W50% 1L HBEERMRIEIRE Vol.50,  No.11
2021 4 11 H RARE METAL MATERIALS AND ENGINEERING November 2021

NiPt15 & AT RITARFRMITEMR

BEE Y, Byt B e ?Mi#é % AR T2,
IHE I, RER, HEF D

(1. SR AERAR HneBEaMARBARAERESLRE, 50 Y 650106)
(2. BoR&BUA, = EY 650106)

8 Z: #id Gleeble-3500 ARG HLAE 950~1150 °C, MAFHE RN 0.01~3 s 4 F T AL 2540 HAE UL 15 4 52 06,
3T NP5 A4 (R AR B 77 - A8 T 28 2 A T . 4047 7 NiPt1s & & AR B B i S SRAE BB O W T NiPt15
BRI RAHG] . BT Prasad ZhAMRMERIRT T AR R AARE ., RBEEK4 TR ERBENRRRE: AT
AR B SR R AR TR R T R R AR RS R . SRR (1) B R th 2R e A KA T
il FEER K, HRREERS, RMREREE, &S RERS: 2) MIARIHEEAERBELLE. 57
I DL TT R, BEE AR I K e R A R B AR T, S B VAR TR A AR, R A TR (3) NiPtls &4
BB T52 50 2% R 3 AR b Ak R X, RP48 T 2% 1000~1100 C, 0.03~0.1s™ A K% 1100~1130 °C, 0.01~0.03 s
VR, IR R A S5 BT O T EEAT T IRAE -

EHEIR: NiPtls &4 HAIRATH: #mTE

FEZEDES: TG146.1°5 HERFRIRED: A MEHS: 1002-185X(2021)11-4149-08

BN T B B AR S IR AR | e R )
Tl S R BH e R SRR N, TR R R R A R
(VLSD . HFrdk#h e e (SBD) . &BA LY
PG RPE (COMS) i, fER—MiEReft R
(3B b A5 2 32 7 P2 B B AR D i) 4%
FAREAL A2 1) SRR TR A R 2 — , — M Al R 4l
VLY S i PO R VA 3 S S KT I SR U X
il 5 $Ab B T A R A B A 35 50 ok RE B R e T2 26 1)
TS EEAL o DL, B ARG & iR B AT N K AL A
W ZH S AR, X 48 S AR o T L& LS
DLEEA O A ZAmT i o] 45 B B ER iR S = X

& EA BB T R, R AR R AL [
KA, ZHEMEEGR, BALFERE s S B R s
T4 AT A AR BE S F g o MR T,
5 THI 388 3 A7 468 448 4 RN B AR 2 45 4 S 80 TRk 5
— 7 THI S 5 38 g # R 2R % R AR BN AS Bl B AN B A 45
bh, (EIX A B 3w 4 T B A& R IR IR AR AT
NP, AR NAR R B E. MR &
RSB R R AR AT R

It HEA: 2021-03-05

B A SN B T B E AR — BN RS
J& TR EEERE I O SL 50, R L R
B HARMER A5 58 B MR IZ ), fERAER T
P o= A (RN LA AN e 4 B0 A4S 18] 55 B P4, 48T
TR I8 B R AR T B, MRIT UG R B Bh & m a5 P
BANE & M IRTAT N2 BRI IR — i, Hog
IR 0 ARTEAT R WA GRS . TR, SR #
B S50 22 1l oD T B SR 48 5 & R &M B #vin T
T2 HIBETE T A AT L LRI 9T $h i 12022

FIH Gleeble-3500 #AEAAIRAL, LI NiPt15 & 4
RN TER R, AT IR S5, IRAF T N - AR i
&, T TRBIRSH CERIEE . NARERE) b
B IR AT RIS B, 57 NiPt1s & 4
AR T S AE T IR BN B ) LR FI Ao T, AR AR
AR T 444, ~AEHE NiPtls & &#un T T
2Rt T

1 £

A Sz ik F m 2hiAR (4l >99.99%) | T 4liga (4

HEEWE : B R E S0 IHRITE (2017YFB0305503) 5 7 7448 B3 B AT H (2019HC024) ; 7= a4 &1 )\ B ARG A A4 (2019HB107) 5

L BH 7 7 o B M A BHR QBT BN (5 11 416D
TEEGN: EWEk, %, 1983 4, Wid, =g LREIb,
tzl@ipm.com.cn

= B RHUT R B R T R B AL T T (2018DC004)
N E R AT, =% B9 650106, Hii%: 0871-68338023, E-mail:



* 4150 -

Wit @A RS TR

50 3%

JE=99.99%) R ARE R FH B 2 B N4 5 75 1 1) % NPt15
B E R . R E AR5 b O fl % @8 mmx
12 mm g E AR S #4458 A s 1% FH Gleeble-3500
PR IS HLAE 950, 1000, 1050, 1100. 1150 ‘CAFIE
HEEA 0.01. 0.1, 1. 3 s [ RIARTE N HEAT AR 45 5L
¥y, WOETHRHEE NS Cls, HEAEMLT 1107 Pa, 1}
BBy 3 min, S RARTE BONPIEFEL ) 70%, X536
SRR E IR KA DR B A, IR AR 77 -
RS LR . Bk R N R S AR SRR, DL AR
DI SRR R, FERG TS RE R 2 (R BCE AR T
B SR, S OO A 2 R, R i
N 10 mL FEESER+20 mL WRIRRRIE SRR, RAJEHE
MAZL00N 2 < AH b faf 85 73 M WLEERE i ) A ZH 21

2 FR5ITIR

2.1 BRMEESMARTRITA

Bl 124 NiPt15 #5245 & 70 AR 4 1 72 Hh SR AR 1 LM
J-ERAR LR . FTREN, & @R R R 4
JEM RIS R DL BT, SRR R R AR A S B)
BYARIFAT SRR, BN ESE TS RE 53
SHEER 2 MR, BNEERETREHESE, 159
REZHBMNERE, ShAFE LSRN E
TR, E LA (1) AR (R £<0.2)
RN SR B, RS BEAR T B 2 T, A

200

150

100

50

True Stress, o/MPa

350
300}
250
200}
150 -
100

True Stress, o/MPa

True Strain, ¢

00 02 04 06 08 10 12

RS AT 2 AR ELAE RN, A3, 5lem
BEMTEN;  (2) B (FNAF0.2<e<0.8) ,
AR LA N AR B R s T 4%, 76 0.01. 0.1s™ M
HR AN, BRI NI K S0, SR e T F A,
AR LTV AN TREAL o5 32 S A, WA 5 Bh A 45
Sl B, SRR TR, ARG 1 iE 5
KIK BT, AR e V4%, (H7F 1100 "C/0.01 s™
11150 ‘C/0.1 st HIASTEAME R, IRASR SRR B
ORI K, SEAGRFEAE, £ 950 C/0.1s™ AT
FAFN, AR RER AR B SR ETH N E 1R
3 sTHINIASHE AR, AR N Bl AR K A
2 BF s, RS, AR K, EIEAERE
W (3) B (ENAE =0.8) , Bl N AR R 1Y
I, PR SRR AR N AL, AR IBE T, R
T AR AR, I TTAEL & R S, AR
Tt m, ERCRARER, AL S E S AL,
WA ST Rt gk BRNR, BEEIERE M BT
BNASRAILGUR I L, RSN RN s B AR S R
MR, I TREALAE I BE N, AR B 7R i 48 K
AP FE SR LR - AR il 2 AR A Y 2 RS I R 3R
2.2 HHASEMAMIE
221 #HAmTH eG4

TRAE NiPt15 &4 HN 1-RAR 2R, $RIUCA [RS8
FAF TR RN A, % 1 AR 950~1150 °C, MAZ

300

250

200

150

100

00 02 04 06 08 10 12
True Strain, ¢

B 1 NiPt1s & A EFAE T RN - BiAE Hh 2k

Fig.1 True stress-true strain curves of NiPt15 alloys under different deformation parameters: (a) 0.01s?, (b) 0.1s™, (c) 157 and (d) 3s™



11 3 B NP5 & HATEAT Jy BN LT 7S

= 4151 -

A 0.01. 0.1, 1. 3stF, MAFEA 0.2~1.2 A
NEJE . 43 AR 1 B AR R g J AR T BT
I origin B #EAT =R A S, 58] a00(1)KE 8
(t190-198 = okt 2% 06 2 i 2

Igo = a+Db(Ige) +c(Ige)® +d (Igé)® L
X (D HFa. b, oo dERN=ZIAARHELI, AR
IS TEIR L RSB BN, 4 AN R & A A

K ()P 198 SRflm e, mT LS 3] A T3 56 sk
B+ m i A

m:Lg?:b+20(lge‘)+3d(lgé) (2

lgé

K PTR = AR SR i 25T by ey d ARAE(2)
o, BERE SR S SIS SR A PR L m B . HI T IhE
FEEL R n=l0na=2m/(m+1), T ] DLAS 2] & A AR TR
A AE.

KA HECE) T LUIE I %t 7 1) 7 A8 3 R UK [N F
B AR R DL R = ORE 5% 07 1 BUO0R A

Alg(—)
£ = — ML o 2000dle) (3
olge m(m+21)In10

Bt BN AN 12 (BKET0%) , XK2ILATE
ARy 1.2 f TN T BB

F1 TREEWEMHET NiPtls &EHRER D

Table 1 Flow stress of NiPt15 alloy under different experimental

conditions
Strai Strain rate Flow Stress/MPa
rain, &g gt 950°C  1050°C  1100C 1150°C
0.01 176.96 134.96 106.25 94.6
0.1 219.27 168.07 164.02 122.72
02 1 242.22 230.23 192.86  130.67
3 264.7 233.24 203.15  146.97
0.01 183.76 122.87 105.06 87.6
0.1 242.1 185.49 150.13  122.65
04 1 284.4 240.71 204.61  130.67
3 286.78 246.3 21553  146.97
0.01 183.52 127.34 102.55 78.9
0.1 250.32 177.46 145.1 114.7
0.6 1 299.12 240.71 212.45 142.7
3 310.49 246.1 225.42 164.9
0.01 179.9 123.26 107.06 82.93
0.1 246.79 182.33 14781  121.09
08 1 285.13 241.62 207.22  143.13
3 292.85 251.25 21793  165.06
0.01 178.01 128.39 104.17 76.41
0.1 249.53 174.76 147.16  119.89
1.0 1 298.63 253.14 212.08 144.32
3 307.87 263.22 22453  160.34
0.01 183.82 132.72 100.52 80.33
0.1 256.88 184.14 152.42 115.84
12 1 313.24 268.57 221.19 140.5
3 318.17 274.3 227.94  156.36

F 2 NiPtl5 587 «=1.2 BN TE i
Table 2 Processing map data of NiPt15 alloy at ¢=1.2

T/IC élst m n HO)
0.01 0.16127 0.27775 0.12477
0.1 0.12339 0.21967 -0.06466
950 1.0 0.04123 0.07910 -1.01390
3.0 0.01357 0.02752 4.05471
0.01 0.04275 0.08200 2.83570
0.1 0.19710 0.32930 0.23763
1050 1.0 0.08679 0.15972 -1.03040
3.0 0.05910 0.12563 2.82200
0.01 0.12455 0.22151 0.67933
0.1 0.20450 0.33956 0.17097
1100 1.0 0.08651 0.15924 -0.91594
3.0 0.03954 0.08233 3.52193
0.01 0.23356 0.37868 -0.04708
0.1 0.10297 0.18671 -0.18382
1150 1.0 0.08356 0.15423 0.25710
3.0 0.11348 0.20382 0.42016

Note: T-deformation temperature; ¢ -strain rate; m-strain sensitive

factor; »-dissipation factor; &(¢)-instability parameter
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Fig.2 Power dissipation diagram (a), instability diagram (b) and processing map (c) of NiPt15 alloy at true strain of 1.2
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Fig.4 Longitudinal metallography microstructures of NiPt15 alloys at deformation temperature of 1150 °C, strain rate of 0.01 s™ and true strains

of 0.35 (a), 0.7 (b), and 1.2 (c)
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Fig.6 Metallographic microstructures of NiPt15 under different experimental parameters: (a) 950 °C, 0.01 s (area A); (b) 1050 °C, 0.01 s™ (area B);
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Fig.7 Metallographic microstructures of cross-section for NiPt15 alloy at temperature of 1150 ‘C, deformation true strain of 1.2 and various strain

rates: (a) 0.01s™, (b) 0.1s, (c) 157 and (d) 3s™
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Fig.8 Metallographic microstructures of cross-section for NiPtl5 alloy at strain rate of 0.01 s™, true strain of 1.2 and various deformation

temperatures: (a) 950 C, (b) 1050 ‘C, (c) 1100 °C, and (d) 1150 ‘C
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Hot Deformation Behavior and Hot Processing Maps of NiPt15 Alloys

Tan Zhilong™?, Yin Changchang?, Wen Ming™?, Guo Junmei*?, Chen Jialin?, Wang Chuanjun?, Song Zhihao®, Xu Yanting"?
(1. State Key Laboratory of New Technologies for Comprehensive Utilization of Platinum Metals,
Sino-Platinum Metals Co., Ltd, Kunming 650106, China)
(2. Kunming Institute of Precious Metals, Kunming 650106, China)

Abstract: Based on the isothermal compression tests of NiPt15 alloys at temperature ranging from 950 <C to 1150 <C and strain rate from 0.01 s™
to 3 s™* performed on Gleeble-3500 thermo-simulation machine, the stress-strain relationship curve and hot processing maps of NiPt15 during the
hot deformation process were established. The power dissipation situation of NiPt15 alloy at different stages was analyzed. The damage instability
mechanism of NiPt15 alloy was elucidated. According to the dynamic material model presented by Prasad, the power dissipation rate and
instability coefficient were obtained under different strain rates and temperature. And then the effects of strain, temperature and strain rates on
power dissipation rate and instability coefficient were investigated. The results show that the deformation temperature is the main factor affecting
the curve variation trend and dynamic recrystallization. Moreover, the higher the deformation temperature is and the lower the strain is rate, the
more sufficient the dynamic recrystallization will the. Subsequently, the instability mechanism of NiPt15 alloy in thermal processing mainly
includes local plastic deformation, shear deformation zone and cracking. With the increase of true strain, local plastic deformation occurs firstly,
then shear deformation zone replaces it, and finally it evolves into cracking. The excellent safe processing zone for NiPt15 alloy is mainly
concentrated in the non-instability zone. That is to say, the deformation parameters are within the range of 1000~1100 <, 0.03~0.1 s* and
1100~1130 <, 0.01~0.03 s™. Moreover, the thermal processing map was verified by microstructure analysis.

Key words: NiPt15 alloys; thermal deformation behavior; processing map
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