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Abstract: The annealing process for wires used in high-temperature seals is a critical parameter in product design. This
study investigated the effects of cold drawing reduction in area and annealing parameters on the strength, ductility, and mi-
crostructure of Haynes 282 alloy wire feedstock (0.9 mm diameter baseline seal wire) using optical microscopy, scanning
electron microscopy, room-temperature tensile testing, and hardness measurements. A fitting analysis was conducted on
the average grain size after annealing for different cold drawing reduction rates. The results indicate an inverse relationship
between grain size and hardness after annealing under different parameters: as the annealing temperature increased or hold-
ing time extended, the grain size increased while hardness decreased. An increase in the reduction in area led to work hard-
ening, demonstrating a linear relationship between the cold drawing reduction in area and tensile strength. When a fully fi-
brous microstructure form (at 69. 14% reduction) , the tensile strength reach 1 805 MPa. The Haynes 282 alloy wire exhib-
its abnormal grain growth and a decline in properties after annealing within low area reduction ranges (10. 80%-39. 51%)
and at an area reduction of 62.65%, due to non-uniform deformation. Based on comprehensive experimental results and
fitting analysis, the optimal annealing parameters were determined to be 1140°C for 45 minutes. A cold drawing reduction
in area between 45. 60% and 55. 56% prior to this annealing treatment was found to produce the final wire product with a
stable microstructure and an optimal strength-ductility balance.
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Fig. 1 Metallography of the deformed Haynes 282 alloy wire
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Fig. 2 Metallography of deformed Haynes 282 wire after different annealing processes
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Fig. 3 Variations in the average grain size (a) and micro—hardness (HV1) (b) of the deformed Haynes 282 wire with different an-

nealing processes
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Table 2 Mechanical properties of the deformed Haynes

282 alloy after annealing at 1 140 °C for different times
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Fig. 4 Metallography of Haynes 282 alloy wire with different cold drawing reductions :
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Room—temperature mechanical properties of Haynes

282 alloy with different cold drawing reductions in area
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Fig. 8 SEM morphology of precipitated phases in Haynes 282 alloy wire in the annealed and deformed conditions :
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tates in the annealed state
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Table 4 Comparison between predicted values from the fitting model and measured values of average grain size for Haynes

282 alloy wires with different area reduction ratios after annealing
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Fig. 9  Strength—ductility product of Haynes 282 alloy wire af-
ter cold drawing with different area reductions and annealing

I T 2T AR D i e R KoL (R LA R 1 A
WAL A AR RN, HAR K5 5 3
50.13 GPa+ % , A5 A i F 1 2 55 2 fuff FH 1 25 22 4
AT L3, AT 25 RN T, T B e R A T IR
KALER I RRRE Y 5

&% 3k

(1] Foker, RN, FREr, 55 . ik e 30 25 R o B 4 f ik
TS EERE AT ()] WE TS 5% B, 2024, 44(10) -
29-36.

[2] sk, 32, | 5, . 4L CH4141 @R & S IVERAT
o K S HES R ] WA SRS TR, 2025, 54(2):
505-516.

[3] Damodhar Naidu G, Nageswara Rao G V'S, Chaube R K. Effect of
long-term exposure on microstructure and hardness of aged Haynes
282 alloy [J].
2023, 12(6): 965-985.

Metallography, Microstructure, and Analysis,

WL AR B 2856 78 Ry AR I 5 4 ek T 32 48 T 2 70%
TR SR e L

3) X 3B KR IR AT -1 K P2 R R ST T
THRERE, UE TR TR E <5%, 4565
Haynes 282 (4l & 42 226 J1 24 R T 2R RERV 2575
I BRI RG22 BF Ve SRR T 23 45 ] AE 47.84%~
55.56%, AT LIARASZH UG , 5 BE -9 M DG e e A4 1Y
B 2L o

(412 H, 5k mi, 2= WL %8 KGR ok T 2RI IR 3 A
AW ARVERE R wa [T]. & )8 AT, 2023, 48(2) -
219-223.

[510nF &, # &, Bk I, 5. Haynes 282 %7
RAT J KB A5 [T ].
35-42.

[6] Xk, XNEAR, HER, % . EELSIEX Haynes282 Mif #4543
HAGREEER )] G AabBE, 2016, 41(1): 52-57.

[7] Joseph C, Persson C, Horngvist Colliander M. Influence of heat

=x

Rl A e AR I

TR R T2, 2022, 52(5) -

treatment on the microstructure and tensile properties of Ni-base su-



FENFAE B TN Haynes 282 i il & 4 22 b1 HEURAERERY *9-

peralloy Haynes 282[J]. Materials Science and Engineering: A,
2017, 679: 520-530.

(8] 3k #&, AWIE, 5% . Haynes 282 4 4> i i 9 M A5 T f i
INT L], MoEAA B4R, 2022, 43(8): 78-85.

(9] 228, ANER . £ ™, % . Inconel74OH B & & 5
Haynes282%%%/m\ﬁ’z\E@k%?%?%igﬂgﬂ*ﬂj]%'ﬁﬁg[JJ- L v
SCH (A, 2019(6) ¢ 13-19.

[10] B K, REEEHD, SETHTE, % . SSEOUVEHLE T HAYNES

2824845 o T i LT ). AR5 IREEHL, 2021(1) : 39-43.

(1] P, = 5, ¥, % . Haynes 282 K22 XA 42 4%

Mr BCERERIFEE [T ], BT T2, 2020, 49(21) : 23-26+30.

[12] AHESE, RFEA, T 3, . Haynes 282 Ktieie LK i 4

B I EERe A SR e PR )], AR AR, 2025, 39(14):

135-141.

o BL. AU . Haynes282 & & AER IS ORI A it B v i1

HAFEEL) ], sl T2, 2017, 37(6): 501-507.

[14] Tian Y Z, Li L L, LiJ J, et al. Correlating strength and hardness

[13

s

of high-entropy alloys [J]. Advanced Engineering Materials,
2021, 23(8): 2001514.

[15] e, habw:, A, % . Haynes282 5 &P ARIICE S
XA AR BT AT S g (1), ML TR R, 2019, 43
(10): 59-65.

[16] Pizano L F L, Sridar S, De Vecchis R R, et al. Recrystallization

behavior and mechanical properties of Haynes 282 fabricated by
wire-arc additive manufacturing with post-heat treatment[ J]. Jour-
nal of Manufacturing Processes, 2024, 119: 781-789.

[17] Li S Q, Zhang Z, Liu R, et al. Microstructure-based computa-
tional fatigue life prediction of Haynes 282 alloy [J]. Journal of
Materials Engineering and Performance, 2023, 32 (11) : 5150-
5166.

(18] sk fls, R i, R, 45 . W 7I0 KO PRa S Bk TR i
B PR AR A B P 52 ()], G Jm A, 2024, 49(1)
223-227.

[19] 22, F¥EX%, T&AR . GHA141 & &R hiikd #4140
AR SRR ], T AR, 2025, 32(7): 244-252.

[20] BRIRA. FEOKHE OTE B3R Rl & 4 GHA169 I ZUR% I
G Y-FEARAS AT ST D). BUL: TEIRR2:, 2024,

(21] Jiakie, s, 2 B, S5, BABURICAH 1000 MPa 2R S it

G SR I VAR Al SRR ST (U ). SR TR AR, 2025, 32

(4): 33-42.

SREERG, EALI, FTE . R RO AR R S

FPERELT]. ZBYETReAAR, 2021, 28(11): 181-188.

Xia L, SuHJ, Hu Q D, et al. Effects of post-heat treatment and

[22

[a

[

[23
carbide precipitates on strength-ductility balance of GH3536 su-
peralloy prepared by selective laser melting [J]. Acta Metallur-
gica Sinica (English Letters), 2024, 37(10): 1667-1679.



