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Effect of additional element and atomize gas on shape of Invar gas atomized powder.
Toshiyuki Sawada and Katsu Yanagimoto

Synopsis: Gas atomized (GA) powder has merits of high packing density and excellent flowability because of its spherical

shape, but the green strength of cold formed GA powder is so low that the compact can not be handled without
cracking or deforming. Therefore, GA powder is hardly used for conventional sintered parts application where
irregular shapes of reduced iron powder or water atomized alloy powder is mainly demanded. However, low oxy-
gen content of GA powder is expected as an advantage to achieve higher sintered density for high strength PM
parts.
In this study, effect of additional element and atomize gas on shape of Invar alloy GA powder was investigated to
improve green strength of the GA powder compact. Combination of Y addition to Invar alloy and N2 gas atomiza-
tion was found to be effective for making irregular shape powder and increasing its green strength. This technique
could also be applied to other alloys like stainless steels and tool steels.
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Fig.1. SEM Images of gas and water atomized powder.
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Tablel. Comparison of gas atomized powder and water atomized powder.

Gas atomized powder Water atomized powder

Shape Sphere Irregular

Low
O Typical content”300ppm0O

Oxygen content High

00 2500ppm0O
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Fig.2. Ellingham diagram of nitride*".

gboooobobobobobobooobobobob
goooooboobobobobooboooboboboon
gbooooboobobobobooboooboboban
gooooobooboboboooobooboboobon
gboooobobobobobobooobobobob

65

gbobobooboooboboboboooboobobob
gooobobobooooooboobobbooooooobooboobooosy
boboboooboooboboboboobobobob
gbobogoobooooobobobooooobobobon
boboboooboooboboboboobobobob

Sanyo Technical Report Vol.9 (2002) No.1



0000000000000000000000000000000000

Table2. Chemical composition of exprimental powders.

mass%

Atomize gas Cc Si Mn P Ni Ti Zr Y La Ce Pr Nd Fe

Base N, 0.003 00.01 00.0200.00136.33 O O O O O O O bal.
Ti N, 0.002 0J0.01 J0.0200.001 35.82 0.89 O O O O O O bal.
Zr N, 0.004 00.01 00.0200.00135.90 O 0.82 O O O O O bal.
Y-1 N, 0.003 J0.01 J0.02 0.001 36.11 O O 0.33 O O O O bal.
Y-2 N, 0.004 J0.01 J0.02 0.002 3565 O O 0.75 O O O O bal.
Y-3 N, 0.006 00.01 00.02 0.003 35.13 O 0 2.10 0 O 0 0 bal.
Mm N, 0.004 00.01 00.02 0.001 3495 O 0 0 0.81 1.23 0.13 0.47 bal
Y-Ar Ar 0.019 00.01 00.0200.00135.11 O 0 2.79 0 O O O bal.
Y-He He 0.005 00.0100.0200.00135.25 O 0 2.69 O O O O bal.
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Table3. Particle size and gas analysis of powders.

Mean particle sized gm0 OO ppmO NO ppmUO

0150 m 01500 075[@m 015000 75 m

Base 74.5 200 11

Ti 84.4 50 206

Zr 75.2 50 178
Y-1 78.4 300 97
Y-2 82.0 400 145
Y-3 84.2 900 243
Mm 66.7 1100 383
Y-Ar 66.0 250 43
Y-He 61.1 90 20
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Fig.5. Cross sections of Y added powders atomized with different gases.
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Fig.4. Apparent density of N, gas atomized powders Fig.6. Apparent density of Y added powders atomized
with additional elements. with different gases.
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100 m

Fig.7. Cross sections of Y added powders atomized with N, gas.
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Fig.8. Relationship between Y content and apparent
density.
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Fig.9. Relationship between Y content and Rattler
value.

gboboooooo
305 vyOOooooooooooboboooooooo
0.75mass%Y0 0 000 588MPall 0 OO 10mmO O
gzommOO00000O0D0O000O1573KO 7.2ksOF.C.
O000000oooooOOFred36mass%NiOOO0
O00000Fg.1000000.75mass»Y0 00000
OO0OFed36mass»NiOD OO0 O0O0O0O00OO0OOOOO
gobooobobooboboobobooyooobooooooo
gboobobo

40000000000000000

gbobooooboboobobobobooboobobo
gobobooooobobobobooooboobobon
gbobooooobobobobooobobobobon
gooooyoON,ODOOOODOOOoOOoobDooDboo
goooboboboooyNoDobbooboboboboobo
SEMOOUOO0O0O0OO0DOO0OOYNODODODOODOOoDOO
gbobooobooobobobobooboooboboban
gooboboooobboooobbboooobbOyYND
0000000000 0O0ooOOooOOoOoOdnT Table4n

Sanyo Technical Report Vol.9 (2002) No.1



2.10mass%YO U OO OO0O0O0O00O0O00OSEMOEDSO U
goboobboooboobooyoobooobooo
gogoyNOOOooOoyvyoboHGZOODOODOODOooDoooo

20

—0o— Sintered compactd Y-2[

—e— Fe-36mass%Ni Ingot

Thermal expansion
coefficientd 107 /KO

300 400 500 600 700
Temperatured KO

Fig.10. Thermal expansion coefficient of sintered
compact Y-20 and Fe-36mass%Ni Ingot.

Table4. Surface analysis of 2.10mass% Y added N,
gas atomized powder.

mass%
Fe Ni Y
Y-3 60.14 33.53 6.33
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SUS316L

Fig.11. Cross sections of Y added N, gas atomized
SUS316L and SPM23 powders.
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