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Abstract: This paper summarizes the development history and application performance research results of domestic and
foreign scholars on anti-oxidation low expansion In783 alloy. The resistance of stress accelerated grain boundary oxidation
(SAGBO) performance of the alloy has been greatly improved by 8 phase precipitation, which makes the alloy exhibit low
thermal expansion coefficient (CTE) , good oxidation resistance and comprehensive mechanical performance below
750 C. It is widely used in the manufacturing of sealing components for aviation engines and bolts for ultra supercritical
steam turbines. The research results of domestic scholars on the microstructure and properties of GH6783 alloy (Chinese
grade GH6783) during domestication process are summarized. After long-term service, needle shaped Ni Al, phase pre-
cipitates inside the B phase, significantly deteriorating the plasticity of GH6783 alloy at 650 “C. The anatomy analysis of
the microstructure of currently imported In783 alloy rods reveals that the uniformity of the 3 phase microstructure was far
worse than the results reported in the literature. It not only contains a large mass of primary 3 microstructure, but also has
a suspected needle-like N;Al; phase inside the B phase. Daye Special Steel Co. , Ltd. has conducted systematic research
on the double vacuum smelting, electrode annealing, high-temperature homogenization and forging process of GH6783 al-
loy, and achieved significant results, with a significant improvement in the uniformity of microstructure and mechanical
properties of GH6783 rod material. Regarding to serious anisotropy high tensile plasticity at 650°C of GH6783 alloys rods
produced at home and abroad, it is found that this is related to the orientation of the vy’ phase, and the relevant research
work is being further conducted. Finally, the application prospects and future research directions of GH6783 alloy are dis-
cussed to meet the major national demands and the demand for advanced high-temperature alloy materials for sustainable
social development.
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Table 1 Typical chemical composition of low expansion
high—temperature alloys for aerospace application %
EE C Si Al Ti Nb Co Ni Fe

Incoloy 903 0.04 0.10 0.70 1.40 3.00 15.00 38.00 Bal.
Incoloy 907 0.04 0.15 0.03 1.60 4.70 13.00 38.00 Bal.
Incoloy 909 0.01 0.40 0.03 1.60 4.70 13.00 38.00 Bal.
Inconel 783 0.01 0.05 5.50 0.15 3.00 Bal. 28.00 25.00
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Fig. 1 Effect of Al content change on stress fracture of 42%Ni—
18%Co—1. 5%Ti-Fe base alloy at 649 ‘C/510 MPa: (a) life,
(b) elongation
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Fig. 2 Metallographic structure of GH6783 alloy forged bars

Fig. 3

standard heat treatment

Microstructure characteristics of GH6783 alloy after
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Fig. 4 Fatigue crack growth of alloy GH6783 at 3+100 s hold time fatigue K, =38.5 MPay/m and 650 °C: (a) without B aging; (b)
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Fig. 5 Microstructure morphology of y 'phase in GH6783 alloy

after standard heat treatment: (a) B phase distributed along

grain boundaries ; (b)bimodal y’ phase
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Han Zhong-Shuai 25"/ 7£ 28 i 4 000, 2 3000,
48 000 h £ WIEF 3L AY In783 A 4 1Y B A P & B8 T 4T
ARAR 8L TEM 2387, SHARA A N AL A, A] BE & 7E
In783 &4 B & B Ni AL AR A B il . anf&l 7
Jis , WELT R RT LUE Y 7E IR AT, In783 &5 4 vy’
AHAR /N, B ARAR Al . B G IR AR I T] A 2 <, N AL
AATE BAH BT A IR T B-NiALAH 1) 1[G 20
AU RRAK T RIET W sl A 4 098 57 F K
R EE T R, o T IR IR AR B B TR A, BEJS L VS
TSI R 5 AR bR s i R K2
A L1 AR AL ) K2 1 B G 45 43 33 XF In783
A4 K IRAR 5 T2 R Y Ni AL AR 0 1E 3 KT R 7 X

AT THEIE . 76 B AR, &R NigAL AH T8 1K
KB AL B AR BAE 2 /DT A 1150 “CLL 3k
AEFRABETEER . BT N ALAHAE KB B AH &6
TEREA B, R, 35361 B AHY S A/ N A, SRt fk &
SRR E PR HER AR
5 GHOIS 3 EE&EMBHIREALMAR
AR
H 1T GH6783 & 4 2 2R F 1125 J8 b 45 i+ B
25 HFEE I DU T 250k, 3 ﬁ*ﬁﬁﬂ’]ﬁ H %%k%i
PR BE R 6508 mm, 5 H] B % A A4S A 675 mm~
$350 mm. RS —E W IHOL T, ARHE 241 fE
AR EHALE, BT GHO783 A4 & wl Al hE



- 40 - 5 R W

546 45

MR (5.5%) , %56 A MR R AR s i ok T AR KA TR
Mo EPEARETH, T AT AR R A
RIT RKEMFHR A, i & 8 Irw , L 5 ok
M RIKRICIR A B AR, Ky B A A K Ik
AAEAE PR T MR A L S PE b e AR
O I g B NS E 5 e o s 7 N2 [ =9 i )
BEbf o B9 J 2022 4F A A BN 44 28 w3 F R
ML M AEAE R B HR B AR, 76 B AR A BT A
Az, 5 SR [ 34 T A 48 R ERIR NI AL AR 9 4R 55 IR
WAL, UL T AR Y, B AHA S 5[]
FETTRE 2 51 /e Ni AL AR 0 4 o Hi SCikic 487, &
AR NiAL AH T EAE 1150 °C M UL b Huih B A RE 52 4
HLEES SR P o o U N DN O o U S = R R
A, Bl 2 B B-NIALM K K k2238 77, 24
JFE R R A T ]

SRR

Lhtxﬂfvﬁﬂéé&’-4ﬁ*
A il .u'“f; ,,,?f Z
f v 4 > .l'ﬂ‘[" sV g - !
ﬁ“ L, S “r- *;j{q

b\— s #‘-‘:‘?:i; R*}ETE:-‘
’%ﬁc‘" D ey . v |
B e e

E 4 'SE@ i F. .«,"'E 40|.|.m

K8 In783 434 G Ial A 4
Fig. 8 The microstructure of In783 superalloy in the longitude

direction

KHBARF
K da s e~

e 1A% Dom
B9 B AE]HEM In783 45 4 $200 mm FE BT ) G ARZ
Fig. 8 The metallographic structure of In783 alloy bar with a

diameter 200 mm imported by a certain company

AT e GHOT83 A 4 [ F= A s 4 Y 7= it Jo i
PETE, RIGERRA PR 7 (LU R AR KR89 H

B4, 2021 AEFF AR , X GHOT83 A 4 Al XL 55 1%
P FEARGR R IR Y AL SR T AT T R
WFFES  EE AT LU S PRI T R RER, HAT, 7T LA
B A ZUEER Y5, E 10 Fis, B A S 40
/N 3R] AT R ATG A B ] B st 7 v B AR A R,
AT R B R AT B AH P B AR Ni AL AR A2 B, AR

B RIS e PR AL A i)

. “‘,“‘ L
R TR

s 220 p‘m.

.‘_‘;100'@; ey ‘\ 5

K10 KA FR 9 GH6783 & &t #4141
100X;; () 500X
Fig. 10  Structure of GH6783 alloy bar of Daye special steel (D

=200 mm) (a)100X; (b)500X

(DZ(;bZOO mm) (a)

X 22 371 $200 mm K HRAK F A4 (14 AN [5] 5 37
HURESEAT 327 RE DL, BORE A7 B A 35 A1 24 T4 %
SKFR AR RIS 172 AR RO EREURE | A
(VAR SN R/ N2 & = i N 1 O VL 7 W7 A 7
GH6783 4 4 1 5 JE E i R W F2 e, A3 A1 i 4 41
HAUVHIXT R, Rl ShRAER Ho A AR KA & #E CR
I ik 8 AR o e e A i 88 5, G I8 11 s
Klﬁw JE B AR S R A SR A L AR 12 FROR ) .

TR R ] A0 I 48 SR S« A 4 SR PR R R

T YA 1) M AR AR O, B AR, R B ) O 1)
'ré BAH2E A, WA 13 FTR , {3 650 “CHY i i ¥
PR B RRAR, a0 &l 14 BT 7, FURR B B9 2 1) 5040 A
ZERR R B B 25 1 S . X R A
T 0 7 A AL R EE 1A L A AR, R e B B
BRI YRE 1) 4% 1) S . @ KRR ANRT I Vi Sg K
A VR Z B, ORI 25 10 S 1 5y A B LT
P
6 FEIWFNREE

GH6783 4 4 HA H GH4169 4 4 WS i 35 i
BEAIR I A Bk 2R BRI AL 53 B B TPEBE , vl it 52 1
AR . 5 Har R OPLE iR
A AT B4 AR il R BT, ] P SE it i A s
SIHLAHEASHUHLIE ™ IR S50 R O 2T IR B A i
FH GH6783 & 4 AL, 4R & CJ-1000A , CJ-2000 %



4 4 2] T I B AR TR GH6T83 2 4 BF i e 4l
100
1300 *1293 90
1200 0
L1003 es "
S1000f >
£ 900 I ; S 60
% 800 *ﬁfs,i* 861 s
700 % 681 ;fﬁ-§;~ ’ 4 40
o i TR 4, 0l
500 s >621 ' oo sl =
400 H ok I
*@’K‘@ Q&%‘@Q&%\’%& Q&%&» ®®<§} &@‘& 0()@‘&’ &)@‘& 0 z; : — . - : - . - . . . . : .
%2 & LS B S N © p ‘@i& ro,‘@ 00(,\& Q&K& :@@ Q{)@ Q&@ Q&@
1L GHO783 5 4 R e e T 38 R N SN G M
o, FU14 GHOTS3 £ 4 /R ko e T 0 K 0 4 5 )
Fig. 11  Single value plot of tensile strength and yield strength B (BT
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