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Fig.1  Schematic diagram of the position of core support
made by Pt in the low pressure hollow turbine blade

and thin-wall plate specimen
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Fig.2 Schematic diagram of different positions of A, B, C in

the thin-wall plate specimen made of DD5 alloy
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Fig.3 Schematic diagram of the tensile and stress rupture
specimen for DD5 alloy: (a) tensile test at room
temperature, (b) tensile test at 870 ‘C, and (c) stress
rupture test at 1093 C/158 MPa
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Fig.4 Microstructures of DD5 thin-wall plate specimen at different locations: (al-a5) location A; (b1-b5) location B; (c1-c5) location C;

(al, bl, cl1) dendritic microstructure; (a2, b2, c2) y/y' eutectic; (a3, b3, c3) carbides; (a4, b4, c4) y' phase in the dendritic

core; (a5, b5, ¢5) y' phase in the interdendritic region
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Table 1 Tensile properties of DD5 thin-wall plate
specimens with and without core support at
room temperature and 870 ‘C
Specimen Tensile Tensile strength, Elongation,
temperature on/MPa 1%
With  Room temperature ~ 985.0+38 13.943
suc:gzrt 870 C 982.3434 20.0+
Without Room temperature 978.6322 14.045
eore 870 C 996.0420 20.041
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Table 2 Stress rupture property of DD5 thin-wall plate
specimens with and without
1093 'C/158 MPa

core support at

Specimen Test project Stress rupture property, t/h
With 1093 ‘C/158 MPa 50.7%2
core support
Without ' ) 493 /158 MPa 51.140.3

core support
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Fig.7 Fracture morphologies of DD5 thin-wall plate specimens with core support made of Pt after tensile and stress rupture tests:

(al-a3) tensile test at room temperature; (b1-b3) tensile test at 870 C; (c1-c3) stress rupture test at 1093 C/158 MPa;

(al, bl, cl) typical fracture surface under low magnification; (a2, b2, c2) typical fracture surface under high magnification;

(a3, b3, ¢3) crack morphologies on longitudinal section close to the fracture surface
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Fig.8 Fracture morphologies of DD5 thin-wall plate specimens without core support made of Pt after tensile and stress rupture

tests: (al-a3) tensile test at room temperature; (b1-b3) tensile test at 870 °C; (c1-c3) stress rupture test at 1093 ‘C/158 MPa;

(al, b1, cl1) typical fracture surface under low magnification; (a2, b2, c2) typical fracture surface under high magnification;

(a3, b3, ¢3) crack morphologies on longitudinal section close to the fracture surface

3 SRS

T Pt HAG A mi 5 A R4 1
e AR, Wz AERS MR, EH %R
0 I v R 3 ] S PR R S AR . Pt 2 Y
OFETEIRER 2SO P i R b, AN AT Jkk e tth 2 ) b
FEAEGIN PtotE. AFARW: Pt Ni BAGMHF
TGS (fee) @R 4R, AT LU B 56 8 1 [
R, A I8 R & S & BB ) ) e
A (HEWMAFHF NS SIIGZREM Pt LR
s A R e E e RPTEL i Pt 2 R
BRI Pt SGREAR, RS RARFET
RINEARY B WA SRR fE 72 AR R R
HEf, XT Pt 8BS &SN RS & RE
S o6 4 AL 2R 5 T 5 1 e 1 5 e AR A
1H o N RGN RS 2 AN 5T, R
Pt 22 BYE ¥ DD5 B &5 =y i & 4 I RS A A .

3.1 Pt £BKEN RMALRFmMBE

DD5 #EEIR BeiEIR N 1520 C, 1M Pt 204

MiFIA 1769 CU, Sidifl I RIAS] Pt 2,

Wb Pt 2 RLSHEERE SR IR S E . SR,
KHFFRI G RFY: Pt RN SRS &l
G ZF SR RS B B ) R BT S, Pt 2R
OHESERGESETR TR RAEHEMEY FOl % . W
HHEAWR Pt L BSEEAL, RIS EN O
G, iR 99.9%1) Pt 2 HAREIZ
Mg R, H44l5 DD5 MG &AL R,
AIALERBRL AL ply L BRI DL KR B T R 4
EH p' A H T AR, Pt 22 BRI ALK T AR
A B X IRy RSP3R4 N TR A
KRAf NBLEE DD5 i EE AR [ —fBAL (B #fr 1 C
WAL MALGURIL, Pt RS IE AT DD5 g
A A E AN A=A
HT Pt TEMT B Pt AL EHHEA S A ]
W /E DD5 A4 5N Ptot&R . Ptn R EEMmiT
TEAL A E], X RN A SR R, [ AT e
RRE SR, SR Pt 702 7 & 0 M o A7
% ER, FEuERmRTY. B4, Pt k2
MR R R, SR SRR, Pt LR
R 3L TR R R, BT KT A 4 e I B Y



34

RIS Pt 22 BLE X DDS5 B il < A UM PR BE IR 2 i

+ 1013 -

B, 2 hn e He & 4 00 2 AR T
3.2 Pt £BLKIEI RN A M AR A R M A1

UWNHTFTIR, Pt 22 BYCFEAE B O A s e 2 v 4
A EREAR SN Pt R, ME ST RT 74 H
KW Pt LRMBR T EEMILRSRE, /e T 4
AT R, (A SR EE AL DA A, T
HGEMCEMER . S—J7H, Pt TERRXFHEET
HEEEME, HRMRITREN R M E ORI
F AT R T (0 B2 o 2 SURN B B A AR K R s, AT
Re XA & RPN RE AMERE P2 AR AR 52

ENGIFRE i PR PN PO e I P S E PN RUS < 11
DD5 #EE AR M RE K P #EE, H =R bR, 870 CHi
A1 1093 “C/158 MPa 5 & Wr 248 i Ah

SRR T 1 R A A & B TR 2B 4
T PR T S T R R A AR VR B R MY, R
T A& E R BOE ReBUE, 1B iR p i 3 2
BTEHLH], ARGy, FELE R AT
DIE] ' H, RGBT SO ZmAme, H
FHAYA S, HoaRkAMRET, [F iR
W5 yHgE R meRAERE, FPEMREL,
B B R SRR, REOEWY &R, R&FE
HEWE,

870 “C A Ir 11 H A . (1) & By T LA B2 3R] 9 Ak
B, I SR A A e AR FE BT 24030, 870 CRrE IR A A,
BABESMRE, REFS, SIS REEENR, M
TEREBIGMR, BIRESLS, WEREN, i
870 CHAMMI G AP 25 iy R ET &, i R
WHETEE, AL LLget o AT, (R R Ak W e
K, BEER WG, MR EmAL, N
S, LG IEWRTI A LB 5 Bk g5 4
FLEFEAE, HEREAAMBIREAR T

1093 ‘C/158 MPa £ A Wr I g 454k, HR/A
— W) MR AL, W) RO A7 AR AL DA K B
AT IR B0, T8 =i % B F T, B HLH
N ESE R AR ) Ge ik, fE p A A DR O . 72
RLAHIAVERN, AL BT K, AR T AL 2 TR ) ik
s G AR WORDS B L T R B, AL
2 A B EUEB I, AR B I U R R S0
A5 LR AL IR BN e A R 4 SR, 4R 1 DD5
HEP AR MY, BAE N RGN,
AW AR, FERALY) 5 R o A T T Ak ZE
PR R A T TR A R,
PADI NI I, w340 2 10 1 24 0 B Ak 1 2 B Ak
5 EAR GG T AL A

Zi Lpnk, R Pt AV H#IE DD5 H i m iR E

SHATEINT PtILER, WRXSESSET oy IR
B 0 R i BT R L R, kTR R A )
PEfE. HEIT Pt CR G EEMHILS Ni AR
HEE, N2 G bR AL BRI BE 2 5 ply' S O
Iy CUBANIEAR, TTERAIMATRERE IS, SRR T Pt 22
RURHENS DDS5 & B AN A NE BE TG B . 4 I 520

4 %

1) Pt RO HEIE RS 5 S5 R H A 45 8%,
WA R, RIS, Pt 22 805 8 14 N\ X
DD5 Hdh & &M B MA R T B, Pt £ A5
AL SV K . oy 3R L R BRI AL, 5
DD5 Hghmi & & H A —8, HE ST &SN
FHIITE 30 22 A K o

2) Pt RIS AG N 1) DD5 & 4 i BE AR 2
EHREINT PtGE, Pt IR MR AT T4 & A X 35
tbah, Pt CRTE—ERE Lkl T Hfh& & nERm
T -

3) Pt £ B4 AXT DD5 & & AR 1 5
SRR AR A R AT, ROUERIE Pt 288
BEESEAFmAETE. ¥ E. 480 EIERRMH,
870 “CHifii Al 1093 ‘C/158 MPa HF A Ik 2 b X 1y
i (P2, EGUR IR 2L 0B AL ) B e A P 5 4k S T
SRR AR I

&% 3k

[1] Kang Haifeng(HE#E14), Li Fei(Z= K), Zhao Yanjie(GBXE 7R)
et al. Journal of Materials Engineering (¥4 %} T2 224 [J],
2013(8): 85

[2] Yue Quanzhao(&4:#), Liu Lin(xl #), Yang Wenchao(#
TC#R) et al. Materials Reports(#4 %} 5:4)[J], 2019, 33(3):
11

[3] Zhao Hongliang(#X 4L 5%), Wen Kangrong($ B %), Guan

References

Shaokang(3<4A ) et al. Special Casting and Nonferrous
Alloys (5 P85 1& J & 42) [J], 2004(5): 38

[4] Shan Guangming(#.) %%). Aeronautical Technology(fi =
T A)I], 1987(5): 25

[5] Murakami H, Honma T, Koizumi Y et al. Superalloys[M].
USA: TMS, 2000: 747

[6] Lin Huiwen(# E 3C), Zhou Yizhou(JH7r ), Zhang Xuan
(3K JZ) et al. Acta Metallurgica Sinica(%:J&243k)[J], 2013,
49(12): 1567

[7] Tin S, Zhang L, Ofori A P et al. Materials Science Forum[J],
2007, 546-549: 1189

[8] Sluytman J S V. Microstructure and High Temperature



= 1014 -

G E A e

¥ 52 %

Creep of Platinum Group Metal Modified Nickel Base
Superalloys[D].
Michigan, 2010

[9] Nash P, Singleton M F. Bulletin of Alloy Phase Diagrams[J],
1989, 10(3): 258

[10] Wang Changshuai( %), Su Haijun(Z7# %), Guo Yong’an
(¥%7k %) et al. Rare Metal Materials and Engineering (¥
B4 EAEHS TRE)[J], 2018, 47(12): 3816

[11] Song W, Wang X G, Li J G et al. Materials Science and
Engineering A[J], 2020, 802: 140 430

[12] Yu Jinjiang(T4:{L), Hou Guichen(f##EE), Zhao Nairen
(#J512) et al. Rare Metal Materials and Engineering (¥
4B A EHS TRE)[J], 2006, 35(8): 1231

[13] Xiong X H, Quan D M, Dai P D et al. Materials Science

Washtenaw  County: University of

and Engineering A[J], 2015, 636: 608

[14] Han Fengkui(® A %), Yan Ping(# “F), Zhao Jingchen (&
#/R) et al. Proceedings of the 13th China Superalloy
Annual Conference(F+ =P EmEALEE B
££)[C]. Beijing: China Metal Society, 2015: 252

[15] Han Mei(&§ #§), Luo Yushi(%%5:1). Failure Analysis and
Prevention(2k &4 M 5 T B ) [3], 2008, 3(3): 4

[16] Liu Changkui(xl &%), Yang Sheng(# M), He Yuhuai(fi]
FEF) et al. Failure Analysis and Prevention(2< %4 #7155
B[], 2010(4): 6

[17] Ma Jinyao(Z5 %), Wang Jin(E %), Zhao Yunsong(& =
FA) et al. Acta Metallurgica Sinica(4: /@ % %)[J], 2019,
55(8): 10

Effect of Core Support Made of Pt on the Microstructure and Property of DD5
Single Crystal Superalloy

Nan Xiaobin?, Yuan Xiaofei?, Wu Jiantao?, Guo Xiaotong®*, Cao Xiaoging®
(1. College of Materials Science and Engineering, Taiyuan University of Technology, Taiyuan 030024, China)
(2. Gaona Aero Material Co., Ltd, Beijing 100081, China)
(3. Chongging CEPREI Industrial Technology Research Institute Co., Ltd, Chongqging 401332, China)
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Abstract: Taking the second generation of DD5 single crystal turbine blades as the research object, the effect of core support on
the microstructure and element segregation of turbine blades were simulated by inserting Pt wire core braces into single crystal
turbine plates. In addition, the typical properties of DD5 thin-wall plate specimens with core support made of Pt were tested to
clarify the influence of core support on alloy properties. The results show that core support made of Pt has great bonding with DD5
alloy without obvious heterogeneous interface. The core support made of Pt is completely alloyed, the microstructure of core
support is consistent with DD5 alloy, and no new phase is observed. Core support made of Pt had no influence on the
microstructure of DD5 alloy, but the degree of element segregation of DD5 alloy increases. Moreover, core support made of Pt has
no negative effect on the tensile property at room temperature, 870 <C as well as stress rupture property at 1093 <C/158 MPa of
DD5 thin-wall plate specimens. The fracture mode of DD5 thin-wall plate specimens with core support is interdendritic rupture,
and cracks initiate and propagate along the interface between carbide and matrix.
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