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BamERE/NF15°, REFHIE: 1265 C/2 h+
=%, +1080 C/2 h+=i&, +870 C/24 h+= 1%, i{le
BEMPDUWNELFR. IRIEGB/T 31309—2020 ( i5i&
EaRaEEFENHITERL L) ItE1SE/DD26HM
DD26VHIN,5351/92.10. 2.38,
BEe%BIREHB5150—199%6 ( £ESIRR{HIFA
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FBSTA 449 F5 JupiterBE DT TDSCoHT . KA
SUEBUE A ARA0EEE, EVMTE . WYeFiw
B IMfETELeica DM 6MELZ BB DITEEHERM
H4], FEIRKA94 g CuSO,+20 mL HCI+20 mL H,0., F3
T5Oxford UltraMAX6588i%{% ( EDS ) AYTescan Mira 433
1B (SEM ) DIrEENEMALRASRLUNRRS, K
S3CIEOL Neo Scope JCM-70001H 1 THT AR OHT o
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Tab. 1 Measured compositions of experimental alloys W /%
e, Cr Co w Mo Nb Al Ti \Y Hf B
DD26Hf 5.30 9.30 12.15 1.12 1.42 6.41 1.20 0.09 0.013
DD26V 5.19 9.34 12.01 1.06 1.35 6.71 1.16 1.01 0.012
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Fig. 1 Configuration of the samples used for the tensile tests
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Tab. 2 Characteristic phase transformation temperatures of

two alloys
[T AHZE WAHZ IR v T
G \
HREEC I EEC X[a)/C TREEC
DD26Hf 1336.3 1360.3 24.0 12425
DD26V 1326.3 13585 32.2 1224.3
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Fig. 2 Photos of metallographic microstructures
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Fig. 3 As-cast eutectic morphologies
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Tab. 3 Chemical composition lists of cast alloys Wy /%
a& fr Al Ti \% Cr Co Nb Mo Hf w
A 5.37 1.08 5.31 8.77 0.90 1.16 0.00 11.07
DD26Hf
i 5.50 1.77 4,08 7.02 1.98 0.89 2.60 5.72
A 5.34 0.85 1.00 488 8.99 0.53 0.95 12.78
DD26V
i 7.31 2.26 0.66 2.90 6.68 1.87 0.52 5.12
A= DZA1TGERILMPRIONT v/ v 1, FULEIRRELRIEVTT
24| (Y DD26V =9, MEHATFHITENRERTOER, SHS
201 ERENTERTZERSS, EPHRETAITTED
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Fig. 4 Ratio of alloy element content of dendritic arm to that of eutectic
regio
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Fig. 5 Carbide morphologies
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Fig. 6 Microstructures after solid solution
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Tab. 4 Chemical compositions of solid solution needle phases and carbides Wg /%
A A c Al Ti \% Cr Co Ni Nb Mo Hf w
Wik 13.86 0.24 13.22 222 0.79 0.63 454 39.29 3.7 2151
ppzev ERAE - 7.03 0.85 0.5 1.1 3.42 4.29 15.81 2.06 3.92 61.03
Wby 14.65 0.35 15.74 0.74 0.76 5.66 35.16 2.89 2.57 21.48
po2ent FFARAR 7 0.83 0.51 3.52 4.24 16.73 1.73 4.42 0 61.02
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Fig. 7 v " morphologies in fully heat-treated state
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Tab. 5 Size, shape and precipitated phase content of ' in heat treatment state

a2 FR (feret ratio ) JEARIA T L ER B b AR v AR K%
DD26Hf 1.544 + 0.343 0.826 + 0.109 0.34+0.12 2.6+0.3% 56.7
DD26V 1.709 + 0.473 0.671 +0.155 0.59 +0.27 6.7 +0.8% 60.9

E8ANEE v HAFRI MRS HE . DD26HF
Ay R FRIBN, BOHEMESF . DD26VH
Yy FRIEKR, DHEEE . DD26VH v '1H
B FH SR ERR R, FEFRIBII3NIKIF . DD26HF]
DD26VHZSR A F FRER AKSNE 7 51791.338F11.444,
Itt R ADD26HfAY I FRE 1T, {EDD26VAFFEL v’
HAFEBFTFN S HIEE . DD26VHE v HHK T
RYBEANRRAIZHEREHT, ATFRTHOAE,
DD26Vi&tEFAl. Ti% v 1B AT DD26HfE S,
DD26VHZAH) vy BT BIEEE S, FULFA
v HERRSBHNEKR, —Ms, v HENTFRIDHE

18, BRESESEA AR .

2.5 SERIRHEEE

AWM EEHAMIBEHN=BA MR, Rz
%1, DD26HfHN/ERZEBEESTFDD26V, ZE4HthE
¥, BRALREAUDD26V. XA TITEEESH
N IEEET~, B ~EDD26VEEESHIN
TIENBE

IgS=lgK+nlge (3)

eh: SHENA, MPa; eNEMNEE, %; nfINHE
IBEL, KA LEREL, MPa.
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Tab. 6 Tensile properties at room temperature

GaS  bihiREe/MPa  JRIGREo,/MPa  WIRMK % WA R % RASEEEAR R WL REKIMPa
DD26Hf 908.3+7.6 740.0 +10.0 16.7+15 17.3+1.0 0.18 13468
DD26V 990.0 + 72.1 583.3+18.9 127+21 142+13 0.36 2276.0

BRI OZER . RV EE RSN
MEH, BRI ESSYRERSIE. REKEDNY
N, MMESNEEYSHEE, WHRELITE

RIBMTR, EERESH, MIRE/NDS, #IE
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E10AH IR ESEMERF . S EEIRAL
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Fig. 8 Particle sizes of and morphologies of -y ' phases of alloys
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Fig. 9 Fracture morphologies after tensile test at room temperature
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Fig. 10 Microstructures of longitudinal sections after tensile test at room temperature
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Tab. 7 Stress rupture data for 760 °C/700 MPa at medium temperature

HeRS Jnagd e [E/h Wi i 2E6/% W AR 2R 0l % larson-miller24P=1[20+lg (¢)]
DD26V 122+2.2 36.7+15 358+1.3 21783.3
DD26Hf 29.7+145 340+1.7 353+1.0 22181.8
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Fig. 11 Fracture morphologies of stress rupture specimens at medium temperature
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&8 975 °C/255 MPas iR A HiE
Tab. 8 High temperature stress rupture data for 975 °C/255 MPa

HERS NngEFLLmtrE « /h W il 2K 61% VT AT % 0l % larson-millerZ4P
DD26V 32123 55.0 1.4 55.0+ 0.0 26 839.9
DD26Hf 51.3+5.4 525+ 13.4 65.5+3.5 27094.2
3 g:é:ig RIEERA, ERSENRIISERS . KEBL

(1) HX5BLFDDHIERHRE “Toilbik”
gy “SXIK” , DD26VA ‘AR, ERF—IRE

f5, DD26HfFHEREARESL, {EDD26VHHATE
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Fig. 12 Fracture morphologies of stress rupture specimens at high temperature

(a) DD26Hf
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Fig. 13 Longitudinal section morphologies of stress rupture specimens at high-temperature

f&, DD26HfY vy "#iFRT&E/N, X90.34 pm, Rf
DHEES, BARYHHEZEERY, DD26VH vy HiT
R80.59 pm, RESRK, BEHNFIZ S HRE
EEF,

(2) DD26HfIBRRIZE M EEHELF, DD26VHY
MAREEL, MIBEWEENEE . ERIUE, &
SIREE N ERIEBIE . U IEMESHIZ
808, {EDD26VIAE B REIREND HHIFHIRIBLAR 5%
FAO ‘BRIRT H&E 18, ROUEFHRER IR
B R, ERRZSHRESMBIRT COAZR . DD26HfF
NEAEREHITTR, eIk 3R . DD26VEH
FrEXENERIBIERE 7 KEM v E4F v 18R IT

=W, BETEENERSRE, BifRIBIRETESE
AUNNTHREEES D, HItiES 7 DD26VAHRE .

(3) DD26HfHFZIBIFAMREEEEML T
DD26V . FiRIFARTZEE NI BRMEL . $HIKIE
ROt ERE T v 1B AITR, BT v 1HBRE,
EESUIAN, SHESIFTREMIGK, F5DD26V
HOFIR A MR {E T DD26Hf . SiRFARI{BRAT, K
SRRV PR ERFIERTZL . DD26HfR & SR
H%, DD26VAH{NBEASRIMEIESH . DD26VERIAIE
RIS T v 1HREHE, FEERIRELRSEIH/, &L
MERRE, FHRIERE TR, REMEZR, IMRTE
ST, B TIEAED.



— '- ‘i
20254 HETHIETAE EE8E rFounore

SEHA:

[1] SE sEa2hFREKRRERARHARE ] 2Bk, 2015, 51 (10) : 1179-1190.

[2] #fE, (158, 25X, S SURSKIIKEREER ] RFEBNIEFR, 2014, 34 (29) : 5096-5102.

[8] kfg, £F, 69, & BESRSESSHAERE D] 2EFHR, 2023, 59 (9) : 1109-1124,

[4] ROGER C Reed. The Superalloys [M]. Cambridge University Press, 2006.

[5(] ZHAO Y S, ZHANG J, LUO Y S, et al. Effect of Hf and B on transverse and longitudinal creep of a Re-containing nickel-base bicrystal
superalloy [C]// Superalloys 2016: Proceedings of the 13th International Symposium of Superalloys. Hoboken, NJ. USA: John Wiley &
Sons, 2016: 683-692.

[6] &fTie, 3K¥, 2, %.C. B, HIERESESSPEBIIMRERE [J]. %i&, 2017, 66 (10) : 1076-1081.

[7] Bz BWHERESEESIEEZMAING [J]. EREFR, 1988 (3) : 162-170.

[8] E2=, FXRE, TER s EORESIRESEDZ22RITIT/AMNZMERENIRNE U] SRR, 1989 (2) « 1-7.

[91 CUI RJ, HUANG Z H. Microstructual evolution and stability of second generation single crystal nickel-based superalloy DD5 [J].
Transactions of Nonferrous Metals Society of China, 2016, 26 (8) : 2079-2085.

[10] MURAKAMI H, HARADAH, BHADESHIA H K D H. The location of atoms in Re-and V-containing multicomponent nickel-base single-
crystal superalloys [J]. Applied Surface Science, 1994, 76-77: 177-183.

[11]] ADAM KHAN M, SUNDARRAJAN S, NATARAJAN S, et al. Oxidation and hot corrosion behavior of nickel-based superalloy for gas
turbine applications [J]. Materials and Manufacturing Processes, 2014, 29 (7) : 832-839.

[12] FORD DA, ARTHEY R P. Development of single crystal alloys for specific engine applications [C]// Superalloys 1984 ( Fifth International
Symposium ) . TMS, 1984: 115-124.

[13] HEF, FBZ, TXE VIERESRSSELRNITTIEEEAING [J]. 518, 2018, 67 (6) : 507-511.

[14] XFEER, #NTE, &5, £ B MERRESESSHESAERAIEN [J]. 151&, 2007, 56 (6) : 635-638.

[15] RaliE, =REEE, REE, & AIGEN—HSWHESESSERSITAMENTNG ). HESEME S TIE, 2021, 50 (4) .
1342-1349.

[16] EE%. FTTRVIIDZ417GEIR & SERFIMEREAISZIA[D]. Lk : LEIWAS, 2017.

[17] £EM, Bz w B REN DF MR [J]. /85 R, 1982, 18 (1) : 30-37.

[18] F3%f&, HER, R, & THEW, CouNI-AISEERBEERIRN ). e EMEETE, 2007 (12) - 2148-2151.

Effect of VV and Hf on Microstructure and Properties of DD26 Nickel-
Based Superalloy

LI Hong-hai*, SHEN Jian’, LU Yu-zhang®, ZHENG Wei’*, ZHANG Zhen-bo', WU Yin-na', HUANG Ya-gi’
(1. School of Creativity and Art, ShanghaiTech University, Shanghai 201203, China; 2. Institute of Metal Research, Chinese Academy of
Sciences, Shenyang 110016, Liaoning, China)

Abstract:

The effects of V and Hf elements on the microstructure and properties of the first generation nickel-based
single crystal superalloy (DD26) were studied by optical microscope, scanning electron microscope, thermal
analyzer and electronic material testing machine. The N, values of DD26Hf and DD26V are 2.10 and 2.38,
respectively. As-cast structure of DD26V alloy has slightly larger primary dendrite spacing and slightly higher
carbide and eutectic content. The eutectic in solid solution DD26Hf basically disappears, but there is still a
whiteboard eutectic in DD26V, and a large number of needle-like phases are precipitated. The size of y' phase
in heat-treated DD26HT is smaller. At room temperature, the fracture type is quasi-cleavage fracture. Carbide
is the crack source of both alloys, but in DD26V alloy, the crack propagates along or through the acicular
phase, forming the fracture morphology of many cleavage steps. In DD26Hf, it cracks along carbide, forming
fishbone-like morphology. The precipitation of needle phase leads to that the yield strength of DD26V alloy is
less than that of DD26Hf alloy, but the tensile strength is slightly higher. Adding excessive V element to form
acicular phase and residual eutectic leads to that the medium-temperature and high-temperature durability of
DD26V alloy is less than that of DD26Hf alloy.
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