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Capillary Transport Mechanism of Epoxy Resin Repairing Micro-cracks in
Cement-Based Materials

WANG Xingang, ZHOU Zhen, ZHAO Hua, ZHANG Chenyang, LI Yujie

(School of Civil Engineering and Architecture, Nanchang University, Nanchang 330031, China)

Abstract: To investigate the capillary transport mechanism of microcapsule core material (epoxy resin) to repair
micro-cracks in cement-based materials, the contact angle and surface tension of epoxy resin were measured by
optical contact angle measuring instrument. Environment scanning electron microscopy (ESEM) was used to
observe the wetting effect of epoxy resin on the crack surface of cement-based materials. To study the influence
of temperature, crack width, epoxy resin and other factors on capillary transport capacity, a theoretical model of
capillary flow was established and conducted a simulated capillary flow test. The results show as follows: in the
range of 20—50 ‘C, increasing temperature can reduce epoxy resin viscosity and enhance the capillary transport
capacity of micro-cracks in cement-based materials. When epoxy resin permeates through narrow cracks (gener-
ally less than 200 pm), its gravity can be ignored in the initial stage, and the driving force is generated by capil-
lary force. In the range of 50—200 pm, epoxy resin capillary transport capacity is inversely proportional to crack
width, the smaller the width, the more obvious the capillary force and the stronger the capillary transport capaci-
ty. The capillary transport capacity of epoxy resin E-51 is 17.4% , stronger than epoxy resin E-44, the capillary
transport capacity of fluorescent epoxy resin is 5% —8% lower than epoxy resin.
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Fig.2 Contact angle diagram of different epoxy resins
and cement-based materials changing with time
at 20 C
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Fig.3 Optical diagram of contact angle between epoxy resin E-51 and cement-based materials at 20 ‘C
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Fig. 7 ESEM image of the crack surface of cement-based materials
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Table 2 Capillary transport model
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Table 3 FS/E-51 epoxy resin capillary transport height at
different crack widths

(8)

max

T/C o/(mN- 0/ d/mm  H/mm hmax,T/ hmax,E/

m ) mm mm

20 48.29 36.6 0.20 15 0.061 2.3
20 48.29 36.6 0.10 15 0.125 4.3
20 48.29 36.6 0.05 15 0.248 6.2
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Table 4 Capillary transport height of epoxy resin

Type of epoxy resin T/C o/(mN-m™") 0/(°) d/mm H/mm Ry /MM I g/mm Ao/ B

E-51 20 47.26 28.7 0.05 15 0.265 4.5 17.1
FS/E-51 20 48.29 36.6 0.05 15 0.248 4.3 17.3

E-44 20 47.67 42.8 0.05 15 0.224 3.5 15.6
FS/E-44 20 49.17 49.2 0.05 15 0. 206 3.1 15.0
FS/E-51 30 47.12 28.5 0.05 15 0. 266 4.6 17.4
FS/E-51 40 46. 06 22.8 0.05 15 0.272 4.8 17.6
FS/E-51 50 45.58 20.5 0.05 15 0.273 5.1 18.7
FS/E-51 60 42.75 9.5 0.05 15 0.270 5.1 18.5
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