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The Effect of Solidification Rate on Solidification Behavior in IN792+ Hf Superalloy
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Abstract The effect of solidification rate on the microstructure of directionally solidified IN792+ Hf superalloy has
been studied. Solidification sequence and precipitation behavior of the alloy have been analyzed by microstructural ob-
servation. The script carbide transformed to faceted carbide with decreasing solidification rates. The incorporation of ¥
phase into the faceted carbide was due to dendritic growth of carbides. Some elongated carbide bars formed along the
grain boundaries at a solidification rate of 0.5/m/s. Two zones, ¥ forming elements enriched zone and depleted zone,
were found in the residual liquid area. Eutectic /7' nucleated in the ¥ forming elements enriched zone. Formation of
eutectic /¥ increased the ratio of (Ti+ Hf + Ta+ W)/ Al and induced 7 phase precipitation. The ratio of (Ti+ Hf+ Ta
+ W)/ Al decreased at lower solidification rates due to sufficient back diffusion in the residual liquid area. Hence, the
precipitation of the # phase efficiently suppressed at the lower solidification rate.
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Table 1. Chemical composition of IN792 + Hf (wt%)
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Elements C Cr Co Mo Ti Al B Zr Hf w Ta Ni
Composition(wt%) | 0.072 | 12.1 8.7 18 398 | 347 | 0016 § 0.03 | 0.8 43 42 Bal
Table 2. EPMA quantitive analysis results of the specified area in the micrograph of Fig. 5
Elements Ni Co Cr Ti Al Ta+Hf+W Mo
Alloy composition 60.44 8.70 12.10 3.98 347 4.20, 0.89, 4.30 1.80
Faceted carbide 2.60 0.19 0.22 17.26 0 78.62 1.11
Dark zone 53.02 7.60 11.46 6.17 2.43 17.44 1.87
White zone 35.68 7.88 21.38 4.40 122 22.70 6.75
Eutectic ¥ phase 63.26 593 3.67 6.87 442 15.38 0.30
Precipitate free area 21.00 7.92 42.27 2.13 0.97 16.46 9.27
7 phase 49.58 5.93 6.18 5.22 1.98 31.09 0
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Fig. 1. Effect of solidification rate on the morphology of solid- liquid interface at the dendrite tips of the alloy
(a) alloy solidified at 50:m/s. (b) alloy solidified at 0.5:m/s.

| ()

. 10pum

Fig. 2. Carbide morphologies at various area.(a) MC-type carbide precipitated in the pure liquid part over the dendrite tip
(b) MC-type carbide precipitated in the lower part of the mushy zone.
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Fig. 3. The 7' - free passage over the MC carbide in the alloy
solidified at 5m/s.

Fig. 5. Microstructure of the quenched residual liquid pool.

Fig. 4 The elongated carbide bar precipitated along a grain
boundary in the alloy solidified at 0.5m/s.
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Fig. 6. Precipitation of eutectic /7 at the rim of the quenched
residual liquid pool.
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Fig. 7. Morphology of precipitate free zone formed in alloy solid-
ified at 5#m/s where DC means dendrite core region, E means
eutectic{y+7 ) region, and PF means precipitate free zone.

Fig. 8. Precipitation of the 7 phase between the boundary of
the eutectic /Y and 7 dendrite core area.

23t} opA 9 G BF-AG) 2 YAE o] e 99

E Fd oK ¥, FH 7/y, 2L yFe B F3W
o}, o)A} 1§ 7ol Yelt PFZe] 3AMqle s Hrlygl
o}, PFZE s & LEXYN4 gY=HY 271 o
Pz o] o] efZ ¢ of} pAte] M} HF )
2yl Qe 2 ¢ o] PFZE 493 A4zt =
2 Afels 7 ol AAME HA 3 pidel HEE
o}, 2§ 83 3ol 74 FAAFTAY AAAd =R
A v/y 9 el HEEc) ofig wide pide] A
/7 9 ¥ Fo Hany TAHNY PR 228 ¥
dolojgle Ag njgich pibe] YA UxE 14
27 =@ A 3A Ao

U dFoAe ot Y4t ¥ (NGAD Ol X8 %
4 9} Cogl Ta& Nizbglel, Ti®} Ta, Nb 2 AlAHg)
of X\&xe}, ol YL AGL ¥ o HEE FVRRIFIA
qk o] kg Adg shafalgin, Alel wls) Ti, Ta 59 ¥
aulgo] UF o pabel v A oAl MEsld. =% HY
g2} pAre) 4E%S F/HATIE Y40tk g 4
o] q&74%& AAstE AL (Ti+Hf+Ta+W) /Al v
golzk 4& = glvh R26) 4 )53 BF2 (Ti+Hf+
Ta+W) /Al ¥l&& 2 S7HS e}, PFZoA 9] vl&2
oF 198 PFZoA 7498 4&A4Ye] ¥& e ¢ F A

o}, 2z 2345 282w PFZYAME (Ti+Hf+
Ta+W)/Al vléo] 2= 4 ¥Ao) dA] /4
of MEdch 2EE7 A4S E gAY Mol dA™
che A vl £ 97 2 ol Y dF-lME 3y
2 Wig-clth. Bouse' & HT patst §g HEAEel £
F9 ore ol Bl wo] ¥k AL ¥tk
¥ 979 Aol 2w g Yt E Sad L
A B

ojate] =2l Al Aol Y HEZA ¥ o=
S8k §9 Y2E0 FHA HYd g dgg ¢
ke A& BoEdh gAY 44 2%k 24 F
¥-A4l (Ti+Hf+Ta+W)/Alulgeolc}h, dubygal Fgo)
A AR fd4e fHE wE 3212 Y T e,
gt A g4 e HEE AEN HES FLF AT 2
2 & 47 g8l =3 $udrE 44F SR
garg 7158t A 8e) (Ti+Hf+Ta+W)/AEg 33
Aol 749 AFUEE Az, A B3
2 Q7 27 g A vixle SndEe) 9% o
AR #5& AT AN, =& &= HAHY
& B7HIA & F2F9 FAOA FAE 4EA20%
Zeh} B QFexE wE s TR Ay
ol pide]l HEHU BE $aEEE FAY FAY
AR5 o) A3 AX§ R0, =] SaLeE S8
whajet kAol A Eratel] o8 A7 ] HAE At
A" 4 Gt

a3 £

IN792+Hf 29S¢ b8 TS24 o
AR RAI) ¥ 7o) S-S T o) WE vz HE
| @5t MCY "H2bE o] 4354 9 pike] ¥3nH
# 4& AR A3 o2 e FES it

1D 5, 50/m/s 9] ¢R& 5N $37t AP e} y
A4, MCY 3-8, T4 v/y 2R pike] Heel &
A2 BAEd e, 05m/s Y SAEEANNE QYoB
RE yAEA, MCY &858 £A42 §-371 Als =g,

2) shEEe) AL n/Y T2 T AAHANN F3
3] yigslgen, o] YL Al vhalEe] AP ¢
2 a9} 23159 Y43 YA £2S5E ¥t o
T s3E AU o Balnl s 23 g A
/9 ARe) B s ZAA=E Ao dky)

3) ¥ ¥R FRE A 2@¥ NG} AHY
4 FQel A AUt T /Y S Y VAL B
g Aol WY =EE Aol ooy FA v/Y o 4%

& AFALe ¥ AU 2gg FEskR TP 4
Ase Wik 2 pito] ¥t

4) ¥39 £33 gAY FAHIEE o} 21 S u&E
oA Fastgden gadEe o g4 YANIEE =
HAdte 84 (Ti+HI{+Ta+W)/A) v)gojdch =9
Lag o 28 4t 28 (Ti+HI+Ta+W)/
Alelgo] FarEe] 7749 ¥4de) AR,



10.

11.

WA - WA - ol - Fd4 - 2RSS CINTR2HHS 2UHLATT S 1A vXEe SIS Y

HBEugsd

. Matthew J. Donachie, Jr. Superalloys Source Book,

ASM, 3(1984).

. Heat Resistant Materials, Edited by J. R. Davis,

ASM Specialty Handbook, 221, 226 (1997).

. C.T.Sims, N.S. Stoloff, and W.C. Hagel, Superalloys

0,97, 118(1987).

. TM. Pollock and W,H, Murphy, Metall. Mater.

Trans. A 27, 1081 (1996).

. J. Lecomte-Beckers, Metall. Mater. Trans. A 19,

2333(1988).

. R. Sellamuthu, H.D. Brody, and A.F. Giameli,

Metall. Mater. Trans. B 17, 347 (1986).

. HQ. Zhu, Z.Q. Hy, Y.X. Zhu, SR. Guo, H.R, Guan,

C.X. Shi, M. Morinaga, and Y. Murata, Metall.
Mater. T;‘ans. B 26, 831 (1995).

. V.A. Wills and D.G. McCartney, Mater. Sci. Eng.

145A, 223 (1991).

. Z.Q. Hu, W.R. Sun, and S.R. Guo, Acta. Metall. Sin.

9, 443(1996).

G. K. Bouse, Superalloys1996, edited by R. D.
Kissinger, D. J. Deye, D. L. Anton, A. D. Cetel, M.
V. Nathal, T. M. Pollock and D. A. Woodford (Min-
erals, Metals, and Materials Society, Warrendale,
PA, 163(1996).

M. Gell and G.R. Leverant. Trans. Metall. Soc.
AIME 242, 1869 (1968).

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

507

A. Mitchell, A.J Schmalz. C. Schvezov, and S.L.
Cockeroft, In Superalloys 718. 625. 706 and Vari-
ous Derivatives, edited by E.A. Loria (The Minerals.
Metals & Materials Society, Warrendale. PA, 65
(1996) .

L. Lin. F. Hengzhi, and S. Zhengxing, Scr. Metall.
Mater. 50, 587 (1994).

R. Fernandez, J.C. Lecomte, and Z. Kattamis,
Metall. Mater. Trans. A 9, 1381 (1978).

S.C. Fegan, T.ZKattamis. and J.E. Morral, J.
Mater. Sci. 10, 1266 (1975).

C. Chuanqi, L. Qijuan, W. Changxin, T. Shifan, and
J.F. Radavich, Superalloys 1996, edited by R.D.
Kissinger, D.J. Deye, D.I. Anton, A.D. Cetel. M.V.
Nathal, T.M. Pollock and D.A. Woodford (The Min-
erals, Metals, and Materials Society, Warrendale.
PA, 507 (1996).

P.S. Kotval, J.D. Venables, and R.W. Calder,
Metall. Mater. Trans. A 3, 453(1972).

J.D. Verhoeven, J.M. Lee, F.C. Leabs, and L.L.
Jones, J. Phase Equil. 12(1), 15(1991).

D. R. Uhlmann and B. Chalmers, J. Appl. Phys. 35,
2986(1964) .

L. Liu and H. Z. Fu, Acta metall. Sinica, 25A, 282
(1989).

J. Chen, J.H. Lee, C.Y. Jo, S.J. Chie, Y. T. Lee, Ma-
terials Sci. Eng. A 247,113 (1998).



