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g ARIERZA 71 dutdoz AMET Qe
AEE QAR AMES|H o|F Zinc phosphate(o}
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gL VIR o2 A g Moz Fat
A B2 2L )
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A, 7% F 458 544 ut A3 54T
I ARE T2E Ao, ofgel AldE 22
o} F74 BE<Q Zinc oxided] BHE wE 54
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>
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2.1 ARBRIZ

D AE 22

7Zn0%t MgOGE |, Johnson Matthey Co., ACS &
) B2EE A SA7e] v S 23] 3t
o] 950~1,350°C <A 6AI1t B9 A E 3l
attrition mill & AH%, YA 5= F3te] Al
HE 3hkg Aol ARSI

2) 7shg-4

Orthophosphoric acid®] H]¢hE fl3} o7
Al =¥ 7ng Frske 4589 2 79 89& A
WE 38902 AL}

AHE ZH3hgd Az 85% Orthophosphoric
acid (Johnson Matthey Co., ACS $8)°ll deionized
waters AHE310] Table 191419} 22 24 & =S

Table 1. Chemical composition of dental zinc
- phosphate cement-forming liquids
synthesized for the current study

Symbol | Chemical Composition(wt.%)

orNo |, | AL | zn | Too | ommemts
H55 55.0 0 0 45.0 | Non-buffer
H65 65.0 0 0 35.0 | solutions

1 55.0 0 0 45.0

2 55.0 1.5 4.0 39.5

3 55.0 3.0 8.0 34.0

4 60.0 0 4.0 36.0

5 60.0 1.5 8.0 31.5 | Buffer

6 60.0 3.0 0 37.0 | solutions

7 65.0 0 8.0 27.0

8 65.0 15 0 33.5

9 65.0 3.0 4.0 28.0
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4 AR #gde BRE R okl BS (Joh
-nson Matthey Co., ACS 53)% 239 orthop-
hosphoric acid £l 4As LA)|HA A5}
o

2.2 A|BRIE 2 SAH7|

DEFE IR

AH AZE A5t AHME 223 F3EAS
2] HAYoAM zElelx FEH02 UE FAS A}
B3l o2 E3EIgch 32 ADA speci-
fication 8 (American Dental Association)2] &3t
A mel AdE 22g fel HapolA Table 2
9} o] 6 TROR rn, Effo] £olaleE iz
Foll 249 AL Lo g, AUz F3
Azt AR EFEAd R £

AHE £33 Aglgae] F3Ah= AulsE 90%,
2% 38CE DAY FAFNA FAH e, Z=
E4 4 A EL 195 FAAH.

Table 2. Mixing method of ADA spec. 8

Amount of cement 1/16§1/16| 1/8 | 1/4 | 1/4 | 1/4

Mixing time (Second)| 10| 10| 10 | 15| 15 | 30

244 Eos 26mmXE°] 12mme]
plastic 228 A3 C-clampE AM&-3he]
Sz} oA gL Fof BFEGon, A4
ERTy AHggd EFF 3R o)FRYH JUsR
90%, &%= 38T 9 YT 1970 BT 45%
T 343l

7€} Zinc phosphate AME Z3tx|e] 54 A7}
£ pHEZ solid/liquid ®17} 2.0g/mi2 ko) 43}

on, Z3Ae 47z B7HE 938 XRD € 3
a3},

3.1 XRD &4{&xt

ZuE-2¢] ZnO9F MgOE 742 1,150T oAl 64
7+ Bt IXEdte] AERe] A8 vHeAIA
AHEL XRD A3t 2 AAREE Table 3
Table 4 °) Jehfigich H 559 H 65 &94%F
H,PO, 5=71 Z+2} 55wt.% <} 65wt.% <1 £o]

1, No.3 ¢ No.9 & Table 1914} L}eldl Al 3} Zn

Z TR FEgdolch AHE BT |gFgAR
o} $F-gololl X AX3] Hkg-girt,

733} gozto] B2 7-9-(Solid/liquid=4.0g/ml) Al
% 7n & THT SEEAdMe EFF 1080] At
= A7t QoluA m AsAFANAE vl gl
EAske Ro) At ZnOdll sy 45843
A 47 350 Hopeite (Zny(PO,), - 4H,0)

Table3. Results of X-ray diffraction analysis for ZnO which
is sintered at 1,150C for 6hours, and then mixed
with different cement-forming liquids at
solid/liquid:4.0g/mi. The cement-forming liquids
are non-buffer solutions(H55 and HE5) and buffer
solutions(No.3 and No.9)

sol'n Phases | 10mim | 2hrs | Shrs | 1d | 3ds | 7ds

H 55 Major Zc Zc Zc | Zc Ze | Zc
Hp | Hp| Hp | Hp | Hp | Hp

Minor - - - - - -

No. 3 Major # Zc Zc Zc Zc | Zc
Minor # Am | Am |Am |Am |[Am
Hp | Hp | Hp

H65 Major Zc Zc Zc Zc Zc | Zc
Hp | Hp| Hp { Hp { Hp | Hp
Minor ZPH | ZPH |ZPH |ZPH |ZPH
Major | ZPH - - - - -

No. 9 Minor # Zc Zc Zc Zc | Zc

# |Am{ Am | Am |Am |Am

# : Not set in No. 3 and No.9, Zc : Zincite
Hp : Hopeite, Am : Amorphous, ZPH : ZnyP;07 - 3Hy0
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Table 4. Results of X-ray diffraction analysis for MgQ
which was sintered at 1,150°C for 6 hours in
different cement-forming liquids at solid/liquid
:4.0g/ml. The cement forming liquids are non-
buffer solution (H65) and buffer solution(No.9).

sol'n Phases | 10mim | 2hrs | 5hrs 1d 3ds

H65 Major Pe Pe Pe Pe Pe
Minor U U u U U

No. 9 Major # Pe Pe Pe Pe
Minor # Am Am Am Am

U ! unidentified, # : Not set in No. 9
Pe : Periclase, Am : Amorphous
ojH, o] 3152 19 A3l FE Yeht=s A
o] A=A} '
AZ8q FoME HPO, 9 57 & AL
T 7Y HA A E @x) 8@ gld
P A I ES A=A gt
HgF-& Qo) A= AAHA Hopeite?} €45
H;PO, Txo #AIQle] 724 322 g9
o, 5= HPO, Edo A= Zinc phosphate
F3E (Zn,Py0; - SH,0)¢ AA4o] Eels| ),
MgOell tialixE No.9 9F&ddME kg
Periclase®} B]A4Z Magnesium phosphate $-31&
o] &1, $Y H;PO, F%& 65%°] v]gE-&Ao]
A= VIHEE- Periclase$t Magnesium phosphate

322 Hol nEl AAe] Aol BelEert
3.2 pH 5525}

AIME Bav) Zslgos Egshd 743 g9F
o) EAsE HPO, Wl ARE pasteE 27)
SAHANA w$- T AT (R pHID S Vel

Zinc phosphate A|HES] F3ukg-& Ak ot
g §g-o] 7]Em-g-o)7] wEo| AJHE paste?] pH
W3lol AdE 2ate} ST} v DY AASL
At mEHA B AN E solid/liquidEl &
2.0g/mlZ A|FE pasted Azt pHE ZA3}]
2 A9E Fig. 19 Vit

pHEAZAY AWE paste?] pH < F38%
Zn0 29 g4 =0) wz} tf=x)5}k 3~3.5 38 7}
A, Alzke] Aol w2t w2 A Frlsltrt 35
Hoze FA43 g YehlA Aok Zn0E €42

st} FYEE 2BF A2e) APEH, e Lo
A IRYF ZnOk 2719 WE AZRA(152)el pH
gol 5,571 343 Z7K & MM oA A
BSE e A& L 5 Yok LRAM FHIR
Zn0E 2719 e AZkel L3 NG F whs

3.3 82 { Y=YT Y

Table 59 1,150CIA 6417+ Bt A 2g ZnO
B o7 F5759 QHE-AE A3 (solid/liquid
:2.5g/ml) $72 9 ASAE 2d 54 4% 2
= R

Zsl-g o] Zinc phosphate A|ME SA4ulé o
2 S uA 1 Ut &F0jE ofd F&o] T
HA] 2 HFgRL Zn0% vi$- w2 A whg-shd
A o] @}, o] BHEEe H3lg-An} ZnOR T
o] IS 7REAA, AeHgdy e 2
S sl EF0) AWE 22 HEEE 19
Al FEHOZ 3Nkgo] doju g AEA Al
Z7} ojgr}. wEbd AT A3V £ E 3
o] o] AEAE £Ho] Brbssitt. g8
71 B&ol&(Al ol Zn)S FHT 9589
TS 2T} B ke8] H)3)e] tha =8)7]E 3
1 BT AT AsHA A4 o] verdd mEkA §

=]

—(=— 250 InC

2 ——g—— 1150 ZnO
—— 1350 ZnO

o 100 200 300

Time {(min) :
Fig. 1. pH values of various temperature sintered
zinc oxides (950, 1,150 and 1,360) for 6
hours in No. 9 buffer solution (65%
HaPO4+3% Al+4% Zn+28% H,0) at
S/L=2.0g/ml
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Table 5. Setting time and compressive strength for
ZnO sintered at 1,150 for 6 hours at
S/L:2.5 with phosphate acid solutions.

No Soluti on (Wt.%) Setting time| 1 day comp.
H;PO, | Al | Zn |H,0 (min.) |strength(psi.)

1 55 0 0 45.0 1:30 -

2 55 15140 ]39.5 8:00 2,400(105)

3 55 3.0(8.0[34.0 8:00 5,280(108)

4 60 0 4.0 | 36.0 7:00 -

51 60 | 15]|801305 9:30 | 3.280(118)

6 60 3010 37.0 24:00 -

7 65 0 8.0 [27.0 13:00 . -

8 65 1510 33.5 8:30 -

9 65 3.0 (4.0 280 45:00 5,890(89)

( ) : standard deviation(sample number=6)

AL thi AAd=H A Eetdsitt.

AlT Zneo] &iE 95892 pHaEE st
A3 27] Fahakgo] A5 dojutA gt wet
Al o] &F8Be A AWE U Fs-gofo] uk
o] FE3| MA3F dolut T TFAE WE
AfRH oz Bago] gl AT TRAE AT
F ek Al% Zn B4 55 FHE 43589 FollA
T B el Al F50] 9 ¢899 (No.3%
No.9)e] Zinc phosphate A|HE} £& A=A EE
ke 3“:}

Fig. 2= 1,150CoNA EA42g ZnOET
LNF B9 o] b AHshgAa} vk

%
T SAANRE 34T Adolr}. B FHF2 WS E

Tol 9 vX 2 o, B9 T & AS
ulg o] whalx| = A gko] glo] S-AA|7te] TrEHT)
Zinc phosphate AlHEY $ZANZHY 4FA=
UE 54 EF Zn0 R =S| w IS
W=t} Taple 64 AZ b2 2xoA X3t
7n0 £we] LAA 7} JEAE HHEAS EF

O{l

gt Ao Vet \

7Zn0O Boe] &AXEE dXe] &=t M
E 299} 950C €48 Zn0O LY FE =2
solid/liquid®]el A W2 W-g-& % wjFo] FAT A
HE pasteZ AZ31717 o1¥rh. Zine phosphate
AlRlE ] °J=zr7 Jr By e Workability EA oS¢

2 Qlot mebA e 1_E°ﬂ’\1 EA

3 =pojAdo) &
/‘1 B2 *'3‘75401]/\15 Hoj ‘E‘%}fﬂ A4
57} Z7take) el =2 solid/liquid®
55]—1— M
Table 701] 1, 150C= g els MgO E¢7 No.9
A& 8ol ALR3l SAAME ZHE AAHE Ve
itk MgO 222 7shg-ols) of-3 w2 A vhg-3}
o] SAA|T o] wEw FEI 2AYAIHE 3} B
ko] Aakg-Ho] g asich

@ o
L‘U :
o

Ul

Table 6. Setting times and strength developments of
different temperature sintered zinc oxides
(950, 1,150 and 1,3507C) mixed with No. 9
buffer solution.

Setting time{min )

S/L Setting time (min.) 1 day comp. strength(psi)
(g/mL) 950 | 1150 | 1350 950 [ 1150 [ 1350

3 4G
Water contents 1 cement liguids{Wt.%)

Fig. 2. Setting time of zinc oxide according to water
contents in various cement-forming liquids.

2.50 | 35:00 | 45:00 | 67:00 | 6,730 | 5,900 | 2,070
(280) | (201 | (130
3.00 | 10:30 { 14:00 | 21:00 | 10.880 | 6.320 | 6,720
(213) | (224) | (163)
3.50 4:30 | 5:30 | 9:00| 6,130 8,090 | 9.600
(150) | (203) | (157)
4.00 3:00%| 3:00 | 5:30] 5.420 11,000 |10,190
(305) | (298) | (204)
* : very stiff, ( ) : standard deviation (n=6)
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Table 7. Setting time measured in specimens
prepared with both 1,150C sintered
MgO mixed with No. 9 buffer solution.

S/L{g/mL) Setting time(min) MgO
1.0 12:00
15 5:00
2.0 2:30
MgO 29| ZA3gaF Qilale) S5 E A
de oo F4EQ Zn0 BTEY dEo 2 w
g 9gEEs vehin ‘

4. HOAHE

2 7B s
ZnO$} 4t gdxtole] A-&ze] wkgolrt ZnO #
23 Azpgoo] A& FESPE, H' jono] H;PO.ol
A &%) =9} ZIn0E AF¥) 29 In* o)L
ol 8290 439 ZIn” o] HIEAL Sl
olgstn, AL A Fo ol EA3tE HyPOy,
70 AP 0|23 Adtslel a4 Adont u)A
A mAPo) Ak uhehr o]E Hhg-Aol A
pHgk2 vhg-o] F7lge we} F7kdch @
Wilson®& X3¢ silicate AHE A7-l4 Fig. 3
oA FAG vkg wFFE AXBRTE HY ionel
Silicate glass #&& AFE 1 glass wZ2 AP,
Ca¥, Na'st & 227713 glass YA 189 o]
£ A9 Silicate gel layer7} Bt} o] 58 o] &
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3 11 A3 go] AHdn), e B84 ¢FuE
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HHE Al G o) EL FHo| A £l 93|
Z71o Bgvha o, Alj7ko) el we 222
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phosphate B34<& -r§]'5’ A4 network W == 1)
HHS- Zn0 $J&F 9ol ARt ¥ nslsict,
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AToNA AeHAS v AHEAR PFHE BEH

Zinc phosphate A|HES] gt

2 43}¥l Zinc phosphate?} 57t AHES A4A
E4)= F_J_O}S&“:} o] Fz+ AAE-E Alzke] A
w2} ZnO% ¥g& A 438te] Tertiary zinc
phosphate T%—% AAE AAH o2 HF AW
E A vATRE nuks Zn0 2 9359
o] Bkg- WA Eo] 2+=A 2 AR A At

B APiMT ole dTAnET dA8 974
=& 4ot

XRD &4 Ao A v)A A Zinc orthophosphate
Aol AAEHR o o] AL Bt ¢
91 Hopeite 23402 AAste] olukg ZnO A=
FEANA layerE AAAZILh o] H]ZALS AHIE
73 9 2L e o d8g s Ao
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Al3} Zn o2& TR S4F8AL o B2

HAAAS WA B2 ASAEE LA T
XRD E44d1 A4 4322 Hopeitee JEE
55%901 AAEAR, MEEE 65%14 = Hopeite
9]0l Zinc phosphate hydrate (Zn,P;0O; - 3H,0)7}
A= AL ‘
AldE #A3he £E+= Zine phosphate AlHE
Aol vl & gL AW} vHEE 2=
Hoze kA 2 & gk, AR Zn0 2%
dxjelste FHEE A PiH, FURNZ
gl Alg Zng &3iA1A $F8AE e
S ZA3R= Wo|r),

pH &335 1,350C EAa8$ ZnO &L 250
E71A) AY GLpH Fe Bl Ajzte] Ao u}
2} pH W3lE wl¢ =gt} wkhd 850TC A
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= oﬂ o
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Fig. 3. Schematic diagram of cement-forming
reaction of a dental silicate cement®

—224—



t}. & pH Fto] 3kAl 158510 3014 5.28 §3
3HA Wgit.

AE2o2 AWME pasted] pHE <A TIZ
Z7] FIbeE =l gto] e APAEE Fo
g}, pH A79ll4 2% =9 Orthophosphoric acid
AFLAL SHWNS S HAFAT Peyton#
Craig¥= 9 22 dA7+24E 2usgd. &
Phosphoric acid® =& $H5E AHEsIY ”“‘32}
A7IH ARE ZHshukgo] AR, AH3eAF 04
79 Bo) B0y Ao w1, B
A &Fo] AAA).

SAA 7o) WEm #33 Zine phosphate A|HE
o] AAE Azd7I7t ofHe. F W225(950T)
A AAF Zn0 22 Orthophosphoricsacid 7
351%"“4 vl w2 A W-E3h) wiEel) E3gelX

& A o] doluh #E S paste A7} o HTL

l

E dYEe g ZELH 5A4] pasted]
consistencyell Wi WA BAE 2 YA wt
A e Lo EXEld ZnOE 2o I

ZnO ¥iale] L BEE UEy] 93l FEI A
A& 77 98l 2] A3lgdo] A8 A
gl YoM Al# Zn o2& HUkehd £945
Phosphoric acid®] ¥-24 5317} Z3k-g-de] vigAdg
AgAZick, mEbA Alet Zn 011«] 2H=g-ole Zinc
phosphate AlHE Zsue-g A3 Lol &P
A 0 2 pasted] pHE eHg3MAZIL) wels 8
3 AAA0E 7] o, #Ag 745}7?1] Az7} 4ot
E3 Fagde Qe RE AWE ZsgS
ZA3= FaF Aot 2 AgeA 30~40%2]
Eg IR AHslgdo] AgHY oy, 15k
g gEgde $AANTHE AANT, Bewe
1733 AE AAARALH, olF B R
solid/liquid Bl &M% #dg A3AE Az
3lgia w3 e Aeg wysie AUE T2

AL % Y3k,

K

l

™
i

My =
off rlo o

" o

i

Al
A E
£2E 2 vAlTE ¥4E 3k el Hopeite,

Zny(POy), - 2H,0, Zinc phosphate T3HE,
Zn2P207 ’ BHQO ‘;‘l ];]]ZC-)IZED‘&]—,Q] }‘g/‘éoﬂ AA 00:“63‘"%

3. Wilson, A.D.,

22 9 AR YRolEs ol B

e ‘J}E}‘H“‘L-Er%\ Hevkel AslgNons #A
3 AAE AZT ¢ o] AFEE TEA do
EF foAF beErl Yo $ARkgo] waA
At QabsEr) v gEg Ao 438 w5
E gl ggg vl %%"“0] )¢

FgAdrct AdE Asukeg A7, gE
£ 943 3o} 2y oot &R uE 3 F
oz B 98 U2 A4S vehhol, a9
Ao & Zinc phosphate ANET oA &FuF
o] 37 FTiE 9F-gNo] upEAzch AlHE 74
FEQ ofdalslEe AAY 225 F7HIR) wet
%—A—]E7]- bd S S AAkT} H-& A o) wq.

wehs B2X 3 ofdtstE Mgt TF
pasteZ AT}, o}d} ¢FoFo] 4FHE <
gole AuEed EAse ol $ERE 9%
A8 Hrtg whdlgs Qibe] whe-g 2ds}
%7128 wWE HE-S AAsle} duizor o
eaTs GAAAF A el A o}
2 vpadlgd QNG FEES AAMNA F2 F
A e Ay 58S YEin.

l-ﬂ

tlo 2 ot

onl?‘-
N
oL,

2

ﬂ,
e R o

(B1&d)

Fo

1. Barns, P., ‘Dental Cements’ in Structure and
Performace of Cements, 540-544, Applied
Science Publishers, New York, NY (1983)

2. C.K. Park, “Synthesis and Characterization of
High Performance Cementitious Ceramics’ Ph.
D Thesis at the Pennsylvania State University
(1993)

“The chemistry of Dental
Cements’, Chem. Soc. Rev., vol. 7, No. 2, 265~
296 (1978)

4. Peyton, F.A. and R.G. Craig, “Cements’ in
Restorative Dental Materials, 4thed, 398430, The
C.V. Moshy Company, Saint Louis, MO (1971)

5. Bayne, S.C., "Dental Cements” in Encyclopedia of
Materials Science and Engineering, Vol. 2, 1060
1063, The MIT Press, Cambridge, MA (1986)

—225—



