R4S 213550 (1 FAL 55 il o 4 21
(B 7a~7d o), FH e AH B GOE R R GBIT
6394-2017 ARGt Tl nobn 1 AT 45 351 35 5ok BE 43 0 h
T TR T M 6 G UERIR BT ik F
1080 CJa, AN[EHELHA AT R 345 35 50 5 il dm 20 24,
1B SR — AL (1 Te~7h FToR), T340 diob B 43 7
A5 H. 45 . 45 %K% 4.0 D,

e il A 4 DD O R bt R s R R A VR £
445 Ny GHA169 & &b M 4 2 N TR K
J& LR S AU TR TR A, B R T
B, VIBEhA LSRRI AT TS MR
NN IN718Plus i & &R R, 928 TR B
BUG, PUARERERN, SEHEREEANE, BS
TEG &R H LA A R T 2H 23, Rk 3 BUR &



%3

PRI, ZG0 INT18 il & < iR B IR B L g A P R <741 -

K7 1020 J 1080 “CIf ¥ Ak ¥ 5 A M # LI FE SEM TESR
Fig.7 SEM morphologies of different hot rolled samples after solid solution treatment at the temperature of 1020 °C (a-d) and 1080 C (e-h):
(a, €) 1100 °C/90%, (b, f) 1100 “C/83%, (c, g) 1030 ‘C/83%, and (d, h) 1150 ‘C/83%
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Fig.8 High magnification SEM morphologies of hot rolled samples after solid solution treatment at the temperature of 990 C (a), 1020 C (b),

and 1080 C (c)
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Fig.9 TEM morphologies (a-b), EDS analysis results (c-e), and SAED pattern (f) of short rod phases precipitated at grain boundaries
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Fig.10 Schematic diagrams of the mixed grain mechanism of microstructure after solid solution treatment at 990 ‘C: (a) initial stage,

(b) intermediate stage, and (c) late stage
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Fig.11 Tensile properties of hot rolled samples with different processes: (a) yield strength and tensile strength; (b) elongation
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Fig.12 Tensile fracture morphologies of hot rolled samples with different processes: (a) 1100 ‘C/90%, (b) 1100 ‘C/83%, (c) 1030 ‘C/83%,
and (d) 1150 ‘C/83%



. 744 - WA & EMEE TR %5 53 &

ey

B 13 AR L Z LR R A iy 1 00 T RO 30
Fig.13  Tensile fracture morphologies of longitudinal section of hot rolled samples with different processes: (a) 1100 °C/90%,
(b) 1100 °C/83%, (c) 1030 C/83%, (d) 1150 ‘C/83%
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Fig.14 Tensile properties of hot rolled samples after solid solution treatment at 990, 1020 ‘C (a-b) and after standard aging treatment (c-d):
(a, c) yield strength and tensile strength; (b, d) elongation
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Fig.15 TEM morphology (a) and SAED pattern (b) of the y” strengthened phase after solid solution plus aging at 990 C
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Formation of Mixed Grains in Nuclear Grade IN718 Superalloy and Its Effect on
Mechanical Properties

Li Aodi*?3, Liang Tian?3, Zhang Xueliang®, Zhao Xia®®, Wang Huisheng®, Chen Jiacheng®, Ma Yingche??
(1. School of Materials Science and Engineering, University of Science and Technology of China, Shenyang 110016, China)
(2. Shi-changxu Innovation Center for Advanced Materials, Institute of Metal Research,

Chinese Academy of Sciences, Shenyang 110016, China)

(3. CAS Key Laboratory of Nuclear Materials and Safety Assessment, IMR(NMSA), Shenyang 110016, China)

(4. CGN Advanced Fuel Development Center, CGN Uranium Development Co., Ltd, Yangjiang 529500, China)

Abstract: The effects of different hot rolling parameters and post-rolling heat treatment on the structures and tensile properties of nuclear
grade 718 alloys were investigated by designing different initial rolling temperatures and deformation amounts. The results show that
when the initial rolling temperature is below 1150 °C and the heat deformation amount is lower than 90%, a large number of elongated
grains appear in the structure and the elongation of the alloy is reduced; when the initial rolling temperature is 1150 °C or the heat
deformation amount reaches 90%, a uniform equiaxed grain structure can be obtained. After the solid solution treatment at 990 °C of the
rolled plate, ¢ phases are precipitated and pinned to grain boundaries, and a mixed grain microstructure forms. The average values of yield
strength and tensile strength at 315 <C after standard aging treatment can reach 1050 MPa and 1238 MPa, respectively, and elongation is
up to 26%; Upon solid solution treatment at 1020 <C, the grown equiaxed grains are obtained, whereas the average yield strength and
tensile strength at 315 <C can reach 985 MPa and 1175 MPa after standard aging treatment, respectively, and the elongation is up to 29%,
and the alloy exhibits good strength and toughness.

Key words: nuclear grade 718 alloy; elongated grain; mixed grains; tensile properties
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