Ll A A N ®16k £ 10H
98 JOURNAL OF NETSHAPE FORMING ENGINEERING 2024 4F 10 A

BB T ZIEBHKFFFRA UNSNO7718 &l
SEMRERFIM AL 2200

XE ", B, KER?, FHC, BEKZ?, EAE BHEY, TEME "
(LITHRFE a bt RBl2E S TRERE b TRSBe, VLA BV 2120135 27175 F A B i
el (HEH) BMARAF, 175 750 215233)

BE. A6y AR AR ARG RS AT R UNSNO7718 #) R L Fa 58 | KRN FHRAETAL,

FAFES T A RAERLEAK, Fik RIELHIT AP 6ACRA MK, KA REEEALEA
FOR AT UNS NO7718 a4 B WAL T, AR RE M ALAE L, did RIS KIE | A2 E R
I Fo kiR b F X I R AT bR S AL B A A AR Hra ., &R 1 040 CEREBEMMERTHEKRT
1025 CoydhaR~t, XEZR BT I BMY oA, BT TS RG4TILER, FEAEL2BKK,

Y BRI EAE 1025 CA ey, MARRE ) 6y 3 Kfe B 00 E 003G A, ShAadg K, A BIRGRE . H455%
JE B EDIK 4 B VA AR AR AR, P S Sk B 6 SRR, 3T R4 B R AR 4 #1010 MPa #= 365HBW
B LR AT AR 0 SR R 5% A BT K 48 AR R AKIB R ReadE R AR, ERBURE 775~795 C
RN, MAENZURENI S, BRIRGRE ks 22 FTHAA%, Rat, SeretafE 6.5~8h MK L e,
ALt R R, 46 3KIFT UNSNO7718 ZiRaa A st Ak, A T8 5K Ew A REA
UNS NO7718 & i a4 5 R A A 3R AE

E4#IF: UNSNO7718 5imd4; BEA, B, MUWMAR; B, KR+

DOl : 10.3969/j.issn.1674-6457.2024.10.009

hESES: TGI56.1 XEFREE: A  XEHRS: 1674-6457(2024)10-0098-09

Effect of Heat Treatment Process on Properties and Microstructure of UNS
NO7718 Superalloy for Deep-sea Oil and Gas Development
LIU Heng", LUO Rui'®, QIAN Xigen®, SUN Xi?, ZHAO Qinlan?, CUI Liyun*, YANG Cheng'*", DING Hengnan'®

(1.a. School of Materials Science and Engineering, b. School of Agricultural Engineering, Jiangsu University, Jiangsu Zhenjiang
212013, China; 2. Jiangsu Fujie High-end Equipment Manufacturing (Group) Co., Ltd., Jiangsu Suzhou 215233, China)

KRB 2024-07-31

Received: 2024-07-31

EEWH: 74 8 AFHF R 2 (BK20220548 ) ; & 3% K& VR A 2 4 B £ & %50 % 0k & ( SKLMT-MSKFKT-202219 );
HEBMAREES R EIFAAE (2022-221) ;3 BRI HABFFERIFAREEET L LR EF44AE (HWI-003)
Fund: Natural Science Foundation of Jiangsu Province (BK20220548); Open Fund of National Key Laboratory of Mechanical
Transmission for High-end Equipment (SKLMT-MSKFKT-202219); Open Fund of National Key Laboratory of Advanced Metal
Materials (2022-Z21); Heilongjiang Province Advanced Friction Welding Technology and Equipment Key Laboratory Open Fund
(HWI-003)

I x e, FhL, A&EMH, F. RAE T LSRG ST RKA UNSNO7718 5B o4 Ak R ML L 6 Hra[l]. 5%
s A2, 2024, 16(10): 98-106.

LIU Heng, LUO Rui, QIAN Xigen, et al. Effect of Heat Treatment Process on Properties and Microstructure of UNS N07718
Superalloy for Deep-sea Oil and Gas Development[J]. Journal of Netshape Forming Engineering, 2024, 16(10): 98-106.
*B{51E& ( Corresponding author )



Foret 10 XIE, A PR BT XM TR AT UNS NO7718 il & < PE AE S O 4L 2L 52 00 99

ABSTRACT: The work aims to study the changes in the microstructure and mechanical properties of UNS N07718 at room
temperature and low temperature after different heat treatments in deep-sea oil and gas production, and to obtain the best heat
treatment parameters suitable for industrial production. According to the requirements of API 6ACRA Specification in the pe-
troleum industry, different solution heat treatment parameters were used to compare the microstructural changes of UNS
NO07718 superalloy. The effects of comprehensive heat treatment on the mechanical properties of the materials were compared
by room temperature tensile test, hardness test and low temperature impact test. The grain size at 1 040 C solution temperature
was significantly larger than that at 1 025 °C, which was mainly due to the complete dissolution of the & precipitated phase,
which reduced the pinning effect on the grain boundary and led to a rapid growth of grains. At above 1 025 ‘C, with the exten-
sion of holding time and the increase of solution temperature, the yield strength, tensile strength, section shrinkage and hardness
properties of the material were reduced due to the increase of grain size. The aging temperature had a significant effect on the
yield strength and section shrinkage of the material, as well as the hardness and low-temperature impact toughness. When the
aging temperature was in the range of 775-795 °C, the yield strength and section shrinkage showed a downward trend with the
increase of aging temperature. At the same time, the change of aging time in the range of 6.5-8 h had no obvious effect on the
performance. The heat treatment performance parameters of UNS N07718 superalloy are obtained, which can be used to guide
the actual heat treatment operation of UNS NO7718 in deep-sea oil and gas development.
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Tab.1 Composition of UNS N07718 nickel-based alloy wt.%

Element Standard Actual value
C <0.045 0.017
Si <0.35 0.017
Mn <0.35 0.010
P <0.010 0.0078
Al 0.40-0.60 0.55
Cu <0.23 0.013
Cr 17.00-21.00 18.71
Mo 2.80-3.30 3.09
Ni 50.00-55.00 52.90
Ti 0.80-1.15 0.96
Nb+Ta 4.87-5.20 4.96
Fe Bal. Bal.
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Tab.2 Specific experimental process of UNS N0O7718
heat treatment

Sample No. Solution treatment Aging treatment

1 1025 Cx1h
2 1040 ‘Cx1 h .

775 Cx6.5h
3 1025 Cx2h
4 1040 Cx2h
5 795 Cx6.5h
6 1025 Cx1h 775 Cx8 h
7 795 Cx8 h
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Fig.1 Initial metallographic structure
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Fig.2 OM under different solution process
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Fig.3 SEM secondary electron images under different solid solution process
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Tab.3 EDS spectrum analysis of point 1in Fig.2a wt.%

Al Nb Ti Cr Ni Fe C

047 1633 236 12.63 53.71 9.74 4.76
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Fig.7 Hardness changes under different solid solution process and aging process: a) solid solution process; b) aging process
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