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Production of Superalloy Powders by means of Confined Design Gas Atomization with Supersonic,
Multiple Discrete and Swirl Jets

Yoshitomo Sarton, Hideaki Ipe, Seiya Furura and Tomiharu Matsusurra

Synopsis : For developing a fine superalloy powder production process, a steelmaking pig iron instead of the superalloy as atomizing
metal was selected from reasons of economy and availability, and effects of some gas jet streams of a confined design
gas atomization on mass median particle diameter of the iron powder were studied. The application of streams of swirl
jet, multiple discrete jets and supersonic jet to the atomization was more effective for disintegration of the iron melt.
In addition, the disintegration phenomena were observed using a video camera and the atomization mechanism was

discussed.

On the basis of these results, a confined design gas atomization process with supersonic, multiple discrete and swirl
jets was developed. By using this process, a fine Co based superalloy powder of about 30 #m in mass median particle

diameter was produced.

Key words : fine metal powder ; confined design gas atomization ; superalloy ; supersonic jet ; multiple discrete jets ; swirl jet.

1. #&

BOSKREEIF AR —E LT 4 2 7 RUESHHEE LTH
Vo, MEMREOIRER & CRE 2 2 N QKD mE b
OFEZ DR DT SNT V502, FETI, MEW-HED
3 & CHOMERE O 1 E o 729, BT 53810 mEL F
DB ARV ZLFEHIN T 39, BASH R T ENIZH
BT AHFEELTIR, ATEBEE ROBEBES LUHEZE
BHEEVM O T 5, 206 DHEREMEE LML
a0, enFn, SEAMEGR, HIEH s L CEEP~
DIRREOHRIBIEN #FIHAT 2EHFETHE, 6D
5 b, BLMEBEIEHT 2 EHE— X —DRESNICIRAE DS
H 51D, 156N 5 EAERARIDHC, FREREIZEK1002m
ThH 5, %712, BZEEFHHEL LEIN B 7250 ~ 704 mDAE
BERRDEG B HIETH 57, KKBHMAT 5585k
HETH 5, FUREBFIIEEETFEL L 3IXR CREOHE
AERERIBON B HIET, TEMZ - L bEHACS
NT 5D, [UREFEFECIE, Fig 1Rt Lo, 2> 2
FAVEHEREZ ) — 74—V HRD2ODDHFRIH 5,
D3 bar7 A4y NERKQREBEPO- MRS vl
ERMAEFICERE LI, A v b DOSIRETIC L Y %
BHETHBID, BHE»BLLAPLT L, L2L, 20
FHRTOBEDOR TR L IEFT RS RS S

= Multiple
swirl jet flow

- Gas atomization

Melt

b) Confined melt
stream type

a) Free fall melt
stream type
ds:Swirl
space dia.

Fig. 1. Gas atomization methods and swirl jet flow.
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Table 1. Experimental procedure and results of gas atomizing test.

Metal Gas (Ar) Gas/metal flow ratio
Test . - dm X 1078 ,
No Type Atomizer |Compos.| Temp. | DX107% | Weight Nozzle Pressure um Ag/Mm | Mg/Mm K
’ % K mm kg/ch Po, MPa Nm®kg | kg/kg |by eq.(2)
FFC-1 4.3~ 7.8| 30~74 [6.0~16.7(10.7~29.8/ 2.7X10"?
Fe alloy FFC-2 4.8~ 7.8| 25~42 |4.0~11.0| 7.1~19.6| 1.6X10°2
3.1 | Free fall | AIGA* |, 70,7 | 1873 2 25 |FFC-3 | 2.6~ 8.2| 39~72 [3.6~11.0| 6.4~19.6{2.7X10"
FFV-1 5.0~ 9.5] 42~56 [8.9~15.3[15.9~27.3{2.7x10"?
Fe all CFCS-1 | 2.8~ 6.0| 32~36 |1.5~ 3.3| 2.6~ 5.9/6.2X10"
3.2 | Confined | AIGA* | S2 V| 1873 5 25 |CFCM-1 | 2.9~ 6.2 | 23~49 |1.1~ 3.0| 2.0~ 5.4/ 6.2X10"
CFCM-2 | 5.6~ 6.7 | 17~23 |1.6~ 2.3| 2.9~ 4.2/ 3.6X10"
N g Fe alloy CFCM-2 | 3.2~ 5.0 — 1.9~ 4.0} 3.5~ 7.4 —
3.3 Confined | AIGA* ' " " 1873 4 25 CFCM-3 | 3.0~ 5.0 . 93~ 4.7\ 4.3~ 8.7 _
Co all FFV-1 [9.2~10.2| 45~72 |1.6~ 3.1| 2.9~ 5.5/ 9.2X10"?
3.5 Confined | VIGA * % *o*a*oif 1893 5 110 CFCM-2 | 4.5~ 5.5| 35~47 |1.5~ 2.8| 2.6~ 5.0[7.2X10"3
CFCM-3 | 4.9~ 5.6 | 28~36 1.4~ 2.3| 2.5~ 4.2/ 5.6X10?
* AIGA © Air melting and gas atomizing plant % % VIGA : Vacuum melting and gas atomizing plant
% % * Fe alloy : Fe-4.5%C % % % % Co alloy : Co-32%Ni-21%Cr-6% Al -0.5%Y
Table 2. Specification of Ar gas atomizing nozzles.
Shape of Jet Swirl Jet Height Throat Exit Mach numb. | Correct
Nozzle Type gas jet swirl space apex of dia.of dia.of at nozzle expansion
No. yp stream % angle dia. angle apex nozzle nozzle |exit ratio
0, rad ds,mm a rad H,mm dt,mm de,mm Me (Po/Pb)*
FFC-1 M.D.J.(C) 0.00 0.0 0.35 85 1.5 1.5 1.0 2
FFC-2 Free fall M.D.J.(C) 0.18 5.2 0.35 85 1.5 1.5 1.0 2
FFC-3 M.D.]J.(C) 0.36 10.2 0.35 85 1.5 1.5 1.0 2
FFV-1 M.D.J.(V) 0.00 0.0 0.35 113 1.5 3.6 4.0 105
CFCS-1 S.8.J.C) 1.57 - 0.79 46 1.2 1.2 1.0 2
CFCM-1 Confined M.D.J.(C) 0.00 0.0 0.79 46 1.2 1.2 1.0 2
CFCM-2 M.D.J.(C) 0.14 4.9 0.79 46 1.2 1.2 1.0 2
CFCM-3 M.D.J.(C) 0.14 4.9 0.79 46 1.5 2.6 3.0 32

% M.D.J. : Multiple discrete jets, S.S.J. : Single slit jet, C : Conical-shaped jet stream, V : V-shaped jet stream
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Fig. 2. Effects of swirl gas jet stream on particle
size of powder.
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Table 3. Physical properties of metals*®*®.

Metal Temperature Viscosity Specific Kinematic Surface
gravity  viscosity tension
K omkg/m/s pm,kg/m® vmm?/s ymN/m
Co alloy 1893 6.5X107% 7.7X10° 8.4X1077 1.85
Fe-4.5%C 1893 3.0X107% 6.6X10° 4.5X10°7 1.65
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Fig. 9. Particle size distribution of superalloy pow-
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(Nozzle CFCM-3, Po=5MPa)

RS TUREMGR AR 2 > 7 7 4 & PRSI £ 5 @A S EHROME

57

Sum

Fig. 10. SEM photograph of Co based superalloy

powders.
200
= Nozzle Metal
3 o FFV-1 Co alloy
= TOOL: ®CFCM-2 Co alloy
B 80F |acFCM-3 Co alloy /,,
2 o[ |mCFCH-2 Fe-4.5C
= L
= 40+
«©
= |
2
» 20r
w
©
=
10 L} Il I . L L R |
0.2 0.4 0.6 1 2 4 6 8

Ag/Mm (Nm®/kg)

Fig. 11. Relation between mass median diameter
and gas.metal flow rate ratio.
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