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Effect of Pre-Cold Rolling on Microstructure and Mechanical Properties of
Novel Nickel-Based Superalloy

DONG Jinxin"?, YU Hongyao’, CAO Rui'
(1. Lanzhou University of Technology, Lanzhou 730050, China;
2. CISRI-Gaona Materials & Technology Co., Ltd., Beijing 100081, China)

[ABSTRACT] This study investigates the effect of cold rolling pre-deformation with different reductions on the
microstructure and mechanical properties of a novel polycrystalline nickel-based superalloy with low stacking fault
energy and precipitation strengthening. The results indicate that cold rolling pre-deformation introduces microscopic
substructures in the alloy, including dislocations, anti-phase boundaries (APBs), stacking faults (SFs), and Lomer—Cottrell
(L—C) locks. The content of these substructures is positively correlated with the pre-deformation reduction. When the pre-
deformation reaches 15%, a small amount of deformation twins are introduced near the grain boundaries, and the content
of deformation twins in the 25% pre-deformation specimen further increases. With increasing pre-deformation reduction,
the room-temperature tensile strength and yield strength gradually increase, while the plasticity gradually decreases. Due
to the presence of nano-twins and grain refinement in the 25% pre-deformation specimen, its strength is further improved
compared to the 15% pre-deformation specimen, while its plasticity remains roughly consistent.
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* BREWR : FE AARRERES (52175325) 5 FEIB5 Tl & B4 (JCKY2019512D001 ) 5 H A RHE # AL 1 ( 22ZD6GA008 ).,
20254E 5568 & 5 190] - Bt hlERAR 103



,—‘? N »
E{%l’ﬁi RESEARCH

BILEEA S SR T, S8 %05 5
IEAS AR R b B SRR AR L BB, AR s
KL R R T iR iR
T TT AR T2 & s SR, T4 7+ oA o L
FIRI 22 M | 1306 PR S (4 4 7R Tk B T F ) 2 M e
T ER P R R A &R, IR Cr. Mo,
W S R HRIL I, LU AL, Ti, Nb, Ta ZUi5EHR L0
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Mk, RiidZ2RnG et TEUEERERSS
N T AR AS B R TR I =R A i 1 i uE
B ORI R A ST R S mik o A & A AT,
V2 B AT 2R 24U M HEAE ( Topologically
closed phase, TCP ) i = ITEK, (M & it BT R
B, 23304 4 vh TCP AHBIAT i . 83t 2 4F
K& MR R A ST R M R MR I RS
G 12 F R T =X R, DR e DD B &
S TBL
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b B 72X, WA RO A A W SIOW A 25 44 , 2 T A
BN I Sk 20 T s P TR R A 4
Polkowska 55 " X — i ICJ22 48 BB B 5 59 1 &5 4 Haynes®
282" W HL 10%~70% Jri AT T AAb B B 9 45 SR R 1
BELTTE 50% B, 766 4 o] AGOKRER i, R 5L
ASIE AT DL S R THZ R S IR S S N E IR . Zhu
5 ) SE A — PV I R S A7 725 °C/630 MPa
PEAT TR AR AL B 76 4 B T AS )26 3 A Al ok s
L BT T A4 a8 K 760 °CF AYJE RS . Yang 25
EFXF—Fh Co il 20% AOBLSE B & 4 FE IR R ik
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RIS A 4 — P B 2 K2 A5 RE DT TE 3 TL R
B A A, B nER 1 R & E S BN
% ¥k ( Vacuum induction melting, VIM )+ ££ 37 S 5 B
i # 1% (Electro-slag remelting, ESR )+ H.%5 [ #E H 14
( Vacuum arc remelting, VAR ) B =15 ¥k T. 24 4k 15-9%
BE N AT R R A S AL B | SR O W R B 2

104 Wi hEEAR - 2025455684 55 1910]
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25 ¥% (Air cooling, AC) [# ¥ AL 2R, SR J5 L 20 mm x 70
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Table 1 Chemical compositions of the studied alloy

(mass fraction) %
Ni Co Cr Ti Mo Al
i 24~26 12~14 4.3~4.8 2.6~3.0 2.2~2.6
Nb+Ta w C B Zr
0.8~2.0 1.0~1.5 0.01~0.03 0.01~0.03 0.01~0.05

(a) SALEME 2R (b) HrifAEs
1 HBRASERSHMAR

Fig.1 Forged microstructure of the studied superalloy
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Fig.2 Schematic diagram of cold rolling process and tensile
specimen
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Table 2 Processing procedures of various specimens
1
ke [l A B AR B

SHT 1110 °C/2 h/AC 650 “C/24 h/AC+760 “C/16 h/AC
PCR5% 1110 °C/2 h/AC 650 “C/24 h/AC+760 “C/16 h/AC
PCR15% 1110 °C/2 h/AC 650 °C/24 h/AC+760 C/16 h/AC
PCR25% 1110 °C/2 h/AC 650 °C/24 h/AC+760 “C/16 h/AC

¥ : SHT ( Standard heat-treated ) /s bRl b BRIRAFE (AT [
% + B3k, O 528 TE s PCR ( Percentage of cold rolling ) /R AN A%
LAY A IR

L 11T R P AR 2R U, SR =R A k)
AL, 2% A 4 0 R R ST 159.6 pm 2247, 4n&l 3
(a) i, B3 (b) R THARBR M AEC AT HAH
HITES : 3 FPRST Y v/ A, 430 53 A 28 S A DL RGR Y
FLREI—UK v A0 CRiAR > 0.6 wm ), 3 A i N B 2k ' Al
CEHpRiA229 75.8 nm ), LUK FBIZEE—K v/ A . IR Y M
EAET R AL 4/ =k v 47 CRiAZ/NT 20 nm ), K]
3 () MBS N I8 R, T LAA B ki R4 5140 A
K TR v AR, LR R =Ry R (RS ]
PIRER B eI i A A S A5 A7 o
22 AHMTREITEEMHALRHIZI

¥l 4 }y SHT . PCR5% . PCR15% #l PCR25% & FE Ot
B RIS AAIZY . SHT FREL I 5]  JEmAR i 555
A AL PN R AT DR AR K AR s PCRS% RFE,
A5 SRR PN BT AR AR, AR A AT AR A AR
Ao PCRI5% A, B8 22 fbr P HB A 22 250K, oy
L RV S 9l R B KR AR R AR AR R

AR, AR R A A U R kA
%UQHEWc PCR25% i, ks /™ B B A2 Béééz\%*f i
B KR JLF A kL P 0388 A 17 28 259K o

X UL A ARV I S 4, BT R A A RS 4y
A3 LA B IAR XS H 2k e A FBERE 0, 175k BT AR A
TE BRI T A 20 A B B LT R R $ A B )
JE X bR AERAL B R v LTS I i AT
H E’J%i’a** AR RO T 5T, 45 SR N3k 3 B,
I A & LhREPUE LS FOAT AR L R v A B
- Bk 4% R 75.80 nm, (KB4 HA 38.93%. PCR5% .
PCR15% . PCR25% i ¥t — Yk v #H R ~F 43 51 2 74.66

nm.75.61 nm Pk J% 75.19 nm, XF 5 B9 44 B 455045 5

(a) i‘*ﬁibﬁ%"?bﬂliﬂéﬂé (b) MR T AT HATES

(c) ﬁﬁﬂﬁa THIWE
B3 SHT iX#ERMALR

Fig.3 Microstructure of SHT specimen
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Fig.4 Microstructure of each specimen under optical microscope
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39.30%.39.06% Fl 38.58%., 7E 15 2235 Fil 9, TAL JE 4+
Xof XU B 2805 0k v A B8~ B R AR FIARR 7 e LT3
AR, 2R — Uy HE SR AN R v MBS N 5
Bz, i UE 2k U IR 5, 303 Z 0 v AHPOI 254
SYYT, B S B N, X R G ., A N
I, He R EH Ry AR AR B

IAPEARTE ok R A B O S5 4 B A2 . BT 6
B HEE B PCR5% . PCR15% . PCR25% &R 1 HoML 4
LU, BT, PCRS5% RE T UM EEEI 0 5
g%k, 5 SHT AEAR Lo A4 & s W] W 3 . 7B A%
BN, AT LW B 5 Gk R v A AR 18 o A
DL R AR VDA Oy B R ARIE Ui B 1) 6 #E ( Anti-
phase boundarys, APBs ). Hi T v #H X} i £ (%) BHL i1
JH, AR AL HTE vy ARSI ZERR, TE BN 7 46 v, 2
F1 itk — A AN, a/2<110> S (45 LE v/ M5 1 43 1
A~ a/3<112> AL FE A —A> a/6<112> A4 ik,
a/3<112> AN ALEEE N S L UIA v A, B i — 1>
R4, al6<112> A4t B AE vy ARSI, e kRE
MRt FE v AH R 2 B s % B S S DA B S: , E T
TEA A PIB USSP, FEE SR 439 (High-resolution
transmission electron microscopy, HRTEM ) i {1

F 3 AEPREINEEN HAEF R EMER S Hgt
Table 3 Average particle size and volume fraction of precipitated

phases for specimens in different states

. — WYY | —R YRR R YR Ry AR
FiAt/um B % Fift/mm I8 %
SHT 3.97 1.45 75.80 38.93
PCR5% 4.01 1.43 74.66 39.30
PCR15% 3.93 1.48 75.61 39.06
PCR25% 3.89 1.51 75.19 38.58

— V'

WY

200 nm

(a) SHT

(b) PCR5%

AT LU B H 2 70.5° 92 19 )2 55 A0 BAE P i L-C i
( Lomer—Cottrell locks ). PCR15% iffFE Lk PCR5% iE
U S A 55 8, AR AR 2 R 248, o AL b
MR AR N P GR IR 5 =5 50 BERE  rp] DL 24
PR L-C 8, M PCR25% iR I8 A a] DL, i
WIE B T KA BP0t , B I = v B il AR 5 1)
TE R T 24, AR s i K B, Zha 245 ™ ]
A5 ELE R (R AR R /G X A AR ) Sk R
R AR I OR TR i o AR SR FHAH R A 5 1%
R A A5 RE v A R R A 1 B L 75 1 PCR15% Fil
PCR25% B 1 40 K 22 i 2% 43 51 4 0.006 pm " Al
0.085 um ' ( SHT i FEFT PCR5% #F i A WLEL F) 44 K 1k
) o XA RO SR AT I B A, A4
HAS TR IO 5 44 7 B 389 B 2 TR T B3 K 3n
2.3 AELTET R F LRI

PR ZSIREE HEA T 3 IR B Sy 2 P B, 45 S8
K7 Fim. N, SHT R KA ¥, ZEfif
RNk 33%, WHLHASIE 7 A 4 i i T Ok R
S50 (ks 24y L-C 8145, Hoo & 5 AN IE Y
AR R IEAR G Ik SR 45 H RERS FHLES A 4 s 5,
AR A 4 7E S IR P 7 25 AR b %) e R 5
FYTRISR LRI T, SR, 323X SOV 454 11 1 A5
T AL AE RS2, & 4 Y VERE 25 A B 3 g 4
[ 1021920 PCR15% &4 IPLRISEE 5 SHT i FEAH EL
T T 9.4%, JERIEEHETH T 31.1%; PCR25% ikHES
SHT AR L, Brhism FE T 1 17.4%, Jm Mo B2 £
T 47.3%. SR ELIAIE , & & NPThmR g A1
Jit AR5 P 2 R T, SR, PCR KLY SE MK 5 SHT
TREEAH ELBR T 43.9% ; TARIE 15% Jo GE R A ik —
LT 9.5% 5 MTASIE itk 25% B, 5 PCR15% i
FEARLC, ORI F T T 7.3%, JE IR BT T 12.4%.,

200" hm 5 200'hm
Wl ] X 4

(c¢) PCRI15% (d) PCR25%

5 HiliETHARR
Fig.5 Morphology of the precipitated phases of each specimen
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Fig.6 TEM morphology of the specimens at different conditions
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Fig.7 Tensile properties of the specimens with different pre-deformation at room temperature
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Fig.8 Fracture morphologies of the specimens after room temperature tensile mechanical property testing
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