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Microstructure Analysis of Cement Composite containing PMHS Emulsion to
Improve Hydrophobic

Younghwan Kim'", Hongseob Oh’

Abstract: For developing the durable eco-concrete, water-repellent and hydrophobic emulsion were prepared by stirring and mixing polymethyl
hydrosiloxane and polyvinyl alcohol. After adding the PMHS emulsion cement paste, the hydration reaction characteristics and the change in chemical
composition were analyzed through BSE and EDS analysis, and the micropores were evaluated by MIP test. Cement mixed with PMHS emulsion was
analyzed to increase the hydration reactivity and to decrease the capillary porosity, but it was found that the capillary porosity varies depending on
the degree of dispersion of the emulsion in the cement paste. In the case of the emulsion containing metakaolin, there was little difference in hydration
degree and porosity from the case of using only the PMHS emulsion. However, when the cement surface was coated with PMHS emulsion, the contact
angle was found to increase significantly compared to OPC, and it was analyzed that especially when PVA fiber was used together, it changed to a
hypohydrophobic surface.
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Table 2 Chemical composition of metakaolin

Chemical Compsition(%)

.. Finess LOI
Density

Si0, ALO; Fe,0;3 CaO MgO (cui/g) (%)

MK 52.0 400 3.0 1.2 05 2.59 10,000 -

R = CH; or C,Hs

Fig. 1 Chemical structure of PMHS emulsion

Specification Polyme'thyl hydrogen Polyvinyl alcohol Table 3 Mix proportion of hydrophobic admixture
siloxane surfactant
%‘fﬁﬁl (CH,0Si)nCeH1 30Si> (C:H,0)x P"g;‘(‘;g“yl Polyvinl Aleohol v iniog)
Viscosity 17-25 cps 11.6 - 15.4 cps Siloxane(%o) Surfactant(%)
pH 7.0 5.0-7.0 PMHS0.25 25 4.4 0
Density 1.06 g/em® at 25 °C 1.19-1.31 g/em® PMHS0.3 30 4.4 0
Boiling point - 228 °C PMHSO0.25-MK 25 4.4 0.5
Flash point >200 °C - PMHSO0.3-MK 30 4.4 0.5
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Table 4 mix variables of cement paste with hydrophobic admixture

W/B(%) PMHS-H(%) PMHS-MK(%) SP

OPC 0.3 - - 0.125
PMHS0.25-H0.25 0.3 0.25 0.125
PMHS0.25-H0.5 0.3 0.5 0.125
PMHS0.25-MKO0.25 0.3 0.25 0.125
PMHS0.25-MKO0.5 0.3 0.5 0.125
PMHS0.3-H0.25 0.3 0.25 0.125
PMHSO0.3-H0.5 0.3 0.5 0.125
PMHS0.3-MKO0.25 0.3 0.25 0.125
PMHS0.3-MKO0.5 0.3 0.5 0.125
PMHS0.25-H-S 0.3 surface 0.125
PMHS0.25-MK-S 0.3 surface 0.125
PMHSO0.3-H-S 0.3 surface 0.125

PMHSO0.3-MK-S 0.3 surface 0.125
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Table 5 SEM-BSE Images after binarization process(Void: Red, Hydrate: White, Unhydrate: Yellow)

OPC PMHS0.3-H0.25

PMHS0.3-H0.5

PMHS0.3-MKO0.25 PMHS0.3-MKO0.25

S .
pecimen Before

Before

After Before After

After

Before After Before After
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Table 6 SEM-BSE analysis procedures for assessment of the degree
of hydration

As the first step of edege detection, oblique image
changes for boundary separation between voids
and paste

Gradient image

Remove the ambiguous pixels at the boundary

Image opennin S .
£e op € between the paste and voids in the previous step.

Eroding step to completely remove pixels

Image erodin . . .
g & corresponding to the cement paste in the image

Algorithm to restore binarized image for reference

Reconstruction .
Opening Image
After reconstruction, applying the hole filling
algorithm for the remaining holes in the binarized
Re-opening  image and the opening algorithm for the

overlapping pixels remaining at the boundary
reconstruction
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Table 7 Void ratio and hydration degree of cement paste contained with hydrophobic admixture from BSE images analysis

1 2 3 4 5 6 7 8 9 10  Avg StDev
opC pore ratio 2363 2179 2090 2145 20.83 20.66 18.09 2097 1945 18.16 20.51 1.67
hydration degree 3830  40.67 39.01 3897 3994 4031 3933 3828 3952 3848 3933 0.83
PMHS0.3 pore ratio 3451 3639 17.59 1891 1345 11.83 1220 13.87 1590 11.02 1435 285
-H0.25 hydration degree ~ 52.72 5473 5221 8151 3443 3266 3449 2631 2987 2237 4159 11.01
PMHS0.3 pore ratio 20.81 21.82 13.16 3432 12.07 2213 23.15 1791 2345 21.15 19.84 3.87
-HO.5 hydration degree ~ 39.00 37.50 38.19 49.05 63.74 39.65 4199 3475 3593 3263 4123 9.09
PMHS0.3 pore ratio 3523 2230 2377 19.00 1495 18.16 23.83 21.73 2292 1341 2001 3.86
-MKO0.25 hydration degree ~ 64.83 34.85 35.18 3221 30.66 3299 3690 33.53 3466 4175 37.76 9.98
PMHS0.3 pore ratio 1694 1159 1633 1571 1861 27.02 22.74 21.56 21.12 1572 1873 443
-MKO.5 hydration degree ~ 38.16 34.05 3438 3435 36.55 5476 61.11 6537 47.64 2987 43.63 127
QP : : : : : : : :
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; WMJLMMMMW
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) . MWUWV\/\MA .
10 2|0 3|0 4|0 5.0 6|0 7|0 8.0 90 10 2|0 3|0 49 5 p 69 7! p 89 90
i P QpQ PMHS0.3-MKO0.25] i P QpQ PMHS0.25-H0.25]
10 2:0 3:0 4|0 5|0 6|0 7|0 8:0 90 10 2[0 3:0 4p 5 p 69 7T0 810 90
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Degree (2theta)
Fig. 2 XRD analysis results according to the MK content
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Fig. 3 XRD analysis results according to the siloxane content



Table 8 EDS analysis of cement paste with hydropobic emulsion

Electron Image

EDS Layered Image Map Sum Spectrum
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Fig. 4 Pore distribution based on the MIP results in terms of
mercury intrusion
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Table 9 Pore ratio from MIP results

Pore ratio(%o)

OPC 15.703
PMHS0.25-H0.25 15.672
PMHSO0.25-H0.5 19.878
PMHSO0.25-MKO0.25 14.713
PMHSO0.25-MKO0.5 17.885
PMHSO0.3-H0.25 12.219
PMHSO0.3-HO0.5 16.312
PMHSO0.3-MKO0.25 15.335
PMHS0.3-MKO0.5 18.071

Table 10 Contact angle of cement paste surface coated with PMHS
emulsion

Contact angle

OPC -

PMHS0.25-H-P 101.3°
PMHS0.25-H 98.5°
PMHSO0.25-MK-P 121.6°
PMHSO0.25-MK 111.0°
PMHSO0.3-H-P 150.3°
PMHSO0.3-H 107.7°
PMHSO0.3-MK-P 130.7°
PMHSO0.3-MK 102.1°
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