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ABSTRACT  This study aimed to develop materials to compensate for problems of restoration for lost parts and material problems
in the conservation treatment. First, there are several problems with existing materials as follows: secondary damage due to
the high shrinkage rate and low adhesive strength, sense of difference due to the severe yellowing, remelting due to irreversibility
of materials, processability due to the high strength, sag due to the prolonged setting time in the work process and surface
contamination of artifacts due to tools or gloves. In order to solve these problems, this study set developmental goals after
understanding the types and physical properties based on epoxy resin among the currently used restoration materials of pottery
and earthenware. The developed epoxy resin is epoxy putty, which is cured within 5 minutes, for earthenware restoration. In
the earthenware restoration method, the epoxy putty enhanced the workability by quickly curing in paste form and compensated
disadvantages such as surface contamination. In addition, the use of white micro-balloon for the epoxy stock solution made
coloring easier and weight lighter, and a restoration material with low shrinkage and superior processability was developed.
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Table 1. Composition of Epoxy Putty (Fast Hardening 7).

Epoxy
. Diglycidyl ether of bisphenol-A 45.5%
. 1,1,1-Trimethylolpropane polyglycidyl ether 27%
. Acrylonitrile/butadienecopolymer (CTBN) 25%
. Epichlorohydrin <0.1%
. 3-Glycidoxy propyl trimethoxy silane 2.5%
Resin
. Mercaptan terminated polymer (Capture 3-800) 88%
. 2,4,6-tri(dimethylamino)methyl phenol 10%
. Triethylene tetramine 2%
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Figure 1. Epoxy putty (FH-7) experiment specimen.

Ho

PosiTesrt AT-A Automatic2 AME5Fe] SAslH o, A
3 W0 2L KS MISO 4624 (=29} vl A]-3.2} vha)
A9 ol ofAst FAIBE AT 54 AR ol
TEL 5t 2 Y ARES dYsHA =x8qch =2
e EHo 5402 & DollyE Hiedo] H2AA 1743t
ok A3 A=l A7 s B = JEs 72
A7k EE A ekskgitt. Dolly7h Z2F | AejollA] Q17871
£ A8t N ZZbo] HER AT & gEs o8
3l Dollye]l 13- 7Iehe W o2, AdH Dolly7h &
2lg o) o9} A 7 o4 ()22 SAskgloh

g AFL2 KS F2 (KS M IS0 5470-1)9] 2438}t
o] AFE AWargon], @4 T3k ko] ol vl AlF
71% COAD.1012 A3 A8 AlHe Ais B8
o]- &3t A5 10 em 0] 5 mm 27| 2] AP A|HORE A
Hoigdet. A2 B 2% Bl 247k) AW A2E ol ¢
5| ABHEEZ 72 A7k ol Aol At AR
o] mtEAIRH7]o] o] E & =T FYo| AF 6 mm
el e TSI HAE 242 £= 70 pm,
Q= 1000 g, 3]A4= 500 3], v} 2} Grinding wheel x 2&
71 R S st AlE Q| nhi A S e 59 F
FS skl

738} RS- Azt £742 Epoxy resin®] S/44 7 2hAl <}
SEE Fe DA A} vheS ARkt s
A3} 9bg NZHE FAIS} AR FRel whet haA &
ol Hn, T2 Aazte SHA|Y goll w=h EAs= @
I} BES AlZto] th2 A Yehgr] wiZel ZH2-e] AlEEe]
1 =7 =gt AR S8t 718100 A
3} vhe 2% =42 Intell Instruments TM 7i:2] SMART
SENSOR AR852B+Z ARg-3+t}.

QA = AF-L2 KS M 3006 (STpAE 9] Q13 24

1ZE [ 105



106 | 2&1ek3|X] Vol.30, No.1, 2014

W) FAse oEE 1| & AFHOE AZsld
o] AlFHL AHHo R A $AE FAHARLE
2 Zo(laminates), FE F7tad X9 4P A= Fol
Ao o) 22 AYES 2= AR e AEH AR
Hog B AR A= S AFHeR A stgct. 54 W
HE A7) AR AF =9 o]F &% 5 m/minl 2 35S
7¥ekaL, AlgHo] B =S W7iR 9] A sh52 57
slgict. 24 7]712% DAE YEONG PRECISION DYUL-2
A& s AE771E AHSHET

AreA g3t AL KS M 5982 (229 3 Y54
Al HHH- 33 UV S5 E Farste] AlZHE ASTM
D4329-99 A} A7| 2, & A|87]= e o= 8 /o) %
UV JZE ARgsH, Aldd o7t i &5 Azt 2

g 2Est 715 £ U=E ARSI A==
FS-40 {3 UV I 2 AFg3lgon, FS-40 o] Bt
ol U] B2 313 nmell A Hoff 23S Uehfis 2 o]
B35t Sstgieh. AEAHE AQAd7]o 22t 2, 4, 6,
8, 10, 12, 24, 48, 72, 96 A7+ B¢t AFel Ao =&A]7] &
o] £3ZM4 KONICAMINOLTA, CM-2600d, japang
ALt ZF AP R S st om, A3kt 96 A7t
A3} 9] AE ab MAZES AHEEFATH (Kim, 2005).

AZ Z3L FAFE o] KS method7} ¢l BAE
TECLOCK it Showa Z%=7], JISK K 7215 D Type ¥ 9]
B BAEAE ARESt] E3SHYrh Showa =7
(Shore Hardness tester)= &4 29 93] &4sk= &
Al vl F= Ao g Bajd Hx Aol E7bsdt ol
& ekt AR 0] H = ZAg e oln, YEo] Zro} $hA|
F9 A= AF O R o] &E 1 Qirk. 2&o] 7hdsy| 2
o A&F 7o) 7HeskaL, &9 Zol7t w|A|sH] wiiol
A& A= AMSE 4= Sl A3 o] YAt

H]52 B [KS M3821]& o83t A3t
(Park, 2010). H]F3-& o]83te] 25 To A2l A& (50 X
50 X 10 mm)2] £A12} 2AT} 2 Hujo] 25 ColAg
FTHFY FAE F745te] 1 FAY BR2EE AR H|
%2525 C& 39t vlE3d 9] FA1= 200 g o312 ©]
Aol ¥ &9 FA7F100 £ 0.1 go] HA The RS 0§
slgon, 287 252250+ 05 C2 2T 4 9
£ A& ARESHAT ol F ol-85te] dojRl AR H|FS
HFA o2 Abstal 257 st Al AollA E8-3-5t
Ak

PS5 A= ZE2KSF 4923 GRS 22HE

TERE B EAFA)SAH oA, AlH2 2
o] (25.4 +0.3) mn, H] (12.7 + 0.3) mn, =7 (12.7 = 0.3)

me] 27| 2 AR Ao, vH|, FAE 22 95 up
o|ZZnER 0.01 m7tA] EAshe 7Y HY] HP=E
Ikt Al HE A= AE7]9] 71y Bl 1 A Ht
A AR 9] FAlAo] T2 =214 fe A B, AlE
Ado] A7) 9] 71eh Wt gt HaYo] HrEE sl
A7) A2AFEQ] o]F £ | + 0.5 m/minO2 315
< 7¥eta, Ald ol g = 9le of 3H5-& SA5kgict

£28 AL 75X 50 X 0.5 mm 27]9] A|HE A2}
3to] TS 2793 & b Aot ol W o 741 7 4
S A4 A H. A3 SrE 2] AlHe A3t
T E5 S WIS Attt 53 Wt
257 AR A=7HR] St S Hslge
AND GX-200 A&-2 A-8319tt.

Z714 22 DSC B4 o2 /idE FH-73 7|& A=
% A7} 7} 71 FAE Quick Wood 9} DSC £-4
At2E ¥ wslch DSC B2 18Ae] Sast 23
AEAEY f8 Aol & (Te), 2H3 2% (Te), 8§ 2
% (Tm) ¥t op e} Ak} vh-golu} 7ha g & dst &
o] theFet Ao tigt 7|22 EAo] 7Hs3ith. DSC
EAHE A7 259 FeR Am Hslel P 2

P

#
Mo ol

i)
Ir
2 7
%]

= e ARE AAES] A3 F 5 3

B4 Aol @A AF=E o™ A HE B3 A& H FH-7
3712 AR 8 F] g (RS v EA51F T (Table 2).

A2 A Aah, A A AH &L 0.72
~631 W o] ExEoe] Sl Ao IRIFSITh
Araldite rapid type®] AJH-& 0.72 Wz Ho] 71
o 222 Holw 9lon, SVA27+HV427 9] AlHe
6.31 2 o] -2 A 02 I It FH-79] 3¢
Micro-balloon®] &Efo] olx|HA ZHZ o] oA
HAS BPom, 141 ~ 2.97 W Yol =& =o] Quick
Wood "2} L30"3} w]seat ateg Holx glo] 7]E A
BETZ 2|5 HolA| gt B0 B9A| 9 ulSA]



2 7P & & 1T 4 SISt Micro-balloon®] 3t
o] FoA WA R o] FolxE AL & 4= glo, vt
mgo| o MY T3 w2 Zo2 ML FH7
(MB) 9]o]l T2 AJHQ] A Fdgt W7t E 2ol B
o]7] ¢k glem, Agho] 47 ofskE vrehba glo]
ntEgo] 4312 2&t Ao & gl gt FH-7 (MB)
o] ¢ nprgo] ol A3t Fof| £ 9 wHE A 5}
£ H2o 9lojA 7]E AR H]3| HA FFo| 7Hs3lth
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Table 2. Total physical property results of Epoxy.
Bonding Abrasion Hardening Tensile AE'ab Surface Speci.ﬁc Compressive Contraction
strength rate time strength hardness gravity strength rate
(MPa) (%) (s.) (kg/cm) (Hs) (MPa) (%)
Araldite 0.72 0.21 4 219 20.65 76.00 1.207 78.7 0
AW 106 5.87 0.26 130 159 10.53 75.66 1.093 104.4 0
AY 103 1.23 0.27 130 132 10.34 79.66 1.153 112.8 0
SV 427 6.31 0.15 86 46 15.33 57.66 0.673 323 0
CDK 520K 3.84 0.31 85 28 21.13 55.00 0.770 17.0 0
Devcon 1.16 0.11 90 179 7.68 81.00 1.372 83.5 0
Quick Wood 2.62 1.02 14 72 27.10 69.66 0.908 48.5 0
L30 1.98 0.39 80 111 26.48 81.33 1.192 107.7 0
Undiluted FH-7  2.97 0.05 5 2.33 13.22 24.6 1.140 9.1 0
FH-7 30% 2.86 291 4 9 32.64 22 0.506 1.8 0
FH-7 40% 2.23 3.69 5 10 31.79 233 0.468 1.9 0
FH-7 50% 2.15 6.90 7 30.61 25 0.428 34 0
FH-7 60% 1.41 7.14 8 29.50 25.6 0.389 3.5 0
EXY AT T 4 gl HAEE Y=sta Jlon, E7
HS YA A2 2 Fgol Fssit [ B
uh2g AY A3} FH-7 (MB) 60%2] ul2-8-0] 7.14% » —

(Tme)0 2 4 6 8 10 12 24 4 2 %

Figure 2. Variation of surface color (AE ab) of FH-7
according ro UV exposure time.
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Figure 3. DSC result of Quick Wood.
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