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Effect of Atomization Conditions on Microstructure of

Ni-base Superalloy Powder

Tetsuo KATO, Katsushi Kusaka, Akira HORATA and Jiro ICHIKAWA

Synopsis :

Many kinds of superalloys are widely being employed as materials for aircrafts, but the segregation is
generally apt to occur in cast alloys because of bearing many alloying elements. Accordingly, the powder
metallurgy technique has lately been available for the practical production of turbine disc etc. In order
to sufficiently apply the improved properties of material, it is necessary to make microstructure of powder as

fine as possible.

The authors developed liquefied helium cooling centrifugal atomization technique and made a trial
on a fine crystallization of particles by rapid solidification of melt in the process of the atomization. An
investigation was made about the various atomization factors which widely control the secondary dendrite

arm spacing, Sq, as a measure of microstructure.
The following results were obtained.

(1) The most frequent diameter of powder, d (um), is given as the following equation ;

d=4.0x 105 R0.84

where R represents the revolution speed of the disc (rpm).
(2) The following means are effective to make the microstructure finer.

a) The particle size is smaller.

b) The thermal conductivity of the cooling medium gas is higher.

c¢) The gas pressure of the cooling medium is higher.

d) The gas temperature of the cooling medium is lower.

e) The introducing rate of the cooling medium is higher.

f) The diameter of the atomizing disc is greater and its revolution speed is higher.
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Table 1. Chemical compositions of melting material and atomized powder (wt2s) .

Co Cr Mo Al Ti

Nb Hf Zr

C B Si Mn P S (6] N Ni

Melting material

18.44 12.43 3.17 4,88 4.42 1.39 0.39 0.05 0.02 0.021 <0.02 <0.02 0.004 0,001 0,0007 0.0012 Bal.

Powder

18.19 12,33 3,16 4.69 4.48 1.42 0,38 0,06 0,03 0.023 <0.02 <0.02 0,003 0.002 0.0062 0,0013 Bal.

Table 2. Physical properties of MERL 76.

Density 7.90 g/cm?®

Specific heat 0.145 cal/g.°C (1093C)

7’-solvus 1191°C
Solidus 1263—1288°C
Liquidus 1332—1342°C
RF Furnace
Cooling
Medium

Fig. 1. Principle of liquefied helium cooling
centrifugal atomization equipment.
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Table 3. Condition for centrifugal atomization.

Condition

Pouring temperature 1 400°C

Pouring rate 120 g/s

Material of disc Graphite, Steel, Asbestos

Diameter of disc 90 mm

Revolution of disc 5000—15000 rpm

Ar | 4 l/min
Introducing cooling

media and its N, | 4-12 I/min

amount

He | 3—5 l/min

Table 3 AR BT 2EMBRE X T THRT.
G ACEBRLIEEF + v - NTRHY 2 HER
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Fig. 2. Dependence of aspect ratio on thermal
conductivity of disc material.
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Fig. 3. Particle size distribution of centrifugally
atomized powder and gas atomized powder.
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Fig. 4. Effect of disc revolution speed on most
frequent diameter of centrifugally atomized pow-
der.
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Fig. 5. Relationship between secondary dendrite
arm spacing (Sy) of powder and cooling media.
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Fig. 6. Effect of amount of introduced cooling
media on secondary dendrite arm spacing Sm
of powder.
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Photo. 3. Microstructure ot
powder atomized at various
atmosphere, (R=7 500 rpm)

Photo. 4. Microstructure of
powder atomized at various
disc revolution speed.
(Atmosphere : He)

T . v Li T
3 -
-~ . .
3 Cooling medium: He
~ L 230u .
M2 1
O e W
2 68y 8: B :g
S 1k 40u |
Q
v
L 4
A A i

5000 7500 10000 12500 15000
Revolution R (rom)

Fig. 7. Effect of disc revolution speed on secon-
dary dendrite arm spacing (Sg) of powder with
various diameter.
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Table 4. Physical properties of gases for cooling

media. (300°C)
Properties | Thermal Absolute viscosity Density
conductivity
Gas
k hy ]
(cal/cm + s+ °C) (g/cm - s) &/ cm?)
He 562 x10-¢ 397 x10°¢ 85.5x 107
N, 101 x 108 357 %1078 599 x 106
Ar 76x1078 476 x 10-¢ 854 % 10~
4.0 T T 1
N R = 7500 rpm
3.0 | AN pm-
- ' a
a &2
~ \ \Ar
|
0,
K20t .
0. M
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c 1.5 | p
-4
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Q
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1.0 1 —L i
] 0.5 1.0 1.5 20
log H

Fig. 8. Relationship between H and secondary
dendrite arm spacing (Sp) of powder atomized
at various atmosphere.
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Fig. 9. Relationship between H and secondary
dendrite arm spacing (Sg) of powder atomized
at various disc revolution speed.

Table 5. Values of #n and C, obtained from
Fig. 7 and Fig. 8.

Slg?:llitl;i Disc revolution (rpm) i “
A 7500 0.194 0. 571
N, 7500 0. 259 0.571

5000—10 000 0. 294 0. 560
He 12 500 0, 288 0. 587
15000 0. 291 0.626
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Fig. 10. Relationship between particle size and
secondary dendrite arm spacing (Su) of powder
atomized at various disc revolution speed.

© R-08 Gl LCBbTA. £, EET A7
OB XV MERBRNBEILL, BEEDIIF7 5
4 MRER LSS, BRAERRLETS. &%, Baeh
Kizx = v 7® Ihi-RECEHBE BN LN
2EA L, TEEOBVERRRENFELVWEEZL DR
5.

KB O—oDRED L185h 2KF Y F 54 b
7 — AfEE (Smik, BET 4 A7 OFEE (DR)T
CREFL, BRI TDIRERITS. Tiebb
5, A7 QEEEREETS Z EXRLPIRNTHS. X
Lo, BT OLEIY H,, He /g KBRERE O I\
BEEAFEE L, by ADEAEYE L T5 LAKC,
FHSENREDL LA THS Z Ervbh Dl

ik, ARRIBELEILERO R 227 P ThH S
(kiR EEERME MR O—BELTER L 230
TH5.

Photo. 5. Microstructure of
various size powder atomized
at He atmosphere.
(R=17500 rpm)

68 p#m

Kb CARRC DI Y & B2 ol KRS B
(KR R BF TR e LR bR, B2
REEE B ETRCESHHEERTS.

X &

1) mlEk: EBRoOFRE, 35 (1983), p. 237

2) J. E. Coyne: Met. Prog. (1980) Nov., p. 35

3) D. G. GEORGE, B. T. BRowN and 4. R. Cox:
Pap. Am. Inst. Aeronaut Astronaut (1979)
77, p. 1226

4) A. A. ATtonja: J. Mech. Working Tech., 3
(1980), p. 331

5) kS, HEmpE: Ze M, 70 (1984), p.
305

6) R. MeuraBiaN: Int. J. Met. Rev., 27 (1982),
p- 185

7) mMEEH, EmpE, AE % WIS EXR
%194, 54 (1983), p. 174

8) R. D. Enc and D. J. Evans: Superalloys 80,
(1980), p. 491

9) P. A. JoLy and R. MEHRABIAN: J. Mat. Sci,,
9 (1974), p. 1446

10) M. Core: Microscope & Crystal Front, 15
(1966), p. 148

11) H. H. Hausner: Planseeber Pulvermet., 14
(1966), p. 75

12) A. LawLey: J. Met., 35 (1981), p. 13

13) H. Scumirt: Powder Metall. Int., 11 (1979),
p- 17

14) A#H R, #H LRI HEFEED N ¥ (1973),
p- 163[# T 4]

15) C. Acrivos: J. Mat. Sci., 11 (1976), p. 1159

16) FEPI% M, fOmEYS HE, 365 B 0K (1963),
p- 268[FAEEE]

17) S. H. ReicamaN and E. K. WEaver: P/M
Superalloys; Current and Future; Seminar
Perprints of '84 Int. Powder Met. Conf.
(1984), p. 21

— 100 —



