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Z2E A BYEOR 7MY Lol AR HI Y EA BEYA = 52 AFY ALS, IFE 5Y 2 AL FEANIA
Tk o £ A] =X (Epoxy resin) LA &] ¥ @/4F 0 2 gt} Y T A 7ho] Z }ghof| wpat B H o] Aol W}t
AYILQth £ dF A= 227 BP0 2 AFEHIL QL= o EA] =7 (Epoxy resin)e] 24| M Q1 F¥ 4
EA AT L JAEYN 1} E 7 ELAE NES LA ST 7| E o EA YR Fol EX] BY A RE wol
A 3 9l& EPO-TEK301%, L30%, XTR-311" 53} v wate] Ha 7} 2= 59 BAL 71 WA S A o] A<
e BUAE ALetLa s gk &2 AL =271 2.51 MPag LPEHHEi stol, 2o &g ved=
XTR-311%2.30 MPaZ 57}81 2 & 3¢ 01 1.21 MPaZ U e = EPO-TEK301 %0 U} 1.81 MPa2 VR &= L30% R
th of 21 o] H&He & Ueby =231t E3] o Z 4] 42| (Epoxy resin)7F AU I Q1L 3wl @4 A A3 AE ab
Ay W steFol st gho] 10 ~ 25 F = o] WS Uebf L QAT /i E A3 o £ 4] 2] (Epoxy resin) 2] 7 $-
YN 7|2 AEab MA ¥i5} gho] 8302 7|2 YRE BT} | ~ 3] A= 9 A4S S0 F PO o
AAyol Hstof g o] 7of st BAHE Akt

Flof: A, Ay W3 Y FY, 939, 27E

ABSTRACT  AThe studies on ceramic preservation have been conducted widely in various institutions such as national/
public museums and research labs as well as the excavation institutions and university museums. Although there are
some differences in preservation methodologies and materials used across the institutions, the variation is minimal.
Specifically, epoxy resin is mostly used for ceramic restoration for its high cohesiveness, low contraction and high strength
although there are some variations in for Ceramic Preservation. The synthetic resin type used according to the type of
damage in the ceramic. However, the yellowing or the change of color across the time after the restoration is the weakness
of epoxy resin. In this study, we aim to develop a material which minimizes this yellowing of epoxy resin while enhancing
its cohesiveness and strength as well as other physical properties. We made the new material to have similar properties
with those used widely for the ceramic restoration, such as EPO-TEK301®, L30®, XTR-311" through comparative
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experiments. The cohesiveness of the newly developed resin was improved to 2.51(MPa), which is similar level of
XTR-311" of the 2.30(MPa) but about 2x higher than the other resins EPO-TEK301®, L30® (1.21 and 1.81 (MPa),
respectively). Especially, the experiment on yellowing shows that the existing resins show the range of color change

at 10~25(A E*ab), but the new low yellowing epoxy resin has the color change value at 8.3 (AE*ab), the value lowering

the yellowing effect to 1 to 3 times of the existing epoxy resin, thereby solving the issue of generating sense of differences

due to change of color or yellowing.

Key Words: low yellowing, change of color, yellowing effect, cohesiveness, high strength
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HA=A A7IE Y] & = fleH 715 A= w2
Fol ool 2] {7t JAIFE LRbH L= st
A AJAA | dhsid= 717k o Fok. 2=t 1969 |
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9] B9 22|17} Z13] o] Fo) 2| 1L QTh(Lee, 2009).

O|E 7]|olA] o]FoR|= BHE Xz WT AMEE=
AEEL FHY Zol= YUARE iFEo] AR W}
B QRE AHESEL Qo IRkl BE AT Hhie s
= A 2AL B9 o4 AA, I, 54, A wEe 44
S & o|FojR| 1L gloH, YR F-E9| Aol whet 73} A
& A A¢= At

=27 BREA ) ARSI Q= AREE IA JF
A, H4A, 1255 BYA 53 FEOE Uro| AR ET
Aok A 2= A -] HEFg o] L4238 Cyanoacrylate
A5 %:7H WA Loctite 401°& 714 o] AbgaT
Qo AX Cellulose A% Cemedine-C* 2 A =
ek Cemedine-C" %= 7}94do] 955t Aoz A
o] T Ao I8 B7] HAA|Z go] AHgE T
Lot oF 48 A7k 71 A5} AIZE Bato] olue} of 75%
o|Ae] 4=Zat okgt HEY o 2 Qe BE X7 Fof A vt
2ho] whgehs BA)7} Q. w3t Wato] A g 5%
g wob ZEg A Wed A Epoxy AT
Araldite Rapid Type®& ARE3}7| & g},

QutHel BY AR2E Z=7t £ Epoxy AEY

EPO-TEK 301%, L-30", L-40", Araldite AW106", Araldite
AY103"S0] wo] AMEET glow o] 9o|& Original
sculpey, Quick Wood 5-& ARE3FHLee and Wi, 2010).
o|5 219 AL 73} A 9hS- Eo] vl 2T FEE
o] BAIELR| ofom A3} & =29 A7), 7|AH FHo|
S8 Hgto] ofgt 4= Qg A o] mi-¢- Houhar g2t
4, £%E, 74 0] St Ui, WerEAd o] S5t
1 7k 3k Wetrsgde] 4% g AU lek(Han,
et al.,, 2010). 53] ZHg2] SAA (7], 771, 24 2,
e, Tale, FR)ES thF 713 = glon, 34, B4,
AHE, §4], EetaE 5 AL BE Aol J2AZ 47}
Qo] o]F B4 7ho] ol AMEE 4= qirh. A% bYA
o] &1 AIAIE S koW 7|F, 2xof TA Yo
717t Bio] 7Hsate theket B4 wsE a4
78, 2 B0l g2 HEA7IA] AU AL 9lo] ol &
A Azto] AR 4= = A7E YL QItHKim, 2000).
o ZA| X B2 X B4 3 BA4H(Yellowing)
o] dojuta, A4 Zejmut S40] §li= PE, PP, Silicon,
Acryl 59 B|3A] Egmoll= HaPdo] et ettt
£ HE Za glon AN 87 9] 2&of mhEka] 73t A
7ol Wizttt 3t v|7tE A, ARt oz oAy A}
She S AU JtHKim, 2008). £3] £ F=
2 A% AF o ofef gt & Aol =Lt Aol #ol #
o] EAE S PATE 5 EAE YER 1 Qi) o)A
A F vzt 2 3 AAFo 2 Qs EAlE 22
et Alo] ofyet 717k A& Ee] & EAFOR oE
NABE7] $i5t A=) Aol H 23k A7 o|tHNam, 2012).
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AzE AP Epoxy $A|9] FA¢l Diglycidyl
ether of Bisphenol A & 5 6 £ %315t} AldrichA}
9] oFZ S ANE31Y Y, H3MA|E Fatty acids Cl18-unsat
dimers 59 11 $2 AldrichAle} 545318t (F) k&
< AgStE e, o] 9] ARGE AJFES BAF Al AL

&tk | Aoz AAE Epoxy +AE 71E0R F
AA AR E4 B85 gobir] fdl Hls Al iy
Micro-balloong& AME-SIATE 2 AL A Az A3A

o3 A2k w|m517] S5+ Epoxy 3 €A HUNTSMANAL
9]  Araldite AW106+HV953U% (U.S.A), EPOXY
TECHNOLOGY, INCA}®] EPO-TEK 301® (US.A), &
Zakgdo] L30® (Korea), HisglassworksAte] XTR-311"
(U.S.A)o] 31tk

2.2. Epoxy &M
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OIS SI5IEk A W A Epoxy 7194
7HIEE HES7] ol A ImpellerE ©]-83}o] 300 ~400 rpm
9 d.—Ei 60T oA 1 AIZE F¢t EFstpen I vkg
4 BAAI= AxE sample?] 2= T3} QS 1L
2o H7sto] Azt A FA 22 w7
o) A impellerZ o]-83}o] 500 ~ 700 rpme] X2 50C
ofske] @xolA] 3 Ak ol EqBle] Az A%
© A% Bpoxy 441 B 9o Epoxy AIRHE A
getgon], 45 Bl ujet M2, 324 B 7}
SHES Az

J2e =AL DeFelskoAle] T8 Fxd HAEY
PosiTest AT-A Automatic2 AME-Sl] 2A5tgoH, A
Wb 0 21 KS M ISO 4624 (£ 89} Hh A- 22} uka) A4

EH Epoxy TAl9 7 I

=4ol| thst o7t/ 24

)2 F800 AT A A= A7 LA
ASE = JA=E 72 A7 Bt ﬁ"&]—ﬁ_‘l’ﬁq Dolly7} &
2k AEjollAl QIF71E AMgSte] &
AAT & S o83l Dollyo] ¢l 6}
HH} Dolly7} £2]E w2 &9 ‘1175']%1'
ok Z AY ARERE F 5 o dA &%
F| gt} HoigE Al 2Jg B g Ar

2.3.2. O AE
H 32 KS 7474 (KS M ISO 5470-1)°f] A3} A

% ol g5te] A

_ m}or

8ystom, AlE AZ AEE E2
0 cm ¥°] 5 mm 79| Y7 A|H 2 AZst¢ict. A
Eoll ZHZFo) A1 AR E 72 A7 o) Aol A
SAFH o™ AlHo] ntRA|E 7)o THE = Y= 5
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3], ut=2 2} Grinding wheel<2& o] 83}t AHPL & 5
gloll 4X &7gstglon, nte Ad Az Fo| FHS &3
5o %u| &2 ALE3lo] BFEIATHBae ef al., 2014).

O ol oo

cm
13
]

o,
rit

233. 73} 9IS AR 2 2% =7
Epoxy 5:719] %4 ¥hg 544 71 AnE0 ALe

A& Epoxy F=A]o] Micro-balloong ZHA|2 78}
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ME 258 Aol 24} 3 o) 2GS 018319
o Aol 2 ABE KS M 5982 (222 271 A
A - W UV 8% ) Bastel AR 2]
A A>71E ARESEATE ARP7ISAIE B8k F AIE A
20 3 UV, 23 AZHS 72900 S8 ZH 75 «
100 mm&] 77 2.5 mm¢l 24 gFulE wof £of 9L
£ £EAE Agste] 2L Ao 1B AT 4
204 22} 2, 4, 6, 8, 10, 12, 24, 48, 72, 96 A|7to] L
o, A2 = Witk F AR AE 24 Fo WA g
=5 EP=A74 (Minolta, CM-2600d, Japan)E AM&-5}¢]
A} 250 A7 WO BUR 5 Rl Zskich A4

ERE Y

H3ZEe CIEL ,a b EAH o 2 Lehfiqlth

3. Znd 1

M3k

3.1. MM Epoxy TXI2| 2FT YHE

A% Epoxy 4:7\2] HE AHEE 7|20 AEET
24 WA 2 2ol7} AL B0 ABISIES Az}
@ou] AzE A Epoxy 49 24 (Table 1)t
(Figure 1ol LR 2let.

32. M&®# Epoxy TA| 24 4 21}

A2 Epoxy ]9 4 A2 9 9 Micro-balloon
o] Tk (Wt%)S MB 10wt%, MB 20wt%, MB 30wt%,

MB 40wt%= 5 F72] AU AZtste] AAstsct AE
ZA3} Yl tH] Micro-balloon®] FHEF (wt%)o] o}z o)
w2} 54 gk WP dAgsks AS EUE £ ATt
(Table 2). H2EL2 AN Fefoll A S| 9] HlEo] 40wt%
= Lol wak 243 ~ 0.62 I oF 2 v} A= M2
o] ojx= A& AT 5= UL, MB 30, 40wt%o]
Al 228 HFEE FASIAL Qlo] SHA| Skl et
ARE S MB 10 ~ 20wt% oA AMg3t= Aol -8

Table 1. Composition of low yellowing epoxy restoration
material.

Resin

- Diglycidyl ether of bisphenol A 55%

- Glycerol polyglycidyl ether 15%

- Trimethyol propane polyglycidylether 7%

- Butadiene acrylonitrile copolymer (CTBN) 3%
- Polypropyleneglycoldiglycidyl ether 20%

- Epichlorohydrin < 1pp

Hardener

- 3,3-[oxybis(2, 1-ethanediyloxy)]bis-1 propanamine 7.5%
- Fatty acids C18-unsat dimers 25%

- 1,3 benzene dimethaamine 8%

- Poly(oxy(methyl-1,2-ethanediyl) 8%

- Aliphatic amine compounds 17.5%

- 2,4,6-tri(dimethylamino)methyl phenol 2%

- Benzyl alocohol 6.6%

- Isophorone diamine 18.4%

- Polypropylene glycol diglycidylether 5%
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Table 2. Results of property test of low yellowing epoxy restoration material.

Sample Resin only MB10 MB20 MB30 MB40
(Wt%) (Wt%) (Wt%) (Wt%)
Adhesion (MPa) 2.43 2.32 1.06 0.84 0.62
Abrasion rate (%) 0.16 0.22 0.22 0.51 0.51
Hardening time(min) 103 70 70 40 40
Tensile strength (kg/cmz) 152 85.6 27.3 25.6 19.6
AE ab 8.3 21.64 25.17 25.19 28.26
Surface hardness 79 69 62 57 50

Table 3. Variation of surface color (b*, AE*ab) of low yellowing epoxy according to UV exposure time.

Time (h) L a b’ AE'ab

0 80.29 -0.21 -0.66 2.07

24 78.41 -0.98 5.26 9.08

Resin only 48 80.20 -1.37 6.64 9.32

72 77.65 -1.30 7.15 9.69

96 77.42 -1.36 7.74 10.37

Variation -2.87 -1.15 8.4 8.3

0 94.50 -0.09 1.90 1.24

24 89.81 -091 19.20 17.12

o 48 89.45 -0.97 22.20 21.25

MB 10wt% 72 89.56 -0.97 22.82 21.84
96 89.51 -0.96 23.89 22.88

Variation -4.99 -0.87 21.99 21.64

0 95.91 -0.07 1.69 0.47

24 92.97 -1.16 2091 19.30

o 48 92.56 -1.21 24.15 22.06

MB 20wt% 72 92.10 -1.11 25.32 23.50
96 92.06 -1.13 26.60 25.64

Variation -3.85 -1.06 2491 25.17

0 95.17 -0.11 1.71 1.17

24 93.58 -1.22 21.79 19.97

o 48 93.31 -1.20 24.15 22.80

MB 30wt% 72 92.87 115 26.38 25.08
96 92.85 -1.21 27.71 26.36

Variation -2.32 -1.1 26 25.19

0 95.78 0.01 1.37 0.72

24 92.37 -1.24 23.40 22.37

o 48 92.75 -1.21 25.17 23.64

MB 40wt% 72 90.84 -1.11 28.93 27.06
96 91.29 -1.06 30.51 28.98

Variation -4.49 -1.05 29.14 25.26

T A0 Walh 5 vk AZHS AoNo] Aol MB  QIEH BHEFE s34 9lo2jet ke,
o] gepo] frobol et st ke Alzto] BolAE e b A4Sl 2L Slsto] A AlWe) Ash A AEab
helet 4 AT AAH R Aot wke A ok 10 ~ g} 96 A7k A8} F AEab gholl AL Hlmal gt

*

40 min© 2 A 28 F A4F AU Aol ARG AZFe R (Table 3). L & & o, WAIH 2 =7t o R fH & &
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Table 4. Compare low yellowing Epoxy resin.

Tensile

Sample Adhesion  Abrasionrate  Hardening streneth AE*ab Surface
p (MPa) (%) time (min.) (ke /01%1 2 (96h) hardness (Hs)
AW106+HV953U" 5.87 0.26 130 159 10.53 75.66
EPO-TEK 301® 1.21 0.41 150 107 17.26 80.31
L30® 1.81 0.39 90 112 26.48 81.33
XTR-311% 2.30 0.40 120 107 22.21 73.33
Developed Epoxy 243 0.16 103 152 8.3 79.3
B AW106+HV953U m EPO-TEK301 mL30 mXTR-311 mDeveloped Epoxy|

35 1 =+—resin only 10% —4—20% ==—30% -——40%

30
25
20
15 H

10 _'—___'___r___'___'__.-—-'

5

0 T T T T T T T T T T
(Timeo) 2 4 6 8 10 12 24 48 72 %6

Figure 2. Variation of surface color (A E*ab) of low yel-
lowing epoxy according to UV exposure time.

Qe 4= 9%om —a'ghe AU 3lo] Green?] Aol 7}
27 sl g & 5= ek g3 M3 g3t = A
o] b’ W3} g 842 W3} gro] wn|sig oy WA
Micro-balloon®] §HEFo] &= A W3} gro| 24| et
Wttt o] #l& 42221 Micro-balloon F3Y 7o =
Holu, ZHA|e} Mol w2 FH FAFe| Ao 714
o2 Ja%t ZoR wadn. B3| A4 W3} glo] 7P
ol ¥igh AJ7hE Figure 2] Uehbzo] G3 & 2 Azt
T B3-S A&k 24 A|7F Yol 7 B2 A W3} o)
Fojxom, o] A|7to] Zusto] wet A wglego] Zo}

= AL BT 5 gt

N

33. 7I1E M=eto| 24 de Zn

7R A3 Epoxy $2A|9] YA} 7]Eo] AREE L
Q= EA] B Am 72 ALET g 4 $2] LIQUID
Aee] thEA el AFEQl Araldite AW106 + HV953U®,
EPO-TEK 301%, L30®, XTR-311%2 u]w B35t}

30 -

25 A

20 1

17.26

15

10

AF*ab

Figure 3. Compare low yellowing Epoxy resin.

A2 e Aubg 2:2)7} 2.51 MPaZ XTR-311%2.30 MPa
3} gAY EPO-TEK301%, L30%0] 1.21, 1.81 MPa&
oF 2 vje] Haee MR 53] oA £47F A
39l W AN A BT AEab A sk wsk
Zrol 10 ~ 25 = 9] Wl Uehf 1 QIAIT 7 E A
3Hd Epoxy 42712 ¢ ¥ 7% AEab A #3} Zto]
8307 7|29 B RE AEEI = Epoxy A&
ot 1 ~ 3 A= 3 FAFS Eo] A HSE QIg o]F
Z Aol st EAIRS 4R 2T 4= U TH(Figure 3).
AAH o2 AY A3} Table 4¢] Uehbxo] 7]& A=et
9] vl ZH A= & 2ol IR 5 gle dAE dS
= Ugem, 710 AMGEIL Yl liquid AEfS] =X]o
H|3) AEab Wskea} Haelo] 94251m, A5} A7 £
GEEo] A9 HdS FAANFY. A=, AT A,
vhEE-2 7]E A gof B8l F 2o]E HolR] gkl glom,
theFet SHA 9 RO ARGO| ThsEtEE Azt o
G 2okl H-go] 7HeE AR Helth
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£A]5to] #]=HH Epoxy polymers ¥4 AlzstL, o]
g3 2 7MsAe Asigrh " A% Epoxy
polymer:s 7|2 =A7] 29 AR AL F2 ThRst
polymerE¢] 43} vl R E .0 o] AWEL Foto] 7]
Fof| AFE-E 2L Q)= polymerE9] il 4o FIt=E A
z3tgct. A 2E A3 Epoxy polymers KS AlHH
< B2 sl H A=, nirE, A3 Az 9% A=,
A =2 SlollA YEhE AEab, FE 59 &
& Bsthe] Blwstlot.

g Epoxy $A1E ol N g (A + AN ] liquid
P2 TSR o159 A 7] EH =EEME
Ueld3o] DCM E-2 DMFo|A] 383} dsto] 2 A
A 7Hs A& UERAL, 150C Hmof A o]E9] 2
< A = YUtk )& Btol| 7FA8E Al g YA
HEL PRI 240E 4 Azsig. Had
P o ZA] A= WA A7) BAAZ ARLEE A
Z 79 o EA] ELAE A Y= o] AMSE
9= XTR-311%9) A4S qioz A
2l A o ZA] $=A9] HF Fe 243 Ik, vlELS
0.16%, A3} ¥Hg AR oF 103 £, A9 Al =% 96 A7t
%o] E'ab M3} 8.3, FEE 79.3 HsS e 9
ok B4 F ol XTR-311%9) HF 7= 230
WPa, T} E- 0.40%, 33} kS X7 120 &, 249 A =% 96
A7k Zo] E'ab WskF 2221, A& 73.3 Hs2 B4 =4
S vng o, g 4 A, ArolAe 22 2t
o2 Uehx|ut E'ab W3l A9 3 ulje] 2de yet
Y=2 AzE o g ZuoAE oF 2 S Yeht=
2 AzFo] B 5 A BA7tx| 9] sbg Aol & 71945 &
T UE AL R ARHL E o]52 A EAY B4 A ot
FF FHA € kR W77 7Fssta &AgAe] By g
7ol grolx] A3 $EES 2HT 5 JES A2}
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