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0.09% . MyCe fEAET 767.44 CJabrHi, #rih&EAE
630.20 Chbik#| &K, A =ER 0.118%. 7F
767.44~630.20 ‘CYLFH Y, MC Hr & 3Z W 5%, MysCo
Hr H K

1 DD6 EEHIBNIERS
Table 1 Nominal chemical composition of DD6 alloy (/%)

Ni Al Cr Co w Ta Nb Re Hf C
Bal. 5.6 4.3 9.0 8.0 7.5 0.5 2.0 0.1 0.006
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Fig.1 Calculated dependences of mass fraction of all equilibrium
phases between 500 ‘C and 1450 C in DD6 alloy (a) and

its partial enlarged drawing (b)
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2 45 TAFS Al &1 DD6 & 4 &P A A
HESEENXCR. 8568 1 KW, Al FEM 52%
BN 6.2%, 500 CXFRY pFHAT H B H 66.16%3% K 4
75.99%, XIR y AHEE M 25.13%0k/N 2 13.89%,
WAL 126542 CTHm % 1315.14 °C, HI#EER B
1390.06 ‘CF#AK % 1374.74 °C, AL 1341.08 C
P A 1321.95 °C, [H1W 5 A& BHEIE 2 % 1 75.66 CRE
iK% 6.81 C; pu AHFFUEHTHIE L 111418 CTHE 2
1200.33 °C, HrHLEEVEEIN 500~1114.18 CAFE R
500~1200.33 ‘C, 500 ‘CXIN u AHAT H 2 8.6% K
% 13.89%; MC JFaHT M 1304.46 CHIKR
1330.94 °C, FfJEdk/NE 1325.12 C, MC 544N
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Mo;Co R JE M 500 CHEINZE 774.94 °C, MC Mt
PEVEE HH 500~1304.46 ‘CAZ%E & 774.94~1325.12 C;
MosCo TFEEFTHHIREE 1 716.42 CTIE 4 841.42 C,
MyCs BT U BE Y5 [ B 500~716.42 °C A% %5 &
500~841.42 ‘C. Al T 5.2%MHf, MC 1E MyCo I
M R E AL B 500 °C AR AT HE B 4 i 0.091% Fi
0.007%, Ms;Ce7E 500 CAbHTHI BN 0.11%. Al &5
H 5.6% 5.9%FH1 6.2%IN, MC 1£ MysCo JT AT HITEE
b de KT AR 0.090%,  MosCo 71 MC SE4AFEAR
JEARHT H B 0.1184%FFKZ 0.1167%, MazCe £ 500
"C AL AT HH BN 0.1183% K 2 0.1176%.
23 Cr &=xFEHETH RN

Bl 3 45 H T AR Cr &) DD6 & 4 %5 T Al bt
B SRR Cr 5708 3.8%.4.3%F1 4.8%
I, 500 CXFR yAHAT H &840 5 70.22%. 70.32% 71
70.32%, XNy AHE RS HHA 21.07% 20.47%F1

19.97%. Cr &8 3.8%MINE 4.8%, MY M
1294.04 CPEMLE 1282.23 °C, HIHHEIE H 1387.46 C
PRk 138091 °C, ZBHRFEH 1337.57 CHLR
1329.49 °C, [H¥s 5 & B2 25 43.53 C iz
4726 C; p MIFEHHTHEEH 113938 CH &2
1160.59 ‘C, 500 CXM u AHATHEM 8.58%H K=
9.60%, u AHATHIEEEVE I 500~1139.38 CAE %
500~1160.59 ‘C; MC JFaa#T kB M 1326.41 CHEK
% 1329.86 C, MC # il B HI M <500~1326.41 C
AR S 720.87~1329.86 'C, MC 5247354 MhyCe IR
FEM<500 CTFEZE 720.87 “C, MysCo M UL JEH
M 500~720.05 CAEBE 4 500~805.93 C. Cr HE A
3.8%HM, MC 7E MyCo FFURHT IR EEALRT 500 °C Akt

108 0.092%F1 0.0119%, M,3Ce £E 500 CAbHT
HEHh 0.1048%. Cr &84 4.3%HF, MC 7E My;Co I
GE AT H IR A S5 AT Rl 0.090%,  MasC 7E MC 5E

&2 DD6 & & & THMEE AT HE X AR EM-TENS

Table 2 Calculated temperatures and chemical composition corresponding to the maximum precipitation amount of equilibrium

phases in DD6 alloy (/%)

Phase = Temperature/'C Ni Al Cr Co W Mo Ta Nb Re Hf C
y 1333.48 60.99 5.6 43 9.0 8.0 2.0 7.5 0.5 2.0 0.1 0.006
y' 500 70.09  7.79 0.93 3.21 5.63 0.84 10.66 0.71 0.0008 0.14 -
MC 767.44 - - 0.065 - 0.989 0.248 38.842 3.272 - 50.253 6.332
M>;3Ce 630.20 10.63 - 55.71 8.67 0.25 19.70 Trace Trace 0.009 - 5.03
u 500 9.33 - 7.38 16.46 31.32 13.75 Trace Trace 21.76 - -
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Fig.2 Effect of Al content on the precipitaton temperature and mass fraction of all equilibrium phases in DD6 alloy (a~c) and the

corresponding partial enlarged drawing (d~f): (a, d) 5.2% Al, (b, e) 5.9% Al and (c, f) 6.2% Al
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Fig.3 Effect of Cr content on the precipitation temperature and mass fraction of all equilibrium phases in DD6 alloy (a~c) and the

corresponding partial enlarged drawing (d~f): (a, d) 3.8% Cr, (b, ¢) 4.3% Cr, and (c, f) 4.8% Cr
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Bl 4 45 H T AR S Co =¥ DD6 & 4 % 1 i AH Bt
HESEENKR. Co FTHEH 8.5%MWINZE 9.5%, 500
CXF Iy HIHT H E M 70.6%08 /N2 70.06%, XT )W y Al
BB 20.3%H K& 20.63%, [E R E 1 1289.95 C
FECE 1286.46 C, HIEGE L HH 1384.78 CIREL %
1383.57 'C, &I FE M 1335.06 CREE S 1331.97 C,
] v 5 R B E 2 22 I 45,11 “CHE I K& 45.51 °C
w MUIOFEENTHIRE H 1150.35 CHSMTFH &2 1151.16
‘C, 500 CXTIY w AHHTH & B 8.99%3 K& 9.19%, u
AT H R YE L B 500~1150.35 “C A8 % 42 500~1151.16
C. Co FHEH 8.5%MWINE 9.5%, MC 1 H &M
1325.62 CHIKE 133223 °C, MC #7 6 G
655.29~1325.62 ‘CA % & 602.06~1332.23 C, MC 5
AR N Moy Co WIEEAR I B 655.29 CREKAE 602.06
'C, MyCe HrHE I 778.15 CIELE 756.63 C,
M3 Co M7 H R VB 500~778.15 “CAZE % % 500~756.63
‘C, MC 1. M3 Co FFURAT H et 52 A J5e AT HE 5 ML 0.090%
&I K 2 0.091%, MosCo £E MC 584 AR I 5 b i
KT H F A 0.1182% s Fft 4 i 2 0.1186% » M3 C £E 500

Chb s KATHEIIHA 0.1183%.
2.5 Ta BEX FEME LB G

Kl 5 45 T AR Ta 5 1) DD6 & 4 4411l A
Frib s SRR RS- 1 4, Ta &5 H 6%
Iz 8.3%, 500 CXIR yAHHT H A 68.22%4 K 2
71.37%, XNy AR H 23.63%0/N 2 18.82%,
WAL 1271.30 CHI W FF s & 1295.28 °C, 4 Bk
M 1393.45 CIELZE 1379.01 'C, LEHRE 1 1346.99
CIECE 1326.50 °C, [I# 5 & Bk 22 72 H 75.69 C
BRIk A 31.22 'Co Ta i 6% H{IN%E 8.3%, w #HJT
IHAT IR FE A 1105.16 'CHHm 2 1172.50 'C, 500 CXf
N g AHBT HH i 8.03% 3 KA 9.70%, p AH AT HA L BE Y
Fil H1 500~1105.16 CAZ %8 %2 500~1172.50 C; MC JF4h
B R S N 1291.98 'C 38K F 1330.94 C J5 B& /)
% 1328.13 °C, MC #7 tH il F£ 76 il B 533.58~1291.58 C
AFAS A 659.81~1328.13 “C, MC 554745 MasCe 1) 575
TR 533.58 CTF & 659.81 'C, MC {E MysCo JT U6
T VR B Ak de AT HY DA 0.088% I 348 K 28 0.091%:;
My3Ce HTHHL VL H S8 500~768.25 CARE R
500~767.44 “CJ5 748 % & 500~768.06 ‘C, MyCq JFUEHT
i sE i 768.25 Clk/h® 767.44 ClHJtmE
768.06°C . Ta & B4 6% 6.8%I}, MyCofE MC 5E4s
AR BE MM BN 0.1187%, My3Ce £E 500 ‘C AL AT
HE N 0.1188%1 0.1185%. Ta A 7.5%A1
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Fig.4 Effect of Co content on the precipitation temperature and mass fraction of all equilibrium phases in DD6 alloy (a~c) and the

corresponding partial enlarged drawing (d~f): (a, d) 8.5% Co, (b, €) 9% Co, and (c, f) 9.5% Co

8.3%IM, MssCo F MC 584 6 AR I 5 A Je KT HH 1 4y
S0 0.1184%K1 0.1182%, Ma3Ce 7E 500 C AL H 4y
A4 0.1183%A1 0.1181%.
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Kl 6 45 T AR W i1 DD6 & 4 % 1 i AH i
HESEERKR. W EEMN 7% N2 9%, 500 C
XFR y R AT & 69.56%3 KA 70.99%, XN y A&
T 22.15%k /N2 18.81%, [ ¥ 6 M 1287.18 ‘CHt
2 1288.62 C, HIEEEFEM 138632 C L2
1381.82 C, &I FE M 1336.60 CREE A 1330.35 C,
[ 5 R BRI\ 49.42 CREIRE 41.73 °C; p Al
THEHT R E M 1111.65 CHI BT & 118520 C,
500 CXFRY u AHHT H BN 8.17%38 K% 10.08%, u #
Bt EESE 500~1111.65 CAZ % % 500~1185.20
To W SEM 7% INE 9%, MC JT4GHT H A
1320.78 ‘CH4 K% 1331.02 °C, MC 58448 A Ms;Co
AR N 571.53 CHHRE A 666.75 'C, MC BT il i
0 [l A 571.53~1320.78 ‘CE% 2 666.75~1331.02 C,
Moy Co TR BT IR BE M 755.78 CTHHi % 778.08 C,
MyCe BT H 3R BE 5 [l B 500~755.78 °C A % &
500~778.08 ‘C. W &l 7%H 8%}, MC 7 M;Cs
TEUEAT H il Ak B R AT H 2 2R 0.090% 5 MosCo 1 MC
56 4 B AR e R A B K BT &= A Al ok 0.1187%

0.1184%, My3Ce7E 500 CAbHTH 5351 0 0.1186% A1
0.1183%. W &N 9%MH, MC 7E MyCe JTUGHT i
b F KT RN 0.091%;  MosCo 7E MC 584 748 I
JFE A fe KA R 0.1181%, MasCe £E 500 CAab i &
4 0.1183%.
2.7 Mo & 2% FE+EH H A 20

Kl 7 45 1 T AN FS Mo T 1) DD6 & 4 %1 i AH Bt
HESEENIKR Mo FEM 1L.5%IEINE 2.5%, 500
TN p R SRl 69.98%M K ZE 70.63%, X y
AR 21.70%380 N 3 19.21%, [ 1290.96
CTRARA 1285.26 C, HIHHEEM 1386.71 CIEER
1381.58 “C, LR FE M 1336.60 CR#E = 1330.53 C,
[ 95 15 2R IR FE 22 72 I\ 45.64 C S IR & 45.27 °C,
w MUJT 6 HT B B 1 1133.28 "CTF &£ 1166.20 °C, 500
CTXFR g AHT H B A 8.20% 3 K2 10.05%, u FHHTH
IR E VORI 500~1133.28 CA8 %8 % 500~1166.20 C .
Mo &l 1.5%B % 2.5%8F, MC JFEEHT HEE
1329.19 CHAKZE 1330.49 C, MC Hrihiw s i
578.74~1329.19 CA% & 666.02~1330.49 C, MC 5¢
ANy MysCo WAL N 578.74 CTHHRE R 666.02
T, MyCe MR EIEH B 500~745.21 CA R
500~783.93 ‘C. Mo %N 1.5%M, MC {E MyCe IT
U HT H U R A B K AT B R 0.091%,  Mo3Co £ MC 5%
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Fig.5 Effect of Ta content on the precipitation temperature and mass fraction of all equilibrium phases in DD6 alloy (a~c) and the

corresponding partial enlarged drawing (d~f): (a, d) 6% Ta, (b, ¢) 6.8% Ta, and (c, f) 8.3% Ta
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Fig.6 Effect of W content on the precipitation temperature and mass fraction of all equilibrium phases in DD6 alloy (a~c) and the

corresponding partial enlarged drawing (d~f): (a, d) 7% W, (b, e) 8% W, and (c, f) 9% W
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Fig.7 Effect of Mo content on the precipitation temperature and mass fraction of all equilibrium phases in DD6 alloy (a~c) and the

corresponding partial enlarged drawing (d~f): (a, d) 1.5% Mo, (b, e) 2% Mo, and (c, ) 2.5% Mo
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Fig.8 Effect of Nb content on the precipitation temperature and mass fraction of all equilibrium phases in DD6 alloy (a~c) and the

corresponding partial enlarged drawing (d~f): (a, d) 0% Nb, (b, e) 1% Nb, and (c, f) 1.2% Nb
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Fig.9 Effect of Re content on the precipitation temperature and mass fraction of all equilibrium phases in DD6 alloy (a~c) and the

corresponding partial enlarged drawing (d~f): (a, d) 1.6% Re, (b, e) 2.0% Re, and (c, ) 2.4% Re
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Fig.10 Effect of Hf content on the precipitation temperature and mass fraction of all equilibrium phases in DD6 alloy (a~c) and the

corresponding partial enlarged drawing (d~f): (a, d) 0.05% Hf, (b, e) 0.1% Hf, and (c, f) 0.14% Hf
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Fig.11 Effect of C content on the precipitation temperature and mass fraction of all equilibrium phases in DD6 alloy (a~c) and the

corresponding partial enlarged drawing (d~f): (a, d) 0.001% C, (b, e) 0.02% C, and (c, f) 0.034% C
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Eutectic

K12 ¥ DD6 714 WAL 21 OM H1 FEG-SEM [4]
Fig.12 OM (a) and FEG-SEM (b~d) images of microstructure for as-cast DD6 alloy; the magnified images of position A (c) and position

B (d) in Fig.12b

3 B DD e mT. HREMERES EPMA EENTER

Table 3 EPMA quantitatively determined composition in dendritic cores, interdendritic areas and p/y’ eutectic of as-cast DD6

alloy (/%)
Region Ni Al Cr Co \ Mo Ta Nb Re Hf
Dendritic
65.069£0.290 6.1144+0.033 3.838+0.011 9.231+0.085 8.351+£0.034 1.410+0.005 4.611+0.080 0.381+0.001 2.446+0.085 Undetected
cores
Interdendritic
64.075£1.361 6.467+0.569 4.070+0.329 8.300+£0.290 4.401£0.012 1.966+0.138 7.827+0.720 1.562+0.068 1.725+0.083 0.131+0.003
areas

yly' eutectic  67.501+0.679 7.610+0.017 1.953+0.004 6.794+0.037 3.238+0.282 0.852+0.005 10.830+0.068 1.340+0.020 0.445+0.046 0.012+0.000
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Fig.13 DSC curves of as-cast DD6 alloy during heating (a) and
cooling (b)
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Table 4 Experimental and calculated results of thermal-physical parameters for as-cast DD6 alloy (‘C)

" sol Starting freezing Finishing freezi
y SOIVUS arung treczing Timshing freezing Width of mushy zone Heat treatment window
temperature temperature temperature
Experimental results 1276.96 1382.23 1330.97 51.26 53.98
Calculated results 1288.20 1384.17 1333.48 50.69 45.28

14a fil 14b J #5745 DD6 & 41 1L 4 FEG-SEM K.
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Fig.14 FEG-SEM images of carbides 1 (a) and 2 (b) in as-cast
DD6 alloy

%5 [ 14a 0 14b HERFIK FIRBRLYI I EDS SHTER
Table S EDS analysis results of blocky and rod-like carbides marked 1 and 2 in Fig.14a and 14b (/%)

Ni Cr Co w Mo Ta Nb Hf C
Blocky carbides 1 3.46+0.46 0.45+0.16 0.68+0.21 4.52+0.39 3.77+0.22 43.06+1.80 19.77+0.37 1.18+1.09 23.11+0.36
Rod-like carbides 2 6.22+1.38 0.86+0.17 1.09+0.28 8.13+0.25 4.35+0.26 41.63£2.28 15.34+0.38 - 22.24+1.05
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Fig.15 FEG-SEM image of the microstructure (a), three dimensional reconstruction of Al in 3DAP detected region (b) and elemental

partitioning in y and y’ phase (c¢) in DD6 alloy after heat treatment A
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Fig.16 FEG-SEM image of the microstructure of DD6 alloy

after heat treatment B

&6 DD6 SEZANIEFIE ARESETRE y 5 yHSEMITEEN IDAP HR(E
Table 6 Calculated and 3DAP results of elemental partitioning of y and »' phases in DD6 alloy after heat treatment A (/%)

Ni Al Cr Co

\ Mo Ta Nb Re Hf

Calculated results (y'
phase)

69.60 17.11 1.49 5.40

1.61 0.57 3.69 0.48 0.02 0.03

3DAP results (y' phase) 69.46+1.60 16.55+1.44 1.64+0.45 6.58+0.85 2.14+0.50 0.91+0.29 1.01+0.34 0.70+£0.27 0.16+0.14 0.69+0.26

Calculated results (y
phase)

59.48 5.34 12.19 17.54

3.04 1.57 0.40 0.06 0.39 0.01

3DAP results (y phase) 55.10+2.84 5.22+3.22 13.9943.30 16.9143.12 2.23+0.66 2.42+0.36 0.25+0.19 0.23+0.21 2.27+£0.46 1.10+0.19

x7 16 1 DD6 A £ L MABEIE B /5 4 tHE EDS HITERSITELER
Table 7 EDS and calculated results of # phase in DD6 alloy after heat treatment B in Fig.16 (w/%)

Ni Al Cr Co

\ Mo Ta Nb Re Hf

Rod-like u phase 1

24.55+7.85 1.85+1.08 4.03+0.77 6.31£0.91 35.15+£5.89 9.52+1.02 5.65+3.09 1.03+0.94 11.50+8.28 0.40+0.32

Short rod-like u phase 2 18.87+4.01 1.02+0.54 4.96+0.67 6.84+1.16 36.09+4.42 9.55+1.97 4.5343.48 1.32+0.67 16.29+10.03 0.53+0.33

Blocky u phase 3
Calculated results 11.39 - 5.18 7.09

14.54+0.39 0.31£0.09 5.12+0.66 6.91£1.72 38.75+6.62 10.46+2.37 3.56+2.78 0.92+0.85 19.67+10.42 0.53+0.46

37.80 8.90 0.055 0.003 29.58 -

4 3t

4.1 BEEHS X y R H R FHER E B #200

y'AHIE DD6 & 4 FamAA, & a iy sem y AT
R AR . WA R . AN S T R
ZFERNIAAEERE 1, S AR R 2 78 I RTIRIX .
Al. Ta F1 Nb & &84 p MM th &, Al Ta F Nb 7%
SIGIN, AT R G N, AR RS B 2 T
HI kR 2 U FE S R AIG, B R I B AR . Al
Ty FHAT S FREAE IR B B K, Ta F1 Nb KX
Zo Cr Fraeiiyn, y AT H &S AN BB 1 I s B A
AR, [ L . WD UERT e B T A, A B
CUAEMS TR 28 JE A8 56 . W S s 3n, A AT s =3,
] 35 0 2 R 0 s ) R % U P A B, AL L
FUERHAZAE . Mo S BN, yHaMT 3G 0, A%
FEE o 0 AN 2% Bk il B 080 T AR, FAA PR 1T B R A

Co FraEIGIN, yHAMT HEwCN, [ YR 2
T T 28 T B AR AR BT I AR 0 o Re 75 3 0
P AT H BN ) B I R T v, ] R A
FERSTURRAL, PACHE AR . HE S8, » A
HH R TR N, R R WS O Ry, W R 2
BHTRAS, PACHE BN . C SR, AT
W LT ANAR [ s R A Bl R A, BRI
BT, MR DR R EAL T . Al Rk
6.2%M, BALHEE LNT 20 Cy; HABSRSY, #
M E A KT 20 Co Al. Cry Co. Taw W. Mo. Nb.
Re #l H &0, WREARXE#ALTE. C SR,
PRI B2 5 G224 . 2 Al SN 5.2%. Cr & &N
3.8%. Co 5N 8.5%. Ta & &N 6% 6.8%. W &
Bl 7% Nb &N 0% Re 58 A 1.6% Hf 1 0.05%.
C &84 0.001%- 0.02%K1 0.034%, HLRX /N T 50
Ty HREGEH, WEARK KT 50 C. nfLLEH: M
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FERE RS A sy, e AlL Ta BIND & &, fRIF
Y AT N 65%~70%, BPIRIX KT 50 °C, #ib Bl
HWHANT 20 Co

4.2 BEEH IR E N

ALYILE DD6 & 4 B L) MC FIl MasCo JE AT
1o A AT 52 B AP BT H T 2% RIATT HE 3l R Y
DD6 £ &k [ I 5 MBAT L A H & Ni By R Ak,
W 30 A ARG B 28 B P DL, G I S B L—p+MC 2B
WAk MCP7, AlL Cr. Ta Al Nb & BN, MC IT4h
M R E SE T R IR s Mo & BEBI N, MC JFERHT
W JE e TR R ARG WL Cos Re FI HE 38 i,
MC JFUs T o B B3 O ¢ S En, MC TR
Mr iR FE B B Th e MC O JT IR AT Hil B 5 2R 8 2
) PR 22 58 A Ther, KIL AL R 5.9%H1 6.2%-
Cr &M 4.8%. Co &N 9.5% Ta FHN 8.3%-
W &8N 9%, Mo &EN 2.5%. Nb FEH 1%
1.2%. Re &N 2.4%. Hf 58K 0.14%. C SEH
0.02%K1 0.034%I, The >0, F£W MC WA L h#r
e KRG, Tyue<0, U MC M H T .
SR A LR B VB T R A ) MC RO,
AT AH AT AR 2K AR AL Cre WL Mo,
Ta I Nb & &I, MC #HrthiRJETEH A% . Co. Re.
Hf FI C & &8, MC iR EEAL % . Al Co.
W. Mo Nb il Re & &AL XT MC 5 KAT H B TE %W .
Cr Al Ta & &GN, MC $5 K HT H 5535 52980 FI 8K
A, HE SR, MC KT ERSIEK. ¢ &
G, MC SR G .

DD6 & G AE MBI, AL W) MC I8 L
MC+y— Mo Coty T AN B LR My3Co Moz Co 117
TAE p ARG I, R HOR SRR
Al. Cr. W Fl Mo &30, MasCe JT 4R BT H il AN
MC FEAFEAT K MysCo W E BB T 51, MysCo M HIR
FEVL AW AL 56 . Co Re Fl HE Fr&BIIN, MyC I
BT H LR MC 58 42 B A8 Ol M3 C A FEE 3BT PRI,
MosCo M1 HHR BTG BB AZ 75 . Ta & BRI, MasCo TR T
HR SRR R T, MC 5248280 MysCe IR 35 8T
Fhir, MoyCo BT H IR FEVE [ 56 A8 45 5 A8 %5 . Nb 7 5 1Y
I, MysCe FFURHT T SR B BEAK, MC e AN
Mo3Co HIMREIZWT T iy, Moy Co HT R EIE AL . C
PRI, MyCe JFAR AT WL BE B 2 T, MC e 4%
AR Moz Co PR E BT BAAR , MosCo BT HE 1S Y [ B 1
G o MasCe JTRAMT IR EEED MC e KA IR SE . Al
RN, MyCe S KHTH i RSB o %, HL
PR . Cr S8, MosCo S RAT H 50 Hi 3
KIGZHWN. Co. W. Mo. Ta. Nb. Re Fl Hf &

AT MosCo T KT H B TR W . C & =10, MasCe
BT HERE . "RUGEH: MC Il My;Co i
KM R Z ) C F i dE, C & i3 N, MC Rl My;Cy
U T R B 3 K
43 BEBHF TCP M H B0

TCP #I{E DD6 &4 FHLL u B NAr e, &4
B RE A o AH TE AR AT H RS | AT HE L RE Y LR BT H
W. Re. Mo Ml Cr & u #HHEZJENILE. W &iE
T%IEG A 9%, w AHTFEEAT R FE i 1111.65 “C W] . T}
) 1185.2 C, AT AEJEHE AR, il
8.17%3H4 K4 10.08%. Re &M 1.6%H N 2.4%, u
ATF UG HT R /1 1120.98 "CHF %) 1175.28 C, Hrih
M ETE B AR, TR 7.91%3E K& 10.18%.
Cr S EM 3.8%WINE 4.8%, u FIFUEHT HIEE H
1139.38 ‘CTF i £ 1160.59 °C, #7 HR &R %, Hr
HE M 8.58%15 K% 9.60%. Mo M 1.5%H N %
2.5%, w AHFFEEHT IR E B 1133.28 C TR 3 1166.20
C, M VG R R AR, Hril N 8.20%4% K &
10.05%. W LLEH: Re F1 W K u MIHT H 5% w8 K,
Mo #l Cr iRZ . [RIF, g AHBT H A2 A& G0 F 1
. Al Ta F1 Nb & &EH 0, u AHIFGEHT R E &
Wt v, BT A VO R AR S, AT R T K
Co BN, w MTFAENT R 2RI, w HHT
HH I RS L AR R, ARBT H R R OOE S, A
ThE s JGE A . HE SR80, u AT EEHT T
WE BT E S, o AT H R RV R A R,
AHBT H 5 R E A, AT S s KA R, C & i
N, g AHTFUR AT RS R T A, g AFUBT HH 38 S TR
WAL, AHAT BTN o LG H e AR LR E
WO ORI T #E T, M E4EH] Rew WL Mo, Cr
HI Co WIS 5L, FRAK o AH B TT AR BT HA SR RE FHATT Y 5
44 TEERBBFRM

DD6 A &R L L. GafEEE. 240
A HAE 55 B 1) 250N W ko R ST A A T I A% A A
HAT A R A G TGRS AR TR LAY, AH T b 5 5 21
5 Sprgh W& e, o s . aRAa
AR AR A L T2 R TCP AR AT H Fi0il 4 it
—E B o SR, BRI e R L B Ab
FRA S R AP R, BRI R R,
WHH IS ICRY SR S8 R E . gt
F A RS, BRE SR X — A, B2 T E
ZAF L FaRAGARFAE A IRBEA BT (5 . T2 A
FEARMR IR S . DeIEIR S . WM . RhhER . E
T3 APk AR SR AR e B RN AR
Aediy FEBE. SIS KA. WAL . OWAR BT
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PAN s = N 11PN i 7o ) (LD N A T BT 2 SO
i <N 1 7 M T I T B v N 1 - SN =R 1 LT I
R I 0L B« IR R T . s AH R AR L dE A
JSTorAin s TESL p' y MREAA SR L . &8I0
LE pFy PIAR T AIFC 43« p K0 p 9 AH TR) F4D 5% 85 A
YA R B BB R . RS AEE
it s s BN Ty e R e A A
WHARFIEAE PR, SN E. TE&ME. &
SR AR R AE AR A3 BB 1 5

5 & i

1) DD6 H i il 5 < P AH 22250 o Al Al
p HH S BRALH) MC F MosCor 3 T) 2RI TS S5 R
DMISEAE U/RE

2) Al. Ta I Nb & &y E p A KT H &, B AL
Ta FI Nb Z &G0, pFHAT H 5 2 25 58 0, A0 [ 5
PO T, VRO W S AR A B W R . A4
JSC53 5 AR H s A D O RE S ) R £
W .

3)C TR R BRAL ) MC R My Co AR T H 52,
MC FI MysCo VEE AT H B C S s i K. &4
BT S BRAGH) MC FI MysCo BT HITE S JFEAHT HH
TRE AT H R R Y R (E T R

4) p AHTFAEHT RS « AT i R S FELR S5 AT
B2 Re. W, Mo M Cr [{ 5400, Re 1 W X} u 4
Mm% K, Mo fl Cr k2 . Fifi Re. W. Mo fl Cr
RN, o MR W TR, AT R
BRI AR5, d KT H = B S K
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Thermodynamic Simulation Calculation on Precipitation Behavior of Equilibrium
Phases in a Low Re-bearing Nickel-based Single Crystal Superalloy

Su Xianglin', Sun Changbo?, Xu Qingyan', Liu Baicheng'
(1. Key Laboratory for Advanced Materials Processing Technology, Ministry of Education, Tsinghua University, Beijing 100084, China)
(2. Shenyang Liming Aero-Engine (Group) Corporation Ltd, Aero Engine Corporation of China (AECC), Shenyang 110043, China)

Abstract: Based on thermodynamic calculation Pandat software and PanNi database, a thermodynamic phase equilibrium calculation
method was employed to investigate the effect of alloying composition on precipitation behavior of equilibrium phases in a low
Re-containing nickel-based single crystal superalloy DD6. Results indicate that the equilibrium phases consist of y, y’, 4, MC, and M>;Csq,
and the calculated results are in excellent agreement with the experimental results. The Al, Ta, and Nb content mainly control the mass
fraction of y' precipitates. With increase of Al, Ta, and Nb content, the mass fraction of y’ precipitates is significantly enhanced; the
solution temperature of y' precipitates is obviously increased; and the liquid starting and finishing solidification temperature is gradually
decreased. The C content determines the precipitation amount of MC and M,;C¢ carbides. Increment of C content results in more
precipitation of MC and M>;C¢ carbides. The precipitation of # phase is predominantly influenced by Re, W, Mo, and Cr. With increase of
Re, W, Mo, and Cr content, the initial precipitation temperature of x phase is significantly enhanced; the maximum precipitation amount of
1 phase is obviously increased; and the precipitation temperature range of u phase is markedly extended.

Key words: single crystal superalloy; DD6; equilibrium phases; thermodynamic calculation; Pandat
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