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Research Project:  Preparation of jewelry articles by powder injection molding

Researcher:  Assistant Professor Dr. Nutthita Chuankrerkkul
Date: July 2016

Abstract
Alumina articles can be fabricated by powder injection moulding technique.
Powder loading in range of 48-50 vol% can be prepared. The binder composed
mainly of polyethylene glycol (PEG) could be removed by water immersion method.

Temperature of water affected rate of binder removal as the rate increased with

higher temperature. Sintering was performed at 1600 and 1700 °C. The 3-point

bending strength of 216 MPa was achieved from specimens with 50 vol% powder

loading, sintered at 1600 °C. Densities of specimens were in range 89.6-95.4% of the
theoretical value and shrinkages were 15-16 %. In addition to rectangular bar
specimens, the specimens in shape of saxophone were also fabricated. The results
obtained from this research project also received poster award from the Ninth
Thailand Metallurgy Conference (TMETC-9).
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N3¥UIUNSARTUFUTARHS (powder injection moulding)
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UNUI

aqmammwé’mmiuazLﬂéaqﬂssﬁwaﬂm Lﬂuqmammiuﬁﬁmﬁﬂﬁﬂsﬂﬁvﬁwq
Useendusiuiuann fﬁmim%uéhL%aum'%iawssﬁuimsﬂ%’ﬂﬂwaauﬁaﬂ%’ammﬁm %30
ﬂ’]iLG]iEJiJG]TJLi’e]uIG]EJ’Jﬁ investment casting - mmammﬂmﬂwaaqumuﬂmaLﬂummmaa
F99INNTTUILNTHERNTIAUINN Lasivianedunou misuuiﬂmmﬁmiamammmmmu
mmumsﬁuuw%umuwmumLaﬂLLavsﬂﬁwwusuaulm mmiaﬂ'ﬁvaﬂm“lézmmamiwma
Uszuan Tnsavandumeudioloufunsvin  investment casting  sauseandnldanelunis
‘maa;ﬂamlm LuaqmﬂmiLmﬁmuﬂiammlﬁuamwﬂwmﬂ’mwaammafmaﬂamuu
uaﬂmﬂummmiamamsuumumqmmwaammmqm’m Wulaveuawiiaselwsidnlaon

fne

TrgUsraavadlasanisll LiteimumMATANITNSEUAISOUATBIUTEAUME
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1550UN55UUINTSAU

NsrUINNSTUgUIannellagnane s dsuandeiulunuanuagnisinluldon Ly
1 ) LY dy . el dy . 1 . .
1M30uN199ATUIU (dry pressing) N153ATUUTYU (extrusion) nN1suasluU (slip casting)
MABAIUNTTANTUTY (powder injection moulding) dwiunszuIuNTAATUIUTANS Yuneu
NSHARAzUTENRUMENSHANNTIARURUsYaIU N132aTugU N1sMAnmUseau uagns
a 3 & aaday a0 o =~ & S <
HBUNes (German and Bose, 1997) M3tuguisiiidendwiunsmisndununiivuiaiin
wardlsuTedudoufiovsUsendningivuasusendandsanu andlddnedmsvgunsallunis
A0 LHeanTunuiwseulaaeiisuselndifiesdunugaine ( near-net shape) uoniwnioan
NMSHARTUAILENAMNTTULAY NTzUIUNTAnTusUTanmdansaldlumndndiisounay
anawinle (Williams, 2008) lneldianusznnimannanliadu wiewsdndszanmisiun
= Y o D o an & a - Y AT vVY 1w
wazigaslaly wendnluddumnlduniazdisnmstiunndaasesUsedvanlansialauiu
(Strauss, 2008) lngAuvinmMeareginisidenidyilawazUsunaesiuszauivagay
& v o v w . . A [y a1 o
aaenIuNsFenldnszuIuNsIAfIUsEal ( debinding) tielnladuaunluiiiiusya
% 1 aad o a & Ao ' % Ao a A
anAvegngly FBUdenunsandagununivesinanelu (na19) 10 TuvaenIsiaume
investment casting Tau150vla WNUATMUAAITUABUVDINTEUIUNITANTUFUTAANY wana
Y =
PRgUN 2.1

Green part Solvent debinding

Metal powder Polymer binder

s 2
/

- o=

S
T

Brown part

Mixing

Feed stock

Finished part

Granulation

Sintering
Copyright © 2009 CustomPartNet
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5UN 2.1 nsguIunsaaduguians (powder injection moulding)
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miLﬁaﬂ%ﬁmﬁaﬂizmuLLaﬁ%’Lumiﬁ'ﬁf(ﬂLﬂu%umauﬁé’wﬁzﬂuﬂizmumimém N3
frdnmdsvanulnenislieuousiissegadiorssldnanuunn Sohliduldemdsny
wazAldine eutlammanissldinmsnunifesusvaunauiiesdussnavanlng)
anunsaidalalasldsvhazans Tnedusnndussanuvdaiduwindazgnazarssmeieum
wiaduansiadl fafunsitmunfussauiiaunsaaranetlasdinnutauls suasile
Wunszuaunsuaniiduiinssedauindonuazandldaelsdnse QGHPRIELN
awinedeieiilad Ussinedanguldiandiuszanuiifesdusznoundndunediendulna
Aea Aausnazatetnly wazesrUsznousesReneawiiawmAsian flazgnindnooniuly
vuzilinufouiioviininsBumes ( Chuankrerkkul, 2006) #vszanunauiigninanldly
mMandnTanviaiidumdnndlfadungainag ( Anwar wazaz 1995 Omar LAzANE 1999
uaz Newell wazansz 2005) fausvanuaiinidslasumsiaulianusaldldtuesinuay
senieuesinadudalad (Wong, 2003) naeniuianussaniisawuaislud-laveadsnse
Wiadnae (Chuankrerkkul wagAny, 2007)

Meavdunueantidefiivadosiufuszausiin  PEG/PMMA o7ty Sn1sfnwn
1514 PEG il molecular weight sieeiu sausiansidentddsnisnan 2 33 dwsutagilsl
LﬁmLLasi’a@ﬁ%Lﬁﬂﬂﬁﬁ%mﬁ’uﬁw TudBusnianazgnuaniu  PMMA n¥rntuazaty PEG Tu
1h udrres inadludrunansunaaduaneiidamumiing ndsmnishliuise
gaungiish uariinismueduaiiauoifiondnidesnmannaznauvousntu vdamntuiings
nuileannaseinafiunsninegmeludiunas dusuisnmanauanfianfnuiasensuh oz
vilaenswas PMMA Aunatag Aeufiesthlunaufu PEG flazanvanluueanssed wdsin
tuipnudunouetuitusn Wedunuiiumsistugiuasyhmstdasssan (ag
muthi) TWinnesideinies SEM aswuhitesiseiiies Seasinsiagtnsliinisaaiedh
99 PMMA Tlogluanugidufmfniuldognenat

uananifmuinisiy stearic acid asluludiunay wwtedusyavsamluns
wamuaﬂums%ugﬂ desnniluiinsuiufidn  stearic acid WWuasnadeduiifinsldtuee
unsvians udedilsfimunisinansudeduiineddosidmidesanmsii  stearic acid lu
U%mmmﬂ%ﬁﬂﬁmmmLL%QLLiwﬁqmﬂmis‘fugﬂmm%mma@m Yadeduqidnasie
ﬂszmumiamﬁﬁugﬂi’a@m LU TUIA UATNITNTEALVUINBUNA BNTIAIUVBINITAR UG
Usvanu slievesauszatu saenunarlunisiidnflsraiu gumnivenirflddusarh
azane wazladudus Mffesmsmsinuifuislaianzegisdenisuszondldlunsadnsy
FoudasUsey

MnnsFuaiAdeiiReadeuaranmsdududeyasien viliiuinmuidely
Tassnsiifsimumadansedeusiieulnenssuiunsdatuguaguedamudululdas
wazdldfusrauitanunsoavaretnld avinliflasimsiausinaula Tnedusvay
audse azvliannsldansed tenssuiuniswanfidufinsredundoy Ussndandaau
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Biocompatible alumina bone screws (Courtesy Klager Spritzguss)

Dental brackets made from translucent alumina (Courtesy Inmatec)

CIM zirconia watch parts for the luxury market (Courtesy Inmatec)

JUN 2.2 wanduaiesiiningalaenseuiunsanuguTanus

(P1: www.pim-international.com)
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3.1 1n3esdnduguiaguessiuiacufinns
resdntuguianuessiuiionfoims (Uit 3.1) Alddnatictuieldlums

fufiualasamsided Hu wdesdauuuldnszuenan Ssfudiinauenaazinandaivay
(Compressed air) vi3oiunniuaudld lulassmsaiidonliduandemuaunisvhanlagly
il deliasandunts  UftRnu lddeaddsudufvan Welduauaumueds  uay
Avualilassairsvesedoshainlans ieliiaTesdndanuudause vunanudadui
wangAuMIINU uasadeudield mugesswiedulitionndt 8 S Welianansady
fouinludanisfudausnagle damufu Feedstock nsanszuen Uanedugidnuunadn el
drunangndninluluusifissils nmeuendouseusny Heating jacket Wusfingamailiy
Feedstock Wagdl Thermocouple  dwiuingaumniidsaziiszuumunsluiiviolifindes
AuAusE feursuazUiugamilduuy Digital tielazmnuazirelunstuiingaumad
SeWINIINAaed drusuasiildnaudfuiliduiumanfifaunundneg sulidmsusls
wifsnidnaivluvagivhnmeaes Inglunudaaestladumfudunuvsudmiusuu i
WaZUNUAN LU

5UN 3.1 1ATesRnTusUTanneszauriasuinns
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3.2 M32ATuFUTARNS
wienTagnueslinyinergiul Haufufussaunuszneumeneiieiidulnanea
al a a a =y k%4 S L ° v = < ! o
waznedlhillataiisea Ysuadesar 80 way 2 0 laeumnanuddiu wssududiunauid
Usmamsiangufosay 48 - 50 lagd3u1ns (48 -50 vol% powder loading)
o a &£ v A a X Y Y% a wa = =y
M s@atugUlngldinsesdavuguianuessAuriosd§UAng wisauduguanuninn 5
x 5 x 55 fladlans Wewleaduaudmiumsfinmnismdamiuszalagnisudun uazdnw
gauniimsndnwsnzan Tunsunisvaassainsaasulamuwunmluguin 3.1 dwsy
MmAjeildniumslagldinesdaiuguianueseauriod UAnis Alasusudssanaminu
JuUsgInUEUAY Usednt 2558

FunounsvnassUsznaude
. Fedhunannugasisivualy (ms1eil 3.1)
W@ PVB Aunsergiiun udihidndeuiigaumai 100 ssrwadea Tnines 1)
- 1h PEG Tddjou flgaumail 80 sseniwaiTea (Snines 2)
. wesAnUnnes 1 as Jnines 2 udld spatula Aulwmaniu
. WduNEL (feedstock) Pwseuld laaduedesdn lngldgaumgil 180 aamwaw‘?ﬁaa
. uwumuiﬂwu”l,um flgaumndl 40 uaz 60 ssrvaTEd MaI ﬂuuuwumumumﬂm
uazeuitgnmgdl 40 ssrniwaiea 24 lus Wiolwtuauwis uitlesfunisssiveves  PEG 7

o B~ 0O N =

(o)}

mmmaaiuwmu

7. AnwnsINIAInsIUTEaIU

8. FUNAANEALTUNUIALLT LaUdI9INoULTILE

9 i lvhmsundumesiigamgil  1600-1700 ssrwaidoa uazldiaanlunissnm
gaumnigean 2 dala

M1519% 3.1 durauildlunmaae@aduguiansa

ALL,O; Powder loading PEG PVB
(vol%) (Wt%) (Wt%)
A 48 80 20
B 50 80 20




Powder J Binder J

Feedstock

.

Powder Injection Moulding J

Debinding J

Sintering J

5UN 3.2 JunauNSWIENTUNUMIENTEUIUNIAATUIU Tanka

MHRINMIRsENEIURaN I advTUNsEnTuUw asilunsiauwl il
=~ Vo a ) a X o = 9
fsunsawdaniny Wldgunsmasuadin weilusuwuulunsdniugudiseuasesseau
solluewan Inasuduanuuundslidudeuninin lnewuunaulafe susdlAsedy
Y DY) - e ' Y 1a e o =
anwrAdgiuATasnunINTenIwenleliil dnuazulfiuiuanssguin 3.3
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NAaNISNANADLAZN1SINUSI19NE

4.1 NanNSANWIANYULIANIZUBINITA uaYAIUTYAIY

neorgiiun 1l suineymAasUszan 1 lu Tasums 910U Nippon light metal
Uszimadiuu namsinuuineyniadielnies Laser particle size analyser uandaguil 4.1
LazgUTl 4.2 uane dnwasmedugumaingvestsergiiunanndesqanssaididnaseunuy
doansin msfieynall wunadnavyinliessudunaldUamaTanligannn Uszana
$ovay 50 TngU3unng) Fragvilitusuiimanaimdangs wagnsuwiiodfiuanumuiuy

YosgunuRadldaumgireulig

| 7N

yd N
1 7 —

0.1 1 10 100

Particle size (micron)

UM 4.1 nanTIATIEvIReUNIANIREaluiY Laser particle size analyser

JUN 4.2 SnvaeneeygiunnnnasganssAidianasaukuudensIn



Aausvaunldanwided lawn PEG uag PVB JUN 4.3 Laninsaaeivedansnges
yiagaumiisng 9 NUNUAMNUIY PEG Suaaneigumgiiuszana 200 °C uazagaay

9 Y
'

al

uAgunaiuszanm 450 °C dmiu PVB agisuaaneilgamiiuseana 300 °C uagdzaany

9 9

e

wupfigamaiivssana 550 °C egnslsinu uddeilladenldnmsmdndlszaiu (PEG) loe

Yy
¥ [ 7 '

N3araNgll ANUTUNUARUNNSWIUILG Iemdesgiamy  PVB Wil dsagaiunsaiidn
ganlalagnisliauiou luduneusenitamsiitanmgiidnisundumnesvaemsian

120
PEG

100
E g0 -
a
o
= 60
=
[=11]
B
=40
Q
F..

20 -

0 . axaaapssscccy

0 200 400 600 800 1000

Temperature (°C)

5UM 4.3 na31n1A389 Thermogravimetric analysis Y@eiUszaIuns 2 v¥iin

4.2 NaURIN152ATUSY
annsninsdntugUdiunanvesergiiunlaihnuiiiun Juauliauanysel ezl
AU DasRgananaziluinnsneasslutumnausaluls fegrausunlaainnisaniy

sUTAANS wanneguit 4.4

JUN 4.4 Fuanuilaanms@atugdianus
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4.3 Han1sAnwINIsidafsyany
PnMsAnwlulesdu nudniloduanuniiun@atuguinudlud lnemvuali

Tgaungfivesi WWu 40 uay 60 ssmisaldoa asnusEsriumautin wasndinnsutii
w7 Funudsanansoassledld lnedleiSeuiisuravesgnmnivenildlunisidng
Usvau agwuin thilgamgiigendh ashliussaugnindneenluléidand warainms
nanosidlddedannid i figamnd 60 ssmuwaifea Usinaflsyaunnidesay
90 annsngnindmeentuldlunaidfivs 5 dalus uenandmudn Vinuiuszanumnndy
$ovar 95 axgnindnoaniuld Weldnen 8 dalusisluthilgumaf 40 a 60 ssmiwaLdea
naluanmaTesaTlunsutisomafdafUsza wansdeguil 4.5

nansvnaesiidenndoatfuuiseaug friun Fawuigumgiivesivhazaneiias
i1 aunsevilifszaugnidaeeninlduinndt uenantagwuidasmaridad
Uszanuazdilutiausn (Melunan 2 $alususn) wé’wﬁﬂﬁ'ué“miﬂmiﬁﬁmé}’aﬂisam%ﬁa8s]
anas

100
90

m40C
=60C

% PEG removed

5 8 17
Time (hr)

v a ol [

JUN 4.5 nsmluansfesazsusyauvila PEG Nignidneen iWewiluinnilgamgianne

Y

4.4 wansAnaLURIBInAYesTuNIY
a1 TnmAuLTswestuusemada 3-point bending test WAAIY
AT 4.1 Fawun m’mLL%&LLiasuaa%umuﬁlé’mﬂm'ﬁam%ugﬂ (green strength) JAENT
auudauswestunuitunsidafUssauedn  PEG (dutin) was (brown strength)

M9lN989N191NAIAINLTITIVBITUNUARIINAMLLIUTITIARNAIUSEauYia  PVB
= o o [ o & qy Y = dg” dg Y
gaduiveuniaianue lngluanemdudununlaannnsiaduiy (green) awilvissinussany
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¥fin PEG uay PVB aglutunu nmsBafuoynaves PVB o1vasdaldliiiiud esnnding
sumuIN PEG wandloudindiorndn PEG oonluud ssviaavdeegifivud PVB wiiiy
(brown) 3whlnsBasyniaduldlffini WewSsuifisumeuudsusaieunn sewing
dunanfifiviinavesudsogiesas 48 uay 50 IngUTuns nudldliunnssiuegied
toddny uwilluwaltuifsauudusenas defuimnasesuds dedenadeananmsd
TS inaususzanuanas Inilieanuuduseiunlifiazanas
donBsuifieudeiuudusmostunundusfigamnd 1600 uag 1700 a3

wadea wwnuhgamadflilunisn lidmasgreddeddysornnuudusmesduny
wardmSURaTeINSRNUSINAIeauds ( powder loading) Suwnltiufivevilimainuudouss
ity winslddunaussinedosas 48 fu 50 Tuadded mnuuandnadilsidiuedis
i esniviinueudsihstuiioud Sovay 2 lneUiasvinty

[
v [

A13797 4.1 ANAINLTILTIVITULEEaTUY MaidnTugy nde

v @

INAIUTEAU LSRN

gn9 Green strength | Brown strength Strength Strength
(MPa) (MPa) (1600 °C) (1700 °C)
(MPa) (MPa)
A48 vol%) | 541+ 022 6.61 + 0.88 194.6 + 28.2 189.6 + 1.85
B(50vol%) | 164 +0.10 5.58 = 0.51 213.8 + 30.4 208.5 + 6.3

4.5 WaNSANAUURNINIBATNYDITUIY

WIBYINNNTIAAIANAU U UVBITUINUNG WA LAEBIFENANNITHNUNAIUT WU

A a A =, a L P~ | o X
Waiiugamailun1swn 210 1600 WU 1700 aeAlgaldud Juuziiaumuiiuuisty
= = ~ \ | Aa a ) & v a v
WalUSeuiguseiedunauniUTnaneTan usevay 48 uag 50 lagUsung agnudna
ANURUIBUUVBITUIIUIINAIUNEY B %ﬁmqﬂﬂd%ﬁﬂﬁaa ﬁqﬁLﬁmmﬂmﬂ,ﬁuqmmﬁ%ﬁﬂ
TrguanuinnsweudniulaunTuasaliAaIAUAUILLURNLYY kazludiunauNTuSun
IUTIUINNTT AV lAAANITLUUF LALINAIN Feazaawalilla Ul uugumeiuiy
iy A a &l N ~ N Y ) '
FuNUTHUMSEBUETIRamM)T 1600-1700 aerwaldva IA1seuasn1svnadieg
Tuﬁzm 15.3 - 16.8 IngFUNUNTAINITUARIA AR ﬁa%umuﬁﬁﬂ%mmﬁuauﬁa 50 vol% way
memmm 1600 p9ALALTYE mmmi‘w@mwu 15.3% LLaJaumumummimmaqama
FunuitUsinavends 48 vol%  uag meammm 1700 peFLgaLtud mmmi‘wmmlfdu
16.8% w,ﬂulﬂmmmgagmmﬁ %ummwﬂmmﬂéuumaqmmﬂumumqwu AT
ALUARITDIAT aLUSU T sTud UNEY
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M15199 4.2 ANANUNUILLY UaZN1TUAM Y09TUNUBYRHUN Yidasgumnll 1600 uaz
1700 aepLwaLdya

gng Density Density Shrinkage Shrinkage
(1600 °C) (1700 °C) (1600 °C) (1700 °C)

(g/cm’) (g/cm’) (%) (%)
A (48 vol%) | 354+ 004 3.75 = 0.01 15.8 + 0.13 16.8 + 0.07
B(50vol%) | 349 +0.02 3,77 + 0.01 153 + 0.04 15.5 + 0.28

4.6 Han13ANYILATIAT19ANIAYBIFUNY
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