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GBI R TR, WT9T DZ68 S AR R R A AT RIUCRMIRITAT N . 4K DZ68 &
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Re. Ta. Al [fmtfr RELME B 2.2, 4.5, 0.58 F10.8, Hh W Al Re s Gt e, Ta ZomAN IEMmiT
JLE; HHEAFUCE S\ Py B M Si FEEARAIR AT EANSE . M7 AT R, XSS SR I A TG B TERL A (Rl AT
BETE R NisPy NipS, Al MB, FHEAE mifb G4, IR ERFRE T DZ68 & 4 4 i B B IR B A o

kHEIR: DZ68; i ds BEMEATHA; mbT

FESES: TG 146.1 XEAFRIRES: A

Solidification and segregation of DZ68 nickel-base superalloy

GUAN Xiu-rong" %3, ZHENG Zhi*, TONG Jian®, LIU En-ze?, YU Yong-si’, ZHU Yao-xiao?, ZHAI Yu-chun'
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2. Institute of Metal Research, Chinese Academy of Sciences, Shenyang 110016, China;
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Abstract: The samples of solidification were produced by the silicon-carbon tube. The whole solidification of DZ68
alloy was observed by optical microscopy (OM). The content of element of DZ68 alloy during of solidification was
measured by electronic probe micro analysis(EPMA). The solidification behavior and segregation of elements in the
DZ68 alloy were studied. The results show that the solidification of DZ68 alloy mainly completes between 1 370 and
1 310 C, and the final set temperature is confirmed between 1 180 and 1 200 ‘C. The segregation coefficients of W, Re,
Ta and Al in DZ68 alloy are obtained as 2.2, 4.5, 0.58 and 0.8, respectively. The segregation coefficients of different
elements show that W and Re are strong negative segregation elements and Ta is strong positive segregation element. The
impurity elements of S, P, B and Si are severely clustered in the interdendritic area. The thermodynamical analysis shows
that these elements are possible to form low melting compounds such as Ni;P, NizS, and M3B; in the interdendritic area,
which explains the reason why the final setting temperature of DZ68 alloy decreases.
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Table1 Chemical composition of DZ68 alloy (mass fraction, %)

C Cr Co Al Ta
0.03-0.05 12.7-13.8 9.0-11.0  5.6-6.5 3.0-4.5
Ti W Mo Re B
0.43-1.0 52-6.2 0.89-1.00 1.8-3.0 <0.01

S P Si Ni
<<0.003 <0.001 2 <0.05 Bal.

12 XWAHZE

¥ DZ68 & 4N T jk d8 mm X 10 mm P[5 #: I
FE, IFIRNA SN o K B 1A S5 A TN~
T A A AT H A R ARG o il P 4 RS
H+3 C.

SERFRREINE] 1410 °C, {9 10 min, RS
ANt ARG RENSEA BT (5 13804 1370,
1355, 1340. 1310, 1290, 1270, 1200 F11180 C),
{3 10 min, FRHOKE . BERERARELTIEE . JOERIL

SR AA 20 mL ZK+20 mL iR ERIR+4 g BRIER)
J&i, {F LEICA Y62 Wiss e TR AR A 7 44,
7t EPMA-1610 ! HLF4REF BT EIE &8 oe
MM R TR R, e I T T
T 5 AR B AAR AR A oy, S 3 I, BOT4ME.

2 HRSWH

21 EErEERE

ANTR] e [ER N & 4 AR AR A R AR A Hcn 26
2 I 1 fion. HHER 2 WTLLE Y, & St i Franitt
JEAE 1370~1 380 “C2[il.1355 CIsF, &4 Tt 50%:
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Table 2 Volume fraction of residual liquid in samples at

different solidification temperatures

Temperature/ 'C Volume fraction of residual liquid/%
1380 100
1370 82
1355 50
1340 15
1310 5
1290 0.5
1270 Smidgen
1200 Thimbleful
1180 None
100
80
=
=
2 60
L=
£
g 40
=t
20+

0 1 1
1380 1340 1300 1260 1220 1180
Temperature/'C

B 1 F R AR B B R 1R G 3R
Fig.1 Relationship between volume fraction of residual liquid

and solidification temperature
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B2 1370 CKELLU18% M 14k+82%Hi14)
Fig.2  Microstructure of water quenched sample at 1

370 C: solid 18%+liquid 82%

B3 1355 CRELALUS0%[H A+50% 14)
Fig.3  Microstructure of water quenched sample at 1
355 "C: solid 50%+liquid 50%

B4 1340 CKELLUS5Y% M AE+15%Hi14)
Fig.4  Microstructure of water quenched sample at 1

340 C: solid 85%+liquid 15%

Residual liquid

B 5 1270 CARELAL99.5%I14+0.5%K)
Fig.5 Microstructure of water quenched sample at 1

370 C: solid 99.5%+liquid 0.5%
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WAZE AR ARES:. #1355 CHF, y AR 4L
TR Bl 50%, 76 1%L I BER 53, & e pray
B AR ITUEFT R MC, & 6 Fis. Bk MC
oy Ta AH, AT HTH, THFET AR )
Ta Ml C 5570 H, SECEENGR TG, i T Rl .
I, 7EE 6 B RIHUR MC AE4E T y . #E 1310 C
I, AGE A B AFRY 5% 44T, 1X Ui DZ68
A4 IBEE EEAE 1 370~1 310 CZIAl%E K. £ 1
310 “CLLFgEEIEEEE T o8(E 1), 1 200 CHH
WD TR AR £E 1180 C [ [ i Hh A LR
R WL LA b AT DU E & A AR AT 1
200~ 1180 CXI[aI,

B 6 1355 CHEME T HrIeR MC
Fig.6 Precipitation of MC at 1 355 'C

HEAE 1 290~1 200 C2 [a) A7 /D BB ARLEAE,
XAAESEHI T Sy Py B R Si &A% 5 2 [ B 18] i
RPTEC, BAR DZ68 & & MABHEEZ M 1200 C,
Y K38 AaAflt, 2Bt O 4gm 100 C. X P
BEMEITCREEEZNAN, (AR A WK
MZEn, B T RS IR A FUT R & &
ZH K. K38 444 S, Py B Si HIE S E>
24 0.003%- 0.005%. 0.014 F1 0.09%, I DZ68 £
S S, Py B A SE 5T 2 £ s i <<0.003%-
0.0012%- 0.01%F1 0.05%. X Eid &4, 25k
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LB RO S . BT WL, 2R AT R AR 2l 4k 1)
DZ68 < M Z850k B W i, XA TG g
AbEE,

TEE 50% LA E s A AH ) s A<, B
IR BCIRARATT, 8 2 AR TR B 2%~10% (1) (p+y") 4L
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RAHT s FE () b X RT3 5 5 K Cry Mo Al
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AT R AR K, ik 4.5, Y EMAMTTE: W
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Table 3 Contents of elements in solidification front at different temperatures and segregation coefficients

Ta \\% Re Mo

Ti Cr Co Al Ni

#/C
Wid/% K Wid/% K Wid/% K Wid/% K

Wid/% K Wid/% K Wid/% K Wid/% K Wid/% K

1370 2.32 1.00 6.02 1.00 229 1.00 0.67 1.00 026 1.00 1229 1.00 991 1.00 496 1.00 60.9 1.00
1340 4.66 0.50 3.81 1.58 1.17 1.96 1.04 0.64 058 0.45 1251 098 843 1.18 533 093 61.1 099
1310 4.66 0.50 327 1.84 0.59 382 1.16 0.58 0.68 0.38 13.05 094 847 1.17 581 0.85 614 0.99
1270 3.98 0.58 275 220 0.51 449 1.15 058 0.89 0.29 1291 095 8.14 1.22 6.18 0.80 61.9 0098
5.0 5.0
Re @ a0t® Re
45F
3.0
4,0+
20k W
35+ Ti
£3.0f —eCo
2 < L0F Cr
Z25p = 0.8t Al
20V 0.6
i 0.5+
1.5F 0o L
5 Co D Al 0.4
1.0} e Cr 0.3F v Ti
05 1 1 L 1 02 1 1 1

0.61 0.62 0.63 0.64 0.65
771073K ™!

0.61 0.62 0.63 0.64 0.65
77'1073k!

7 B I A R B3 () AV i T 2 () i o i UL P A2

Fig.7 Content variations of elements in solidigication front and segregation coefficients with temperature
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Kl 8 W LAEH, Rtk s Py S Si Ml B IM%E Ni,
Ui IX BE R T R AE y AR R AR AR /N, JF HL
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] gt e ] 5 ] VR A AN T O 2R A A3 R AR A T
BRI MR, SECTHRIE ISR E S 1 200 TR
KREEAEEHR . BIGBAAT Ni ISR, 24 FRoc &I
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Fig.8 Ni and impurity elements distribution maps in residual liquid of water quenched sample at 1 270 C
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R4 Prol R R A 25 2 oG R E AR X
(&1 8 T ki AL B 2R UG 3R 5 Ni G LT
e E AR HRAWTLLA, R 500
B e R LU AR B P NP 2 35 e 2~3 N
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PRI BOCER & B TR RV EBE I & G2 AR H
IR

R4 RURBIABILPUCR B R HICRIEER

Table 4 Molar fraction of elements in different area

HATHN, 2 PG G 2R SRR 25t A o A7
TP PR A R RN

F5 FUE T NisS, fl NisP (1 AG v 54
Table 5 AG values of Ni3S, and Ni;P

x/%
Position in Fig.8(a)
Ni Si B P S
1 23 0.5 6.8 0.9 6.3
2 10.9 0.5 29 0.7 0.7
3 41 2.6 0 1.5 0.4

T IX eI TR K™ B T, W RE B0 4
(R 25 Tk X T J X 26 2% it e & IR R &9,
NisP!' NizS, A1 M3B,!e IR HE — JoAR B R4
IV R W IR SIS RS T ) ] e -

FEMW] 1 HH B il SRS QAR IRV B R T R A
AG = AG®+RT InJ )

Lrf AG RN A g AG® N
PRAES AT RE: R W BEIRART G T 4
&5 J NN YIRE RIS FE L, AR S T JEE IR
I HORACEIE L
YT, CaE S X(E 8(a) AL 1)S [HEE
IR 6.3%, NisSy MR 1 063 K, Ni-NisS,
(AL SRRl 918 Ko T4, Cans P IX( 8(a)
R 55 3)P (KRR 20300 1.5%, NisP IS 2k 1243 K,
Ni-NisP (3L SR A 1143 Ko AG® g3 72450
K3 R CRBHRAAAT(D), FrEAIAG BT 5 H.
& 5 iTLAEH, JLlsE NizS, 2 NisP, 784
PGS N RIS Ni B RS i T, B FMRA
298 K I 5 AG ¥l . X UEWIAE DZ68 &<
H, XA IR A ot s AT RE . [RIRE, A
KRN, & B X (K 8(a) I £ 2) IR B ik 29%
(1) B AT R TR s AL MsB, ITE . 1R 4R,
X BRGS0 B LI b R AE X & S R PR R e )

TK  AGyg, /(Kmol™) | 77K AGy /(kJ-mol™)
298 ~225.2 298 ~212.6
400 ~595 400 ~209.7
600 ~471.8 600 ~202.5
800 ~487.4 800 ~193.3
918 -307.5 1143 ~117
1063 -319.5 1243 ~100.3

3 #Hit

1) AEARK ST, DZ68 & 4kt i 3= 24
1370~1 310 “Cili S IX 18] A 58 o F < P 5% Bt JEE 7
1180~1200 Clal. 1355 CEEEIN, & 4kt iy
RIAA h FE AR AT POk MC YA o

2) £ DZ68 &4, Ti. Mo. Ta. Al Fl Cr /& IE
b E4aocE, L Ti PIEwRITE™E; Re. W
Al Co st ffmtfr &4 ocs, b Re (57 b 5™ = .
h AR it RIS i T P iR A B8 7, 5 B
SICRIMEI R H A&

3) S\ P\ B il Si J& M 5 70 i i) R A6 7 2 i 3R 11
HAERFUUTE . AFERTUCEMNAAE L FEE S L E
TS BT ) 2 R R o T 2 g SR ) % T TG 2R A A it [
JEHE NisPy NisSy Hl M3B, SHI0H sidb 5307 |
JERTREN, MR RS A TR A ST S,
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