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Tablel Chemical compositions of cement

Chemical composition Mass fraction w/%

SiO, 22.52
ALO; 4.61
F8203 342
CaO 65.88
MgO 2.28
NayOcq 0.49
SO; 0.35
Loss 2.04
f-CaO 0.78
Cl 0.01
1.2 BL&LE

W52 VR e K K EE 4y R 0.4 (LC) Al
0.52 (HC), HHRE L PRI ARB =458 Uk

EKHIFE 5N 0, 0.5%, 1.0%, 2.0%, At
AR 2. KIEHEK KK KR AR B EE
TREE AR, AR B B S 58 1 e YK 77 2 T T
FIBE, LRSI EIEH] 240 mm HiHd R
To B B PEA T R R . HC RAIR K TK
IKECEER, TR N ESEH RN G KIS . 15
WHLA AR 3 Fiaw .

1.3 53k

1.3.1  JREE S IR IEER 2 A LR FREE ),
BEHRARSN 100 mm=100 mmx100 mm 375 743K
BEH, FRTE R SR T 78 o SR 97, 1 d 53R
B, BONREE HARETE T Z 3 TR

1.3.2  SREPSCIOARYE (HrmiRsE L ek Re s Ty
PARED, TREE TS R R 3. 7. 28 d )5,
A9 R YR A) A ) S B AT LR AT 37 e s i P A
BB R R . MU ESR 3 K, 4R
3ANSERREM TP IME, REIEHITE 15% AN .
133 BAIRKSEIGVREE TRz 2 28 d, HUH
P1#E1J9 100 mmx 100 mmx50 mm iR, EHEHK
24 h JETE(60+£5) CHET 2 i, BUHAF. B4Rk
5% ASTM C1585-13 BEATUS, SZIG AT, Kk
4 AT R R PA SEN R, b 3R 78 s Rl
JEE, OB T RTIR K 1~3 mm. MRTH Al
KIFGET, MR KBS B4 60 s« 5 min, 10 min.
20 min. 30 mins 1h. 2hs 3h. 4h. 5h. 6h. 1d.
2d. 3d. 5d. 6d. 7d. 8dHEELIAEREE
Ao ORI, REAFE ARSI A il
T, ORI R K5y, AR a1
WIETH B L E TR R, 7R 15s WlllE i,
56 B SRR TR R B SR A S iR B R Ak
SRR K SESS . BV 3 AMRAEROK R IIEE N
SLIGEER

1.3.4 KA TAM-AIR )\ JEIE i H
HEHATSEEG, (R 3 WA T SRR TR R,
WAR A S G ENKIEH, IR0 30 s Ja 2 N4 44
WIE. SEERIRE 25 °C, MRFERS: 72 he

13,5 FLEEHIRAZ IR 3 FEANFHH K 100 mmx
100 mmx100 mm FHRER, 1 d JEHFBEH%EE RN
TR TARETR T AT IR . IAF) 28 d WAL
KA, F/ANEERCRE N R/ 4 mm 72/, FES
PRI 24 h DRIk 9y, e B S T
24 h. FHEJEHIMES, RHZE 5 Autopore IV 9510
B TR RASGHAT T4k 7K e L5 AR
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Table 2 Mix proportions of concrete

Mass fraction

Mix proportion/(kg-m)

Sample No. .
of silane/% Water Cement Coarse aggregate Sand Silane emulsion PCE Defoamer

HCO 0.0 180.0 346.2 1 086.7 786.9 0.0 0.2 0.1

HCl 0.5 178.0 346.2 1 085.6 786.1 3.7 0.2 0.3

HC2 1.0 176.0 346.2 1 084.5 785.3 7.4 0.2 0.5

HC3 2.0 172.1 346.2 1082.3 783.7 14.7 0.2 0.9

LCO 0.0 180.0 450.0 990.7 778.4 0.0 0.4 0.5

LCl1 0.5 177.2 450.0 989.4 777.4 4.8 0.4 0.8

LC2 1.0 174.7 450.0 987.4 776.2 9.6 0.4 1.1

LC3 2.0 169.6 450.0 985.3 774.2 19.1 0.4 1.3

PCE is polycarboxylate superplasticizer.
x3 FREEE
Table 3 Mix proportions of the cement pastes
Mass/g
Sample No. Mass fraction of silane/%
Water Cement Thickener Silane emulsion PCE Defoamer

HCO 0.0 208.0 400.0 0.3 0.0 0.2 0.1
HC1 0.5 205.7 400.0 0.3 43 0.2 0.3
HC2 1.0 203.5 400.0 0.3 8.5 0.2 0.6
HC3 2.0 199.0 400.0 0.3 17.0 0.2 1.0
LCO 0.0 160.0 400.0 0.0 0.0 0.4 0.4
LCl1 0.5 157.7 400.0 0.0 43 0.4 0.8
LC2 1.0 155.5 400.0 0.0 8.5 04 1.0
LC3 2.0 151.0 400.0 0.0 17.0 0.4 12
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Fig. 1 Effect of silane emulsion on concrete strength
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Fig. 4 Schematic diagram of reaction between silane and cement surface
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Fig. 5 Capillary water absorption Am curve of HCO specimen
and schematic diagram of fitting
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x4 CERBREMUKERMEXEE

Table 4 Relevantdata of concrete water absorption

Sample No.  §1x10%s712  R?ofS;  S$:x10%s72  R2ofS, Am/%
HCO 97 0.986 12 0.958 2.21
HC1 71 0.978 8 0.976 0.62
HC2 52 0.958 7 0.984 0.30
HC3 14 0.982 5 0.989 0.13
LCO 41 0.991 10 0.950 1.70
LC1 10 0.993 5 0.992 0.26
LC2 4 0.998 5 0.991 0.15
LC3 3 0.976 4 0.983 0.10
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Fig. 7 Cumulative pore size distribution curves of the hardened cement pastes cured for 28 d
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Table 5 Pore volume of the harden cement pastes at 28 d

Total pore volume/

Sample No. (mLg) Capillary pore volume/(mL-g™")
HCO 0.189 0.148
HC1 0.196 0.156
HC2 0.201 0.158
HC3 0.247 0.194
LCO 0.144 0.076
LCl1 0.142 0.079
LC2 0.144 0.083
LC3 0.182 0.106
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Fig. 8 Schematic diagram illustrating the working mechanism of silanein on capillary water absorption process of concrete
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Extended Abstract

Introduction Durability is one of the essential properties of modern concrete structures and hence attracts
increasing research attentions. The deterioration mechanisms of concrete mainly include carbonation, freeze-thaw,
chloride ion invasion, sulfate erosion, etc., during service life and these deterioration mechanisms are related either
directly to migration of external water or invasion of external attacking species such as chloride or sulfate ions
which need water as transportation medium. Therefore, one of the effective measures to increase durability of
concrete is to block the external moisture invasion such as by an additional protective coating on concrete surface,
which however usually has much shorter service life and needs to be renewed several times in the whole service
life of concrete structures. Because of the intrinsic porous and hydrophilic feature of concrete, capillary absorption
is one of the major paths for water to migrate into concrete body. Therefore, hydrophobic modification of capillary
pore wall could be an effective way to reduce water invasion into concrete and thus to improve durability of
concrete. In this paper, a hydrophobic silane emulsion was admixed into concrete with the aim to hydrophobically
modify capillary pores of concrete. The impacts of the silane emulsion on cement hydration, pore structure of
hardened cement pastes, compressive strength and capillary water absorption of concrete were studied.

Methods  Ordinary Portland cement 42.5 R complying GB 8076-2008, quartz sand with fineness modulus of
2.33 and crushed stone with size of 1624 mm were used to prepare two groups of concrete with water to cement
ratios (W/Cs) of 0.40 and 0.52, respectively. Isooctyl triethoxy silane emulsion with an effective content of 47%
provided by Beijing MAPU New Material Co., Ltd, was used as a hydrophobic admixture for concrete. The
average particle size of the silane emulsion is ca. 1.0 pm measured by dynamic laser scattering method. For each
group of concrete, the dosages of the silane are 0, 0.5%, 1.0% and 2.0% by the mass of cement. Self-synthesized
superplasticizer with effective content of 44.1% and the defoamer were used in the preparation of fresh concrete to
control the workability and air content.

Cement paste was prepared by removing aggregate from the mix proportion of the concrete. Hydration
exothermic curve of the cement paste in the early 72 h was recorded at 25 °C with a micro-calorimeter. After the
cement paste was cured for 28 d, the hydration degree of cement was analyzed by a thermal gravimetric analyzer,
and the pore structure was tested by a mercury porosimeter. The compressive strength and splitting tensile strength
of cubic concrete specimens (100 mmx100 mmx100 mm) were tested after curing for 3, 7d and 28 d in standard
curing condition (20 °C, 95%RH). The capillary water absorption was conducted according to ASTM C1585-13
after the cylindrical concrete specimens (¢=100 mm, =50 mm) was cured for 28 d.

Results and discussion For two groups of concrete with W/Cs of 0.40 and 0.52, the addition of silane emulsion
reduces their compressive strength and splitting tensile strength, particularly at high dosage. The calorimetry
curves and thermogravimetric results show that the incorporation of silane emulsion retards cement hydration,
even at age of 28 d. This is generally believed to originate from the adsorption and coating of silane particles on
cement grains, which inhibits the transfer and exchange of water at the interface of cement grains and the
nucleation of cement hydrates. The delayed cement hydration may be the main reason for the reduced concrete
strength. In addition, the condensation reaction between silane molecules and the hydroxyl groups on the surface
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of C-S-H particles leads to formation of an organic coating layer that weakens the interaction between C-S-H
particles, which might be another reason for the reduced concrete strength. The retarded cement hydration also
leads to higher porosity of hardened cement pastes and increases the connectivity of pore structure at the selected
ages, especially in the pore size range of 50-200 nm, when the silane emulsion is added.

Despite the slightly increased porosity and pore structure connectivity of hardened cement paste, the silane
modification greatly reduces capillary the water absorption rate and the total water absorption amount of concrete.
For instance, at silane dosage of 0.5%, 1.0% and 2.0%, the 8-day water absorption amount by the mass of
concretes with W/C of 0.40 decreases from 2.10% to 0.54%, 0.40% and 0.34%, respectively. This could be
explained by the fact of the silane forms a hydrophobic layer on the capillary pore walls through physical
processes of de-emulsification, spreading and subsequential chemical reactions of hydrolysis and condensation
during hardening of cement pastes, which substantially reduces the driving force of capillary water absorption.
Higher dosage of the silane emulsion produces larger wall area of the hydrophobically modified capillary pores,
and consequently results in lower water absorption rate of concrete.

Conclusions The main conclusions of this paper are summarized as following. The addition of the silane
emulsion reduces the compressive strength and splitting tensile strength of concrete at the selected ages of 3, 7d
and 28 d, which could originate from the retardation effect of the silane emulsion on cement hydration and the
lowered interaction between C-S-H particles caused by the silane coating layer. Capillary water absorption of
mature concrete is significantly inhibited by the silane modification. The total water absorption amount of concrete
specimen after 8-day water absorption test can be reduced by 84% at silane dosage of only 0.5%. This study
demonstrates that hydrophobic modification using silane emulsion admixture is a highly effective measure to
substantially reduce water adsorption of concrete and thus is a potential technique to improve durability of
concrete structures.

Keywords concrete; durability; silane emulsion; hydrophobic modification; capillary water absorption
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