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Synopsis :

Recent trends in iron powder for powder metallurgy, especially the consumption of iron
powder in Japan, manufacturing equipment and capacity of iron powder manufacturers
in the world, and progress in powder metallurgy technology and iron powder
manufacturing techniques in the past forty years, are outlined. The newly developed
"KIP" (Kawasaki Steel iron powder) products, particularly high compressibility
atomized iron powder, good compactibility atomized iron powder, no-segregation iron
powder which prevents the segregation of graphite powder, and low alloy steel powders
for high strength sintered parts, are introduced. The recent level of strength obtainable
with high strength sintered materials, and atomization techniques and mechanisms,

are also described herein.
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Synopsis:

Recent trends in iron powder for powder metallurgy, especially
the consumption of iron powder in Japan, manufacturing equipment
and capacity of iron powder manufacturers in the world, and
progress in powder metallurgy technology and iron powder manu-
facturing techniques in the past forty yesrs, are outlined.

The newly developed “‘KIP" {Kawasaki Steel iron powder) pro-
ducts, particularly high compressihility atomized iron powder, good
compactibility atomized iron powder, no-segregation iron powder
which prevents the segregation of graphite powder, and low alloy
steel powders for high strength sintered parts, are intreduded. The
recent level of strength obtainable with high strength sintered ma-
terials, and atomization techniques and mechanisms, are also de-

scribed herein,
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Table 1 History of powder metallurgy and Kawasaki Steel iron powder (KIF)

Year 1950 ~

1960 ~

1970~

1980~

1990~

The trend of PM
parts

Small size
{Compactibility)

Large size
{(Compressibility)

Composite
Joining

For exhaust gage

High strength
High density

Functional

High precision

Strength level Cast iron

High strength cast
iron

Carbon steel

Carbon steel

Special steel

Example of PM
parts

Shock absorber
Ball joint
Door striking

Bearing

Timing belt pulley
Synchronized hub
Sprocket

Clutch plate

Valve guide
Valve seat
Rocker arm
Tappet

Power steering pump
(cam ring, rotor)
Connecting rod

Clutch race

Planetary gear carrier
Camshaft cam
Cylinder

High strength gear

The trend of iron

Reduced (sponge) iron powder

Atomized iron powder,

Alloy steel powder

powder Partially alloyed powder, No segregatijon powder
Kawasaki Steel —_ 1966 Reduced Iron | 1972 No. 2 tunnel kiln 1984 Vac. de-oxidation 1991 No. 2 Vacuum
iron powder Powder Plant (1300 t/month} furnace de-oxidation
{equipment) (500 t/month) 1978 Atomized Iron 1986 No. 7 hnish-reduc- {200 t/month)
Powder Plant tion furnace
(2000 t/month) {3750 t/month)
1989 No segregation iron
powder
{1000 t/month)
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| Tuotal a
{excluded high alioy powder) /

100 — \// — 1
- //x
-5

O

- -t -
r]/['/ High alloy powder
I*_—’“’.“ _
| i ] | I ] | | ] 1 ] 0
1980 81 &2 83 #+ 85 8§ BF 88 39 80 91
Fiscal year

Powder metallurgy

{excluded high -
alloy powder)
v,

'\ Low alloy
steel powder

50

Iron powder consumption (kt/year)

Allov powder consumption (kt/year)

Fig. 1 Consumption of iron and alloy stee| powder in Japan?»2:3)
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Table 2 Iron powder manufacturers in the world?

Country Manufacturers Process®? C(‘:‘J,p;:;g Equipment (start-up) New products
U.S.A. Hoeganaes Crop. (Riverton) OR 70000 _—_ High strength: Distaloy 4600A, 4800A
WA 70000 | EF 30,45t High strength: Ancorsteel 85 HP
(Gallatin) WA 48000 | EF 60t (1981} High hardness: ASTALOY Mo
(Milton) Pre-mix 36 000 (15988, 11) No segregation: Ancor Bond
Pyron (Niagara Falls) MR 20 000 —_ Compactibility: Pyron D-63
WA 22 000 _ Compressibility: Pyronized 2067
Kobeleo Metal Powders WA 24000 | EF 20t (1989, 7) Low inclusions: 300ME
(Seymour) Compressibitity : 300MC
Canada Quebec Metal Powders Ltd, WA 37000 — Powder forging: 1001 PF
(Tracy, Sorel} | g7 56000 | 56MT Converter Compressibility: 1001 HP
(1987, 12)
Domfer Metal Powders Ltd. WA 25000 | H.F.F. 14t Machinability: MP37 & 368
(Montreal)
Sweden Hoganids (Hoganis) OR 160 000 | Tunnel kilnx 3 —_—
(Bohus) WA 36 000 | For Distaloy (1990) High strength: Distaloy AE & AG
(Halmstad) WA 200 000 (1992) Compressibility: ABC100-30
Pre-mix 48 000 No segregation: STAR-MIX
CIS Krasnij-Sulin WA 80 000 EF 25tx 2 (1986) —_—
Germany Mannesmann Demag WA 35000 —_ Compactibility; WPL-X 200
(Méchengladbach)
China Wuhan Iron & Steel {Hubei) MR 10000 _ -—
Anshan Iron & Steel WA 12000 — (1986) —_—
(Liaoning)
Japan Kawasaki Steel Corp. MR 30000 | No. 2 Vac. R.F. No segregation: KIP Clean Mix
(Chiba) 2400 t/year
WA 54000 | No.7F.R.F. High strength: KIP SIGMALOY
45000 t/year
Kobe Steel, Ltd. {Takasago) WA 72000 | EF 30t (1992) Compressibilty: Atomel 300 NH
No segregation: Atomel Seguresu
Dowa Mining Co. Ltd. OR 31000 | Tunnel kilnx 2 Compactibility: DNC
{Okayama)
Powdertech Co. Ltd. (Chiba) OR 12000 | Tunnel kilnx1 Compactibility: TNC
8} OR: Orereduced MR: Miilscale reduced WA: Water atomization
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Table 3 Manufacturing processes for atomized powders (by recently published literature)

Process Content Powder Reference
Water atomization Pressure=5~20 MPa Relatively irregular in shape 5~T)
High surface oxygen contents
High pressure water atomization Pressure: 50~100 MPa Fine particle size <10 um B~10)
Gas atomization (N, Ar or air) Pressure=1~5 MPa Spherical 11~19)
(liquid inert gas) Free-fall type, confined type Low surface oxygen contents 20, 20
High purity
(il atomization Using of oil in place of water or gas Relatively irregular 22, 23)
Vacuum atomization Moiten metal supersaturated with gas under Spherical 24, 25)
pressure is suddenly exposed to vacuum High purity, clean
iner ~ +
Ultrasonic atomization H;ﬂgi}lgta?fsti?g (6~12x10%cps) on the Spherical 26, 27)
Narrow size range
Electromagnetic atomization Impinging of magnetic field on moiten metal For high melting point metals 28~30)
in using plasma arc discharge High purity
Rotating electrode process (REP or The‘ end of a metal bar is rotated al?out its Spherical 31~33)
PREP) L?gf:gtléélld]al axis, melted and centrifugally High purity, ultra clean
Rotating disk atomization {(centrifu- Impinging of a molten metal stream onto the Spherical, flake 34, 35)
gal atomization) surface of a rapidly spinning disk High purity
¥, RETHELTHALT 2 HEIEEEET F~ 1 X (REP
#, PREP &) &HiEh T3,
BEo@ahz, BHYEBEMACEBT 2 HE LR TAFIRT - i Molten metal
B, TreA4 X8 icBEByEE tEE (3000~10000pm) +3% - — — ] | -Tundish nozzle
Mt BV MR R e 7 L — FCH THERT b w1 KB T ~— Water nozzle
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>ZWater jet

/\.

Water nozzle Molten metal

A T Apex angle D | Metal stream diameter
{ : Water jet length L : Molten metal stream length

d . Water jet diameter F 7 Flight path

Fig. 2 Configuration of water atomization™
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Atomizing medium

Water, H.P.water, gas ¥-*7

Pressure, temperature ' =18

Spray form
Flow rate, velocity %70

Quenching speed, viscosity %'

Water (gas)-metal ratio **

Nozzle (ring, pencil, V~-shape)**’

Water jet (length. dia., angle) ™ 7~1%
Molten metal stream length ”

Press. dist., suction press. 473

Spray form

— Particle size 23

[— Size distribution %780
l— Apparent density 525
|- Specific surface area ®

|— Irregularity %

Raw atomized

Flow rate, metal stream dia. '
Surface tension, viscosity *

Melting temperature, superheat 73
Level in tundish

Tundish-nozzle Collecting

Molten metal

Cenfiguration (open, closed) *
Atmosphere in tank -3¢
Quenching medium %’

Flight path, water level 5"

iron powder

Chemical composition
Oxygen content #
Inclusion #- 86!

[mpurities 7

Atomizing tank

Fig. 3 Effect of water atomization parameters on powder properties

Confined type

Free-fall type

| Stage 1

Wave
formation

Ligament Wave fragment

L Stage 2

Ligament

formation

Wave
/’/J\A fragment
0 e
© —

“Primary
atomization”
Primary spherical

Breakdown of
ligaments
and fragments

Primary membranous

High surface Low surface
tension tension
Low cooling rate High cooling rate

| Stage 4|

i
DGO ® v “Secondary
oo ® Yr v atomization”
! Stage _SJ
Kol —vr-\J (f"‘y‘_“/" - Coillision
5 \O? . coalescence
Con { E o 3 c % L./\J
Co C.LJ ( y '
e SN NENPCN -

Spherical Primary spher- Primary spher- Primary
ical, highly ical, less membranous
coalesced coalesced

(Gas (Water atomization) {Collision products)

atomization)

Fig. 4 Schematic illustration of particle formation stages dur-
ing atomization®
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7.00 Kawasaki
Hoganis Steel
ABC100-30
= &—— KIP 304AS
Z ASC100-29
£ 680~ KIP 3044
=
& AHC100-29 =1 KIP 3004
= R ~ KIP 270M$
P
T ee0k SCLOG-26
o 68 — KIP 255M
=
b
-
c
& 6d0f ’//
3 ™~ !
NC100-24
MH109-24
gool— 1L L1
1960 65 70 75 80 85 90
{Year)

Fig. 5 Progress in compressibility™

Table 4 Chemical composition of high compressibility iron
powder?4

{wt %)
Chemical High compressibility iron powder Conventional
composition  p 3p4as | ATOMET KIP 300A
C 0.001 0.004 0.002
Si 0.01 0.003 0.02
Mn .03 0.015 0.08
P 0.003 0.01 0.017
] 0.003 0.004 0.015
O 0.08 0.06 0.133
N 0.0008 — 0.0621

690 MPa il TR EER 7.24Meg/m* o A B b h, kS

300A o Fh X b# 0.1 Mg/m® L EEGT, ek, #ERIPCETHh
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280A (2.8 Mg/m®) 3o 1 OF 260A (2.6 Mg/m?®) iZ s\ TR TEH O
FhiclE T+ 52T, 2612, REFE 2.4Mg/m® v~
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AD:Apparent density (Mg/m®

Millscale reduced K
gz‘:leuced {AD=2.55) Atomized
(AD=2.4) ™ (AD=3.0
14 X —_— Atomized
weee Reduced

Commercial
KIP 3t0A 4

Rattler value (%)}
-
=
T

a6
gql—1 1w )]
6.0 6.2 8.4 6.6 6.3 7.0 7.2

Green density {Mg/m?)

Fig. 6 Compactibility of KIP atomized iron powder by Rattler
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Graphite / Graphite
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( )=
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Conventional
fmixed)

No segregation
(pre-mixed)

Fig. 7 Schematic illustration of no segregation powder
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Table 5 Chernical compositions of KIP alloy steel powders (wt %)

Process Powder C Si Mn P s Ni Cu Mo Cr N O
Pre-alloyed 4600E 0.001 0.01 ©.08 0,017 0.007 1.12 0.42 0,23 —— 0.001 0.09
Pre-alloyed 4600A 0,003 0.01 ©0.08 0.009 0.004 1.45 0.53 0.47 0.001 0,12
Vacuum reduced 4100V (.02 0.04 0.8 90.021 0015 — —— 0,20 1.05 0,001 0.10
Partially alloyed SIGMALOY 4158 0.004 0.01 0.05 0.005 0.005 4.31 1.5 048 —— 0001 ©0.11
Partially alloyed SIGMALOY 2010 0.001 0.01 0.05 0.005 ©.003 1.93 — 1.03 ——— 0.001 0.07

TR TMET 570w, BESSAKREFTETERE T NI, Cy,
Mo ip X & &ETEEFEUHMERCHEEIRL T2,
4.3.2 Cr-Mn RESEHRE (HEBT)
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Fig. 8 Tensile strength of high strengh sintered materials from Kawasak] Steel’'s KIP and Higanis's Distaloy alloy

steel powders (HT: heat treatment)
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Fig. 9 Hardness of ferrous sintered materials from Kawasaki
Steel’s KIP and Hogands’s Distaloy and ASTALOY
alloy steel powders (HT': heat treatment)
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