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28 E2dFNA=FE EEA FAAN 2E 7Y BLE A 48 7He T O EH & LA Z 24 Epoxy
PuttyE 7HE st A St Gt 7] & A H I e AR 24 NA Ed E2 A ER 7S A, 2 4
FTAAFAZLZ QA AY @A, =7 Ao 2ol 2 BHE A7 = T 2AHE A A, 1344
°§ A ol AH&-H 3L )= Epoxy Putty FE| o] £ A= E4& HAT 5 o] & vlu A o = A Esto] 7 3HA| o
FAA 9 F7 ol - Epoxy PuttyS /|23t Gt /i & Epoxy Putty= 7|2 A 29 £A1H )2 & FARRE 24 &
7<M7] A8l IR0l T 259 BSHAIE A st 24 AH S AAISHATH 7 8HA = Mercaptan 74| € 9] 7§§}
Al ¢t Aliphatic amine 7§ 9] 7 344 2F-& A g sto] st Grt. A 23 2F B Paste FH| 2 3} A|ZH2 5~ 102
o2 7]E A 2ol vjsf of 3~ 108} = Fob 29 WS A oH, 7te S wolVl A vt a2 o 3 A=
FANA GA LS F A=F Ao, AY T = 2 29 59 BHS HAs] A8 FAA = YA 9
Micro-balloong 7}5te] AL & &0l 20 e £ 7= @S 95 0e B9 oty 2t Coloring, 3 4,
Y 5ol g2 AeS L 74l ¢ o5 Y Y2 E Adst i

4/ 0]: Mercaptan, Aliphatic amine, Epoxy putty, Z4}g, 28 A &2

ABSTRACT  In this study, an advanced epoxy putty which was as a multi-purpose restoration material being used to
restore missing parts in the artifact preservation treatment process was developed. For the purpose of addressing the
issues including the workability issue resulting from high strength, the drooping issue resulting from long hardening
time during work process and the issue of contaminating the surface of artifact resulting from stained material on tools
or gloves, a property comparison was conducted with existing materials to examine the properties of restoration materials
in the form of epoxy putty currently being frequently used. For the purpose of addressing the issues of existing materials
and allowing the developed epoxy putty to have similar properties, two types of hardeners with different properties were
selected to conduct property experiments. As for the hardeners, mercaptan type hardener and aliphatic amine type
hardeners in the total of two types were selected for the development. The result showed that the two types were both
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in the form of paste and their hardening time of 5-10 minutes were about 3-10 times shorter than that of existing materials,

thereby improving the work convenience. In terms of abrasion rate to increase workability, it was improved by about

3 times to allow effective and convenient use. As for the issue of contaminating the artifact surface during the process,

white micro-balloon was added as filler to address the issue to reduce the oil ingredient to develop multi-purpose

restoration material with low shrinkage & high workability in coloring, light weight and cutting force.

Key Words: Mercaptan, Aliphatic amine, Epoxy putty, Cutting force, Restoration material

1.ME

FHRE BE B FIHY 2
AT QAW HFHo2E AAE 5 uS
A girkar ot olo} e B4 B4e
A &4 Bolale] 98¢ 3] 98 BE e
sttt E3] =2 fE2 &4 S 53 A= 3
#, 1914, 2eisatd 2o olaf ehalel Al ek o}
S A= BE J2 ol Las 297wk

sk m47]9) 94 BEL 9o uE A2 B A
a)zpe] ) E A2 o] Bgof what ezke] 2ol 9
T o] SAke WT ARSo] BEEelA T Yok
oA o] RoIAT Y= wE Ha) AR HEL it

G20 BAo] wet HelAe] At 7ol AgEUY
A 2E Aeste] A3t JTh(Kim, et al., 2014).

7] @ol ARH oA gl AR 2 vt =AY
o] 3t W B9 23t RFEZA] Cellulose], Cyanoacrylate
A, EpoxyA 59 A&7} Wo] AR 11 QJth(Han, ef al.,
2010). 53| EpoxyAlE2] +AE2 AMgol st 4
ZHYo| glom Jerl =8 EFL AU Y= S ooF
3 AT A9 3 FAK(Yellowing) THAo2 Hg -
Banpo) MA wslz ol oldzte] B4, B BEw
QI 7hge) A, A 7 F 7 A%k Ao s A
A7 WAL 8 =T el Bol $8 BRE 09A7le
A 5 B2 ZAEE =EA17]12 YUTh(Wi, 2014).

olo] £ ATolHE Slot 2 RS EAY s
7] $18) 42k @ Gakelo] ek, 108 vlelo] Ak}
olo}x]mi, o] Eolupx] erol el 2 gdo] B)7] gk 7}
A 0] =31 Paste FE| 2] Epoxy PuttyS 7l@s}314} 5}
Ak 7] - =217] B8 Epoxy Putty= 2013 = (FH-7)
9} 2014 E(MA-1)o]l el THE Fejo] Epoxy A%
o] 42| 2 FA| Bisphenol-AS Ag3lG. 00 AsA =
Mercaptan terminated polymer2} Modified aliphatic
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amin & FFE ARSI AR 2 FRell
< AA5FE T} Mercaptan terminated 733HA= W& 3
(9)9] EA ol w2tA Bl WA 7} 74 TS YA
£ Aot AN AEA 5 et B4 Rzt 7kset st
A2 gHA 9t E & Agof AHE-H Modified aliphatic
amine ASHAl= 7|& FA9 o FA] 715 ofdl AEA7
A QLS RoJsles AxH o HA] v wh
£ A3} A 24 A=s HIPEH FHEHUH
(Kim, 2000).

704 Epoxy Putty 2] 22 52 dota 7] 3] 712
o] AREINE AEETS] HlE fJ3] @A 7P ol AR
|37 Ql+= Epoxy 24| = Paste FE]2l CDK-520K" , Quick
Wood® 2 2 n|m tjako 2 Auslgict. AE 712 g2
S5 e E 97HX 9 B4 A o2 KS FtE] A Al |
= ARt AYstglon, £4 Ao 2= 3, ni s,
733} Rk AR, Q1 A, A B3 Y, A= &4, v
F 33, 4% A=, #5ES Sk IEE Epoxy
Putty E3F 9714 0] B4 APL E3lo] A&H DataZ vl
o2 71E AasHe vlal 42 Fst] 7IEE Epoxy
Putty 9] QFEA, £, 28/l thsle] Lok 1z} si5ict.

2 B4 Al

2. 48

21. A=

2.1.1. FH-7(MercaptanZi| Epoxy Putty)

Mercaptan] Epoxy Putty+= FA|2} ASA| 2 o] F o] A
UHE FEjo| 298P & 2 FA|= Bisphenol-Af} A=
Mercaptan terminated polymer?] &3} S48 7|2o2
FH-7& A3t om, o] gjof ot W7HE-g 2kl &
JetRom] 4 2 252 (Table )7} ek,

734 2 MercaptanA| & o] 8-3l0] 3} £E2 w27
F7MR O™, SUA2 WA s 4:4]8] Micro-balloon
& FAoR Bitsle] B F A ghgof olstES Y



Epoxy K| ZatHol| 2 Putty 7ol 2tet 7 / 2&F, Hold, 27I1d, 1= | 107

3 FHA Y 24 wet A SRS SRR A3
o} A3 R 7)E0) 478392 Araldite rapid type”,
DEVCON®, Quick Wood* & tjAto g w2 #Asld 4
Q=E ARG, 22 71 Q=9 HE |
9 Holl A BF3te= Azt A% F FH-72 3 574
o RO R FHAE THSHA| g WA Fejo] Azt
FH-7 g9lo)| Micro-balloonS Z%H]| 30%, 40%, 50%,
60%= Z3t Paste PO AHE KS F4 o2 E4
A% o wHA| A ZFSHATHFigure 1)(Bae, ef al., 2014).

]I A} A8l 7] - =X7] 5948 Epoxy resing] A
AR Liquid @3} Paste 0.2 I 7| FLEE 4= Q1 .0 Paste
% Epoxy 12 % CDK 520K ", Quick Wood® 228 414
3FITh. Epoxy resin] gk 7 Al z2Ake] BA u]&of w
2t FAok ASAIE AT Este] 72417t A5} Fof| A
& WYt

E4 A1 AR A3 £ BEok] vk Faslst
I, sk A 34, 4k 3 diiy AlEe) Belrkgolst
TE Silicone 2R} o183t AREtH oM, Bt gdgt

Table 1. Composition of FH-7 Epoxy putty.

Aele] B4 ABE 97] 18] WE U A W AET 5
& o}l ul4) 7122 Ao A skl ABE Al

2.1.2. MA—1(Amin7| Epoxy Putty)

AminZ] Epoxy Putty’= FAjh Z3HA|2 olSojn 1
H= FHl o] 2913 © 2 Bisphenol-A%} Modified aliphatic
amine(Ancamine 2410, Air-product AP2] &3 LNl
A:ASA B L 100:100(wt.%)S 7| 202 MA-1E A
zoto] §-2 BE A2 ol A AT = =S
Paste FE|Z 5t} A= AmineAE o]-&5}o]
FH-7¢] £A417 2.2 23t Abste]] oJgt 24| A 3HE B
St o1F A=E ZZAAF T FHAZ Micro-balloon,
Talc, Titanium Oxided FA 02 st Ao w2
A $3E& X2 A 231%{TH(Table 2, Figure 2).

v g4} A 8221 E7] - =X}7] E-U-4 Epoxy resin F
o)A Hlo]AEF Epoxy?l CDK 520K", Quick Wood® 2
£ AAs}geH, Epoxy resin®] wighe zF Al =ALe] W
7% vlgo] wet A9 AEAIE Edst Aok

Resin wt.%

- Diglycidyl ether of bisphenol-A 455
- 1,1,1-Trimethylolpropane polyglycidyl ether 27
- Acrylonitrile/butadienecopolymer (CTBN) 25
- Epichlorohydrin 0.1
- 3-Glycidoxy propyl trimethoxy silane 2.5

Hardener wt.%
- Mercaptan terminated polymer (Capture 3-800) 88
- 2,4,6-tri(dimethylamino)methyl phenol 10
- Triethylene tetramine 2

Figure 1. Picture of Epoxy putty (FH-7) resin and hardener.
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B4 A H A A3t B2 BTopo] v HA3lst  PosiTesrt AT-A Automatic AR&3te] Z4stgon, A
I, 7+ ASHE AlE B4 A3 & o Al #2780l A W ORe KS M ISO 4624(= 29} Y A- 52 HE]
SH=S Silicone 2AE o8-8t} AlFstgon, Hek Y )9 A oAt F2) 38t

W Ee B4 ABE 97) 98] AB GE AN WAL uhmg ZHLKS TFAKS MISO 5470-1)0] 78]
T 52 o83 ulAl7 =S HeE A AT, AFE AL, AF 10cm, o] Smm F7]0] U

Aoz Axkstgct. e Mrehike] Hole ukw A8
22 oluH COAD.1018 AMg3lgom HAE 24 &% 70mpm,

<= 1000g, 3724~ 5003], nf2 =} Grinding wheel x 25
E7] - 2A7] $80) BEAY A ARHE BUAE  JEon 4RSSt

*1—4 B4 H7HE Y8 AEA A FH-73H MA-1, @A) 723t uke &= =42 Intell Instruments ™ 2]
A8 Qa2 Z ARR-E I 9= Epoxy resin®] E4Jof st SMART SENSOR AR852B+& AML3lGon 7|& A&
o:] A zAVEMAL E3} 7t A3, 7FgAdo] 43t Urethane resin, 3

B HAYE, vhmg, Hok Wl ot £E WS, AAE Wriskel SUA ol meh WYk Gt g
VY=, B AR, HF, GF AT SRR SYSG A T2 NS 2EE 25k

om AL AL ot A HIte= syt Z e ZA-2 KS M 3006(ZHAE 9] Q14 =3
(Oh, et al., 2015). HH)oll A THgske ol 15 AIFHO R ARstE o &
A28 £%42 DeFelsko i) 28 J&g HAEY] A HPHL X]37] AR AFH T o)F £ Smm/min® 2 3}

Table 2. Composition of MA-1 Epoxy putty.

Resin wt.%
- Poly(Bisphenol A-co-epichlorohydrin) 45
- Titanium Oxide 4
- Poly(propylene glycol) diglycidyl ether 5
- Poly(acrylonitrile-co-butadiene), dicarboxy terminated (CTBN) 20
- Glass spheres 2
- (3-Glycidyloxypropyl)trimethoxysilane 2
- Silicon dioxide 2
Hardener wt.%
- Modified aliphatic amine 55
- 2,4,6-Tris(dimethylaminomethyl)phenol 3
- Glass spheres 20
- Silicon Dioxide 2

;

Epoxy putty hardener

Figure 2. Picture of Epoxy putty (MA-1) resin and hardener.



Epoxy K| ZatHol| 2 Putty 7ol 2tet 7 / 2&F, Hokd, 271d, 1= | 109

& 7k, Al He] B E Gl 7R 9] A sk &
gstict. ojuf AJH| Hd sF0] AE 7] -&FY] 15~85%
o] WMo Z3E 4 9= DAE YEONG PRECISION
DYUL-2 A& T A 871718 A&t

Ao 2AF 52 KS M 5982(= 5] £ Y34 A
o - 3 UV SEHADE Zasto] AlzME A9 A Al
A71E ARt o AA eE A7 Ad2ollA Zkzt
2,4,6,8,10, 12, 24, 48, 76 A7+ =&A|7] &, Q5 I3}t
AT AR M= A4S B3 ¥ Al 34 S04
(Minolta, CM-2600d, Japan)E AF3}e] CIE L*,a*b* 3
Ay o 2 U it

B Ax= JIS K 72159 2]A3te TECLOCK it
Showa 7 %=7] D Type A&t S4381%om 24 U
L 0~100Hs©] T}

HS 2742 HISHRKS M3821]1% o]-83lof A
t}. H15HE o83t 25Cof| A 2] A|RE(50%50%10mm) F
At 2R3} 22 Hu) 0] 25C oA 2] FF7ee FAE &3
So] 1 BA0] | 2R E A7 9] H|F 2525 C & a3t

OFE 7= ZA2 KS M IS0 604 340l oAz},
AJHL Z0](25.420.3)mm, LH](12.7+0.3)mm, FA|(12.7+0.3)
mme] 27| 2 JFSAL o], Yu|, FAE 22z 95 vt
o|ZZHHE 0.0Ilmm71R] SAsh 7IYHe] HP=S
FRlstgct AIE7] A22F 59 o]F = Imm/mine
2 555 7hetaL, Al He] B H S o k52 S5t
St

25 2AL 75%50%0.5mm 7|9 AJHL A2}Fshe]
THS AT 5 & A3t ojFojd fizkA] 74 S
Ad A3t & $HE S5t ST HIEE AN

3. Zu & 1#
31 &F Zn

3.1.1.FH-7 B4 A8 Zot

FH-7-2 o] SAAQ WA 9] Micro-balloong 7}
sto] FA: A S| Bl S 112 ARgo] olst=E Hegt
Paste FE|E A 23t} 7]E A RL}] o] H o2 nprt
& o] A3 3 APV =5 Axstgen, & 7
318 Rapid type &2 2 9] He|AdSE FdAIHT E3H
2] Aol EAY ok H o F W &of] FojubA] o= 2
o] QrAATt 71E B Az vt BAE FAIsE

£ A Z3}GH(Table 3, Figure 3)(Bae, et al., 2014).

J

£ A% A7 2 AFS FH-T 9o)2 2.97MPaz
3R] Fapo] kol wek MB 30wt% - 2.86MPa,
MB 40wt.% - 2.23MPa, MB 50wt.% - 2.15MPa, MB
60wt.% - 1.41vE 9A4e] FEeo] 71 £ SHAY o
o] Hobd4E Hateo] Wolxk AL BT 4 Yk
uhg AP FH-7 Aol 0.05%e]n A4S wiget
A H-& MB 30wt.% - 2.91%, MB 40wt.% - 3.69%, MB
50wt.% - 6.90%, MB 60wt.% - 7.14% 2 QN 9] nj2-&
o] 71§ wsrom A9 Fepo] Potd4E nhmgol
bl 2L Bl 4 Yotk

A% $E AL FHT Q9 Smino.2 FAA) 3
ZFo] ol of wek MB 30wt.% - 4min, MB 40wt.% -
S5min, MB 50wt.% - 7min, MB 60wt.% - 8min®. 2 &7
RS Fepo] Woldsg At A|7to] LA ALE B

<
2 74e A A3}, FH-7 992 2.33kg/em’e] Az}
#He Bglow FHAY g wElk MB 30wt% -
9kg/cm’, MB 40wt.% - 10kg/cm’, MB 50wt.% - 7kg/cm’,
MB 60wt.% - Skg/em’] A3} g-& vrehfio] AR ] Q1%
7= Az} gho] 7Hg WA et on, SAA7F AR of
2 o= A= gho] Wolrl= Axks Fld 4= 9l
et

e 5% AY A3k FH-7 92 24.6Hs9] A= &
vl om 2217 gkl wak MB 30wt.% - 22Hs, MB
40wt.% - 23.3Hs, MB 50wt.% - 25Hs, MB 60wt.% -
25.6Hs9] A3} 1S Hof SAA 9 ggo] wotd 45 7
T o] ol Aakg I 4= 9l viF AE A,
FH-7 92 1.140, 2HAE &35t A|H-2 MB 30wt.%
- 0.506, MB 40wt.% - 0.468, MB 50wt.% - 0.428, MB
60wt.% - 0.389% FHA| 9| Fefo] Wolbd4=E u|F Flo]
ol A2THE I 4= )it

A& 7= A A}, FH-7 YHL2 9.1MPa2| 23} ghe
Uebdow 524|9] =kl Wt MB 30wt.% - 1.8MPa, MB
40wt.% - 1.9MPa, MB 50wt.% - 3.4MPa, MB 60wt.% -
3.5MPag dHo] 71 2 AT S Uehilon &
AAE T AW B¢ FRFo] Foldas o4F A=
= woAE AHE FRIT £ I3tk =55 A 2
I, PNz FHAE T A H BE 0% "} gl
AL I 4= Uitk

AR} A3 AL FH-7 Y2 AE ab 13.229] M3l
< Bom SHAAE izt AlH-2 MB 30wt.% - 32.64,
MB 40wt.% - 31.79, MB 50wt.% - 30.61, MB 60wt.% -
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20500 910] AE'ab M3 gho] 7V Hglor] A Wel= AZS Tk SE ABHE Rapid type o2 2¢1o) B
7} EE AR WA Mico-balloond] FFOE A AL FANACH 2 Ao B EA 0@ L &

E'ab 4% gko] gele] v]3] & R0z Hat,

3.1.2. MA-1 24 AlS A}

MA-12 7|& Qg 5ot n2 &S o 33t & 45|
H=E AzsHH.oH Lol FAAIR1 WA L] Micro-balloon
< 71t A A3A| Bl RS 1112 ARgo] o3t Paste

of BoUA] g 2 Q] ehdAdT} 71E B A=l v
=% H2HEE |ASHES AR5 TH(Table 4, Figure 4).

B4 AE da gz AE-2 MA-1 g2 3.55MPa
o Axmt k& Jetion A el uwet MB
10wt.% - 7.31MPa, MB 20wt.% - 6.89MPa, MB 30wt.%
- 5.74MPa, MB 40wt.% - 2.7MPa®] 23} 72 Kol 23

Table 3. Physical properties of FH-7 restoration material.

Sample FH-7 FH-7 FH-7 FH-7 FH-7
P Resin only  (MB30wt.%) (MB40wt.%) (MB50wt.%) (MB60wt.%)
Adhesion (MPa) 2.97 2.86 2.23 2.15 1.41
Abrasion rate (%) 0.05 291 3.69 6.90 7.14
Hardening time (min) 5 4 5 7 8
Tensile strength (kg/cm®) 2.33 9 10 7 5
AE'ab 13.22 32.64 31.79 30.61 29.50
Surface hardness (Hs) 24.6 22 233 25 25.6
Specific gravity 1.140 0.506 0.468 0.428 0.389
Compressive Strength (MPa) 9.1 1.8 1.9 34 3.5
Shrinkage rate (%) 0 0 0 0 0
Adhesion(Nka)
Abrasion rate(%)
Hardening time(min)
Tensile strenght(kg/onf)
Z~E=ab
Surface hardness(Hs)
Specific gravity
Compressive Strength(MRa) |
Shrinkage rate(%)
0 5 10 15 20 25 30 35 40
[ FH-7(Resin only] FH-7(MB5 0wt. %)
B FH-7(MB30wt %) B FH-7(MB&0wWE )
FH-7{MB40wt. %)

Figure 3. Physical properties of FH-7 restoration material.



Ale] gFo] Wold4E Hago] Holx| AL AT
4 %t uEE AEE MA-1 YA 0.12%2] ntE&
S vehilen FHA9 el wEl MB 10wt% -
0.95%, MB 20wt.% - 1.37%, MB 30wt.% - 1.58%, MB
40wt.% - 3.01%2 QoA o] nfrgo| 7p4 gron] 37
9] ghego] WolA =g nfrgo] Eolx|= AL EIT +
AAch FoEE AY Ak MA-1 YHL2 25min?] AJ7E
S AT = 990 FHA| 2 FHFell wEk MB 10wt %

Table 4. Physical properties of MA-1 restoration material.

7

]z

- 34min, MB 20wt.% - 8min, MB 30wt.% - 10min, MB
40wt.% - Smin©. 2 ZA A 2] grfo] 20wt.% oA AS-
ZABHA7EE I A Zpol & HolR] gt

AR 7w AF AT, MA-1 YA 12kg/em’e] Azt
e vellleon SxA9 o] el MB 10wt.% -
llkg/em®, MB 20wt.% - 16kg/em’, MB 30wt.% -
17kg/cm’, MB 40wt.% - 19kg/em’2 S A 9] glaFo] gk
OPESE A A= Fhol wolAl= ATE ERIE 4 U

Sample N MA-1 MA-1 MA-1 MA-1 MA-1
esinonly  (MBI1Owt.%) (MB20wt.%) (MB30wt.%) (MB40wt.%)
Adhesion (MPa) 3.55 7.31 6.89 5.74 2.7
Abrasion rate (%) 0.12 0.95 1.37 1.58 3.01
Hardening time (min) 25 34 8 10 8
Tensile strength (kg/cmz) 12 11 16 17 19
AEab 28.75 32.42 31.31 30.20 28.95
Surface hardness (Hs) 38 37 45 40 26
Specific gravity 1.153 0.754 0.581 0.522 0.463
Compressive Strength (MPa) 6.64 4.55 2.22 4.66 4.39
Shrinkage rate (%) 0 0 0 0 0

Adhesion(Ha)

Abrasion rate(%)

Hardening time(min)

Tensile strenght(kg/cm)

L.E*ab

Surface hardness(Hs)

Specific gravity

Compressive Strengthibfa)

Shrinkage ratel)

5 10 15

[ MA-1{Resin only)
B MA-1(MB10wt.%)
Ma-1(MB 20wt %)

20

25 30 35 40 45 50

W MA-1(MB30wt.%)
B MA-1(MB40wt.%)

Figure 4. Physical properties of MA-1 restoration material.
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oh A% 24 AF A7k MA-1 2012 38Hs2 FA]
gaFoll w2k MB 10wt.% - 37Hs, MB 20wt.% - 45Hs,
MB 30wt.% - 40Hs, MB 40wt.% - 26HsZ2 714 9] g
o] 9% 4 ool Hu A= ghol thl Wolx = Aute
sho1at 4 Igict

HE AY AT MA-L 99 LIs3oE et
Z72A)9] steFof wat MB 10wt.% - 0.754, MB 20wt.% -
0.581, MB 30wt.% - 0.522, MB 40wt.% - 0.468 2 L}E}L}
ko] FolIeS ul% gho ol 2uE Shelg 4

AT G= A= A 23 MA-1 942 6.64MPac] T
ZAA1e] &= wel MB 10wt.% - 4.55MPa, MB
20wt.% - 2.22MPa, MB 30wt.% - 4.66MPa, MB 40wt.%
- 439MPaz Holo] 7H e 4% A= ghe Uehgon
SRS SR A A ol w2t 23 gho] wizst
Ae the A& I 5 AU 58 A 23 MA-L
AN FHAS B AW BF 0% HSE gl A
g = ek

A} AL AES MA-1 YA AEab 28.759] wg}eF

Table 5. Comparisons with the physical properties of original material.

Sample (MBFi(I)-\ZIt.% ) (MBI%;;% ) CDK520K®  Quick Wood®
Adhesion (MPa) 2.23 2.7 3.96 2.37
Abrasion rate (%) 3.69 3.01 0.31 1.02
Hardening time (min) 5 8 90 14
Tensile strength (kg/cm®) 10 19 28 72
AE'ab 31.79 28.95 21.13 27.09
Surface hardness (Hs) 23.3 26 55 70
Specific gravity 0.468 0.463 0.770 0.908
Compressive Strength (MPa) 1.9 4.39 17.0 48.5
Shrinkage rate (%) 0 0 0 0

Adhesion[Hka)
Abrasion rate(%)
Hardening time(min)
Tensile strenghtf kg/fonf)
Z~E=*ab

Surface hardness(Hs)

Specific gravity
Compressive Strength(Mfa) | ¢

Shrinkage rate(%)

0 10 20 30
[ FH-7(MBADwt.%)

B MA-1(MBADwE %)

40 50 a0 70 80 70 100

COK-520K

ﬁ Quick Wood

Figure 5. Comparisons with the physical properties of original material.



< AT = 9l en SAA 9 ol Wk MB 10wt.%
- 32.42, MB 20wt.% - 31.31, MB 30wt.% - 30.20, MB
40wt.% - 28.952 YN AE"ab M3} gro] 7 FHglo
™ SAAN7} wighE AlE-2 @A 9] Micro-balloon®] g3
28 AE'ab A} gho] olo] w3 & Ao BeErt

32 71E SRE M= 24 o

i

Za}

7iE FH-73F MA-19] B8 9J3) @A) ol A &
7] - TAY) BPE 02 AMEET 9l Epoxy resing A
gsto] vl 24 AT Bl oAk AR 2E A
= A=l $AREE Putty @Ele] CDK 520K™2} Quick
Wood® 2%-& A5t o AlF Au}=(Table 5, Figure
5)efl e it

3.2.1. B4 Ay A1

Az 24 A3t 7]12 A=) CDK 520K "= 3.96MPa,
Quick Wood®= 2.37MPaz 7|2e FH-7(MB 40wt.%)
2 223MPa, MA-1(MB 40wt.%)& 2.7MPaZ Quick
Wood“ 9} SAKH B4 AU Qe Ao BRIE Tt

npeg 24 A1k CDK 520K "< 0.31%, Quick Wood”™
£ 1.02%9] A3} 3E& Yepf itk v 9i/4d<] FH-7(MB
40wWt.%)2 3.69%, MA-1(MB 40wt.%)2 3.01%2 7|&
O YrETh F2 vtEES Hoj JA JFaA o] o]Fo
A 4 ohs AL geld 4 Ui

73} ERS A7 &4 A3} 382 Quick Wood®¢] 14mino]
7V w2 A3t uke-g el om CDK 520K & 90min©]
Rt FH-7(MB 40wt.%)-S Smin, MA-1(MB 40wt.%)
2 8min® & 7|& A7 2o} W Fs} v A7k B9l
gl l=d

o = =4 A3k Fhe CDK 520K 28kg/em?,
Quick Wood = 72kg/cm’ & LePtth. FH-7(MB 40wt.%)
2 10kg/em’, MA-1(MB 40wt.%)< 19kg/cm’Z CDK
520K ¥ 2 W AT 3 sheld 5 Uitk

ZholAl 2ALol| ojgh AAESE A% At CDK 520K
o] AE'ab A4} Wsleko] W) ghe 21.13, Quick Wood ™
£ 27.099] W3l YeERIL 95 /e FH-7(MB
40wWt.%)e 31.79, MA-1(MB 40wt.%)2 28.952 7|2
Epoxy resind} -3-AFet H3HRS H ¢t

Fd A% 24 A3} 2ke CDK 520K 55Hs, Quick
Wood ™= 70Hs 2 LFERTh FH-7(MB 40wt.%)2 23.3Hs,

W A= S YeER Tt

H]Z 24 A1} CDK 520K"%= 0.77, Quick Wood® <]
A3} ke 0.9082 7litEl FH-7(MB 40wt.%)<] A3} gk
2l 0.468, MA-1(MB 40wt.%)2] A3} Zkel 04632} &
2 A7 gH& Ve lch

olz 7w 24 Az} 7k CDK 520K*%: 17.0MPa,
Quick Wood"%= 48 5MPa2 Uehton %8 =4 2
1} Zk2 CDK 520K™, Quick Wood® 27}4] A& B 0%
2 I} gle AL FAT 5 Tk

4. 4 2

2 AFodMe A E7] - ZA7] B AREAL 9
= AESE 8, o5 245t BEUAEAY EAHF
A, 7H8A, WAL 7194 B2 AR 3, 0|8 Bl o
< B0 B YRS AT, ALy fEo MY g
7k 52 I3 HuAstgict.

FH-7(MercaptanA| Epoxy Putty)2 o] 2] Paste & €l
2 7hastgct A AspEe) Aol FHA¢] WS
A7hetd 7134 R S ol 1A o, F3A

= WA 9] Micro-balloong ARSI ). ARE-3l7]0f H
23 AE FEHE fLstR o, nfEES wo A3 $9
AEst7| H=F Azt Aol 30%A 60%71A]
FAAE F7ete] AzstRom 2+ SAA L HE&ollA
el 24 Blasty 2F S3A) HlE&Z 40%2 2
Atk &, 5E F3E o2 wE A3 o o3 ZY
o #a|Ag 2 2 Alo] IAEHE BH 2 U of o
U] o= 2] 9] ebAl S = ek

AsHAIe} ZAA vlE&el wet J3JY, A=, A, vhR
9] 2Ho| 7FsdtH, st & R w3yt g, 293t
of] Faf3lar FgAdS AW BUA= A FHE A Y=
£ Azstget. o] 59 AR target A Wol AHESAL
9)= Paste@ H]2] CDK 520K *2} Quick wood ¥ .00 7}
ZHe] A& EHEE A5t olo &3t Az

FH-7(MB 40wt.%)2] H2F 7= 2.23MPa, 0}2-&L
3.69%, A3} ¥k A7k oF 5E. olF Z=l [0kg/em’,
A & 7242 $9] Eab Wl 31.79, HEE
23.3Hs, H]Z2 0.468, &= 7= 1.9MPa, 2282 0%
£ Yehfia )ik

7] &0 AR&E 0|2 putty¢] CDK-520K "2 e oz
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A3} 9k &=} nhrgo]glon], Quick wood 2] Ty
o2k nrge votEo] o]F BsHs AU 435t
k. 2 22 ulEgoA CDK-520K Vo H]ake] oF
128], 3} A7 E 189S SRR oH LR o] &
e olo] Eat=2 A28kt Quick wood o] HE}e]
Loomgol A of 3,582 2RAH o wE A3E et
Y o] 5] A v malo = of 2,882 SXA| A
© w2 Asie} uj ¢ 945 Bl /M =2 ik

MA-1(AminA))& kg Folo]l A4 B A7t
sto] 7134 2 YRS Bgon, B A3 AL B2
Aagoz Q3 thofet Bol) HEG Wl AR AL
o] 753}, A-g-5}7]0]) W2|gt Paste e 2 Aalch

MA-1(MB 40 wt.%)¢] H2F 7= 2 TMPa, o2&
3.01%, 78} Hh- AIZE oF 8, Q1Y P 19kglem’,
ZL9)A 1=Z 72417k 9] AE ab B3RS 28.95, Axs
26Hs, B|Z2 0.463, 4= 7} == 4.39MPa, =82 0%
EUehiz 9igich

7120 AHEE|o] & AR E F CDK-520K "= -3 A}
Hhg &mo} Lo npmgo] Ty o Uehkon], Quick
wood " E& FT2 Qg W npmgo] tgo 2 el
Eo] 0]8 B AL saystgith 1 23 nhmgo|
A= CDK-520K ¥of) H]3ke] oF 108, 33} ¥hg- Alzkol|A]
£ oS SN o Y]] BAL olo] £31=2 A
2314tk Quick wood ®' 2] TFR-& 1.02%3th MB 40w%
7h e Al Ho] 3.01%2 o 34 FRAF o A5} ukg-
A7k EZE oF 0.58) A= AN AXN SAR As} kg A
2vah o) & 53 Aare g T =2 st

e 2%-5-9] Epoxy Putty= 7|20l AMSE|T Gl B
o Ao} vims] £ v B4% SHol} EAPES &
4 e Wl $4d ARER YzhE oA 23] B
A= o]9le] F, BA|, Az Bab 59| okt 23l
o B YRR Z WA Hgo| 715 Aoz wrthch

B

)

£ 7 20149 SYRIFYATL BoGAGE AT
(R&D)AHYS] Ao 2 S on, ofo] ZARFI T,
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