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ABSTRACT We fabricated urethane material based on properties of reversible and unfading for antic-ceramics restoration.
This material with low viscosity was made hardness control possible that user want. And it have very strong adhesion
and shear strength properties and is shown the best properties for pigment filling, anti-contractibility, coloring as like
epoxy system materials. Particularly, the yellowing and ir-reversibility problem in epoxy restoration material were finally
solved. So, there is guarantee in the eternity and stabilization of restoration for antic-celamics. And in order to show the
reversible state of the restoration, we successfully dissolve this urethane materials in solvent after perfect restoring

subsequently.
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Figure 1. Color change of L-30, before and after UV
exposure.

Figure 3. Color change of L-40, before and after UV
exposure.

Figure 5. Color change of AW103, before and after UV
exposure.
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Figure 2. Color change of Epo-tek, before and after UV
exposure.

Figure 4. Color change of XTR-311, before and after UV
exposure.

Figure 6. Unfading surface of urethane resin, before and
after UV exposure.
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Figure 7. Pre-restoration of deficiency part with mud. Figure 8. Process of cast form with silicon polymer.

Figure 9. Final form of silicon cast. Figure 10. Process of filling with urethane polymer.

Figure 11. Separation of silicon moler. Figure 12. Adhesion final product with same polymer.
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Figure 13. Process of matching color with brush.

Table 1. The physical properties of urethane material.
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Figure 14. Final restoration state.

Item of the experiment.

Result

viscosity (resin / hardener)

Contraction rate

Surface hardness of original form without filler
Surface hardness of urethane with 10% Talc
Surface hardness of urethane with 10% Al,O3
Surface color change in UV room during 24 hrs
Shear strength

Adhesion strength

Melting point

Transition temperature

Coloring rate

Max. mixing rate (A1>O3)

possible working time

Hardening time

solubility after hardening

(3800 /3200) cPs at 20C

0%

showa A 90, showa D 68
showa A 74, showa D 42
showa A 93, showa D 70

none

265 (£ 8) kg/cm2

140 (+ 4) kg/em®

above 200C

about 135°C

adhesion

1.3 times of resin

1 hrs

4 hrs (at 50°C), 8 hrs (at 25C)
Sol. in MEK. acetone, toluene, THF

sto] ZFoH2E £F 50 mlz F7isteh J7t %, 2
ZEE5 10 2Y 10CE 52351920, o]2 80 £ 2TojlA 6
A7 2 HESA]A, NCO 10 ~ 30%2] isocyanate terminated
prepolymerS 431t} polyol mixture A3HA|= &g
o2 E8&dl 7tmA, SuiE I Fofl S0T oA =L
Hisle] A| 23Tt isocyanate terminated prepolymer?)
isocyanate $FF2 250 ml 412 Z2kA39]] 3.0 g2 isocyanate
terminated prepolymerE 4474 dR|R}e]7}A] A eksto]
20 mle] B4 ER2do2 AH3| g2l Fo di-N-
butylamine &4 20 mlZ 7}5}o] 5 7 wHAIF ) 100
ml9] iso-propyl alcoholS ARE3}e] E&tA3 9] 7|HS
A A3t T2 BPB (bromophenolblue) &9 Z|7}5to] &
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QA E ATt & Al 2HA| o FF O 2 isocyanate
terminated prepolymertfjo]] £x5l= NCO%S 233}t

NCOO/O — (B_ ﬂ(é.202)(f)

B: blank testo]] 2~8]= 1 M HCI12] ml 4=
T: B AJgof 2H]E 1 M HCI®) ml 4=

f: 1 M HCI19] factor

s: A2 57 (g)



188 | 2

Z1sts|X| Vol. 26, No.2, 2010

isocyanate terminated prepolymer= HF3- $2 3] FT-IR
ZA] 9F 2270cm™ €] NCO group¥} 3300cm™ 2] NH 7]7}
UElL= 21 9. 2 A isocyanate terminated prepolymer?] g+
A& sk

]

an

X

o

2.3.

Lt 4 oHE= nicolet ARS] spectrometer 550
FLIR < AMg3to] Belsiglon], HEe] 4 visco
star plus (Fungilab Co. Italy)Z o]-&3te] ZAs19th 3
273 e 9 Ak QA E = KS-M3722 Al @3t ¥E KS
Agden 24519t FHAEE KS-M5982 Al@HE
olgsto] Wt UV, S5 HA1S o 85 23 54 Al
Ho2 SASI:. 313 nmolA Ao s Yefls
U.V. FZE o]85}o] 120 Watt £917]914] 24 A2t &b

w&3to] 1 A7 7o s B N Wsls mteigt
ZA4L Az" SFE 100 gof ABlLRu|ES &3tz
oA Eatstod 2% Eﬁ‘r A=} 85% 714 = UEh
€ A 23 FA=E Adlsigeh. 542 S vls
A& ==°] A= %ﬂﬂi FRA7E B0l Fol EellA
IR F, o] 9] HAA-Y Aol A AHE S7gste] |

3HE Atstatt. =48 KS AlEHY BARE Qlsty,
A3 ol LERS TAEtY xS &, Hlo|ZE o] 85t
o] 0|59 BtElg2 HESIG 7193 GAI KS AlFHY
AR Qlsto] Wl 2A19] 2bd 3}, MEK, acetone, toluene,
THF 52| -8AJol -&-3iAA A &3l 7Hs =& st
o} ==39 Ho] =9 42 300 TR 7Fgol 7
3718 5971 Woll 1.0 g A3t A HE S HE 2
e 2248 JEAZ 528 &3

o ukR =2 9] HA|5} =9t =20 W F-5/d°] 7]
£ 255 F4std] o] 7|1 &4t

NG olg3t

w

. Y oE

AzE S B9 Azo) Z4E B4E Table Lo]
Uehjolth. BURE AFET B9 Axo] olsies
AHER Azsigon] FAe A HEE 747
38003} 3200 cPsth. A= ] AL 140 kg/om’E (F 2L
180 kg/em’) 7] 0] AHGEE o EAA Y H2t Ao H]
A WA e B oA o] A Ee]
(XTR-3119] A%, 170 kg/em®) 2k 2/3 o] AR UEFY 93,

o T 265 kg/em® & (X 3L 340 kg/em?) o ZA| A9
o A= vt 29SS e JIiE (XTR-311
734, 245 kefem?) o]0 Aek Zwol HAEe &
L2 gdE B ARE QR4 BA ostel, =4t
7 Al 1S WEAL as) 2= o) el
Ae @S A=Y A= 7 Aoz Btk &, F *Xﬂ
of Abg e wek Aol GIAAT, FHOE QI3 £
o) s} 243 7120 08 o)40] 48 s Az
e AEAA £A8 HERE W 05k AL HRGE 2
A 2g3te] Az x7I2H HAR AW b el
}#%.aﬁw A Py o2 Balh. ol F7A
R 32 AR Kot YA, 2 AT F=
ulste] HEES} A A ol 7 49, =
A7) AR eAle) AR v ez vhebe 4 08
Aﬁ?nE B3] A 7Esgnh SRR B Eo AL
2-dete] AL, IPDI 90%, polyol (chain extender)
10% ‘;'-l triethylamine Zujj7} 3t A 2% FA|2} polyol
95%, 1,6-hexamediol 4%, glycerine 1%7} triethylamine
T} stannous octoate ¢} Zo] A2 HIAE o] &
7B, o] WA FeH, 7)o FA|19 BIAE
ZRRE A 33%7HA 9 ALOE A1 Afol= 5
WA= B7Fo] WA eh3het 3t AR A2ollA 8 Al
2k 55Col A= 4 A7 o] Fom ZRAF AIZE2 1 ARE 0]
Aok 398 = Ao 2= showa Ag 0] 90, DF
o] 682 UEHHIL, 10%2] &=27} Z3HE 7-$-olli= showa
A%o] 74, DFo| 25 Uehiflo] A=} ol ot ALO;
33% 7HA] A715t 7ol = showa A& o] 93, D o] 702
2 952 o] ol o] g3tel E Y 2YE 7}
t55}0] meltt. o] Arke See BelRje] A Aol 4
Aoz B2 AE] g3t ARt QAo ALOsHeh
o AEE WA SHe o §2 Holw, o]d 0|42 FUA
micro-balloong ARES A o Y& 3 AxE ZH=
ST EHA Y o] & 3 7HeR Aoz Helth o] AJH
52 24 A7 B9 UV =&A17] 2SS Figure 1 ~ 6
7HRlol) R, S48 GPEIRE AgjolAleh XTR-311
o] AL ok 4 AJ7F Zof| WA O (N 6/0 — 7.5G 5/1)
L-402] 3%, oF 5 A7H 3] (10 Y 4/1 — 7.5 Y 4/1) ¥4
o] YElgth L-302} Epo-tech, AW-103 HA] 6 A|7F o] %
2] 5 walo] Urehtont, gE B Sde B9l A
o] A9 24 AZ7HA) 2AA) 50 BARle] UVE 2l
T g AR R 29l (9 4K A9 N 70,

l

0
r

i-N

2

ZQOE



Tl e EAP| =g S8 2alet 2xlo Jwul olE 0l8E TAlel =el / BhAl uplE, eIMF, olgE, Eell, AT | 189

ALO; S7A| 33% ARG Al N 8/0). o} E7 0|83t
E89] 3%, o) 9 2] RsstAon A SohE
2131 Aol = MEK, acetone, toluene, THFS} & &7
Srfjo] =E &aE 4= Qg o AR 22 3
A7} 23 Aol= £ AAE 7I8HA gEigk=
st &-5)7t 7Hs skt

—

AT EA7] BUS {2 st Yool ure) 2ol
W A A gshm g, thEAe Yo A 2
AAE A9 Fo] BASHE wA ] Yehe) chep
e AT GAG RGO R AFo] oS BIES
slste] 1 e AT BET AHEY S
L B9 AR BUst AFYY) PHES 72
g B SE BANRE AR EHT T 45

89 AL 23 ek, A ol ol 83t frEe
o A4 B Hdde A8tk EEA O AMsH
2 AFoIA 7 = e A =AI=A AFHE
S ol A3t FEIRA AFES AR F BE
A2 E AAIBIAT. AFLE ol 8she B2 89 2
EFAE LAl FEHUZ AR o, 1 R BAlS)
o T BUAIZ = o, F2 Aoy ¢l
AT 2 AT v BEE VAL e AR
£ AR5t deke FEIE WAt skl Eof AR
H =l FAAY A2 WAto|o] Efho] Fio] 7

V= FHZ, FEE ARSI Helf o] 5HA| 3o
= theo] F3th (Figure 7). o|if AMSHE RrE= 2
A G Aol o] A& nYE e o gol AR HE
AzolH, o|E o] g3t Al2te &fo] RY FEE =
A7) A 2|3t T Figure 804 99} o] A2} o]
&3t FES ARSI o] FEof SiF-Eel sl &
98 22& FYsP] A FUFE EA w%keH A
o] B FEE AASHAT o FEol 4
& RS FUste (Figure 10) A2oflA oF 8 A7E st
AR &, AREolA FFetd Efe] FEE 8
(Figure 11). Figure 129} Zro] A& o835t Al2Hd
FAAE Y] oS TUT A=l E A=
FAZ 2t &, o]E FFoIA] R AT 8ATE
o FASHH. ABF| BM Bt TLY FAE ol%
st mleddE APsigon ¢ Axrt APd &
Figure 133} gro] A gh&-g A5t Afghs o2 5
EATo 2 At A E3E obvrd EAIE
Holz] ¢ot o|F HFTHZ AT 4 AU (Figure

1o
e
o o

o]

14). Belo] R FAAY wale] YRS sl
HAES 98] 87]0] oIES Ao
A sed welrt @ HEAS A mskon, Sag 447t
7hstol kel o] 9l Sl 4 slsie.
4. 2 E

AU =7 B ARE 352 o|RUH oAFA 5
Aol wel FAAT kel HET polyvinyl
butyral WEAe] el #240] AL skl el
SR olgstel BA7] BYl ARE AxsHoH $8
ol o1 27 Z-g3lol Belst 7, o] tix] Uehel A
2 959 3L dgelginh AT AzE ¢
dgt $A= "2 (FT 180 kglem)T FHA (1.3
times for ALOs), =4 (0%), =A94 (adhesion with acryl
colors), ZHE (220 ~ 340 kg/em?)2} HE (showa A 74 ~
93, showa D 42 ~ 70) 28 7154 SoA 435 BAS
Yetfigich 58] Fidos £ o), HA A A 59
afoF sk ol ZAlY ZAIME AT F2 AHE HIS
o, (none color change in U.V. room in 24 hrs) $-3t 7}
Qo z QIste] Hele] BAY WA, £A7]e] YA
& TR ¢ Qe T2 odo] A7l AL g Helr (Sol.
in MEK, acetone, toluene, THF). 733} A| 7+ 25T ol A 8
At o g om ZhAL AIZEE A9 ASHA 25 2, 1 A
ZF ol Gt 0] A8 Fsty] ste] Wiz &5
0]9] Fof A A-gsttt AFHLE o83 FHl B
o SR, AU, A=, A, -G SolA vl
58 235 Uehdio] o] o 88 A, wi AEg 7
=9 S 2 glo] =AY Mg ARl BYol 7k
3t Ao 2 Helch

AL Al
o] :=EL 20084 WEIBLr|&R Yo A

22 ZAHKRF-2008-359-C00001) 2] 2| YL Hho} 4=3)
H Atolm, ofofl AR}

2k

1EH

L Fhs, 2AY, "=A] LA = A" ESAEE G



190 | EZE1Et8|X| Vol. 26, No.2, 2010

2. 8= "AAT 138, 71235, p3, (2003). 7. Poongrim, Data sheet, Poong-rim Ltd, Korea

3. 97|A, "SR DG ETAA AR B RS HEA 8. HIS classwork, Data sheet, HIS classwork, INC, Korea
2" EIHEEH A 2, p68, (2005). 9. A M, A, A4, T47), A Y, o183, A 288t

4. Williams, N., "Porcelain repair and restoration a handbook". The A ANZAFA] 7 A A" HEFSFAAZ 20, pl39-
British Museum Press, p67, (2002). 155, (1999).

5. Horie, C. V., "Materials for Conservation". Butter-worths, 10. 3HA4], Y534, B4, 7], "7 S 2= e
London, (1987). Polyvinyl Butyral H|-2-A)| 7|51} o] & o]- &3 AFHARR] &

6. Ciba Specialty Chemicals, Data sheet, Ciba Korea Ltd AA 1R Q) B HEFSFFR] 25, p293-298, (2009).



