Journal of Conservation Science
Vol.28, No.3, pp265-276(2012)
Printed in the Republic of Korea

MEZSH EES 2t HBAA UIEAl ==Al/S
&)t SENel S8201 e ds M A4

Z2AM | O|&E* | MRAM | URAM | QEHH | ZIKIFFHF | ZIAJTirreer

sopfela stobgela), *alobtiela ofui et g Eateta, *ASTst shotal,
s ETelEL A\ 7 ek, ey BT BETSH

Performance Improvement of Hydrogenated Bisphenol-A Epoxy
Resin/Inorganic Additives Composites for Stone Conservation
by Controlling Their Composition

Yong Seok Choi | Jung Hyun Lee* | Yong Soo Jeong** | Yong Soo Kang™*'
Jongok Won*** | Jeong-Jin Kim**** | Sa Dug Kim*****

Department of Chemical Engineering, Hanyang University, Seoul, 133-791, Korea
*WCU Program Department of Energy Engineering, Hanyang University, Seoul, 133-791, Korea,
**Department of Conservation Science, The Korean University of Cultural Heritage, Buyeo, 323-812, Korea
***Department of Chemistry, Sejong University, Seoul, 143-747, Korea
****Department of Earth and Environmental Sciences, Andong University, Andong, 760-749, Korea,
*****Conservation Science Center, National Research Institute of Cultural Heritage, Daejeon, 350-701, Korea

'Corresponding Author: kangys@hanyang.ac.kr, +82-2-2220-2336

**E-Eri} A9 0 R4Sl A5 2 U ATA S Y5 AN GA GAT AL 2

% 9l A% ALY A5 AHSE o] 2] 27 FA) hydrogenated Bisphenol-A (HBA),
A2 & w; A5 FHQ} A4 787 SHE 45907, ¥4 8414 = difunctional polyglycidyl epoxide (DPE),
27 A7H2E G2 AHE ST o) 2] $419} Aok o] E1t 270] e} A3 A] HE, L= U differental scanning calorim-
etry (DSC)Z o] §31] A3} eiahe SR, 7|44 542 Sala] 918 27 W7H2) el e 234, QA=
YEATHAHEE S Yotk AT 23, chopat H2Bop o) HEA e A o] B BN $4 THRY 4R 23S
£ A% AL Ao, 77 W7HE o B B AR AL 2hste] A hH 0 A BEAL B AU HZE
A3 A28 st
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ABSTRACT Physicochemical properties of HBA epoxy resins were controlled by varying hardener mixture and reactive
diluent to improve applicability for stone conservation. The epoxy risen comprises hydrogenated Bisphenol-A based
epoxide (HBA), fast curing agent (FH), slow curing agent poly(propyleneglycol)bis(2- aminopropylether) (SH) and
difunctional polyglycidyl epoxide (DPE). Talc was used as an inorganic additive. The changes in viscosity and
temperature during curing reactions depending on the composition of the epoxy resins were investigated. Additionally,
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bending, tensile and adhesive strengths were measured to identify the effective mechanical strength in stone conservation.

Finally various compositions of epoxy resin/inorganic additives were developed for stone conservation by controlling

cure kinetics and mechanical properties.
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Figure 1. Chemical structures of HBA, DPE and amine hardener.

Table 1. Molecular weight and epoxy equivalent weight of HBA and amine hardener.

HBA DPE FH SH
Mw (g/mol) 440-480 260.33
EEW’ (g/eq) 220-240 300-330

AHEW' (g/eq) 65 60

TEpoxy equivalent weight (EEW), " Active hydrogen equivalent weight (AHEW)

Table 2. Characteristic of talc. 20 AlS HiH

ner

. = oHd
Talc
Chemical Formula Mg3Sis019(OH), HBAZ| A ZA] =X]of| 9134 | HA|E o ZA] Ty 0,
Size 23 ym 5, 10, 15phr H7}8t %, A€ A3 FHS} SHE Z5H)
Color Graish white 2 100:0, 85:152 2 4]0] &3t A3A| MHE A\ %38}, Z+
Thermal Expansion Coefficient 8 ppm/C Z+o] ASIAIE HBAO] Wfv]2 3 7}5+¢] mechanical stirrer
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Figure 2. Viscosity changes of L-30, araldite AY-103/HY-956,
A= A2 HBAZA o ZA] =2 HBA/  HBA/FH and HBA/MH as function of reaction time.
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Figure 3. Viscosity changes of HBA/FH with DPE as a
function of reaction time.
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Figure 5. Temperature changes of L-30, araldite AY-103/
HY-956, HBA/FH and HBA/MH as function of reaction time.
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Figure 6. Temperature changes of HBA/FH with DPE as
a function of reaction time.
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Figure 11. Bending strength of L-30 and araldite AY-103/
HY-956, HBA/FH and HBA/MH by varying talc content.
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Figure 12. Bending strength of HBA/DPE/FH with talc.
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Figure 13. Bending strength of HBA/DPE/MH with talc.
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Figure 14. Tensile strength of L-30 and araldite AY-103/
HY-956, HBA/FH and HBA/MH by varying talc content.
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Figure 15. Tensile strength of HBA/DPE/FH with talc.
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Figure 16. Tensile strength of HBA/DPE/MH with talc.



274 | HEDI5ES[X| Vol.28, No.3, 2012

3 DPES] gl €13 Aho] 1< v w3 R, DPEY]
o] £oLA4S AFE} ISP WolAl HFL
HolFT Lotk g et AE R vl we) HrS w2 %
o2 Mol g glonz Hrgey BEAe o] 2
394 W 77) AHe) Avtael 298 9ls) 2ad
% 28g BH0R s DPEY £YL BB elo]
o} grobeic

343, YEHCEAE

Auba o2 Nrpshy e el AAAS 45
< ), AR MY 5L REXY T BAEE
23120 Aol v 2 ek mlXIA) Fiek. wheby W2
A A 85 BEAE B9lo] sl 74 o A5e] A
5 A E4fo] SHH O Dofut Aol iRl
shgol a3t wul, A3 AR 2342 o] 243}
2 Zlolck. Wty YA AAle] eI o) A2
7} SHAOR A 4 G AEE Toks] 913 oA
Apolell HAAE Exse] AAA T olo] that A

2 245k3 Figure 170] Ueblc. 243k 5152
B o] glof B A] X7k &b wlo] Helsl AE 1
S} AR £4 ] BolE B ol

MPac]| Alole]l Ax} gho| 2A] BEE o] 9l2-S BRIst
Gt A7|A F329 FRFo] Eaju|R 150~200% 7ol A
350l 7HlFE o JEA7F $AHeZ S4E OFo
o] Bx5HA| =5 o Mg 2T 81~139MPa 74|
chfsiA REEh o] FEE AR sh5o| 71l

©
s
5 160 _
£ —
§ 1o % & {
- X
c 120 % % X
kel X X
2 X
$ 100 % %
o
Q L]
E 8ol X
3 ] x
> L Epoxy Break Stone Break
Z 60 —&-L30 X L-30
£ —@-— Araldite AY-103/HY-956 X Araldite AY-103/HY-956
D 40} —A— HBAFH ( 0 phr) X HBAFH ( 0 phr)
S —¥— HBAFH ( 5phr) X HBAIFH ( 5 phr)
= —<— HBAJFH (10 phr) X HBAJFH (10 phr)
»n 20+ —p— HBAFH (15 phr) X HBAIFH (15 phr)
) —@— HBAHM ( 0 phr) X HBAHM ( 0 phr)
2 —@— HBAHM ( 5 phr) X HBAHM ( 5 phr)

. —@— HBAHM (10 phr) X HBAIHM (10 phr)
% DPE Content : (phr) —%— HBAHM (15 phr) X HBAHM (15 phr)
< 1 1 1 1 1

0 50 100 150 200

Volume Percent of Talc

Figue 17. Adhesion strength of epoxy systems by com-
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