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Pt-based Alloys for High Temperature Application

JIA Zhihua, ZHANG Jing, WANG Yi, CAO Qigao
(Northwest Institute for Nonferrous Metal Research, Xi’an 710016, China)

Abstract: Strengthened Ptbased materials are advanced type of structural and high-temperature precious
metal materials. Platinum material strengthening methods e.g. solid solution strengthening, dispersion
strengthening, precipitation strengthening and the main features of high temperature alloys are reviewed,
and mechanical properties and strengthening mechanism of strengthened Pt-based materials are introduced.
The research progress and usages of the major typical strengthened Pt-based super alloys are described.
Finally the research directions of Pt-based superalloys are prospected.
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Tab.1 Main solid solution strengthening elements and their characteristics for platinum

TCE WEEC o P (g/em) PN

Ir 2447 225 EMAA. EEE. SN >1196 CIEEIE R A, HIREMLT Ru.
Ni 1455 8.9 KA Pt T A5, S EERARL: 7R UR TR NIO I, T iR R .
Pd 1555 120 ARK AL B, RENA SRS mAKEE, BRI AN,

Re 3190 21,0 AR @EE; 1000°C LA BT BAE R VEEMA: BERGE Ni SRS SRR rERE .
Rh 1966 124 EREAY SERRES POMIL, = Rh A48 B EELL, ARDEE A S
Ru 2250 122 N, FEEASN; 1100°C P TEREE R S S8R AL .

H i 7 i 2 R R B A& 4 F Pt-Rh,
Pt-Ir. Pt-Ru.Pt-Ni. Pt-W %6 G & 4, UL J Pt-Pd-Rh,
Pt-Rh-Ru 25 = 544", B AR Rh %} Pt 8 iR [ %
SEALUSIA IR S, H Rh B A A2 e s

#2 Pt 5% Pt-Rh §&HIEE 1% ax

E 1, ATh 2 s S5 M A R 1 3 - Tolk |, 40 Pt-7Rh,
Pt-10Rh. Pt20-Rh. Pt-30Rh. Pt-40Rh & 4% v
T 1500°C A F mil A IR, K248 T Pt
Pt-Rh &4 HIPEREXT L.

Tab. 2 The mechanical properties of Pt and Pt-Rh alloys at high temperature

5 Pt Pt-7Rh Pt-10Rh Pt-20Rh Pt-30Rh Pt-40Rh
figi % /Hv 20°C 50 75 90 110 125 130
. 20°C 147 270 310 480 540 565
B/ ]
1200°C 34 43 59 99 110 130
(MPa)
1400°C <4 - 36 54 - 78
1300°C/100 h - - 5.8 7.5 8.2 8.5
FE AR/ 1400°C/100 h 1.5 3.0 3.6 6.5 - 7.0
(MPa) 1400°C/10 h 2.0 5.0 6.0 12 - -
1600°C/10 h ~1 ~2 ~3 ~5 ~6 -
IEAR A/ (1400°C/5 MPa) - 0.6 0.40 0.10 - 0.006
HMNAE%/Mh  (1600°C/5 MPa) - - - 0.83 0.23 0.10
(1400°C/5 MPa) - 50 100 280 - 400
AR 75 Ar/h
(1600°C/5 MPa) - - - 36 41 53

N TP HE Pt-Rh A& EEMERE, AT
& Zr. HE. Ir. Ru. Au B0F6 H55 0 &0 Hk
— ik, WIFE Pt &I INTLE Zr. HE AJ4A4L
Eambn, FHEEsmEE; M Au. Ir. Ru.
Mo Al U= A &R miRFE AR A &=
) Pd U Pt FEAICRAS , 440 Pt-3.5Rh-4Pd  Pt-3.5Rh-
(2~15)Pd . Pt-3.5Rh-4Pd . Pt-25Pd-10Rh-Ir(Ru) .
Pt-35Pd-13Rh-Ir(Ru). Pt-3.5Rh-15Pd-0.1Ce 2!,
Pt-Ir & & fmiRfae tE BA K Pt-Rh &4, HEH
TRFF AR . ARy FUE AR R i F Pt-Rh &
&, T DAFE o e R S5 S A R SR
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P 25 R RN L Ao T PR I S A i K
REEHRACHIRE L . IRIEIRBURIL &2 BIe, TR
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7% [ Johnson Matthey A &) T~ 20 4 60 ALK
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Tab.3 Conventional properties of TiC and dispersion strengthened Pt and Pt-10Rh alloys at room temperature

Ve b Ei Ha B %/ EEBE?E‘;E%Q\%% FPERIR  BUduaREE/ —_— Sy
(g/em’) (uQ-cm) (0~100°C)/('C™) GPa MPa

&% Pt 21.45 10.6 0.0039 155 125 40 40

TiC R BRIL Pt 21.29 12.0 0.0036 215 - 35
ZGS-Pt(Pt+Zr0,) 21.38 11.12 0.0031 160 185 60 42
ODS-Pt(Pt+Y,0;) 21.28 10.8 0.0039 200 55 40
% ¥ Pt-10Rh 20.00 18.4 0.0017 189 330 75 35
TiC 34k Pt-10Rh 19.86 21.22 0.0016 350 - 30
ZGS-Pt-5Rh 20.60 290 95 30
ZGS-Pt-10Rh 19.80 21.2 0.0016 196 355 100 30
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Tab.4 High temperature properties of the dispersion strengthened Pt and Pt-based alloys

)i Pt ZGS-Pt Pt-10Rh ZGS-Pt-10Rh
. 1200°C 34 38 59
b £/ MPa )
1400°C <4 29 36
=10h 2.2 20 8 30
FFAGREE 1400°C/MPa
=100 h 1.5 9 3.6 14
i 1200°C 2.7x10°
s AR T A T AR % y
1300°C 5.7x10°
(N 47 17.23 MPa)/h R
1400°C 2.7x10° 0.4(1400°C/5 MPa)

100

i ¥ Pt-10%Rh DPH
11 ® Pt=5%AuDPH
.|| w Pt-DPH

.| v Pt-10%Rh
o Pt-5%Au
o 4t

11/ MPa

I

0.1 1 10 100

HE S (6] /b

& 1 DPH 3k Pt & &RESE Pt A& KRR /121 AE1600°C)

Fig.1 Comparison of high temperature properties of the
DPH-Pt and normal Pt-based alloys(at 1600°C) >
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Tab.5 Some characteristics of Pt3X and other precipitates in Pt-X systems

LR B Pt-Pt,X &4 Pt X fHEE "
DI
X)) (glem’) JEALIR B/ C VUEA 4514
Al 2.7 1500~1769 fRiE: PUJ7; milE: L1,  fSocEsmiesin, mprEiet:, KEE.
, fh2E 2 7N77(D0y) SRR, DUEM L1, 850, ViEsmib sy, 25
Ti 45 1769~1800 . o o
& Ptk &9: L1, [ IR, AR,
A 5.8 1769~1805 L1,(1015°CLL R 5E) TURESRAL LRI B, V IRR& b,
Cr 7.19 1769~1785 L1,(1130°C L FA5E) DU RN 4, Cr 2 & EhiE it
Y 4.5 1615~1769 PtsY(SmPts) DU PtsY, Y miEtE, SEAk.
22 7NJ7(D0y) DUEAN L1, 450, BAmPiesiib s, 2k,
Zr 6.4 1769~1963 i
& PtibEY: L, Zr BEAIE K Z10,.
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<1100°C: #J7; Nb R EALIREE, 500°CLLES %A TTRe I
Nb 8.55 1769~2000 L o .
>1100°C: 7577 (DOyy) T I 73 3eHs PNb JTHEA -
Ta 16.6 1769~1920 HAHL6.) Ta $2 /= B AHZRIE A0 )18, 500°C LA 5 %4k .
Ca 5.91 1373~1769 L1, L1, (&4A 55 W& & s b E AT E
Sn 7.29 1365~1769 L1, L1, B MREIUE R ER, (EAEERREH.
Pb 11.3 915~1769 L1, L1, {4455, PtsPb AHANE TRyt si il o
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Fig.2 High temperature compression strength of the
polycrystalline Pt-Al-Cr-X alloys and single crystal Ni-based
superalloy CMSX-4
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