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Abstract

The influence of copper and carbon contents on the mechanical properties and the
dimensional change behavior on powder metallurgy steel had been investigated during this
research. Tensile and dimension standard test specimens were produced with various copper and
carbon contents. The tensile test data shows that tensile strength as high as 520 MPa could be
obtained from appropriate copper and carbon contents. The higher copper and carbon content
result in the lower percent elongation. Dimensional change behavior was founded anisotropic
depending on pressed direction. Swelling was found in almost every condition especially parallel
to the pressed direction while higher shrin!cage was found in perpendicular to the pressed

direction. Both tensile strength and elongation topography map were proposed in this research.
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Materials Applications
Ag-Hg Dental Amalgam
Al-Cu Structural Component
Al-Pb Bearing
ALO,-MgQ Refractory
ALO-SI0, Crucible
Cu-Sn Oil-less bearing
Fe-Ni-Mo-C Tool Steel
Fe-Fe P Magnetic Sensor
Fe-Ca-S5n-C Aircraft brake pad
Ni-Ti Shape memory alloys
Fe-Nd-B Harci Magnet
Fe-Ni-B Turbine blade
Fe-Si Transformer
Mo-Cu Heat Sink

Injection molding machine wear
Mo FeB, -Fe

component
Ni-Cr-Co-B Aircraft Engine
Ni,Al-B Furnace Hardware
Pb-Zr-TiO Piezoelectric transducer
SIAION Cutting tools
SmCo,-Co Hard Magnet
TiC-Mo-Ni Cutting Tool
W-Ni-Fe Anti armor Penetrator
W-Cu Eiectrical contact
WC-Co Cutting Tool, Die, Punch
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initial state
mixed powders

solid state

M 3 1
31 2.1 Fumounazunudaesmsn]dsuuasTasssswgamalumsmniinave inad(German, 1985)
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final stage

1+
density, % _~ (solid-state) __ intermediate stage

100
/

solution-
reprecipi

.+ initial
stage

rearrangement

—4 heating
stage
solubility

green density

volume of liquid

p A4
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densification, %

100 ; 1
solid phase
sintering
solution and
reprecipitation
liquid flow
and rearrangement
0 | !
0 10 . 100 1000

sintering time, min
51 2.3 anwduiusseviwammuiniutuna lumswariin (German, 1985)
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large
temperature temperature
decit:easg
high solid
solubility
in liquid : o
sintering s fow liquid
temperature 7T ONTLms ST m T + -] solubility
i in solid
R
|
A composition B
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composition
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wetting wetting

$U7 2.6 Wetting Angle 11az Wetability (German, 1984)

Tunsdimavoanaril Wetability g ilaveamarzuws llawgwgu Tasiiuua Ty

- (Y - aa o A A g A Y 1a 9 1
nozunwsiswsnuilgniuaniige iesningusuiidnngaldlsusudaveunaiovud

¥ 1
2

o ] o ] =
annsanaimuiunAT s aavawdwas To lMuinnd wavinmsiiaveanainesy

U ar ) eyt =] a $ a ] 1 = o 1 '
uws lddsninauniignguvmnaaneisildifiadesiranfnanignguvnalugnd
Tavsia llaudadugeorsfaiudavesmnanhez naldmuuss IduaseTannSovsin

¥ r 1
f‘%huﬁ'N‘U@quua']u Elﬂcluﬂ':l']ulzf]u%iQWﬂ?'i 5’}W\11ﬁﬂ5ﬁ31ﬂﬂu"uu1ﬂﬂ33u1m 1 "lllﬂ'j@u

b at
=2 o =] )

dsunanravsanailszurm 5% 923 Capillary force MAATUIINWATIIUAUAINANN IS IR

ke =Sh.

a o ¢ R =4 . Y . 4o 4
tﬂﬂ%1ﬂ@ﬂ‘§’!i‘i\1lﬁﬂi1«!ﬂﬂ’}\ﬁﬁﬂﬂﬁ 10,000 1M1 WonNINUIY Capillary force NENAUUIL WYY

3 ¥ ¥ y ¥
Al avewdadrlndFadunintuioandSurasi IF lunsunufifuiisen asla
¥
o L] o = s Y ] ] -
voantanas lo wazldah difamsFoada lmivessynin anumunniunsluguamss
& - ' o P d v o & )
U UM 27 wamsmienmndesganssaidianasouuaasliiiusendoudeveurla

1 A o 3 o = kY e ‘3 @ éd o d::‘
ygunasEHIeynn duihlvifausedoymaldndsaduunniu ningmiitudunguidl

3 ]
A Y o o e

v
fAadumeRlInIEMmEdawIAatu/IMITY NIzATELANITY LT AT AN URNUdeile

af

ot

19 @ :' 1 o o o v v ng &g e o F
usdr ldindamesuunszarmdnmiosszi fnseapuiuiiutadasudinie1fein
o ) b
Capillary force uazdiaos T husiudmin Wewufanssuvesudlsurandooas suly
] ¥ 9
o = . -3 w o Qs ¥ Y o
annsoildifa Capillary force Mnnofiezsuimiinvosnszauurin’13lg nszaiufee

3
$2909g A



16

o ' 1Y L] ¥ o A v
it 27 dwnwadesganssmiddnaseundnsldiiuseadeudovoura
' 4 oogoya £ v ¥a  w &
wpunmszreymn s idiiaussiseymaIf ndSanuuiniu

{Huppmann and Dalal, 1986)

Tumaasefudmminidaveunadil Wetabitity &1 idavoamadns liuns llamgwgu
ret [] Y o gt é'l = a 2!’ oy t
w1 e uaeldwdanuvesszuuanadld esnnindsnufiuiissnhanaveunas
3 ] ' g = 1 o 3 Y
HAZYBIUIWINAIN AN TR LT s e guesudauaz o F91iuT9'l31An Densification
cg‘ a ar 8 A o ] o dy ~
wanvntidavounardaneenundn i s TanenSomauo uvav1ennduLInTy (isan

@ g = — & ¥ e o
‘Wa\N']‘I-JWL!N’}"’Ui‘JQLﬂﬁﬂl@Qtﬂﬁ?Tﬂﬂ%BWﬂ'\U'}Mﬂﬁﬂutﬂuﬂﬂﬂﬂu mﬂwwanwﬂawzaaﬂmnnu

HAZINANITWBIA

]
el

14 x
nnanudianuai ldnarndridesmsagliledonduaiuliifa Swelling wie
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a51ef 2.2 aqiledoiiduainliife Swelling 439 Shrinkage (German, 1985)

Factor Swelling Shrinkage
Solid solubility in liquid Low High
Liquid solubility in solid High Low
Diffusivity Unequal Equal
Additive powder size Large Smafi
Base powder size Large Small
Green density High Low
Wetability Low High
Dihedral Angle High Low
Temperature Low High
Time Short Long
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D—Width at center 0.225 572 L—Length 1.25 I8
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R—Radlus of filet 1.06 25.4 T—~Thickness (thin) 0.250 = 0.005 6.35 x 0.13
T—Thickness 0.140 o 0.250 3.56 to 8.35 F—Thickness (thick) 0.500 = 0.005 1270 » 0.13

Notr—Thickness shail be paratlel within 0.003 in. (3.13 mm). More-—Thickness shall be paruliel within 8.005 in. {8.13 mm).
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