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[16]
AT (mM)
lesau
W ¢-SBF r-SBF 1-SBF m-SBF
Na' 142.0 142.0 142.0 142.0 142.0
K 5.0 5.0 5.0 5.0 5.0
Mg~ 1.5 1.5 1.0 1.5
Ca” 25 N\\ 25
cr ( 0 103.0
HCO, 0 = /é/{%____ 10.0
HPO / Jﬁ SE = L0
{ g ) =] 0.5
= ? 1 \ M
2 < I/
) AL’
3y \
AN314 2%?5
ameill\ = " A " Wl
NaCl ?‘ 6 N3u
NaHCO, 52 N3y
KCl &”" wx 0.225 N3y
K,HPO, 3H,0 5 G\ 0.230 n¥u
MgCl, 6H,0 23108 VR0 0.311 n3u
1.0 M-HCl 40 fadnsu
CaCl, 95.0 0.293 n3u
Na,SO, 99.0 0.072 n3u
Tris(hydroxylmethyl)-aminomethane 99.9 6.063 Nu
1.0 M-HCl - ~ 0.2 fiadnsu
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3.2 msiadinld

321 wilAuean (Co)

3.2.2 wilaadlew (C)

3.23 @anuea (CH,0) ANuUIans 95 %
324 Indlflaueansgead (PVA)

32,5 thusenleseu (O water)

3.26 wWivrgiul (ALOs)

327 fgesnau (Ar)

3.2.8 luifvumaslss (NaCl)

3.29

: 0°%

@

a ﬂ
3.3.5 PR DIUAEDE pﬂtﬁﬂn ling
3.3.6 13 098 AL UULNUTEIMIS LT IS 0ans TS nunsliAINsau (hot pressing)

3.3.7 Mmawaadnnsauda

3.3.8 mUWuvath

3.3.9 gnuavihanneslale (2r0,) fiduruAugnanawindu 10 fadwns
3.3.10 Foudnans

3.3.11 ALAY (forceps)

3.3.12 ns¥Aunaya

3.3.13 psnvend@msuunans (mortar)

Laﬂm‘iutﬁuLaﬂaﬁg@ﬂ%}mwmﬁlﬁmgwﬁﬁﬁ% %yﬂmmu luoygwlmirllsusslovuaunisan
lamﬂm%ﬁaﬁi%ﬁmf@qﬁmm@im@‘um}ﬁwﬁwﬁamﬁm&%ﬁﬁm%@w@%ﬁ@%ﬂmmﬁmﬁ%ﬁ%
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3.3.15 fwerglundmiuwians (alumina crucible)
33,16 gedvfordmiuifviuny

33.17 fpanuiy

3.3.18 Tnwnas

3.3.19 nasilluimiass (electronic digital calipers)
3.3.20 N3EAWNTIY

3.3.21 ¥Indnenuea

3.3.22 NgAuiivYy

3.3.23 aaauenans (dropper)

3.3.24 frLNSIsay

v =Y ¥
ﬁuviaﬂﬂﬁaﬁw |

wiseaundopnignuea (batd, - 7
AU 24 Falug - g u?‘ﬂﬁmyﬂm’\hu@ Seiha sinaufumdafieviinns
ol \w“ “/ - -
wunansiidesniseaninNnUruailitiauiousesdV 3.4 Agaumgll 80 °w 1Hunan 24

Fluaiiavinnisszweeniusasanil nntullswiiainudidsiuuslvazidundiuasn
vendaguil 3.5 Fafarlanvesdaaselavead - lasdlen (Co - ) Tudndrurngg Gl
v - v &4 @ A et o as P e
aﬂ‘wmsmauaﬂwﬂmaﬂmﬂuﬂauﬁnummmuam‘lugﬂw 3.5 1wunu

nanstiduenansfianubdmiunislenudionsinwumi lougelmhluleselovnunsan
Limnwsibnsiiduensitanadiissuraidiondsesdesanaiirinpwenmenrs iEmmn by
This rgtenatla eanadionaivaationativae calfs dotaladed fensomméminuseiuly
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Co powder + Cr powder+...+...
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JUN 3.5 Asnuenunans

3.5 NTEUIUNSIAS IR aaey

hredaagefrnumsvanamsER e 54 1 Watustiludinioaes lnsassinsnan
nadaaestfulndldaneanesdd (PYA) Madisinisbomadtszauahduinanasdileld
Tunsinuwgnas Iﬂﬂ'lu%y'umaumﬁmﬂ'zﬁq;ﬂa'a'umnmu%i’ﬂﬁr-jﬂuuwwudmmwumﬁu'um
Funuudsinvusiiwiioydesur s il dutisas daatasnd iiaas iy dly
?]Jumauﬁ%ﬁlﬁtﬁaniJ"’iUﬂ‘qﬁaaﬁiaﬂﬁﬂ%mﬂﬁﬂﬂmé‘munuLmuL?iaa's"mﬁumﬂﬁmm%’aumwj
Tﬂﬁaaﬁaumumw’lugﬂﬁ 36 %aa:ﬁwm:ﬂﬂé’ﬂ%wmw%’auﬁu‘lﬁmm%’auwﬁwﬁQquﬁ 900
oI LALia-sN SN ISTL/aS VoA TN 10 B F o awew 7 1nedfwazn1ane

Ao InuuB il nuallian slalugui 3.7

Die filk stage Hot pressing stage Part ejection

Uppen
punch

.| Pressed
part

Powder

Lower
punch
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60Co-25Cr-15W 65C0-28.5Cr-6Mo-0.5Ni 70Co-30Cr

60Co0-25Cr-5Mo-10W 35Co0-35Ni-20Cr-10Mo

JUN 3.7 Windaaseiiiunisnadauuuknudessindiunisiierudeunsug luse

3.6 nszuUMIUIUAIEAIINSaU

Tutunauiivs i Jueiweiny aunisnadmaulsauisasuiunsidaindou
muglumeuinnstdhsisaamiaumien)e0oan @nneatinddadunniduaululv
anuFeutidnafiptefigumaiis T un)isueaTiover i 100Qw saidua) 9ndy
fislsignumfidghnasinedisingnigium sudaebudn s fagusvasivinvesmseudeu
Fomsszynghueion (Shess [etieve) Melittoms Telfidenasianilenuseuuuas
wilgwind iy 5nﬁa€aﬁ?ﬂlﬁ§w§uanaaﬁda ImaLmuﬁamﬂﬁ’mﬂy%’amﬁaﬂ%’uﬂqq%‘umu
fenspydeutaninatin2e SehiiuiTeillsdertegavmEiunasausaudu 1200 osn
waied KiTaunull ghlis ﬁwé’mwnﬁﬁwmqm‘mﬁ&‘lu 10-pyr o darouny lae
wnlniidvsernateilativ e uadetnantiilus Ui 9

P T il & 1 T T 7 T

9.

o - 4

2 L PrGCess time o

u —

.

o —

3 \

E

o

- -

- f W : ]
linear ramp / —
exponential decay

1 1 1 I 1 ! | |

Time (hrs.)

=D.

U 3.8 unusamslvianusauiieusuuisduaudiunisauasu (annealing)
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= Q L 0 @ v
30 3.9 walindnniudUen ATy

3.7 NMSASIDFOUANUANIENTI
3.7.1 AAULULY

Yhiindaans M mun 1052888 ) DU ashaSiatEul hg o Agud hnn sunuiives

w
© ala

Wnnunguesansalae (Archimeddsethad) sundidnsaasmamlutiinduduna 2
Hilue ansunngaminueladsglidiadonor dusaasedlutirviinga anduia
o @ a o v T W = as V) S A e S a2 U o -

Undlndpasafii1unshylas dase iitEusaasngdbuu -0, et uuwas almiewdinun
Fuindiuifiueand e ety W lUtaesast B assdiiniiliagiFonindmin
M sTalansedauiniw,) ek iunassdas jptnadiuariiindedages Teulugau
gaungil 80 Y euliiadnudniidiadanet mte o minilsaelundithwinainnisda

Wi (W;) 9nUNiaa WIS A U Iaaesiua i immagan 51

Wy

PosS wy=w, < PHz0 (3.1)

gl P Ao mnumuwivraiunu (Nu/gnuiadisufiums)

a

PH,0 Ao MamuLuvenifigumglvasihmvaass (nfu/gnuied

u

LY URLLAT)

W, Ao dwvitinvasdunuitsluainimuugurg (nSy)
W> A dntinuastunuitiluii (nsu)
Wy Ag dnviinde st uauiTaluenam Ave [ga (n$)

RV E neN YIRS AE S RN R4 AN 57 A AN R AN LRI NE BALE 19 AR SIS IR 1A 5Tl

fL 16 T 5% 091 86N IRU QA LIOAAL BESE IO 18 RV SV 16 o N &9 1 IS KNI §DS
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3.7.2 Woslguan1suaan
NISUIAINITUARIVD IR DAR D VINUATIAATUNEIIINNTLUIUT UM B S UUA LTV

lesensimduniugudnarvandndaasunaukarndinisdumasainuuiaiiflaun

AN UL U S UANSYAF Y R UNUALNITA 3.2 A4l

. d,—d,
% shrinkage = [—d——] x 100 (3.2)
3

loefl o, Ao iudTuermnaradndaaounounTrwdings (fadwns)

d, Aplaurinumudng Wilng paptmainasdune Ndaduns)

3.8 MangadaulasIAiTIRaNTALASWAY
3.8.1 NsAsaeVdFILINgas TAsId1I a0 IRAIENABIgaVssAUBIAAATOULUUHDY
N579 {scanning @lectron-microscope)
thufin Sane eifaviina1vaons s AR T NI M3 S 1aRae hAPeENE 9 1qav T ]
Bldnmspluupda Insas (SEMTRLARSHIIE A 10 Tasuiionesi(inlavikdanosusiay
dndrunshuTndulilnnivvetarios (stabj i dwitnisudise smin fantudsinly
ns19aeUlAs I IgaRnAsRenanaYSsr i Bianasoubuldansag (SEM) Lilednwn

lAs9ai99an \Puesinuae iy
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[ X a v b4 L4 .
3.8.2 ﬂi')i)ﬂi]‘l]ﬁﬂ‘ﬁﬂl:ﬂ'lli]ﬂ.ﬂ']W'W‘L!N’Jﬂ'JHﬂﬁﬂwﬁ!a‘ﬂ'ﬁﬁuuﬂuLLN‘!]%IBSJ (atomic force

microscope)

13
=

tdlndaasstunuvinisasndeudnuneiuin lnsandendnnisvasdunsisen
vowsssgwiesmensewiwiduTalussuulutuiuiiesdanesdendeganssminsg
9¥mou (atomic force  microscope) G'fmamlﬂugﬂﬁ 3.11 WALINTUNEBI9EYNTS
Usvananaoonludnuurrasniwiuiufioliiduidneus ge-dvesioni sauflerdny

UVFVTEVOT U

U= 3.1 1d0sganss il 9B men(AEM)

3.9 mwiaaaaumwLmnuiama%amw (biocompattbll!txy)
mmumsmaaaa'ummmﬂﬂulmwmnﬂwwumﬂumsmwaauﬂwnmiaaauﬂum
TandadushUstngunilivassaiotivia Said i hazuheddes S isabane lngiaglaq
a]vmmsmLsihﬁulﬁﬁmﬁa%fmwww‘%@lﬁﬁmzﬁmsmaﬁa%ﬁmavU%mma’dlaaauiamwjﬂag"lu
ineusiimnzaudu i iuitdas1sne Ineismsveaeusy@usiafifsuitunudanssus
a:é’mmuaaﬁﬂixﬂauaﬂumiazmmnamwmamm;Laammulaaaumuamaamim a8,
m5197 3.3 Tnensesiadeuiviinen Bl A asE e T e st U us e sduLuusa
aslgindiamegindunan 15 ui deuudluaisazarsiasaatauivenden Wunan 3
7 15 way 30 Tu auaey mmfuﬁﬁmﬂﬁus“haEhaaﬁavmaﬁﬁ%uamms'afjmmnmﬁ
fwun wdilunTsdeumusinalessulansiitunulanyUassesnindansazanusnans
wananveadenisuiniasiansgandunasuoseraon (AAS) Fauanalilusudl 3.12 3
Jumeliafiondendnnisvasnisiiezneudasruesinganduuaiiniiugnnaiusefu

nilalasian1zdWuogiusinunarsIgiidanyuzianiziatgas
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A15199 3.3 USHUANULTLTUYBIENSaYag 1A IWaaN 1R E BRI B U UM LLTLYDY

\dom [20]
lon Concentration (mmoL/dms)
Simulated body fluid (SBF) Human blood plasma
Na’ 142.0 142.0
K’ 5.0 5.0
Mg”' 1.5 15
ca” 2.5 2.5
cl I — 103.0
HCO, 42 — 27.0
HPO, 1.0 N N 1.0
o, /f 04 = \J's

J
[ NS

P a ar =4 . .
UV 3.12 1A3293ANNIPANAULAIUBIBEMBL (atomic absorption spectroscopy; AAS)
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4.1 Nammswaa‘uauu ﬂ1~1ﬂ’1£lﬂ’1 :

VAN UL
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(n) 60Co-25Cr-15W

l-@

35Co- 35N

T T AL TR e

(1) 35Co-35Ni-20Cr-10Mo (3) 70Co-30Cr
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linsinsibaanstouilassnifontsms st npeweimieiinsigimnuinidy
This rigteratlsdsenadifsnalvsationativae caulfs dotntaded foncommémiaussiuly

Forbidden to modify the content, and cite the document when use.



28

Pntwinsmemeumsiuvesturuimuslagldndnmveser sffalaensinimin
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Uhinavesgnguasuttannlutuey wideisutuiuidedine manuvedasinisife
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60Co-25Cr-15W j X 8313 N B 8282
60Co-25c"r-5mq-1owii o2 N SN ~ 7Y%
65Co-28.5€r<,5MoiQ.5Ni R\ CET BN (S~
35C0 35N 20GNOMB s Nt 2 L IS Y /LI

70C0-30Cr "\ LR 738 Ao 88.06

BBRE 3

4.2 uamInTRFRUIMATIAATY

hiunudanesvianundaldun 60Co-25C-15W  60Co-25Cr-5Mo-10W  65Co-
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wandva fesasinistu/awesguvnidy 10 ssnwadsadewd uiwvhnmsisaou
waiiAnTudewmaiiansidsanuuresdididng (xRD) Idnaduandluguil 4.2 Fevrnnsw
wuiiifinveslauead lasidion uaresdusznaudun 1adiegiwiu uasinugeesie
uanssfiumudadiusidusgnouiidivue Tnenniinveslavead (Co) Seilidadundnas

VHAE N AR L AN B AN P A AN AN ILRIRE AL 1D AUR S D8R84 AN s 4

L ¢ 2 3 ) | 9 " | — ) oL 4 c
NN U 1O 91860 NIRUMEE LIOARUBEEE 1L YeYe 98 et Q5@ L@ h &GN A Ria1 808G



29

Antuiidiumiasn a4° Fsaenadostulndinasgiu JCPOS file no. 894307 fMassaiiawdn
\WJu body centered cubic iwimasvewmiiewas a = 3.544 A dufinvadasdiey (Cr)
Fodudnduvdnuiuasfintuiidiuism 43° Faaenedosiulndumssiu JCPDS file
no. 892871 flassainandndu hexagonal closed packing fw1s1dlwasuasvulswag a =
2.722 A uag c= 4.434 A

Mﬁw

0-35Ni-20Cr-10Mo

-

A s S
TN,

28.5Cr-6Mo-0.5Ni  35Co-35Ni-20Cr-10Mo waz70Co-30Cr fikunsnausowmaiinuntoy
faegnusakaznadaLuuLnudBIsmiunsiirIwssuniuglumeiiguugil 900 aern
waldua Mesnsinstw/amesguuniidy 10 ssmweadareownd wiumiauazen
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(n) 60Co-25Cr-15W (0) 6Q€0-25Cr-5Me-10W

Tmm Elegiron Image 1 SR g fimm DAL ¥ Elecu® iniige 1

(R) 65C0o-285Cr-6Ma=Q.5Ni (9. 85C0-,35Mi-20Cr-10Mo

(3) 70Co-30Cr
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@

lanaduansluguii 4.4-4.8 Faanguviamunissiuintiunuvessigianiiasnndesiv

dndruasdusznaviidiuuall agrelsimuluyndndiuasAusenavavusingiinvaisie

ASUBY (C) Fusne a1 nlunsseuduudniuinsigvniewaia SEM way EDX wu

JududasldwmuamsuaudafnFuanunfuwruIniumes

Electron image 1 CrKaf

WLat CKal 2

[Full Scale 1480 cts Cursor 0 00C"

Co K3

Element Weight% Atomic%
CK 10.22 35.43
CrK 26.01 20.82
CoK 61.09 43.14
WM 2.68 0.61

Totals 100.00

JUN-4.4, n37vikanasaUsenaunINnilingaRaeunewmAlia | EDX. 1p10aa0s. 60C0-25Cr

s e PR E Ry Tide
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Electron Image 1 CKal1_2 CrKa1

CoKa1 MalLat W kat

T T Tt T

ull Scale 1480 cts Cursor>0 DGO ke
Element Weight% . Atomic%
CK 1241 41.58
CrK 24.30 18.81
CoK 53.80 36.74
Mo L 3.91 1.64
WM 5.58 1.22
Totals 100.00

JUN 4.5 navluansesusznaumaeiiiinsisaeumeveiln EDX vaddaasy 60Co-25Cr-

5Mo-10W
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CKa1_2

Electron Image 1

CrKa1

CoKa1 MolLat Ni Ka1
i
0 7 A\ O I Azl v
[Full Scale 1480 cts Cursor.0 000 e\t
Element 7 Weight% Atomic%
CK 198 40.29
CrK 15.51 12.05
CoK 64.25 44.03
Ni K 0.55 0.38
Mo L 7.71 3.25
Totals 100.00

Ul 4.6 nsmuanIBIdUsEneuMaAiiinsInasuiemaila EDX vasdiaasy 65Co-28.5Cr-
6Mo-0.5Ni
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Electron Image 1

CrKa1

Mo Lai

Gun S:aize HSC‘CIS E,ufinr oc.io " 167 18 20 ¥
Element Weight% Atomic%
A 22.11 57.99
CrK 19.54 11.84
CoK 30.16 16.12
Ni K 23.07 12.38
Mo L 5.11 1.68

Totals 100.00

P> s o~ v P )
E‘UVI 4.7 NI MLFNIDIAUTENIUMUANVIATIVFDUMIBINALA EDX v93189aa08 35Co-35Ni-

20Cr-10Mo
W E SV ren Yt dt e

NN U 1 9O& 01994 N IB0UIA R G
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CrKa1

Electron Image 1

] ! Z 4 © 3 : 19 ) 12 X 14 . 16 18 20
ull Scale 1480ects Cursor 0 000 ke
Element Weight% Atomic%
CK 9.96 34.26
CrK 28.27 2245
CoK 61.77 43.29
Totals 100.00
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4.4 wansnsraaeulasadieiuin

thiunudaaseianundaldun 60Co-25Cr 15W  60Co-25Cr-5Mo-10W  65Co-
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Wwalgea ﬁmé’mwmﬁ’u/awaaqquﬁtﬂu 10 pamgadsanauil uaiuvinauazenn
Frondosdaniledaiioidndanysn ntudiuinsiedeudnensiuingiondas
9aN33AULIIBEABY (atomic force microscope; AFM ) Lﬁaﬂﬁnumsﬁuﬁammﬁauaxmm
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Wanwilai Vittayakorn

College of Nanotechnology, King Mongkut's Institute of
Technology Ladkrabang, Bangkok, 10520 Thailand
e-mail: wanwilai.vi@kmitl.ac.th

. PROCESS DEVELOPMENT AND POSSIBILITY OF
oy COBALT-CHROMIUM ALLOYS FOR SURGICAL
s 3 ? IMPLANT APPLICATIONS FABRICATED IN

THAILAND

Surgical implants (except plastic surgery) are around us: dental prosthetics, artificial
knee, hip joints, and coronary stents. Surgical-implants-are-particularly important to Thailand,
which has already shified to the ageing.soeiety and will Besaufull-fledged ageing society in
2031. Replacement surgery.is_among the best, options, for elderly=patients. However, the
expense for medical treatments is very high because all artificial implantsaare.imported from
other countries. The materials applicable-for surgical implants must possessyhigh strength,
corrosion and weag resistance, bio-ineriness and non-toxicity.-Cobalt-chromiumtalloy is one
of the most reliableé materialsy\a chromium amount of higher,'than 23, wt% provides good
mechanical and biological-propertics and high corrosion resistance to the alloy.-Therefore, in
this work, the cgbalti—chromium+«(Co-Cr) alloy was fabricatedvia modified powder metallurgy
method followed by sintering-in.an argon atmosphere.“The Co<Cr pellets werc formed by
uniaxial presging combined ‘with cold isgstaiic pressings ainting for high packing density.
Microstructure, ~chemical compositions' and surface morphology ‘offall ‘samples were
investigated|via seanning‘clectron microscopy (SEM). energy dispersive X-ray spectrometry
(EDX) and atomit force microscopy (AFM), respectively. Tlicbiocompatibility of the'Co-Cr
alloys was investigated by-immersing_in simulated body: fluid (SBF) for different times. The
releasing ions were then.examincdsbyatomicabsorplion spectrophotometny{AAS) It was
found that Co-Cr alloy showed the average density of 5.42'g/cm’ or dbout 64.37% compared
to theoretical denmsity:="Regarding "biocompatibility, the “leaching -of Cociinercased with
increasing immmersion tinte"whereas the“leachingfof Cr./decreased."However, thellevels of
leached Co and Crfound in*SBF forall*conditiens werestill”high-“This result’might be
explained by poor densification-of thealleys, allowing mefal dons relcascs.

Assistant Professor Dr. Wanwilai Vittavakorn (College of Nanotechnology, King Mongkut’s
Institute of Technology Ladkrabang) received her Ph.D. in Materials Science from Chiang
Mai University, Thailand in 2006. Her current researches are focused on electroceramics
nanocomposites and advanced materials. The developments of svnthesis, processing and
Jfabrication of engineering materials and their microstructural design are important features
of her work.
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Processing Development and Properties of Cobalt-Chromium Alloys
Fabricated by Traditional Method

Wanwilai Vittayakorn"”, Phieraya Poolphol', Kantapon Aimprakod' and
Tosapol Maluangnont'

'College of Nanotechnology, King Mongkut's Institute of Technology Ladkrabang,
Bangkok, 10520 Thailand

corresponding author, E-mail: wanwilai.vi@kmitl.ac.th

Abstract

Nowadays, Osteodrthritis-is-a critical-disease in/Fhailand-because,ithas already shifted
to the ageing society and will'bg afull-fledged ageing'society in/2031. Replacement surgery
1s among the best options-ferelderly patients However, therexpense-for medical treatments 1s
very high becauge/all artifietalimplantstare’ imported from_other-countriesy The materials
applicable for supgical imiplantssmust possess high strength. corrosion and-wear resistance,
bio-inertness and/non-toxigity:-Cobalt-chromium allgy isione of the most reliable materials; a
chromium amount of higher than'25 wit% provides good mechanical and bietogical properties
and high corrosion resistance-to the-alley. | Theretore, in thisiwork. the cobalt-chtomium (Co-
Cr) alloy was fabricated via-conventional powder:metallirgy-method followed by sintering in
an argon atmosphere. ' The €0-Crpellets/were formed by umaxialpressing-combined with
cold isostatic | pressing, “auning’ for ' high' packing ‘density. | Microstrueture, chemical
compositions and surface momphology of all samples were invéstigated via scanning electron
microscopy (SEM),<energy ddispersive | X-rayypspectrometryc (EDX) ,and / atomic force
microscopy (AFM), respectively’-The biocompatibility of the-€o-Cr alloys was investigated
by immersing in simulatedbody fluid (SBF) fordifferent timé&s. .The releasing ions were then
examined by atomic absorprion specttophotonmetry (AAS). All the®esults/point out that all
properties strongly depend,on-migrostructure‘and densification of thesealloys.

Keywords: Cobalt; ChromiumzPowder metallurgy.
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Processing Development.and Properties of Cobalt-Chromium
Alloys Fabricated by TraditionalMethod

Wanwilai VittayaKorn™*, Phieraya Poolphol’, Kantapon Awmprakod® and
TosapolMaluangnont”

“College of Napotechnalogy, King Monghut's dnstunte of Techialagy d.adkrabang, Bangkok 10520, Thailand

Abstract

In this work, the cobalt-chremium (CosCr)-alloy was (abricaled via conventicnal powder metallurgy method followed by
sintering in an argon atmospliere. | The-Co-Cr pelletsiwere formed by uniaxjal pressing combined with, cold isostatic pressing,
aiming for high packing density, - Microstructure, ehemical’ compositions and surface. morphologiestof all samples were
investigated via scanning eleeiron microscopy (SEM), energy. dlsperblve Ke-ray speetrometry (EDX) and atomic force microscopy
(AFM), respectively. The bie¢ompatibility.of the Co-Cr alloys was mvestigated by immersing“in simulated body fluid (SBF) for
different times. The releasing ions weresthen examined by atomic-absorption spectrophotometry (AAS). “All the results point out
that all properties strongly depend n microstructite and densification of these alloys, Furthérmore, the appropriated condition
for thermal treatment is performed to Co-Cr alloys in order to study_the/gffect of thermal treatment ofirelated properties. After
thermal treatment process at 1200°C for 2 houis, it' 15 found that the‘amount of pores in‘samples deéreases due to thermal grain
growth. For the biocompatibility, the resultsshow that Cofamount increases with inereasing immersed days whereas Cr amount
decreases. For thermal-treated samples.'Co and Cf amounts are relcased 10:SBF higher than nono= thegmal-treated samples. The
thermal treatment process allowSiCo —+Cr alloys0 haye ugher ductility and lower Hardness, releasing & higher concentration of
metal ions.
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1. Introduction

Nowadays, Osteoarthritis is a critical disease in many countries because some of them have already shifted to the
ageing society and will be a full-fledged ageing society soon. Replacement surgery is among the best options for
elderly patients. However, the expense for medical treatments is very high because all artificial implants are
imported from other countries. The materials applicable to surgical implants must possess high strength, corrosion
and wear resistance, bio-inertness and non-toxicity. Cobalt-chromium alloy is one of the most reliable materials; a
chromium amount of higher than 25 wt% provides good mechanical and biological properties and high corrosion
resistance to the alloy [1]. Many researches have paid attention to this system because it is commonly used in dental
and orthopedic implants [2, 3]. However, it has been reported that there are many problems during preparation
processes related to unwanted intermediate phases from each end members. heterogeneous microstructure and
densification behavior [4]. Thermal treatment is one of the-most common methods to improve microstructure and
properties of metals and alloys since phase”evolution™and“mierestructure development of alloys are strongly
influenced by processing parameters. ~Many works have focused on the &ffectof various heat treatments on wear
resistance, mechanical properties andsmicrostructure of Co-based alloys and almestiall cases have achieved better
microstructure and could alter theamechanieal properties. Morris ¢7al5] studied thescffect of heat treatment on the
properties and microstructure of four base=metal atloys,i.e. Co=€r{ Fe-Cr.-Co-Cr-Ni and Ni-Cr alloys. Their work
reported that heat treatment/of thepartial denture\alloys tesulted in reductions in strength, while the clongations
varied. Lee ef al. [6] also studied the-effect obheat treatment on microstructurt and-mechanical properties of Ni- and
C-Free Co—Cr-Mo alloys for medical applications.” Eour pre-heat treatmentS were conductedyat 1170, 1200, 1230
and 1260 °C for three differenttime conditions:2;-6"and 15 h and. then avater-cooled to-room temperature. Their
work found out that the tensile strengthrof alloys slightly ‘deereased withuincreasing-heat treatment temperature and
heat treatment time, whereas the ductility slightly incrcased. - Furthermore, 'the; mfluence of‘heat treatment on the
hardness of Co-Cr-Mp alloy was investigated by-Mallik erali[7]. | Theirresults poitited out that'the hardness of aged
alloy was much variance on the same surface and the ageingtemperature had only-alittle cffect on the hardness but
prolonged ageing affectedrinloss ef hardness. I gencral; heat reatnicnt of supersaturated solution can give rise to
additional precipitations which-modify-the“strength , Hardness and ductility-of the'alloys Howéver, surprisingly, little
information is available:eoncerning theninfluence of thermal“treatinent” on’ the chemical (€ompositions, surface
morphology and biocompatibility of these Co-based alloys:

Therefore, the purpose .of this work is o fabricate the eobalt-chromium (Co-Cr)-alloy gia conventional powder
metallurgy method followed by sintering-in an-argen (amosphere ‘and to study ‘the. influen¢e-of thermal treatment on
phase development, microstruetural evolutiongsurface’ merphology and biocompatibility~ of/the cobalt-chromium
alloy.

2. Experimental procedure

The cobalt-chromium alloy with, the _formula’ f Ca+,Cry wasprepared by“Cofiventional powder metallurgy.
Firstly, the commercial cobalt and chromium.powders (>99% ‘purity, Aldrich-Chemistry) were weighed and ball-
milled with alumina media in ethanol for 24 h=Then; thesslurry=was dried in 80 °C-oven for 12 hours, ground into
fine mixed powder and kept in the desiccator to prevent humidity from the air. To form the alloy pallets, the powder
was weighed and mixed with a few droplets of 5 mol% polyvinyl alcohol (PVA) and ground until the powder and
PVA were homogeneously mixed. Then, the mixed powder was pressed into 10 mm-of-diameters-pallets followed
by the cold isostatic press (CIP) with 250 Pa for 5 min to improve the density of each sample. After that, the pallets
were fired to eliminate the binder at 500 °C for 1 hour and sintered at 1300 °C for 2 hours in argon media with
heating/cooling rates of 10 °C/min. Later on, all samples were polished with SiC paper to remove dirtiness on the
surface. Microstructure, chemical compositions and surface morphology of all samples were investigated. After
that, the sintered Co-Cr pellets were fired again at 1200 °C for 2 hours in argon media with heating/cooling rates of
10 °C/min, in order to study the effect of thermal treatment on related propertics. Energy dispersive X-ray
spectrometer (EDX) and scanning electron microscope (SEM) were selected to study the chemical composition and
microstructural evolution of these alloys. Surface morphology of bulk samples was characterized by atomic force
microscopy (AFM). For both pre- and post- thermal treatment, the samples were immersed in simulated body fluid
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(SBF) for several days at room temperature. The releasing ions were examined via atomic absorption
spectrophotometry (AAS).

3. Results and discussion

The microstructures of Co4,Crsy alloys before and after thermal treatment at 1200 °C for 2 hours in an argon
atmosphere with heating/cooling rates of 10 °C/min are revealed by scanning electron microscopy as shown in Fig.
1. Itis seen that many pores distribute throughout over the surface for pre-thermal treatment-sample (Fig. 1(a)). For
post-thermal treatment, porosity seems to decrease (Fig. 1(b)). Normally, the heat-treating process is a common
method to relieve or reduce internal stress which has accumulated during prior manufacturing processes in both
ferrous and non-ferrous alloys. The treatment does not significantly change in material structures or mechanical
propertics. However, the energy from the heating process-can-be-used to decrease the internal surface area of those
pores which resulted in minimize porosity forthe pest=thermal treatment.alloy.[8], as clearly seen in Fig. 1.

(a)

Fig. 1. SEM images-of microstructurg for (a} pre-=: (b)post-thermal treatruent lof CosCryg alloys.

The atomic force microscopy isused 10, investigate the surface topography for both pre- and post- thermal
treatment of Co-¢Cr;3, alloys and.the images shown in'Fig. 2. It'can be seen thatthe surfacegqare not very different in
both case, a flat microstructure combined, with/ a“lotfofgbumps/<all| ever -the—surface{™~However, with careful
observation, the post-thermal treated sample Seems, to-show smoother(surface. _The average and RMS roughness of
pre-thermal treated alloy are about 15.5 and 20.4 nm respeciively, whereas those values arc/about 7.5 and 9.5 nm
for post-thermal treated alloy., Moreover, the post=thcrmal.ireated alloy-looks more . dense and compact than another
one, which can assume that thisuis the”eensequence from thermal <reatment process conformed to previous
researches [9, 10].

o= {a)

Fig. 2. AFM images of surface morphology for (a) pre-; (b) post- thermal treatment of Co-yCry alloys.
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The EDX mapping and element analysis for both pre- and post- thermal treatment of Co7oCrsp alloys are shown in
Figs. 3 and 4, respectively. The Co and Cr amounts are not different even before or after thermal treatment which
confirms that the treatment does not change the chemical composition of this alloy. For the element mapping, the
green color represents the existence of cobalt clement and the red color represents the existence of chromium
element. The result also suggests that the elements of Co and Cr are homogeneously distributed over the whole
samples, as shown in Figs. 3 and 4.

Elemént Weight% Atomic%

Electron Image Cr 24775 W 1
Co 7] 72788
Totals 100.00

Fig.3. EDX specirium and elementmapping of pre-thermal treatment ot/ Co-,Cr;, alloy.

_Elepentyy | Weight% _Atomic
Electron Image (?‘1- 2478 2715
Co 755 72.85

Totals 100.00

Fig. 4. EDX spectrum and element mapping of post-thermal treatment of Co-,Cry, alloy.
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The results of metal ion (Co and Cr) releasing from the pre- and post- thermal treated alloys immersed in
simulated body fluid (SBF) solution, a solution which contains the ion concentration close to that of human blood
plasma, for various days are shown in Figs. 5 and 6. Differences are found in the release of cobalt and chromium
ions during the successive times in the solutions. The releasing of Co ion (Fig. 5) continuously increases with
increasing immersed time for both pre- and post- thermal treatment. On the other hand, Cr ion releasing seems to
decrease with times. The reason that Cr released content is lower and decreases with immersing time is mainly from
the lower beginning concentration of this metal compared with another and Cr also has higher hardness than Co
[11]. For both ions, the post-thermal treated samples show higher releasing amounts in all conditions. This can be
explained that the thermal treatment process allows Co — Cr alloy to relieve the internal stress, minimize porosity,
exhibit higher ductility and lower hardness, thercfore, all metal ions casily release.

35
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Fig. 6. The Cr 1on releasing in SBF solution before and after thermal treatment for Co-,Crig alloys.
4. Conclusion

This work mainly studies the fabrication of the cobalt—chromium (Co-Cr) alloy via conventional powder
metallurgy method followed by sintering in an argon atmosphere. The thermal treatment is used to develop
preparation processing by re-heated at 1200 °C for 2 hours. The results show that the porosity and surface
roughness of post-thermal treated sample decrease due to the stress relieving and thermal grain growth. For the
biocompatibility, the Co amount increases with increasing immersed days whereas Cr amount decreases. The post-
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thermal treated samples show higher releasing amounts in all conditions. This is because the thermal treatment
process allows Co — Cr alloys to have higher ductility and lower hardness, releasing a higher concentration of metal
ions.
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