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Investigation of Physical Properties and Self Healing of Hardener-Free Epoxy

—Modified Mortars with GGBFS
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Abstract: The purpose of this study is to investigate the physical properties and self-healing effects of hardener-free epoxy-modified mortars(EMMs)
using ground granulated blast furnace slag(GGBFS). The EMMs with GGBES were prepared with various polymer-binder ratios and GGBFS contents,
and tested for strengths, adhesion in tension, water permeation and self-healing effects. The conclusions obtained from the test results are summarized
as follows. The compressive strength of the EMMs with GGBFS is reduced with increasing polymer-binder ratios because of reduction of the degree
of hardening in the EMMs, and is somewhat inferior to that of unmodified mortars. In the flexural and tensile strengths, the flexural strength of the
EMMs is almost constant with increasing polymer-binder ratios. However, the tensile strength of the EMMs is gradually increased with increasing
polymer-binder ratios. Regardless of the GGBES contents, the adhesion in tension of the EMMs increases sharply with increasing polymer-binder ratios.
The water permeation of the EMMs is remarkably reduced with increasing polymer-binder ratios and GGBEFS contents. The self-healing effect of the
hardener-free EMMs with GGBES is improved with increasing water immersion period at a GGBFS content of 20%.
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Table 1 Experiment factors in this study

Factor Level
Ordinary portland cement (OPC)
Binder Ground granulated blast furnace slag
(GGBFS)
Sand Silica sand (0.04 ~0.60mm)
Polymer Bisphenol F-type epoxy resin
Cement : 13
Mix Sand )
design |Polymer- binder
ratio (P/B, %) 0,5,10,15, 20
GGBFS
content(%) 0,10,20,30
Na2S04 (%) 3
Expansive agent 20
(EA, %)
Fresh mortar Flow
Compressive strength, Flexural strength,
Test item Tensile strength, Adhesion in tension,
Hardened mortar . .
Water permeation, Degree of hardening,
Crack self-healing effect

Table 2 Properties of ground granulated blast furnace slag

Density Blaine’s specific o/ Activity index
(@em’) | surface (cm¥/g) |Lereemt oW RN T o D)
2.93 4,250 100 105
Table 3 Properties of bisphenol F-type epoxy resin
Epoxy Molecular Hue Density \2151(;:1;}/
equivalent weight (Gardner) [20C, g/em® N OOC)’
170 340 <1 1.19 3,500

SAkY] BT X EME AR EE AME-SI T

222 2&Y v

B AT A AR 2SI KS F 2563(EAT ES
a2EH T vEDelAe F4 4 ghe U RS
2 1)L 3500, 71 EA4J-S Table 29+ 2t}

2.2.3 AZA
AFAZE FEAL A A3 T

224 AHE E31-8 g

AHIE &318 ZEME & Hlads FE oEAIFA
(Diglycidyl Ether of Bisphenol F ; DGEBF) S AH8-51%.0H, ¢
HH2 432 Table 33} 2t}
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SA REELEE 11 Z 7 Zho] 170£5mme] Y Qholl 017}
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22 BYAY, AT A P8-S Fig29t o] A E 1%}
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Table 4 Mix proportions of EMMs without hardener

Cement: P/B GGBFS Na,SO, EA W/B Flow
Sand (%) ""(Ij/to‘;“t @) () (%) (mm)
0 75 170

5 71 167

10 0 70 165

15 69 169

20 68 171

0 75 173

5 71 170

10 10 70 166

15 69 171

1:3 —20 3 20 —68 173

0 74 169

5 70 168

10 20 69 169

15 68 168

20 67 171

0 74 171

5 70 172

10 30 68 170

15 67 167

20 66 166

Note: P/B : Polymer-binder ratio, EA : Expansive Agent,
W/B : Water-binder ratio
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Fig.1 Specimen for tensile strength test

Fig.2 Adhesion in tension test



W, =—— (1)

A7, W, = Fride), Wy = A= Fo) A&, W

2.3.5 733} o FZ AR 0] AF L A8 SF

27 e] FAS HAAIGE T FAAE B35t 1.2mme] &
FA| Aol T35 5g0 AR E & 200ml o] STk
ol Y=tk 28 a1 30g9] FIEA] ZEFES o]-83) 2413
B S} A FAFAE FEIA, AEAES AR E A
it} o A3 4= S 2B E o] &3l 2% 100CollA 2
A B 71EE W EA| Z23-e-S WA F, S ¢
}1 v 3} e F AR o] TS S 2 (2)9) o] A
3= & 43T

Degree of hardening of epoxy resin (%)
Fui— Fue

= ———X
o 100 Q)

o714, Buis 2k AAS) 175} ol E A5 0] S,
Fue's 2 ARQAGIA 258 V1743 o) ZA 22 Sae)

olth.

2.3.6 AAAT A (FE-SEM) 9] 2§ 2H 7= #F

o FA|FA] £ REEIE S| ZE D #EHLE A
WAL AL 24 1] 74 (Field Emission-Scanning Electron
Microscope; FE-SEM) 2. = A sF T 24 W o] 331 24 2
= BAF3% §A 7 B3t 8-S ARESo] Al E 3z,
A YAE o AFAIFA 5o Ko s E¥EHE

= 289

2.3.7 A7NA a3 HE

AZAFET HEE 28U F871% ZHEIS A4
gk FAA A HOZ HAFES LA F 75 HA
AA FWZIZE 0, 142F)Y, 28(4F)Y, 42(65F)LollA 9]
GH-9] 9 A RE FASI T

Fig3-& ARIE 516 Eejm 24 vl P o] %45

rieh

N

A& A, EEim A3AM] W n 2 ar]EE X
£5& AsIAA ARG AskA] F-317) o ZAIGA] £ B2
EF2(EMM)9] A=A EE YR Zlojth duido s 1=
Lo 1 v RS X8R 92 7JskA 37 EMME] 4=
BEw v AgAme] Skt 34 AA s A
ERATE o)== A& H7FeHA] -2 EMM ] 79, 28
715 ZFFBAAY dSAE N2 A o] Fo]
A A 28 & &= Ut} o] AL EMM A E s EZ - U 2]
N EA A Zster) Z2lm AdAnle] 7t} 34 HA
Zo}z] 7] wfj o) g} AT} o] AL Fig4olA sk = &
o], AsIAlE A7I8HA] 2 oAl ZAIFA] 9] A3 E=28Y 5
7% ZHFYNA= ZEH AIHME 1] 10% o]/dellA
50% ©]3tE oS ¢ = AtHKim and Jo, 2013). o]} &
2 U3} A FAFA 9] F2 FF 7FHA 713 ST}
A A EH, T3 7] B F ARIE v E 2 U)ol A
o] MAYSIA & A A A F7 15 B3 7| A=

il
il

}

i L

e o

S

GGBFS content (%4)

Compressive strength (MPa)

—o—0
0+ —a— 10
=020
——30
D I I I I
] 3 10 13 20

Polymer-binder ratio (%)

Fig.3 Polymer-binder ratio vs. compressive strength of
hardener-free EMMs with GGBFS
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Fig.4 Degree of hardening of EMMs without hardener at a
curing period of 28 days
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Fig.6 Polymer-binder ratio vs. tensile strength of hardener-free
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Fig.11 Water immersion period vs. crack width change of
hardener-free EMMs with GGBFS
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