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Abstract: It was studied the grain growth behavior of Incoloy 825 alloy within the temperature range from 1 223
to 1 473 K and holding time range from 0 to 150 min. The influence of the temperature and holding time on the grain size
was analysed, and the evolution law of the grain size was studied. The results indicate that the grain size shows no
remarkable growth with increasing temperature and holding time when the temperature is lower than 1 373 K. However,
the grain size grows obviously with increasing temperature and holding time when the heating temperature is above 1 373 K.
The two-stage grain growth model is established on the basis of regression analysis, which can well predict the grain size
under different heating temperatures and holding time.
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Tab.1 The chemical composition of Incoloy 825 alloy

Element C Cr Fe Mo Al Ti Cu Ni

Mass fraction/% 0.006 20.87 31.00 3.21 0.17 0.53 1.90 Bal

1 Incoloy 825 A 4 J5 4R 1A it b7 20 21 K]
Fig.1 The original metallograph of Incoloy 825 alloy
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Tab.2 The average grain sizes at different temperatures
and holding time

Average grain size/pm

t/min
1223K 1273K 1323K 1373K 1423K 1473K
0 16 17 19 20 22 24
30 27 44 54 81 150 207
60 31 47 59 89 172 229
90 34 52 65 101 176 238
120 40 56 74 109 189 242
150 45 60 83 118 201 251

[ 2 Incoloy 825 & 4 7F 1223 K T AR IEASE B[R] J& 19 itk 2H 241 < (a) 30 min, (b) 60 min, (c) 90 min, (d) 120 min, (¢) 150 min
Fig.2 Microstructural evolution of Incoloy 825 alloy during heating at 1 223 K for different holding time: (a) 30 min, (b) 60 min,
(¢) 90 min, (d) 120 min, (¢) 150 min
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[l 3 Incoloy 825 A4 7€ 1273 K F P AS [ B[] J5 1) i AL 41 21 ]+ (a) 30 min, (b) 60 min, (¢) 90 min, (d) 120 min, (e) 150 min
Fig.3 Microstructural evolution of Incoloy 825 alloy during heating at 1 273 K for different holding time: (a) 30 min, (b) 60 min,
(¢) 90 min, (d) 120 min, (¢) 150 min

4 Incoloy 825 & 4x7F 1 323 K N LRI AS [F] B 8] J5 1 Ak 41 2UI4] < (@) 30 min, (b) 60 min, (¢) 90 min, (d) 120 min, (¢) 150 min
Fig.4 Microstructural evolution of Incoloy 825 alloy during heating at 1 323 K for different holding time: (a) 30 min, (b) 60 min,
(¢) 90 min, (d) 120 min, (¢) 150 min

[ 5 Incoloy 825 A 4:7E 1 373 K AR A [A] e i) Ji5 119 i 42 41 21 € < (a) 30 min, (b) 60 min, (c) 90 min, (d) 120 min, (¢) 150 min
Fig.5 Microstructural evolution of Incoloy 825 alloy during heating at 1 373 K for different holding time: (a) 30 min, (b) 60 min,
(c) 90 min, (d) 120 min, (e) 150 min



<944 .

FOUNDRY TECHNOLOGY

Vol.44 No.10
Oct. 2023

¥ 6 Incoloy 825 &4 7F 1423 K T4 A [l B 8] J5 119 & R 41 21 5] - (a) 30 min, (b) 60 min, (¢) 90 min, (d) 120 min, (¢) 150 min
Fig.6 Microstructural evolution of Incoloy 825 alloy during heating at 1 423 K for different holding time: (a) 30 min, (b) 60 min,
(¢) 90 min, (d) 120 min, (¢) 150 min

€l 7 Incoloy 825 & 4 7E 1473 K T AR IEAS W] B[R] J5 Ay k2 20 21 ] (a) 30 min, (b) 60 min, (¢) 90 min, (d) 120 min, (¢) 150 min
Fig.7 Microstructural evolution of Incoloy 825 alloy during heating at 1 473 K for different holding time: (a) 30 min, (b) 60 min,
(¢) 90 min, (d) 120 min, (¢) 150 min

27 wm; B ORI TR T AR KR A 5 2
PRI T 8 — 2 AR, ok R KR,
16 1473 K B3R 30 min, Ak R sE M 24 wm s
K K= 207 pm,
22 BAUKKMEHRR
22,0 PRI RS R X R K Y R R

8 Ry 45N BT dhr RS il A R s [ % AR
feas al LA AE 1223~1 473 K I JETLHE A,
Incoloy 825 & 4 ftvki A& AE AN [R) R A 4 R, ok R
FBE B ] S A P 2K K A N A BIAS [R] S 56 i
Ja, SFE SR RS H 20 wm 45K E 45~251 pm,
i &1 8 25 A5 M2k T LI, i R I IR i L 3%
R, B A AR S B 1] ORI IS R R B
Wit 5 o ] P A S K R R B 3 T AR % | AL Ot At R
ML IR A T IR T 1373 K B, 4

E 8 A E T Incoloy 825 & 4x V-3 itk R B {4 ik B[]
AR Bl
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Fig.9 The relationship between the average grain size and
holding temperature at different holding time
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Tab.4 Constant values and mean square errors of the
grain growth model corresponding to different m values

m 0 A, MSE, 0, A, MSE,
1 76946 42 315 12898 0017 1281
2 169761 2.76x10° 156 154358 862974  79.4
30262041 131x10% 62 294683 296x10° 452
4 353855 537x107 42 433869 826x10®  26.6
5 445251 2.00x10® 6.1 571964 1.98x10*  16.9
6 536282 7.01x10® 7.8 709024 420x10%  12.7
7627002 234x10% 9.1 845114 8.03x10% 118
8 717460 7.53x10® 100 980299 1.40x10%  12.7
9 812323 8.05x10% 104 1398391 3.42x107  15.7
10 983235 8.78x10° 119 1248240 3.35x10%  15.9
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Fig.11 The relationships between the mean square errors and m values: (a) MSE, and m value, (b) MSE, and m value

12 AR B it )] g S5 6 0 A5 R R R e
Fig.12 The correlation between the predicted and experimental
grain sizes

3 it

(D7FE 1223~1 473 K i T R 0~150 min B,

Incoloy 825 5 4z Arki2s t BN R FE BE AR, K
BT 5T B Sl A

Q)FE— B TR PRI ok Bl 2 f T s 8] )
8T 32 R I AR R R T R T AR ALK 5 AR T B
[B] — 2 B, PR IR B2 R 5, Incoloy 825 A 4 d i R
SRR, 1223~1373 K AR TR SRR ST A F Ik
S MITE 1373~1473 K AR IR AR R KR 2GR
K-

()M Incoloy 825 & 4= it b 4 K AL A 4y £
T B 2R K AR
335711

3.8
d=d, +4.15x10"xiexp | 5 | T<1373K
7=d(7) +8x1042xtexp(—mj{7;,l3) T>1373 K



(EEEFARN10/2023

B &R, % Incoloy 825 & MA T B P R/ KKITHHAR

947

FEBEAE 5 5296 (E AR OC R KON 0.995, BoA 1R e i) i

RS B
S K
[1] SKBGR , 5K 205k . Incoloy 825 it ik & 4> [J].4% M+ A& ,2005(3):

(2]

(3]

[4]

(5]

(6]

(7]

(8]

(9]

64-66.

ZHANG S L, ZHANG H B. Corrosion resistant alloy Incoloy 825
[J]. Special Steel Technology, 2005(3): 64-66.

E I BRPY, IRI. 825 A A BT AE M A WF s [J]. Ao T
2.,2013,42(15): 127-129, 133.

WANG B S, SHAO Y, SU C. Investigation on cracks in 825 alloy
pipe during hot extrusion process [J]. Hot Working Technology,
2013, 42(15): 127-129, 133.

Pty (s, #, 55 S BR A T A M RE G3 825 B4zl
o5 S TR P (). AU TR KL, 2009, 33(2): 56-58.

TONG M, BAO Y Z, DONG H, et al. High temperature deforma-
tion characteristics of G3 and 825 alloy used in oil pipes of
high-sour gas fields[J]. Materials for Mechanical Engineering,
2009, 33(2): 56-58.

W W 55 1. 825 4 4 FAn ik % AH A2 Ak AL HE O 9 [J]. 4k
% 5 Wi L2015, 30(3): 53- 60.

YANG J F, FAN F X. Study on the law of precipitation during hot
working of alloy 825[J]. Development and Application of Materi-
als, 2015, 30(3): 53-60.

AR A SR &AL AT, 5. R AR [ JS Incoloy 825 & 4 1)
B SUS PERE[T]. HLAR TR 4K, 2017, 41(8): 23- 26.

HONG H M, ZHANG K, JIN C W, et al. Microstructure and prop-
erties of Incoloy 825 alloy after solution at different temperatures
[J]. Materials for Mechanical Engineering, 2017, 41(8): 23-26.
R R BR T 45 Haynes 282 7 M w5 i A & Aok K K AT
R BRI SE[I]. TR BT 25,2022, 52(5): 35-42.

YE Q, CHEN Y, CHEN B, et al. Study on the grain growth behav-
ior and mathematical model of a new-type superalloy Haynes 282
[J]. Aerospace Materials & Technology, 2022, 52(5): 35-42.

H R, B4R, J81% , 55, GHA141 (=il A5 4 v b 380 72 P A
R KAT A[T]. 4 )8 $Ab B 2023, 48(3): 221-225.

XIAO D P, WANG F, ZHOU Y, et al. Grain growth behavior of
GH4141 superalloy during solution treatment process [J]. Heat
Treatment of Metals, 2023, 48(3): 221-225.

RSO, BA, E b A 5F . GHAT4A2 il A A s R K AT N [J].
PR TR AR, 2022, 29(10): 117-125.

ZHANG W W, FENG Y, WANG S J, et al. Grain growth behavior
of GH742 superalloy [J]. Journal of Plastic Engneering, 2022, 29
(10): 117-125.

BRIE S, XU IEAR  BLIUAE | %5 C-HRA-3 i #A A 4 BTG iR oz
KahF12# 3], M8, 2017, 52(7): 64-67, 83.

CHEN Z Z, LIU Z D, BAO H S, et al. Kinetics of austenite grain
growth in heat-resistant alloy C-HRA-3[J]. Iron & Steel, 2017, 52
(7): 64-67, 83.

LR R o, IR AR SRR AR R R BB 5[]
BCBURHE R 22 i (F AR ), 2002(4): 335-336.

[}

=

—

[t

LIL X, WANG LY, ZHOU J L, et al. Development of a model of
iso-thermal grain growth [J]. Journal of Wuhan University of Sci-
ence and Technology(Natural Science Edition), 2002(4): 335-336.

[11] &N E, B, 5 K%, %, 6Cr21Mnl10MoVNDbN < 1 44 5 ki

KR I B J1 2 WFFE[T]. Mk ,2006(6): 71-76.
YU S C, WU S Q, GONG Y J, et al. Kinetics of grain growth in
6Cr21Mn10MoVNDN valve steel[J]. Iron & Steel, 2006(6): 71-76.

[12] A7k T. &)@ R EM]. 65T if 4 Tolk itk ,2000.

YU Y N. Principles of metallography [M]. Beijing: Metallurgical
Industry Press, 2000.

QUAN G Z, ZHANG P, MA Y Y et al. Characterization of grain
growth behaviors by BP-ANN and sellars models for nickle-base
superalloy and their comparisons in hot deformation heating pro-
cess[J]. Transactions of Nonferrous Metals Society of China,
2020, 30(9): 2435-2448.

2L PR, SRELIR 4. GHT720Li & 4 # 2 O] i 44 i 7
1) R R[], #4012 1225,2017, 46(8): 107-112.

LAN B, YU Q Y, ZHANG M C, et al. Grain growth model of
GH720Li alloy billets [J]. Hot Working Technology, 2017, 46(8):
107-112.

e, L U R A R AL R T T 25Cr2NidMoV
TS ORI R AT A BIFFE [0]. BB T AR 42,2021, 28(4): 146-151.
YE LY, ZHATI Y W, ZHOU L Y, et al. Study on static grain
growth of 25Cr2Ni4MoV steel for super large nuclear power rotor
[J]. Journal of Plasticity Engineering, 2021, 28(4): 146-151.

W /NG, T A, T AT, A BRI G 8 A TR AT Y AORE IC
KATABEIE[I]. N % B TR, 2021, 13(1): 72-77.

CHEN X M, LIN Y C, HU H W, et al. Grain growth behavior after
full recrystallization in a nickel-based superalloy [J]. Journal of
Netshape Forming Engineering, 2021, 13(1): 72-77.

WA, A B AL B 617B AL IR A A iR R

B SZIR[T]. T T2 ,2014, 43(6): 161-163.

GUO HG, LIY, WANG Y, et al. Effect of solution treatment on
grain growth for 617B Ni-base superalloy[J]. Hot Working Tech-
nology, 2014, 43(6): 161-163.

T EE RO B, B TR AR Ti-1300 & 4 19 Al oRL R RAT M [I].
i axJm MR S T 2015, 44(4): 908-911.

WANM P, ZHAO Y Q, ZENG W D, et al. Grain growth behavior
of Ti-1300 alloy [J]. Rare Metal Materials and Engneering, 2015,
44(4): 908-911.

[19] #/her skt %, F 5 45 GHA169 & 4 55 41 F fki K

BOEE RS [T]. Dk BH B TR 24222412 ,2007(3): 64-68.

YANG X H, ZHANG S H, WANG Z T, et al. Research on the pat-
tern and establishm ent of the grain growth for GH4169 alloy un-
der the isothermal condition[J]. Journal of Shenyang Ligong Uni-
versity, 2007(3): 64-68.

[20] BEAREL, b DR, SR, 45, 30CrMo A9 i B IR MR ki 1 AT

FRE R, B4 ) 2016, 38(6): 16-19.

LIAO L Z, YANG G W, DAI C K, et al. Austenite grain growth
behavior and mathematical model of 30CrMo steel [J]. Shanghai
Metals, 2016, 38(6): 16-19.



