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ABSTRACT The goal of this study was to examine property changes induced by the choice of filler used with an epoxy
resin that was developed in 2014 to restore cultural assets and consider the applicability of the resin as a restorative agent.
The properties of putty mixed with 9 types of fillers and as-developed resins were compared with those of existing
materials with regard to stability, superiority and applicability. The potential of the putty as an alternative material was
also examined. The materials produced the best adhesiveness, color change and hardness results when mixed with lime.
Micro balloon produced the best wear rates and hardening times, while diatomite produced the best tensile and
compressive strengths. A plaster and white mineral pigment mixture produced the best specific gravity. Every material
except for lime exhibited about 2.5-20 times higher wear rates than the existing material, which is thought to exhibit
an excellent cutting force. The hardening time was enhanced by about 0.5-9 times to improve convenience. The stability
of'the relic was also ensured by improving hand staining without any shrinkage or deformation. The material exhibited

Received October 2, 2016 / Revised November 28, 2016 / Accepted December 12, 2016



460 | 2Z1tst5(X| Vol.32, No.4, 2016

about 0.5-27 times less yellowing. Thus, it is thought to be a material that can reduce property changes and reduce the

degree of relic fatigue which occurs during reprocessing and sense of difference from relic.
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o, olF Aol FA A HE Aol 7P Wol AN HESHA ARE 4 Sl Ho|AE FEHE s &
Hi Q& oZA] £2] F Ho|AE FEQ CDK 520K FE FAAE F2E, 43, ME, nfo|32 HlE, S-P, FE,
(Sepoong polymer, Korea), Quick wood(PSI, USA), SV427+ AR 0], ALY, 3] A o]tk Figure 1-4).
HV427(Huntsman, USA) A& 352 vla tdez A H|I o Al 2 @A 23 BEA | Wol AR5
SITHON et al., 2015b). AEH 7]& AREZKS 714 I Qe AFA| 4 FollA Ho|AE FH o|FA]¢2l CDK
o WA AHE AFtste] 971A| 9] BA AHL B3 B4 520K, Quick wood, SVA27+HVA27 A E 35S A5
= st on, dFozs 2, viEE, A wg on, o EA] 29 uighe 7 Al 2Ae] A% ulgof whet

ARE, QU 7, Aol Aot A, AR 24, F 4, FAIeAsAE Bustdct
4% 742, $5EE 24340 and Wi, 2015), AR KS 4] w2 24 Aol A Astge

AL o|EA S22 SHAZ SHE el A 97F l, BA AW ARG A S Bt WS Al
9] B4 ABL Fotol AEE dolHB vigoR /12w, FASkE AW G4, B8 F by AHe] Belrh go)
AR Ee] v LAE Fto] AUH o EA el oF
B, 944, Aol thal HAIsha Rak BE el

Table 1. Composition of HD-1 epoxy putty.
g3 2= 9l giF AREA Q] 7HAS BRI Bt

stk Resin wt.%
- Hydrogenated bisphenol A - Epoxy resin ~ 60~75
2. M= 9l ghdy - (3-ethyloxetan-3-yl) Methanol 10~20
- Propylene carbonate 1~3
21, Y M= - 3,4-Epoxycyclohexylmethyl 5-100
3,4-epoxycyclohexanecarboxylate
o ZA) S| A0 Ao o] 2ozl THE Fefe] - Sulfonium salt mixture 2~4
290& © 2 hydrogenated bisphenol-A2}trimethylhexamethylene - Sun screen 2~3
diamine?] E3t -gofolt}. ulig} Bl &2 A4 : A & Hardener wt.%
2100 : 50(wt.%) 02 A Z5tH o, A3HAl= diamine A 2}¢ - Trimethylhexamethylene diamine 45~55
ZFO) A HAA] 5L A0 2 T35t 2AJ O] W FAHY - Trimethylolpropane tris(3-mercaptopropi- 45 0
2 9 FAEA) HAE BER A2 Hrk(Table 1). onate)
o|=2A AR oEA| Lx]o] & 9% A S 7 - Hydrogenated bisphenol A - Epoxy resin 3~6
3te] EoA) mEA O] Ag e U3t BYg Ames - Phosphoric acid 0-1

Figure 1. Picture of epoxy putty from left to right Figure 2. Picture of epoxy putty from left to right(Micro
(Diatomite, Lime, Terra alba). balloon, Gypsum & Inorganic pigment, Loess).



462 | 2Z1tst5|X| Vol.32, No.4, 2016

Figure 3. Picture of epoxy putty from left to right
(Aluminium hydroxide, Magnesium hydroxide, Wollastonite).
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Figure 4. Picture of epoxy putty from left to right
(Bisphenol-A Epoxy resin, CDK 520K, Quick wood,
SV427+HV427).
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Table 2. Physical properties of restoration material with the compound fillers.

Sample . Gypsum & .. .
Diatomite Lime Terra - Micro Inorganic  Loess Alumlm'um Magnes%um Wollastonite
alba  balloon . hydroxide hydroxide
pigment
Adhesion 3.59 376 371 270 1.24 3.21 2.75 2.49 2.89
(MPa)
Abm;;;;l rate 3 073 169  3.01 1.54 2.35 1.91 2.64 2.17
Hardening
time 10 12 10 8 10 11 9 10 10
(min)
Tensile
strength 86 58 54 19 67 48 52 54 112
(kg/em?)
AE ab 11.83 181 285 2781 13.97 6.83 23.10 12.20 2.24
® (10.93)  (1.19) (1.95) (27.35) (13.66) (-3.51) (22.54) (12.15) (1.87)
Surface
hardness 94 99 80 26 84 68 78 66 77
(Hs)
Specific 7.57 1405 1698  0.46 21.57 19.54 17.20 15.92 20.10
gravity
Compressive
strength 4729 2517 2154 439 28.60 31.82 4153 39.20 27.10
(MPa)
Shrinkage
rate 0 0 0 0 0 0 0 0 0
(%)
FS S FEE S 275 x50 x05mm A7]9]  ASHE B 0 F B ol Bojubx] ek o] kATt
A AL AFsle] FFHL 24T & bl A3yl olRojd 7|E BEY AR FASE BAE FAISHES ARSI
7kx] 78 5 AHA A3t & FHFE SASY FF A 1 A ohg3 Zri(Table 2).
& AL T2E7FEE o Z A HElE H&E 3.59 MPa, uti
£ 1.13%, A3AIZE 10 min, 93 7= 86 kg/em’, A= 94
3. Za 9 s Hs, B|Z 7.57, ¢F& 7% 47.29 MPa, 228 0%2] B4

A & vebd o, 2ol A AP ok At W)
2o AEab 11.839] A3} gk 215143, Yellowing &
} 247kl b 3h 10.939] A} 2k Yehyigict. 959
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71l Bisphenol-AZ| o ZA] 43| 7]20] ARgElo] 2= 9iek. A3} BakE ol EA] HEE Q2 376
L ABE BT 0hRE S ko] A3 T AW AES A MPa, 0hRE 0.73%, AEAIZE 12 min, UG FE 58
zatgon Qo] 25 SAR|e ok 50| Eo] Bo] ko, A 99 Hs, HlF 14.05, U2 7 25.17 MPa, =
SHEE gHSol Rtk 4] : ABA HI&S 1005022 & %8 0%9] B4 A7 S Ueion], Aol 24 A
9%50] 2AHAE 217t L] AFo] FOF HOIAE H & B3k AL WBFFS AE'ab 1.806, Yellowing 4} =
2 Axslaom, 105 elol Asazhat 2 Aol 2 Agtel b’ R 1192 959] 387 % 713 we wse}
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Table 3. Physical properties of conventional restoration material.

Sample CDK-520K Quick wood SV427+HV427

Adhesion (MPa) 3.96 2.37 5.33

Abrasion rate (%) 0.31 1.02 0.15
Hardening time (min) 90 14 70
Tensile strength (kg/cmz) 28 72 46

AE:ab 21.13 27.09 15.33

(b) (16.8) (23.37) (12.62)

Surface hardness (Hs) 55 70 55

Specific gravity 0.770 0.908 0.673

Compressive strength (MPa) 17.0 48.5 323
Shrinkage rate (%) 0 0 0

< Uetiigich HEZL E5kd oA FEl= F2E 371
MPa, UF2E 1.69%, A3FAIZF 10 min, 9% Z= 54
kg/em®, 2= 80 Hs, H]% 16.98, A4E 7= 21.54 MPa, <=
%5 0% B4 2 gk Uehgon, Zejd AL A
& 3 WAL BB} AE ab 2.85, Yellowing @4F 24
2rl b’ g2 1.959] AT} 3 Yehfigict. vlol 22 uhg
o] Z3HE o EA] HE= 2 2.7 MPa, uFE-& 3.01%,
A3FAZE 8 min, 9 2% 19 kg/em®, AE 26 Hs, H|[=
0.463, &= = 439 MPa, 528 0%2] 24 23 ke
yeton, Zeld A AdS 53 A4 BisREe A
E'ab 27.81, Yellowing @4 =43k¢l b™ gk 27.359] 2
3 gk Be 959 FHA FolAM M 2 Wk Y
e zpej Ao et ATE IS 4= Yt S-P
7+ £3HE of| ZA] oEl= H2HE 1.24 MPa, URE-E 1.54%,
Z3}A]7F 10 min, 913 = 67 kg/em®, = 84 Hs, H]Z
2157, 4= = 28.6 MPa, 528 0%2] B4 A7 ke
vebdlon, Zeld 2AF AEE B8 G4 BigERe A
E'ab 13.97, Yellowing FAF 24731 b 2k 13.669] 2
3 gk Yepliglct. BE7F 230 o ZA] HE = 3
3.21 MPa, 0} 2.35%, Z3MA]7F 11 min, 97 7= 48
kg/em’, X 68 Hs, B3 19.54, ¢+ 7% 31.82 MPa, 4
5 0%9] B4 A7} g2 vetilon, Zejd 2AF A
& =3t AA} WsleFe AE"ab 6.83, Yellowing @AF =4
Zkl b gk -3.519) A3} 3 Yehfgich SArsern)
Fol EFH odlEA #EE Y 275 MPa, ntEE
1.91%, ZA3HA7F9 min, 1% 7= 52 kg/em’, & 78 Hs,

H]Z 17.20, 9% 7% 41.53 MPa, %8 0%2] 24 A7t
A Vet o, 2ol AL AR B3 A4 WS
AE'ab 23.1, Yellowing @A} 24740l b’ gk 22.549] 2
T} gk UEbli et Atk av|go] S ol EA] 7
E]= 2k 2.49 MPa, kRS 2.64%, Z3AIZE 10 min,
A A& 54 kg/em’, AE 66 Hs, H]Z 15.92, &= H=
39.2 MPa, =58 0%2] /4 27} gh& vehilon, o)A
ZAF AEL S5 WA Wl AEBab 12.2, Yellowing
B4 27 b g2 12.159] AT} g2 e
3]4o] ZgE ol ZA] HEl: 2 2.89 MPa, ulEE
2.17%, 317 10 min, 91 7= 112 kg/em®, A= 77
Hs, H]% 20.10, ¢ 7% 27.1 MPa, %8 0%2] 24
A} gk vebdlon, ol d A RS B3 A #ist
2F2 AE'ab 2.24, Yellowing B4 243kl b’ 2k 1.
o] 23} ghg s 9% SAA F 7P w2 9%
e A3 & U S Al

3.1.2. 7|& M=o M AS Al

ALE o ZA] =x]2t2] BlaLE sl @A FelA &
A Bego2 FPY ol AFBEIT 9l oA 44 3
& AR vl Z42 AASHET 359 AEe H
o] AE o] CDK 520K, Quick wood, SV427+HV427
o|n, Ag A= Table 30 Ye it

Az &4 23} CDK 520K = 3.96 MPa, Quick wood
+= 2.37 MPa, SV427+HV4272 5.33 MPa, ul2-& =74
A7} CDK 520K2= 0.31%, Quick wood= 1.02%, SV427+
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HV427& 0.15%, 733} ¥ A]Z_P =72 A3} Quick wood
9] 14 mino] 7}% wE 922 Uehdoen CDK
520K% 90 min, SV427+HV427—,—_— 90 min®] YT} 21
2} 7= 27 AT+ CDK 520K 28 kg/em?, Quick wood
L 72 kg/em®, SV427+HV427-& 46 kg/em®, A}9)A ZA}
of oJgt Aj4} W5} AF An CDK 520K] AEab A4
wslako] M3} Zhe 21.13, Yellowing B4 47kl b' gt
2 16.89 A3} 7F2 VeI Quick wood+= 27.09,
Yellowing @A 2437kel b gk 23.379] AT} 3HS veh
WAk SV427+HV427-2 15.33, Yellowing @A =47k
oIb’ ke 12.629) A3} ke Uehpedet. A= 24 Az
CDK 520K+ 55 Hs, Quick wood+= 70 Hs, SV427+
HV427< 55 Hs2 Uehgth. H]% 24 A7 CDK 520K

Adhesion(liPa)

£ 0.77, Quick wood®] A3} ZF& 0.908, SV427+HV427
2 0.673, &= Z= =4 A7} CDK 520KE= 17.0 MPa,
Quick wood= 48.5 MPa, SV427+HV4272 32392 |}
el &8 24 23} 32 CDK 520K, Quick wood,
SV427+HV427 37}A] A& 2% 0% = H3P} gls AL
I 4= ASiTh

3.13. 2M AE Zn} Hlm
7 A= 3 g2l 71 B ARE 533 MPad]
SVA27+HVA272 Urehgtom], 9%2] A7} wigte 4
F SV427+HV427 ¥} B vhe Ay} kS vehyigl
o} SAEE A4 AR FOIH A e gaEe e
Mze} wial By\okRE ERHE $9A} MiEE =S

[ Diatomite
M Lime
Terra alba
[ Micro balloon
. Gypsum & Inorganic pigment
7 Loess
7] Aluminium hydroxide
[ Magnesium hydroxide
Wollastonite
[ CDK 520K
I Quick wood
[ SV427+HV427

Figure 5. The adhesion of result of restoration material.

Abrasion rate(%)

Figure 6. The abrasion rate result of restoration material.

[ Diatomite
B Lime
Terra alba
[ Micro balloon
B Gypsum & Inorganic pigment
[ Loess
[ Aluminium hydroxide
[ Magnesium hydroxide
Wollastonite
[ CDK 520K
¥ Quick wood
[ SV427+ HV427
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100 [ Diatomite
90 M Lime
80 || Terra alba
70 [ Micro balloon
60 . Gypsum & Inorganic pigment
50 I Loess
40 "] Aluminium hydroxide
30 B Magnesium hydroxide
20 Wollastonite
16 [l CDK 520K
0 I Quick wood
Hardening time(min) [1 sv427+ HV427
Figure 7. The hardening time result of restoration material.
140 [ Diatomite
B Lime
120 | Terra alba
100 "] Micro balloon
. Gypsum & Inorganic pigment
8 I Loess
60 [ Aluminium hydroxide
[ Magnesium hydroxide
40 Wollastonite
20 [ CDK 520K
0 I Quick wood
Tensile strength(kg/cr) Wl Sv427+ HV427
Figure 8. The tensile strength result of restoration material.
35 [ Diatomite
B Lime
30 || Terra alba
25 [ Micro balloon
. Gypsum & Inorganic pigment
20 I Loess
15 [ Aluminium hydroxide
[ Magnesium hydroxide
1 Wollastonite
5 [ CDK 520K
I Quick wood
g AF*ab I SV427+HV427

Figure 9. The /\E"ab result of restoration material.
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7

120 [ Diatomite
B Lime
100 [ Terra alba
[ Micro balloon
80 B Gypsum & Inorganic pigment
60 [ Loess
[0 Aluminium hydroxide
40 [ Magnesium hydroxide
| Wollastonite
20 [ CDK 520K
0 ¥ Quick wood
Surface hardness(Hs) [ svaz7+Hv4zT
Figure 10. The surface hardness result of restoration material.
25 [ Diatomite
M Lime

[ Terra alba

[ Micro balloon

B Gypsum & Inorganic pigment
[ Loess

[ Aluminium hydroxide

I Magnesium hydroxide

Wollastonite

[ CDK 520K
B Quick wood
Specific gravity [0 Sv427+HV427
Figure 11. The specific gravity result of restoration material.
60 [ Diatomite
M Lime
50 | Terra alba
40 [ Micro balloon
B Gypsum & Inorganic pigment
30 I Loess
[ Aluminium hydroxide
20 I Magnesium hydroxide
Wollastonite
10 [ CDK 520K
0 I Quick wood
Compressive strength(ik) [ svaz7+Hv427

Figure 12. The compressive strength result of restoration material.
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A ¢}8ka= CDK-520K, Quick wood?] HZtejn gAkst
At =2 23 7-E 21 & 5= Y h(Figure 5). PFEE
27 A7} npo|a 2 vlE SHA L wiFE A=) At 3k
0] 3.01%2 AA A& FolA 7P 45 7H5Ae et
YSlek Ymix] 8%2] A 5 0.73%2] vheg A3} gk
< B 43 E A eJstaEs BF 7|E2 3712 Al Kch
BT 045 nfng-g o] JPAo] T AR YEhy
th(Figure 6). 43} {3 AI7F 24 231 7|1& A7 FolA
£ Quick wood 2] 14 mino] 73 whe 73} uH-g-& el
o 9F9 ZHAL HiEE ARELS EF 10 min €] <]
73} Wk A7He B ojZo] Quick wood9} AN ATME
3ol sFATKFigure 7). Q% Z= 24 21} 712 AR
A& 72 kg/em’2] Quick wood7} 714 2 AT} e B
AFglon, /E YR Fole SHAR #3489 g
T AET} 112 kg/em’ 2 7P 2 AT 7S UER AT
BE AR F 7P R O AE G HAZ YrE S
HA 2 ulo] A2 HI2-S uiget A zolu, 19 kg/em® 2 8
2l Fh(Figure 8). AHJA FAfo] oI5t M4k W3} AF
A3} vpo|a2 Hl2o| uiFE =7} AEab 27.81,
Yellowing @A} 237kl b ZHe 27.352] Hejere Ko
Ao Aol 7P FoFe Aoz BIEgon, SASIYR
u)&o] uighE A= HA] AE'ab 23.1, Yellowing FA} &
A7l b e 22,542 7|0 AR Ho|L 359 ARE
B} BT B GARE 23 ghe HojFqich nfo|a g
HRET} SRR ES A Qe 752 SHAL uigtE
QB BF 7|E QrHTh B2 HIe-S Bo HAA
o] HAE ARZ BAECKFigure 9). = 7 A3} 4
39} F=E7F uigtE AE7F 2H2F 99 Hs, 94 HsZ2 713
B2 A= g Yehion], 26 Hso| 713 W A3 ghe
Ueld mfo]3 2 vtEE ALstales 7|1E AR fAKS
A3t e FAT 4 AhFigure 10). v1F =4 2Axt
0.463& Yt vho| A2 HIES A3 8F9] SAA=
BT 71E AR Bt &2 H|F 3 2of FIrk(Figure
11). &= 7= =4 A3} Quick wood7} 48.5 MPa=z 714+
2 A1 s Uelglon, #REY AR rE
o] WiEE A7} 7 FARRE A3} g B i) wh
271 A8 F 7P W2 A3} g2 CDK-520K, Agd
A& Fol Al vtola 2 upRo] Mg 2T} 7P 2o
AEA= S UehichFigure 12). $58 574 2Axt
e 359 7€ AR} 959 MEE AE BE 0%=2 ¥

2 Q7L A BolA) BE Ao] ALET Y B
Az % wolAE o] ofZA] HE 35 HAsiol
ARZA ] SRR, 7HBA, WA, TheA, S
218 2ARE %, 012 £3) 2 Bisphenol-A7| o] ZA)
27)0] 2] 2AAE Bl B8 wakAQl B A
R2E AT, ST G2 24 48 75 4R B
B2} 5k

Bisphenol-A7| o} ZA] 579} % 9%2) HA|E 717}
a3k} Aga}7] Welat so| A Pl AUt on,
e 4210 7he A 9 2Ae Bolnx} sk Eat
10 min W]919] %3} $25 71A e A8t 420 oj3t 2+
o] Wal4 @ 2] Aol dhalaks B o QT ol Eof
U] g Aele) bl e mrsta, $dA1e] 55 9 v
T ulgol weh AR, AE, A=, vhege] 24| 7k
=S slgon, 45} & Ry Wal g, YA
a1 Qg A A2 Az sl

7)ol AMgEo] $hd 350 BY ARt We npug
2 A8 7hEA el o2, 11 A3} ARke. Q8] WAt
Aol A B9 4P ol e, 2ol Amo] AL
o Qg f2ate] oAz R AX R AT 2| Wz
% 27}, A o A Eaeks S0 Boju o) Qg
2o mR 0@ B2 BAHS0] U T

olefat EAEES st urt Ak Be A=
2 7)e}aLA) Bisphenol-A7 | EA] $:79} 2H50] 24
AE B3] 24 Sld AT Y2t Qs 7

£ A7} g ol EA] 4%, nhm gt s A)7kE up
ol upgo] HigHE |BA) 47, QA AEo} & A=
£ HRE, USSP 2AA} 227 vk o) EA] 47)
7} 7V 943 A ke YeRp g

=3 koAt A7t et ofEA 218 A9l

F s A8k 71 A=l 8 oF 2.5 ~ 208 B %
ATE o] i 94t FatR e el A=
were 7 A8k A7l AL oF 0.5 ~ 9ujE ZAA)
oo whe s} A7k el 29 2lolA ) Wl
15900, 4% W HFE Aojub] L ol £of
b= AL o] 20 et QP S 4 o)
R gerEt E o2 BAE % shhel FREse
5~ 27H12] A ko] Bol=k ATHE Uehyo]

A=o] FAALE ISk o|= QIR frEdke ojdt
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7=l Bisphenol-A| Epoxy putty®| ST sislofl e 24 2 X SMol| met i / 2IEH, 2EF | 469

o AR A 20 W2ET} AT 4 9 A
22 geso] Atk

S|t nhmgo] ot 7HgHo] S5 FAAL
Aol T Fopsha, mhage ATk Agstepo) w)
ol SRl A2 ol gt 5 Z2e] SHA}
ot ATo] Glo] B Z42e] FAAE B A
o BYUYE ASHOE oFolA S Aol
HAE Folok & o2 Azt

& A48 27e] FA4 vl = 27) D T
o whet |EA) $H0ke] AGUSNE FF ) 5
oh BeElo] 27149l ATt Bashn, B dAe] A
SHA B B FR) A et A7 A%l
ok g Aoltt.
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