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Microstructure and Mechanical Properties of
Powder Metal-Injection-Molding Specimens of Stainless Steel 630
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Abstract

In this research, microstructure, physical and mechanical properties have been performed on the specimens of
powder metal injection molding of stainless steel 630, which were produced from the mixing feedstock between virgin
feedstock and recycle feedstock at the ratio of recycle feedstock of 0, 25, 50, 75 and 100 percent. The properties of
specimens before and after sintering that were investigated to determine the effect of the mixing portion of recycled

feedstock on mechanical properties are size, density, tensile strength, hardness and microstructures. The experimental
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results showed that the sizes of specimens before sintering were almost constant for all mixing ratios, but the sizes of
specimens after sintering varied with the mixing ratios of the recycle feedstock. The densities of specimens before
sintering varied with the mixing ratios of the recycle feedstock, and the densities of specimens after sintering were almost
constant for all mixing ratios and were almost similar to the density of pure virgin feedstock. Increasing the recycle
feedstock ratios did not affect the hardness and tensile strength values of specimens. The microstructures of specimens for
all ratios of recycle feedstock were not different and quite similar to the microstructures of specimens produced from
virgin feedstock. It was obvious that the recycle feedstock could be used in the powder metal injection molding process

without any effect on the mechanical properties and microstructures of specimens.

Keywords: powder metal injection molding, sintering, virgin feedstock and recycled feedstock

o o ¥
1. N NuiteiiiinisAnyiguantaniananay

v
a K : . 4
n3z1uMsAaTugYTangHe (Metal  Injection Tnseadngamavesduaulanznanannd 1iadiy

1 d b 1]
. ax = = A o ¥ :
Molding, MM) dhAEmstugliuaniifannnn o0 6 favugiiindaninmsnauseniadiaialn

a a a g a s
nazwaumsianmadn lasmsfadiaianay (Mixed (virgin feedstock) waziianainauin1d v (recycled

P ' a ¥ .
feedstock) Fafiaunanvoanslanzuazwaraandily feedstock) AiFAAILAIY TiAqUszasd Refnuina

Ed
148, ¢ ' a & A 4
o o ' o o @ " wa
Tumidiad dnvaziduveanisiaduglTanzua fie vosduwauiiadaminduun 1 Inideguaniani

a 2 o =3 ' @
mminNammmiaﬂ:ﬂwmmaﬂuazgﬂﬂwwﬁ'ﬂu

va s o A a 29 & A
llﬂﬂ DAVNUIAYIVIODNIUDY “ﬁ@uaﬂ‘ﬂ"ﬂﬂZlﬂuﬂTslwu

AAVDIFUIIY Haf 1A91NN13T30Tl sz aIuIsnTIvan

v a 9y s
dunulunszuiuniswanld nazifuniswaun

v

a a Y o Ed v ¥ v
a & =2 a <&
AU lumsnaaduaunan Uﬂlﬂuﬂ1iﬁﬁﬂu7}u ASZUIUNIS nﬁ'uui'ﬂTaﬂzwwu'lﬂ'lﬁ'anmuﬂua

Y o a a g Yy _ = ' ayo 9 ¥
Wiunszuaumsadadndae sindeindriiiile Aol I8 uanuswiioningudma TuTad Tanzuas

nszvaumsansugllanzradanuldnfoume s oo s PP a3
v 1 ¢ Taquviana lumsnasewdaduaulanzrdaiiugl

v . '
a ' = A Nw = wa i Qy
Lﬂﬁ‘Hﬂﬂi]'lﬂﬂﬂ’ﬂﬂiw‘ﬂ’luﬂ'liﬁluiﬂﬂuc] meﬂﬂ!ﬂuﬂ HaTNAADUAUANTAA I VD IFUIIU

185uaruauleinaingaainnssuuInuIy 13

L4 da o a d o ac
RAmMMATININULUA gilnsaiBiannsetind uazginsal 2. 985mMsnaang

A 4 7 %) .
3 g
msosilomsunnd iudu mmsesoudanansTanznz ¥ lunmsnaaes
H "ld 1 < a & 1] 51y 2 4+ dywy v a
DN LINA IUTUABUMTRAVUIY 92U Taomsvaguaun luldauuds 1aun 11939 (runner),
) a I . ] ' 4 @
dufimasnunavu sauiudvewuudmsumsan 799 (sprue) L o, -

v

Be

o @ o

¢ 2 3 a2 = Al o 1 o
Yugdiwu 38a (sprue) wazmud (gate) Bnviadail Aalnilusasiaiu 25%, 50%, 75% uag 100% lasni

kd )

funuiaiifadounnios sudmari higunse msnausas ALy 5 Alandu uasiinisiaduey
1A uaeusainguan14nad1d Taonisiiall T T Ry e T —
val¥Sivnaiimnsaudmiunslaasnass Gond S e N
diadminduin1ding cecycled  feedstock) I 15808 50 1. mmnaussammungemstei 6

annsatvaadunuiagaulunszuaumswinlé

32



smsInenmaniuazmaluladmuing) Ui 14 alui 3 ne.- 5.0.49

v
uay 3 uu. ANAI1AY 3UI AT YUIAVDITUIIY

fanaaslugii 1

je— 50 H&. —

v 6un

100 .

v i
1 1 vinauaz s 1evesFUNATD LT IR UIAY

i '
MmsFuaulumfiniuguussenadiy
o ¢ A a 1y A ‘o
fraersneu Tasmsiiuguugiiodiedis e lad
v '
UszaueenanFuaIy uaziinswniguvgil 1325
parnvaiiue 191a1 26 92 Tw e TiRAn IS
v 1
quauiavessuanuiivhiminaaey léud vina
k4
HAZANUNUILUUYDIFUNIUABUUALNAINITIN
v
Fumes  Iaseadnganminves¥ununaden nis
= 3 & 14
NATOUNTIAY uaznINarauANNLTY Ferii 14
& = X to o a ¢ a A w
wanuatzihumiinsimsziuaznlToumouny

1 d v 1l
Funuildnnms idanalminavua

3. Nammﬂamnmzaﬁﬂﬂﬂwa

3.1 MNAYBITHNUAUIAT AN

v’hmii'mmmm%’unuﬁauﬂmm GEAE
N15IW7 $1UIUBASITIUAS 15 Fu A eren
A UIUNOATINITHAAINAINTIAT (Shrinkage)

wamnmﬁmmmm?;uﬂuwuh Fuamnou
msnlundazdasidiunauaziivuiaminu ua
?;uuuwﬁmmmn:ﬁ‘umﬂuaﬁ:unuszﬁumuﬁﬂﬂ
drunauveadiafaiinguu1dlvi nonddnie

4 da ao o A9 @ =
HUINABUDATINITHAAINUDYAN muﬁm‘lugﬂn 2

=1

33

g 3 15636
g 15 51493
c 14.101
£ z
g s 3 13515
B 13 23
- 13.025
=2 12 T T T T
0 25 50 75 100

. o .
Samdmusanfiaaaiviinauanisina

i i '
11t 2 umnssasnsnadivedsuandlg nnmsld

< = ' = 4 a do @ '
mﬂnﬂ°l'rmuazﬂnr{mumﬂwmnauuﬂ%"lnu

3.2 ANUNHIUY
Mmsnaassmisanuruuniulasldvannms
i d v
vesesaNAd IFUNUSATIEIUAY 15 FUWIMIANY
WLHY HavInAINAaeLiesniiu 2 dau fie AW
£ 4
HUMUUVDIFTUNUADUMSIHILAZHAINITIHI
i d
ANUNU MU UVBIFUNUADUMTIHI9Z I TAY
o ' 4 a Ao w Y ' v

amusandunauvesiaaaminduin1diva uaasld

' £
FagUii 3 wazanumuuivFunundeimamnluusiaz
o 1 Al - o - 1 - o
Sasrduilimlnaifestuun uazimlndifeatuany

] n:” a 9y d a ] ::
nuuduvearuaui ldnnms safalnunavua

& v w o
aliauiy 7.5 ASW/AaL. s

“& 5.6

% 5.4

E3 35.21

-2 5.2 5.1

2 page 1%

* 5 )

=

5 4.8 T T T T
&

G

0 25 50 75 100

o < d e Y '
Samdmnanadaniinavsnliva

v 14 ]
11t 3 uanenumuninReums e sFUI 14
yd = ' a 4 a A
nnms ddiefalviuaznndusianan

shnduinlgini



MmasInnmansuazmaliladmuing 4 14 atfufi 3 ne-5.0.49

1 F Yd a Ao
iﬂﬂNE‘lﬂWi‘YlﬂafN!‘Huvlﬂ'J'l ﬂ151‘1$l1|ﬂﬂﬂ7|141

' Fl
a S H '

v 1¥lviludasdrufinuduerdanadoniny

¥
=2 ¥

muuteuMsIYeIF LTI Ld HARIY
wmuﬂuuw‘f;mm’ﬁtﬁﬂTsxmﬁﬁms:mmiﬂﬁxﬁmﬁu
dwmfunn q Sasrdunauveaiiaiaiiiinduunls
T o614 sAmwanumumiuAeumsmvesF Uy
TildgmiwnlFamesalunszuoums

33 Aandsvestuain

v‘hmsdua";mmmmaaué”wﬂdauaz 38w
M33AUT9807T Rockwetl ssle ¢ TawTa 5 yade 1
Fua wamsIamAuuS e sTuandantsiniia
TndiRoaiu dauaadlumisiadi 1 szminld sy
sandnmeudaiaiindundln Lidewadenin
S aveasuam

3.4 AUseR VR IT UM

v‘i1mswﬂﬁauusaﬁwaﬁ;unuiﬂamsdu
Funusasidiuaz 5 su WAYINNITNATDULTIA

" .

U599 Funuudazsasdunauiini 14 1ndifea

AunnensIaIu Awaasluasiei 2

M3197 1 UAAIMIANNUTIVeIFUIURT I UHAN VDY
diadaiinduun1Fmifisasidauwan o, 25, 50, 75

1ag 100%

ﬂ'auwamﬁﬂﬁﬂ ﬂ:nuuﬁq
° o Bl H
iinavan 1 v (HRO)
0% 27.14
25% 27.67
50% 27.67
75% 27.13
100% 27.13

a ' = 2 s <
A1397 2 HAAIANLIIAIVDIFUNIUNU T IUNTUUDINA

1t H

Aainaumn1Fvinsasdaumeu o, 25, 50, 75 uay

100%
TIUNAY 2931 quﬁ'ﬁ d
P - AUV
Wanmi | msda a7y
. . 7999
navIn 14 2 famgu Rl
, (MPa)
Iy (%) (GPa)
0% 6.91 138.92 901.29
25% 6.69 124.35 918.79
50% 6.97 125.47 908.60
75% 7.08 130.91 930.36
100% 6.85 130.93 927.31

nnanIsnaassuaadliiiud n1siiy
[ ' 4 a Ao o 9 ' v o
oasa v ulananinavu 14 lvy lidanaden
v
AUANTALS IRIVBIFUII
3.5 Inssadsgamn
v
Taseadeganinvessuauvenazsas1aIu
g a4 Ao o ) T o ' ' >
vousanamihndvu s lvuiidnvas Tiuanarefiy
- o Pl W HAq ¥ d o %
uazlanvazmiounusuaun lfdiaialuinavua
Tugh 4 uaas WSswilnTnseadragannduaivii
[ d a4 4o @ 9 1 o [
dunauveslianaminauun s Iviludasidiu o,
dd oA Ao v
25, 50, 75 uaz 100 1os1Fud Falanvus Inseade

YamauazvamIuitvideuny ka1 1 guauiia

.
a

it d ¥
NNAAVOIFUNUNNAIUNEUNG 5 Bia luuana 19y



smsInnmaniuazmalilad@eneg) Ui 14 aivii 3 n.e.-5.0.49

(M) (V)

O

Q)]

@

i 4 Taseadeqamavesduauiiidundudadia
Wnduin1d v (n) 0% (1) 25% (A) 50% (3)
75% (3) 100%

4. aywaminaaes
nmsnaassnaaslfiiudiquanianiing

v
woaguay 18uA ANy ANUUA Az 1A

'
1A

ay a1 Y a o v Jyd '
wesuay i lndinestuamn ldnnms 1dadalv
> yd o i A a v
Wanua naasldmiumsiudafansd UM RaNILa
e O P wa ey dy v
1 a3 un1d il Widwwademquanifvesiuanild
v ] - Ay va
uaeg1elsnauvuiaveayuaun lainig
= @ 1 4 a Ao o
wasuwlas lamudandrurauvsuiananiinauu
I T T 4 a4 Ao w Y '
¥l nande evhmsnaudaiaiiinduinlyiv

13 Ed ¥
adlludSinaiundundanalizuauiidnsins

35

o @

b 4 dA o o v =
nadmSImsiosas Fanaeivuia Mg nFUIUN
o iy v o {0 o '
itaaan i ldnauiadaninduun 141
o n’: - Yy o 4 o a
gaiudemmnsoagl lahmniveuiiadantu
ms1dennuds 1 ase shndun1$ini Juiagay
o o = él I3 k4
dmfunszuaumsaatugl  @wsonseildlae
qy =y wa (L yd a ]
Fusnidguaanianana i ldnnmsladiaialmi
4 3 ' 2 a
TumsTugUFU HAIIVUIAYOITUNIUHAINTIN
- A A -3’ o 1 g =
nlaoulas fie Hvualvgiiumusasiduveuuana
A o o 9 14 o @ u’: @ 1 P
fuingun e lndiiimsnanaslyd daiudasiauin
a3 a a o @ la’ 4? '
muzauvesns 1idadaiinduunly vl szvuey
o 1 4 A 4
Susanuions anNARIANADUYBIVUIATIAINITD

i d v
vousu ldveaduauIiug

a a
5. PaAnssulszme
¥
it Idfunuanivayunndninaunenu
kel
auayumsisethegaamnssy sl Temaly
msaaarandounyananivueniiaulaay 185y
' A Ay aa d o o v A
a3 awileninuiim i # By & (WszmeIng) $1iia i
T lemadiaididh I fnunszuiumsndanielu
=1 aw a o
Tseau anitulussaunanisiduiiuvedive
Fvinnunemuaivayumsiseliduiiudeuiude

yerwe'ly

6. UTTBNYNIN

[1] ASM HANDBOOK, volume 7, Powder Metal
Technologies and Applications, Metal Park, 1998.

[2] F. Christien, R.Le Gall, G. Saindrenan, Phosphorus

grain boundary segregation in steel 17-4PH, Scripta

Materialia 48 (2003) 301-306.

[3] Hwan-Jin Sung, Tae Kwon Ha, Sangho Ahn, Young

Won Chang, Powder injection molding of a 17-4PH

stainless steel and the effect of sintering temperature

on its microstructure and mechanical properties,



MmmsInemansuazmaluladmu’ing) U7 14 afufi 3 no-5.0.49

Journal of Materials Processing Technology 130-131
(2002) 321-327

[4] N.H. Loh, RM. German, Statistical analysis of
shrinkage variation for powder injection molding,
Journal of Materials Processing Technology 59

(1996) 278-284

36



	หน้าปก
	สารบัญ



