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It was investigated the mechanical properties and biocompatibility of cold isostatic pressed stabilized zirconia com-
posites. At the zirconia block, whick contain CSZ (CaO 10 mol%), the value, of Vickers hardness and bending stren$h
were about 788.6 H" and 627 MPa, respectively. After sintering, properties of the sample measured by X-ray diffracrion
(XRD, Rigaku, D/max ll l , Japan) patterns, 3-point bending strengh (H-1 0K, Hounsfield, U.K), Vickers hardness (MXD-
CX3E, Masuzawa, Japan). And surface image were analyzed by field emission scanning electrtln microscopy (FE-SEM,

JEOL, JSM-6700F). The binding force was enhanced by plasma process. Before plasma process the contact angle is
45u but the contact angle of after plasma process is 17". The shear bc,nd stren$h of before plasma process is
25.59 MPa and the value of after plasma process is 32.27 MPa, was enhanced. In the Agar diffusion test, it is confirmed
that all the materials which is used for the test are noncytotoxic.
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TI =.tr Llof(zirconia)ts tEoll qal z3tr+E7l Hl6f=Ell,
Al Sgqtnl= trJ^l€Zl(monoclinic) =E?4= 'Z*=trf. E
.t,ggg"CollAl ^l =.i. Ll 0 |= I Br-e4 (tetragonal) rltr +4E d
ol-Lftrf. oltql +nl7f ++6lni 'J4 ^loll= tf^l EJ€:5|4 qt

3-5y,el +q HIEP| g8-dtrf. 0l +ElHlEfE E6H^l EEol
gg6|q ^lg-sl-a=^ll= gE + H.xl ElEl). qaf^l ̂ ltrJ-Ll
Ae^11= E7l ?ldflIl CaO, MgO, CeOr, YrO, E$ trf"J:cf

A|EIEE $€El^lE E)l6lAl EJtrf. ole-lzl o.l€Ef^llE E7f6f
q aEql^lE €"J-dzl =88 LfEl-LH= ,tE +EgfEEf ̂ l
=3ulof(partially stabilized zirconia, PSZ) ef.tr. 6'fE1, +Egl-
€ef x;=7tl0l-= = gftrAgl €"JEZI 235]Ezl AEoll^l
ff^lElGl Egol s.oEl, el+oll^l 6'l€01 7f6HE tttl tr'J€zl
ql^J trJ^lflzltr AEol 6[Q +q EJ€foll el6H^l 'Jdo.F= el
+ylE Erl{os E+-Ll-trr''). qef^l +ELfEef x1=71-1
of= =+ 3E(bending strength)7| ?+6fEl, ZE(Vickers
hardness)7f SL rtlp'$6hermal resistance)o1 ?ltfo''). !E:sf
^l=z|olts gEEgol E|]+ '*3 ^lleftrl  ̂Htr.tr #doll^l
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L^l geaE gslzl.^lol LJ8 LHEI+ gttr€E 7f^lq L*e g EJ

6r€, reE trJ ].,a-Eel L|]EfEld = ?+-sf ̂ ||E4 E€E
Tldtrlc8).

E g+ts Pechini proces$ll el6l| TH$EJ oJ5ef xleAul
ofE ^fE6lol ̂ llE-Lf ^l=?Llol E=ql 4-Lf HlLlq -E^Hef
el gEJ6r-zl4= xlolE =o|.tr", 7l= ^llEHtl-=EtqE EF8^l
7l7l +l6H^l =e|=Ef ̂ J-lE #^l 6 EtrJeE= =€6lq E
!.lE Ef9]dl-f;ltf. lEEf ̂ l+E.Llof EE9 Ed +^lE 'J ^11
s q€^l-dslE 8^llLH E+EJ 7l€€4 AIH4 +l6t|dql EH
-Lf 

E7l€ A^ldl$ltrf.

gfl "J"J

I leELlol E"J -Jd

tsg +=ul €HJtrzl ,Jtr-?^E ^lLJ ̂ l=nLlof .E^11=

^1lE6Pl 916|] Ell^lLl(Pechini)tEE olEdmoq, E^ll9.l EHI
(mol%) el afA(calcination) 8li'= ElEl^|4 EI4el AEllTl El

= oJtrEf ̂l=aqof E^ll= El^6lfitrf oJEEI^llel =F, E
Hl, 6fA tEoll tti= g-BF=i +E6l7l Pl6H^l oJ8:af^lltr

Cao, MgGi ^l€61f,r., 6JZ[=o 7+2+ 5-20 mol"/"tr EE|,\I
v1 soo*1,200"C tE Hgloll^l 6.f46ffrtf. €-dql ̂ F8EJ =

-^4 EE *IJxl, sychor@yonsei,ac.kr
kmkim@yuhs.ac



E= ilofg LrEsf ̂ lEnqoPl Ee14 =€ "J 3i114:srd(t): cao, Mgo o-trsl-^l=?qof 1 6 7

gfl.E= Z(NO3)4'3H2O (99.9%, Terio Corporation, Qingdao,
China), Ca(NO3)2'4H2O (97%, D.C. chemical, Korea), Ethylene

glycol (99.9%, Aldrich, USA) oE, ethylene glycotrf =+ +
SdE(citrate) +:ct^ll ,\tolgl E*Qolymerization)HJ8E olE 6l-

flEf gf€6l4lel EI"JE EHloll "*zl =aJ-Ll-+, =F+oll LJ

L iEEiil EtrTlef I.HJ7IE 0lE6|q +E"-48 ^1156'l*tf.

r + =F+ql EdH^lZl ?Etl(citric acid)= ts7f6'|q =Edl
r.HJllZ =+ Zeiloltr el*E(metal-chelate complex)E E€
6fEq 6fH+. lel.a ethylene glycolE ts7f6|Q LHJ ,\lTl
trl^l =F+= =g^l7j 6Er-E +l6H 80"Coll^l 7fE6ftrl^l 6
^la ola _ilHJ + +8"-qE 1so"cDll^l 2 ̂ l7J zna;q =

F+= EE6l =HJ^l7l_L, 2so.Coll^l 4^lz EoJ charring of
q r^ll 6Er^ll9 +^lE ^llr6lfrtl ^lln-cf +^l= 33+E
5 Vmin o.tr 1,.100"C01^l 6 ̂ l7J ofA + f,ts61 'J4 ^lZ
F pot millE ol8al4 12 ̂ l7J ELf milling ^lZ €oJ€Zl
'zJtr+68 7*E xl=aL-lof E^llE rjl46ffitf. f.elJ. EE+
-Lt gEEE= EfglafTl 916'l.q "JE E47l(particte Size
Analysis,  PSA) = ol8d|4 mi l l ing d'Fel r ;=7Ll0f Ei l l
= trJ$affltf.

rlEaLl0l =+ ri lE
^lln-Ll o.l€Ei ̂l=3Ll0f E^ll= lEll9lal'\ EEql Ed6f

q Eq -d8i= ol+E+ deil +, 8gE latexoll LJ+l E
+ Ll|+el Er'lE 118S+86-= =6ll ̂ 1lzEltf.'JZ E"JE
€:dzltcolO lsostatic Pressing, CIP)E ,\l€6KH :s,ooo psi9l

"Jalgtr 1E EoJ "J+ +, AEtr(gox furnace, Lindberg

Blue M, U.S.A)ollIl 6g+_E 10lvmin, arltE 900"cE 'l

^lzj 4rJ6|9 =qE ^1146.ffir-f. Fig. te ElxlL-l(Pechini) H
oll ol6H^J ^ll:EEl EtrJE 0l$6ls ^l=nLlof E-E ^1116l

= 7|]a#g i*€EE LfEllHflrf.

^lE rl l=
Butk rlll r.llI
+lel rJol rll4.E! ̂l=nLlol ==E trlolofE= trtrJ7l= ̂f

E61q 3E E-deE, Hlvy'73E, XRD, gEJdE =€E 9l-sl-
^ltrE ^11416171 9l6H EJg-zf :-171-E trtrJ-Lf +, 4 trlE zoo,
500, 800 Hel sic paperE gEf6'q ^ltrE =Hl6f9ltrl.

El-+4 EdllE ̂ l:d
El-+4 Eitl|E  l-gg lso 6872:1997(E) 8.4 chemical

[:.thylurre llyccli

Zr(N0i)i 3H?0

Cnlci natiqn

1100 'C for 6ht

5ifited ng

1" 900'c / zn.l 1530 ,c

thr , t 'c/nrifl

Fig. 1. Schematic diagram of experimental procedures
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1 6 8 z4E rlldol ZaJ"J *l,r{g

solubilitpll EEI ̂ lg6lHtrf. ̂ ltrE ^Ugi1l 
:'JEHE ril4t6f

frr EEFlq d^l l  EE4E 30cm2-E =Hl6E, EF+e,t l
461*.tr1-. ^l:d ̂ l+ E ^ltrel !E7l +ZlE +3 +, 250 ml
f,elEql a% o;-,t11=5(cAS. 64-1e-7) Eq 100mlE L-lr,

80.CE Clg + ff4gql ^liEE L_lflrf. ff3lB EP|]= -JI

80"C eEoll '_lol r0 ^lzj HEl6.l*tri.  ltrE i4LH =F+tr
^1146l-r z4-Lr + +zlE =€61-flEf. :t3lr. ^ltrol EE14
ca traJ A€E Zlft(pglcmz) olfirf.

"J^fd "J==J ̂ l:d
ISO 6872:1997(E) 8.2 Radioactivity of dental ceramic oll

q.al, :d+ 7l44qr g?Aoil elBl6.|Q #=JE deo.ffi.trf.

Eaf^Ef Etrlilzl "J aolE ^1laF_lafg z!-!zlE

nqef E^|] ̂ lolol =-SAEE +0171 9l-Ll"E+el oJEfe

E EafxEl-3 0186|4 4trlE EE 7Htr6'|4 nqef EIt|oI
tr4848 

-d€:^l7lel= fi!os EafnEl-EE^l4= A^16l-
flrf. x1=31_101. Etrlel 71471= g€6fzl trJE7l fl6lq
50 um LTlol "JFElLf g^lE 0lE6l4 +s"-tr 1oE7] an
abrasionoftr oJ?= Etrl|ql^l :E=El ̂ 11€61fitrf. ol.Jzl E 4
al-a! xl=a;lol ?q= AoJ EaEElE 0186|9 471S, E
A EglTloll^l E lErJ ^lelElfitrf. Ar'olE EIH= ̂ llEe.l 4
d ^Zl=ql qaf sx10mm 46HeE ^l lE6fHtrf.  ^l=a
Llof ?q9| HlLlqE^Hol tr+ ,JE= =€6pl 916l| trJ=^l
-d7l= olE6-14 o.s mm/min9l crosshead speedE nlEol g
qg qzf^l EElqg 7f6'|q jq4 -d(N)= qE6|] ofeH ^l
(1) ;tf eol d'J=-.JAE(Mpa) E Zltfolfi.tl.

Shear bond strenth(MPa) :

Maxlmum applled force(N) /1 \
bondedcross ,urtionuluruu(*\ 

\r'l

!E-ar trltrel BIAI-E "JofE7l q6|G HlLlqE^Hol tritr trJ
trlE +^fE^ftr E l3 (SEM)9E iIs5ffi.trl..

l: zror

a

? i

- No calcination
- cslcinBtion 'l 100"C

-- cnlcindtion 1000"C

calcination 900'C

a

li

J**u
WqRtqEFry ffi$W#ifetfr#ir|f {Flr$Sids}s$btiir$Wi

tltn*rglr*.,*^" --W

1C 2t1 3j3 40 FJIJ CO 7tr

2 Thsti (Dagrss)

Fig. 2. XRD patterns of (a) CSZ, (b) MSZ block.

€4I4EJE gTJ
f lE l r lr i l
H d - o , ' t  E f

Ed =d/.|-dP tso 10993-11 5. Acute systemic tox-
icit),oll tq'4 ill-"J6fflEf,  ICI[|E= ZrO.r+ CaO lOrnol%,
dentine, enanretE  f$dlfitrf. EEE= ,,tl_E 4 trJ gel^lE

# zoml el HlEtr E=61fi.tf. E=5ZE 121"C oll^l 1^l
Z E=6|fi1 A-dEEE= 2s-28{21 7J?Jz;la- olEoll ̂ l'E
El^l -pJg SSel albino mice€3 ^f361f;trf gdql+tr "JA
el*+dlEl EE^l-da7f No. 0e-.174), ^lA oJHotrts ̂ l-gE
5EEl, rHnE sEEl-=. LFitr, sg 5oJ 437l7-t9= 7lE +
26 gauge needle syringe= 0lta6KX, JZel EEE E6|G ll
-dEql= 

EEiEE, Et|^Eql= 8^l:d"-qE 0.s ml r4 fflof
H.tl. E"-I+sI ^l+ 4, 24, 48, 72 ̂ lt Foll ^l:gEEel
ill=E 7lqofr 8E:+4 0lA 8+= Egtg= #Edfi4.

I l l+#/. l i l

Allg+llilP lSo 7405:2008(E) 6.2 Agar diffusion te$9ll
r+af ^l -d 6-ltt E f . ^1 | E = L-e2 e-d+41 E+3-"J )E ^ l-861fi r.,
HH^l oJ ,AlsFetr= RpMt 1640 (1o% FBS+1% Penici l l in-
streptomycin).tl 3% agar J3l-tr neutral red = ,^f86lfrtl.

+  ltrel Ell:l7os E8tl|4== slide glas9f "J54|nie
EEr+ a[rl.^-5 ̂FE6|q Al-d6'|-fi.trf. E ^l-de L-e2e ^Jl
E +f,q= petr i -dis lol l  10ml ( ' l .0x105cel ls/ml)Al E+6f
q 24 L|TJ ELl 37"c, 5% co2 incubatoollrl Hl|gF6|],
HUoPHol El=i  HUoF  l+U /Hl . lot  €.-71 t r l^ lo l  ano/^ Ol^ l - \Ql  l l l  +H i l d - i : l  L . . : E  - i l 6  O " i l \ - i l c i  o / t  r i - - t  u u / o  v t o / + t  / ' I +

el BE|JE EEleotr +9161-9111-. HHW-48 4lZ6|] -g8ol

.E-*sJ npvr agar medium= 10 mlsl ffzfalfirf1$t 3ffi1.
AgarTf EgEl 8448"-4(Neutral red : PBS = 300 pl : 10 ml)E
fittering6lff c+ 10mEl +96'|1l, 3"+^1tr EEI + 1s-2oE
E?-f co, in:ubatooll! Ealfilgtrf. EE|Zotr E^4 q+=
tr+pl-Lf + E^4qr 4lz-Lf F, agar +loll ̂ l-dE, E|]^EE E
a1tstr, 24 ̂ .17J ELf CO, incubatoCIlll H|]g,affltrl E7lts
petri dishE E^lgloll tsr El qEl H+lel =.718 rJdolr

inverted pharse contrast microscopegtr =J44EJ +91 L-[]Oll,\l
IllsTf lysil HIEE +6lH.tl. ol2i= 7171 zone index t!

(e)

3
q

c

t
o
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PIB ilol-B ?l€ef ̂ lE"Llolel E44 =d "; 8^llA-dd(t): Carc, Meo o-trsl ̂ l=-ILlol

Lysis indexE foitr Response indexE 7l=6'lfitf(Response
index : Zone index/ Lysis index).

e4 "t re

€HJ€41 ̂ le?Llol Ei.ll -JE

Fig.2E Caoel MgoE LfEEf^llE ̂f8-Ll gftrEf ̂ l=a
Llofel aztEql rLlE xRD :teHiiollf.  ̂ l=uLlol- LfEEl
Ill(stabilizer)E CaO9f MgOE E7l-6[q EqE xll6-sllql, Hl

EE(amorphous)5o11^J 6|.4' E-Eoll tq'af trHJtrAol LfE-fLl:
,tE +pl-cr- ,1 91tr, CaOE ?Jtrel^jltr ,^fEdil. 1,100"C011
^l 6'lf6lf,lE tq €"JtrZl ^li=i.Llol peal€l intensiryTl 7l
€| ts?trf, 5E-rf MgOE gftrEl-^il_tr ^FE 6lq Er'a-Lf zl+oll
= 800"cel itft SEoll^l 7l?J tsZl LfEfLJtrl, caoE oJE

Ef^1|tr E7l--d ̂l=?Llof E+ol MsO Etrf rl +g 6ia3
Eoll^l Ll-trEl tr"JEZl Aol Ll-El-LJ ,13 rig. 20ll^l xRD
peak9l intens;iq/= HII.6[|EE trfg-'J + ?lti. 6fA gEql
q-af^l intensity 'l ztrdol HJe[af!r11, etrdol 7w =
614 .E= CaOTl 1,100oC ol], ol= MgOel 6f4 EE
BOo"C HLI-t=rf. olrJ.3 6||trJ EEql^l +EgfEEf ̂ ltrn|
ofol -d-€ol 

i9 =l= rt€ LfE[-Hq, CaO (m.p:2,572'C) 7l
MgO (m.p : 2,852'C)ts4 A€itre '+^loJ, E"J-L| €"JEA
os frflolTf eJd6l BolL_fE: EE +zri3l cszTl MSZ E
tf +-L, CSZ9I HJS+E7I tvtsz5-sf !a1,t1 llr.f +3 3E
oll^l o.fA-cl:3+ gfE-Ll-Eg€Aol LfEILJtrP). SlIEl El?
tle] oJEErlE +EdPl 9lo[| milling d + ^l=ELlof E
^llol oJ_EEr1E +gl-olfitrf(Fi8. 3). ̂ l=?Llof E^llel EE
oJ-E=.71= nrilling E 18.30pm011,! 12Ll7J ELf pot millE
olE6lq milling -zl- =].f 0.8e pmtr EolEfl+

rlEiLlolf Ei+
Fig. aE CaO'l0mol% Lfdel  ̂ l=?Llol E=eJ 2i i  A

4 E, + sEM image 01tr1. goO'coll,\l EeJd ^,lzf E=

F

g

e 4
E
r!

- g q

t
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10 20 30 40 50 sl

Farticle *ize (Fm)

Fig. 3. The size distribution of partially stabilized zirconia.

Fig. 4. FE-SEM image of CSZ (CaO 10 mol % : a, b) and MSZ (MgO 1O mol % : c, d) block. (a), (c) Before 2nd sintering, (b), (d) After 2nd sintering
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Tabfe 1. Thermal expansion, Thermal expansion coeff icient of CS7,
MSZ

Sample
Thermal expansion

I nermal expanslon (7o,
coefficient (1/K)

CSL1O mct  %

MSZ 10 mol  %

0 . 8 1

0 . 7 1

9.04  x  10{

7  91  x lOa

mol%

(b)
i ;c ;o i
i lq"Mgol

mol%

Fig. 5. (a) 3-point bending strength, (b) Vickers hardness to change
mol ratio of stabilizer.

I - " " -c ;o- io ; ;%l

2a

Fig. 6. XRD pattern of CSZ (CaO 10 mol %) block.

el g^f a7l= E 200-300 nmg.lrll HJ6H, 2^f AZ + oJ

^fel €6t "J AE(agglomeration) 
-dAol 

"JGIHEE Ef9l6lfi
tr|, cszel MSZeI gf8el^ll ETFJE 5*20 mol"/"tr HE|II
Z 3E EeeE, Hl71/'73E= +S-Lf ZIf, 3E E-.J aE=

Table 2. Solubi l i ty of zirconia block

Composit ion Average

ZrOr I CaO 10 mol % 91 .40 p{cm2

Table 3. Resuhs of emitted radiation

Composit ion Uran ium-238 Emitted radiation

ZrOr* CitO
10 mol : /o

0.019 mg/kg 0.000s Bq/8

csz 10mol1/"oll,\l 627MpaE 7f8 tszl LfEfLJr, Hlz.^
23E=, csz'10mol% E=ql^l 788.6 H,E +Zl LfE+LJtf
(Fig. s). 1,100"C oilll tZEl CaO 10mol% 9fEef jtltr?
Llol E=el XRD patrern E :+E-Lf Aal, Fig. 5a|. ,Jol €
HJE(tetragon;rl) ^l=uLlol A= e+Pl6lH.rf. Fig. 4 el 2^l
EJ E, F tsrv image?l' TJol LA +, g^l sizeE 37fof
*.^loJ, A=0ll ttf= 3d trdaf 

-srz1l 713_Eel efE trJE

7l-=7f6Kl il"JEf 4^l= Ll-El.Lllq 1,100"Co11^l 7lAl4 E
x l n l  r L X l - . ! - r l l - T L
= " t  / t o  E  A - |  .

Tabte 13 ESEJerZl+, EsJA=ql rHEf AEerplnl, 3E E
.2 7JE7l 7l$ z$=tr CSZ, MSZ 10mol"/81 A€oe sO-
es0"Cel EE+ZQl^l ^le6gttrf. CSZ Eqg 0.817P1 gEJ

6FE, g.o+x10-6/K el gEJ6lTll+= LE[]|floEl, MSZ E=
? o]1yel EEJ6I.E, 7.el x 10-6lrel gEJEUI+= LfElttEf.

Table 2ts rtl+4 E6l|E ̂ lE =Zloltl. tSo 6872:1ee7(E)
8.48lel 9+,IZP EE t00prg/cm, 0l6fE E dColl ̂ fE
E! csz EEi(cao lomol%)? gt.4op{cm2 oE ef+4
E6l1E +^l=+ trJqalHtl

rabte 33 ls=El= oJ^l.NB,^lEz?loltrf. E =7f= +El
tsel E9lfli: IAol ^fEA -a^H Hltr +dElfl+.I 7f5-cr-
r4el Bt^f=E+oltrf. ISO 6872:1ee7(E) 8.2-Br-el 9+ IZP
uranium-23#rl "J^EaJol 1.0Bq/g ol6lolEE E E-?ql1l
4lr-sf cSZ EE(Cao 10mol%) el HJ=EI= 

"J^fd-JP
0.000s Bq/gsltr 9+.IZql B-t€afi1r;

4EEq0[ Eole] HlLl0l E4 ^lolE E+rJE
71+.71 *^f ,
t s - -  - c )

Eef=Ef ̂ 'lel d, +el tr+4 tllolEl= Fig. Toll LfElL|]fi.
rl- 7lB4ql/.1 HlLlol E^|] +8^l E4 _E |]= gEHlE 41q
iE olEstcl ̂ l=?Llol Etrloll Hf= + fAdfll EJtrf. tq'af
,! x;=a;1sl. Etrlaf Erfel Irtrlgalol 4fof^l"J ElEdol =
7f6.fzl qq F zltrJzjel rlEF=ol z^lzl EJrl.. olel ,JE fl

u,
o
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EE ^lol3 oJ€e[ ̂ l=?Llolel =E]4 =C 'J 3i114:*5(l): CaLo, Mgo 0-l€6l-^lE=Llol

Fig. 7. The contact angle image of (a) Before plasma treatment, (b) After plasma treatrnent

800

z
c 600
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@

E
400
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0

l---- before plasma treatmenti
| --- after plasma treatmeni I

l

Compressive strain in %

Fig, B. Strain-stress curves according to the plasma treatment.

aloll 4t?j6|q ^l=?Llol EtrlE tHTloJ AfEl1oll^l Ea|^Ef d
+ 4-l-sf +l HlLlq E^H= +s5fHrl-. 5el^Ef ^Jal 8el
tr+r+3 4s" Eql Lf6|.q ̂ lal += 17" = LfE[Hfltrf. olef
?J? ?Jr;L!. €^l] 7lg^oil^l n.qql Hllq E tl q€^l nq
ef HlLlq E^|]elel EtrlAtelE xl6'f^14 F ZlElel e-.Jalol
e6'f/l EJ;|i 1g "lEl-sl-t|. ttf-l^l dEe_E ̂ l:d$ E6H^l
e 

--Jal el =7 |$ qlE 6'1fi trl

EEEE +E
^l=aLlof nqel HlLlq E^|] / . lolol e-cr-trE= +E6l-

7l ?l-Lf strain-stress curveE Fig. Soll LfEEl|fltl'. ?q EEI
0ll EafIEf il-l= -sf ̂ ltrrf xlelb.l^l PJE ̂ lEel stress xf
olTf EtsElfltrf. 0l ,JE Mpa Egltr trJd--Lr- =4 E-f.El
i.J-l= 6l^l PJP /.|EJE 23.59 MPa, E3f^Ef ilel= -Lf ̂ l
-E? 

zz.zz Mpae_tr E 25% olAr EEJETI. =7f61.frrf.
=+nqel E^l| ZIE #el dEAE ,J= E 25-30 MPa
9E, =+ E |] Aol nE 7JE7l 25 MPa olAfol"J 4E 7f
=-Ll-+^lolcl-. rig. e= HlLlq E^|]el SEM EAzJIlolH, E
E "J^lel a.7li 17-22um9E LfElLJtrf.

Fig, 9. FE-SElvl image of veneer porcelain sample.

gill46J+J ̂ ltJ
- lE1l r l:ol
H d - o , ' t  E

^l:d=zf rHzi="l ̂ l-d EEiel ijl60llts HJol7f gtflr, I
E+4 olA 8+7f flflEE E+Pl-cr + ?lflLf

r.I EE I l 16.l

g€ El|Srlol severely cytotoxic(d-gf^Jlrq'51, =€ I-||4E
0l noncytotoxic(AJlEPJ S.Ei) g t4, Il:dEJ gg xll-Ets
noncytotoxic(I1| .E+ g.E)E !ffi.+.

nll ̂ I Ll H o E ^ll f.-Ll- gFE sf ^l trnt-l 0 | Exll E'J Z"JE H
oll el6H ̂l=.uLlof E+E trJEq 7l1l4 dtr 'i 8^11 4Et
d E7l-= A^l-Lf =trfts trfg]i er.f.

1. ̂ l=aLlolE oJ€E|.,!zli= Cao, MgO gftrEf^Jl9 -.JaJ

E HIEF$ AE '; ZE= qE-Lf Zlf CaO 't0mol./.E

o.!€El^lltr ̂ 1-E6lfiE u)l 0zz Mpa, 788.6 Hv o_E ElE|]l,tE

+EF^[oirl, xRD E4E E6|(! E"J€ZI peakE EfP]6'lfi.tf.

2. Ell^ll-lElotr *d-Lf ^lE?Llof Eillql tH-Ll El-qr^1 8d|l
-E "J HJ^HaJ 4CE d^161fi.trf Ef+4 E6HE ̂ lC Zaf
ISO 6872:1997(E) 8.4-Bf9l 9:7428 EE toopg/cm, 0l6f

0.60.40.2

L
7t
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1 7 2 z4E .rlldof zaJoJ El^1lg

E E E?oll ,rl€sJ csz EE(cao 10mol%E gt.+otril
cm2 o.E El+4 Ed|JE +^l= trJqdHq. E-Lf HJ,\FN-J ll
C'zJ7f ISO 6872:1997(E) 8.2-Bf9l 9+ 4ZP uranium-238
el "JIF=Btol r.osq/g ol6'1._tr., E E+qlI1 ^,i14-Lf csz =
E(cao 10mol%)el HJEEI= 

"J^ruaJ= 0.000sBq/sgtr
e+Izoll trJ+6'lflt|.

3. ̂ l==.|-lof Eq EEIE EefIEl-^lalE E6|] ̂ l+ ^Jal
+ d+48 =8-Lf =4 =aEEl ^-lal E 4sqql^J, ^lel +
17"_E L*of^1^J F Zltrlz]el nlE€ol =7f6'lq AlEFlol ghat
El*.trl. !E-Lf Eq4 HlLlq E^|]ol e-*gE s+PloPl +l6H^l
dEeE =€ =4 EE|^E| ̂ l-l d z:.seMpaoil^1, ^lal
+ 32.27 MPa9-E. 2JE2l =)16ffi=1.

a. $xllrflEol SrllQl tH-Lr 9l6fld q+= +oJ6l-71 9l6fl^l
841 4-*dbiocompatibility) ^lCE d^l-Lf =4 Ed+^l
E H ^JlE=€^l-doll^l 'JZ 

"J+CEHE 0lE6'|ff "J= +
Eq EF =dE LfEfLHxl PJ?tcf(noncytotoxic).

#^lsl =

E E+ts ^l^{Z^1+ 6a7lg dE-d 7l€ed Eqr (Zf^J|
flE 2008-8-1830)0ll el6H olFq d aetr 0l0ll ,J^f EH
LILI .
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