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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 1 140 °C for 45 minutes. A cold drawing reduc-
tion 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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Table 2 Mechanical properties of the deformed Haynes

282 alloy after annealing at 1 140 °C for different times
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Table 3 Fitting of the Hall-Petch relationship between

micro—hardness and average grain size at different anneal-

ing temperatures

PRI EEC o A EAAHE R?
1 060 214.55 0.12 0.5453
1100 95.69 0.47 0.686 7
1140 76.36 0.69 0.9309
1180 30.47 1.14 09255

H 2 3l AIRIRGE KR, B TR A KR AT
P A A S8 A S AT R Ak G B R A A R OR T
MR IUA FE RER S R A RYRT
0.9, & W] Hall-Petch 23 2 AFE X 918 B2 H REAR 47 Hb
AR S SRR ST RO R . 1B R BE 1140 °C
T2 1 180 “CHY, o, $UA B 1Y KR T 5 & B 1Y
KIE T B, W Bl M,,C, BB H A B 58 2T e,
TR AL ML B s . FEUL SRR, f S R
FU, SR RUST X PR ek o () A Ay s . i 4 (T B[]
M 15 min ZEK F 60 min, 14 fh R RS 1 53.57 wm
SRR 68.18 wm, HE W IR 27% ; A 0 b, o A
J& i1 187.2HV1 T [ % 170.75HV 1, F% & 4 8.8%.
XRWIZ T 28 Had 728 A7 rh iU N i 2 B AT fg
FEBRAL N E A, AR E . LT
1 140 “CT 1R B, [m] S5 P I B 6] 7R o RO A
36.59 wm B9 K & 44.12 wm, 3 05 K 20% ; R EE
M 189.25HV1 [ % 178.33HV1, [ 1E K 5.8%., 1%k



5 4 3]

TS B K T 20X Haynes 282 il 4 22 b AU PERE R 21 - 91 -

JET M5 fb 0o V28— K

1 140 “CAE by 52 BLLH VRN M R RS 1 4 1l 38 “ECAR i

B A P

2.3 RAMBREERNEBEMALMERNFEE
oA

4 R4 1k T 2558 K A TR ¥ 37 081 R Y
Haynes 282 5 & 2 M 0 W LH 2 . K4 R H0, B
5 VO IR A0 100 2 5 AT PR L AR A el
AR AT AR A T R R A 3 A v BB S A b
BEHRAE . TRV RAK T 20.99% I}, A ST 31
Shy Sl DL A SR RIS Tl AR B AR . D
i % 30.56% i, 7] LA fi bz N X5 3] /0 i 1 T
2R M I T 39.51% B, ok gk B SRR R
&, [T, N B B R 1 R o XY ok i R
55.56% i, iy A O AR AR o M0 3k 62.65%
B o P o8 A g RS AR G U . Y DRI R A I
69.14% I}, A 4 2 5 e 4F i fh .

B S Pk T 25 3R R IR (R ¥8 B I 2R 11
Haynes 282 5 4 22 b () & R bl 1 24 pE e A fb s
o RS AT B VP IR BN, 22861 iR
R AR T AE Ve e R A T 70% , A E 8
BLYEALIG M TR SR BE I E] 1 805 MPa; 2474
P AT H 35 5 30% B, 2204 1 58 M B BE AR, 2244
PR 2 A A BT S 6 B I i K R
H 1%,

2.4 RHBEEIRNARINFZERERK

=AU

& 6 AR VA HEUH 1T % Haynes 282 & 4 22 M 4
PAb T 2558 K i il 48 1 7 (a) (b) 43550 %6
N FL 2 b RO 5 20 ) 24 R R A AR fh I
F L6 T, BT AT R AR O 58 i P4 i 4k
FETER AR AR o B 25 V8 P08 T R 38 o, S i 2
207 A 5 TR A s AR R X 7 R R O T X ]
[10.80%~39.51%, K1 6 (a)-(d) |, ZH 2L f A K kL 5
SRR R A, -3 R RS A& 7 (a) iR
T AR 5 kg 5 T R v U T R X (] [ 47.84 9%~
69.14% , 1 6 (e)-(h) |, ZH 41 2Lk 4 /N5 50 1 5
A8 B, S R R N B Sk T 22 . (EAE
B TRV RN 62.65% I, 4 R AT A AE R
LR NN LY AL G G T NS R s B [ B
REAR b, P38 oL RO 7 S5 I D80 T 22 (10.80% ) i} 35
FN 5 KAH 52.47 wm, 76 5 5 U6l 1T %6 (69.14% ) I b %8
He/MA 30.87 pmo MR 1 2= EREANTE 7(b) iR
P B 5 A SR A A [7] a1 2 X ] 52 BAS [] AR
e AR 31X [H] (10.80%~39.51%) , I 4
A AR B IEA R A 2 5B T B S TR T Y R AR
T 76 725 Vil T 58 [X[H] (47.849%~69.14% ) , — 28 Ak
PN 5E R AH I o JEHAE % 62.65% B, i 5
R LT AR B R R, X 5%k
P LU R B S8 SR RAT R A — 3K

18 Sy 477 i 3R ¢ A 3 RV 7 U6k 1T % 62.65%
H169.14% 11728 JE A5 (BT H AR T 55 FHR K ST
MR RERE 2R . I 8 (a)iB KA OB S A

100 pm

B4 ARV 78R 2R (1 Haynes 282 4 4 224 4 HA 4141 .
55.56%,(g)62.65%, (h)69. 14%
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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

WA /% LR din M T ogthle BB PSREL e s pmizasie
10.80 0.85 52.47 52.84 0.70
20.99 0.80 46.64 44.36 4.90
30.56 0.75 38.87 38.50 1.00
39.51 0.70 35.87 35.63 0.70
47.84 0.65 34.41 34.21 0.60
55.56 0.60 32.80 32.89 0.30
62.65 0.55 34.98 34.98 0.00
69.14 0.50 30.87 30.08 2.60
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Fig. 9  Strength—ductility product of Haynes 282 alloy wire af-

ter cold drawing with different area reductions and annealing
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