5 22 %55 8 ) FEEREBFIR 2012 4E 8 A

Vol.22 No.8 The Chinese Journal of Nonferrous Metals Aug. 2012

TEHES: 1004-0609(2012)08-2205-09

FGHY96 5558 &% — XL B i

REY L, HAAZ IRAA

(1. bR RS me5ESTRER, Jbat 100083;
2. ANERIRICE B AR RIRS, b5 100081)

# . KT Thermo-Calc #2444 AN Ni B BEPE, X FGHO6 il & 4 — kB AL Wik A il LB
BEATHESE, THE FGHO6 fnili &4 vl RE R PHT AT A C. No Nb. Ti JCEAG & — IR BRI Y1 MC+M(CN)HT
AT A HIFEm, SFEE 4T FGHO6 il é**ﬁ\ﬁﬁ?%%*ﬂﬁ‘]ﬁﬁ”%%ﬁﬁEﬁﬁﬁ@]&ﬁﬁﬁﬁﬁﬁﬁ’ﬂt%}&u o &
BRI C EFEN—IKBALYATRIHT B RS, T IR BE A s N & R #r IR A AR W W 5
Wiy, T BRAG A AT AT H B S /)y s Nb A Ti 5 &4 FGH96 mﬁ%ﬁé**%ﬁ?ﬂtwm BT AT A R R
(Bsgmd . R, FGH96 il &< h— XA B I HT tHAT h £ 22 C RN 158mT . kS H K IRER AL AH
S ARG IR 45 G B IR RS e BT 45 R AT HEWT Y, FGHO6 il A& h & F N I, Ese NS E &
HE AR C ALY TIN, PIAH AT ) MC BURALY) 25 4F TIN RIHATH, TEELL TiN RO — IR IR E

M(C,N).
X#EiR: FGHO6 =il A4 — Rk mEiy; Haiti
hEHES: TG146.1 XERFRERD: A

Formation mechanism of primary carbides in FGH96 superalloy
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Abstract: The formation mechanism of primary carbides in FGH96 superalloy was investigated based on the Thermo-
Calc thermodynamic software combined with the related nickel-based database. Using Thermo-Calc thermodynamic
software, the possible equilibrium precipitation phases were calculated, and the effects of C, N, Nb and Ti elements on
the precipitation behaviors of the primary carbide phase MC+M(C,N) were investigated. The calculated results of the
primary carbide phase in FGH96 superalloy were compared with scanning electric microscope (SEM) image as well as
measured chemical composition by energy dispersive spectrometer (EDS) of the FGH96 superalloy samples. The results
show that the C content has a large effect on the mass fraction of the precipitated primary carbide phase, and the influence
on the precipitation temperature is small. The N content shows a great effect on the precipitation temperature whereas, a
very limited effect on the mass fraction of the precipitated primary carbide phase. The contents of Ti and Nb have slight
effect on the precipitation behaviors of the primary carbide phase in FGH96 superalloy. Therefore, the contents of C and
N control the precipitation behaviors of the primary carbide phase in FGH96 superalloy. By the result of thermodynamic
calculation, SEM and EDS, it can be proposed that the primary TiN containing small amount of C first precipitates from
the liquid FGH96 superalloy containing N, and then the MC-type carbides precipitate on the surface of TiN in mush zone,
and form a type carbonitride with TiN as core.
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Table 1 Chemical composition of FGH96 superalloy (mass
fraction, %)

Cr Co Mo W Al Ti Nb

16.08 12.76  4.07 3.94 2.17 3.82 0.79

C B Zr Si N Ni

0.039 0.012 0.026 0.021 0.0027 Bal.

2 FHR51R

2.1 HEMHER FGHY6 585 % &8
TERTIA KR4, KM Thermo-Calc #4)
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Fig. 1 Calculated equilibrium phase diagram of FGH96
superalloy (a) and expanded figures ((b), (c)) based on

Thermo-Calc thermodynamic calculation software
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Table 2 Various alloy element contents of primary carbides in
FGH96 superalloy based on Thermo-Calc thermodynamic
calculation software in temperature rang from 1 233 K to 1 528

K (mole fraction, %)

C Cr Mo N Nb
43—44 0.3-0.38  0.15-0.17 4-4.5 4-5
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Table 3 Chemical composition of primary carbides in FGH96 superalloy master ingots measured by energy dispersive spectrometer

Mole fraction/%
Position
C N Mg Al Si Ti Cr Co Ni Nb Mo w
pl 19.31 26.24 - - - 48.76 - - 1.60 3.26 - 0.83
p2 48.54 0.00 - - - 31.28 0.80 - 2.12 12.38 2.64 2.25
p3 45.97 - - - - 29.56 1.78 1.35 5.10 11.58 2.78 1.89

Fa4 BEEIEEA 473 K. 24h, HVAFGH6 il &4 — KB BAL W g i K ) 285 S
Table 4 Chemical composition of primary carbonitrides M(C, N) in FGH96 superalloy ingots under condition of homogenizing

treatment at 1 473K for 24 h with furnace cooling measured by energy dispersive spectrometer

Mole fraction/%
Position
C N Mg Al Si Ti Cr Co Ni Nb Mo w
pl 17.21 23.65 - 2.32 - 50.85 2.62 - 5.55 - - -
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Fig. 7 SEM image of primary carbonitrides M(C,N) in IR s N B — IR AT R L RE 5 M)
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