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ABSTRACT In order to investigate the relation between microstructure of superalloy powders and
the heat treatment system, this paper studied the transformation of carbides in FGH95 superalloy
powders prepared by plasma rotating electrode processing (PREP) under different pre-heating treat-
ment temperature. The results show that the M C’ type non—equilibrium carbides can be transformed
into stable carbides such as MC, M33C¢ and MgC type carbides during pre-heating treatment, and
thus the stability of carbides and their distribution have been improved.
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Bk MC BB EAT H/MERR Ma3Ce BIBILY
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& [110] B H B FATHE. 3R 1 AXBBILYWAILE R,
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Fig.1 Morphologies of extracted carbide in original powder (a) and PREP FGH95 powders treated at 950 C for 4.5 h (b—e)

(2) metastable carbide MC’

(b) stable carbides

(c) granule-like MC (d) strip-like MC

(e) block-like MC and small particle M23C¢ shown as arrow (f) EDP of [110]as,,c4

»® 1 EREBRAYHLERS, BUEHERH o
Table 1 The chemical composition, type and lattice parameter a of carbides in PREP FGH95 powders treated

at 950 C for 4.5 h

Morphology

* Mass fraction of composition, %

Type a, nm
Al Cr Zr Nb+Ti Cr+W+Mo Co+Ni
Granule—kile (Fig.1c) 3.15 2.37 0.96 69.82 19.38 6.69 MC 0.4359
Strip-like (Fig.1d) 6.30 1.28 4.15 76.68 8.02 4.85 MC 0.4370
Small granule-like (Fig.1e) 2.59 28.76 0.00 4.79 64.54 26.12 M23Cs 1.0866
Block-like (Fig.1e) 4.44 10.75 1.77 49.38 30.92 12.69 MC
Flower-like (Fig.1e) 2.46 8.30 1.33 54.48 33.08 8.65 McC
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Bk (Nb+Ti) §EE®, Cr, W, Mo, Co 1 Ni &
BEE; WPk MC Ak (Nb+Ti) &EBMK,

Cr, W, Mo, Co #1 Ni & BE#; #HiRmiyhiemib
YRR TESEPEE (8 le £ L¥); MaaCe BB
By Cr &BER, ASFH—FEN W, Mo, Ni i1 Co
STR, Py 1.0866 nm. HFFE 950 C, 45h
HAENRS, WY MC RBRLHA R RMRE
7, W, Cr, Mo, Ni 1 Co S EFEEN MC' Rk

Yrhey BEIERGD, FrUFE 950 C, 4.5 h #uib
g, MC BBYERE Nb, Ti 4b, REFHREH W,
Cr, Mo, Ni 1 Co % E.

2 H% 1000 C, 4.5 h HACE S RER S
BALYES. BN EESFATHAME (F 2a), 2R
(F 2b) . Rtk (B 2¢) | Tk (B 2d) HEHES, 1
AR MeC RIS (B 2¢). %25 1000 C, 45h
AL P S BRI AL E R RS SRR, mTR

B2 1000 ¢,

Fig.2 Morphologies of extracted carbides in PREP FGH95 powder after heat treatment at 1000 'C for 4.5 h

(a)carbides mainly distributed between dendrites (b) block-like carbide MC (c) granule-like carbide MC
(d) flower-like carbide MC (e) strip-like carbide MgC (f) [129]ar,c EDP

4.5 h BB E BRI B S

® 2 ERBAMNMLERS (RESH %) . XRESERY
Table 2 The chemical composition (mass fraction,%), type and lattice parameter of carbides (1000 T, 4.5 h)

Morphology

Mass fraction of compasition,% Type a,nm

Al Cr Ni Zr Nb Nb+Ti Cr+W+Mo Co+Ni
Block shape (Fig.2b) 279 1.14 253 2.72 61.51 81.38 8.24 4.88 MC 0.4382
Granule shape (Fig.2c) 1.14 0.00 3.18 2,14 65.84 87.22 5.06 4.44 MC 0.4404
Strip shape (Fig.2e) 1.79 15.46 14.00 2.74 3.39 5.10 59.72 30.65 MgC 1.1206
Flower shape (Fig.2d) 223 7.24 6.84 1.33 4223 56.55 31.51 8.39 MC 04377
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B, MC HBHRS+ W, Mo, Co §EEH,
EH—ERH Cr f1 Ni, HETR SRR, AEREN
1.1206 nm. SR 5HRR MC AL+ (Nb+Ti) &
BEH. 000 MC Bit+ (Nb+Ti) SBEHTE
A MC BB, (Cr+W+Mo) &8, (Co+Ni)
SROEE. BRI ETHREARERR, HER
BRI RTTER (Nb+Ti) SEAHEI, %52 Nb 8K
BN, MC BBLHE SRR R K.
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K FHTS R TR, 1050 €, 4.5 h $hb@)s
FERE MC Bk (A 3b), Rt &I T LB /MB
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BE, Sk MC BBt LEARES Nb, Tify
MC Bk, SRERECH 0.4402 nm, /MERAR MsC
BBk e sch W, Cr, Ni, Co S BEH, SR
¥k 1.1198 nm, &R M23Ce BILMHRAEFEN Cr
SREHE, A E—EEHN W, Mo, (Cr+W+Mo) &
Bk 91.39%, SREHHCH 1.0848 nm.

4a HEMEUFIRL 1100 T, 4.5 h SIS
BILHES, K9 MC' RBRLYE LA R E S Nb,

Ti ) MC Bk, FEEHR. R (OR), 44
ERRE AL, BERIA M23Ce, MeC MgRILY.

HEAFERHRERR MC Bikt, HER0HER
LR TR No+Ti BB, X 58.97% mHEBLY
ER Cr+W+Mo RIEBIMERTR Co+Ni & &
B, 48N 27.91% #01 10.07%, S HY 0.4402 nm,
XRHEAR MC ABLYESSHLBE RGBS
X

B 4b 3% 1120 €, 3 h $ibESHKEER S MC
iy, FEZIR. BRRES (OB), KPR
MC BT E T BB, IR 5D,
fEAEFR MC BRI RMIR LB E R, SEEECH
0.443 nm.

KAFEE TR, SR KB BN S5 hSH
FERTSALEE, 421050 C, 4.5 h+1120 C, 3 h Mibs,
nERBRH MC BRIHESSHmmE 4c fin, MC
R L 2N PRI 446, K/DK 0.5 pm £
f, TERRBIYREARN K.

3 g

3.1 FiHRGEhRIBRE MR R
ERAENRES, FREHRBRRENT Y MC' &
BUAHEEERS RERAENL, £ 950 C, 4.5h #

E3 1050 T, 4.5h #AEBEHEBEPHBRICYES
Fig.3 Morphologies of carbies in FGH95 powder treated at 1050 C for 4.5 h

(a) low magpnified image (b) granule MC (c) MC and MgC (d) strip—like M23Cs
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4 FRKGRLEREXS MC BRRAMES SN
Fig.4 Carbide morphology after heat treatment at dif-

ferent conditions

(a) 1100 C, 4.5 h, carbides MC having different
morphologies - (b) 1120 'C, 3 h, flower—like car-
bide deceased (c) 1050 'C, 4.5 h+1120 C, 3
h, only block-like M C existing

R, MC' HBAMBREME, EBLOTRTRER
BRAMERTER Co, Ni M1 Cr, W, Mo Bty
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