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Influence of Silane Emulsion Hydrophobic Agent on Concrete Properties

YU Jianwei, ZHANG Chaoyang, KONG Xiangming, PANG Xiaofan, JIANG Lingfei
(Institute of Building Materials, Department of Civil Engineering, Tsinghua University, Beijing 100084, China)

Abstract: Influence of silane emulsion hydrophobic agent as an additive on the strength and capillary water absorption behavior of
concrete was investigated through strength test, hydration heat test, thermogravimetric analysis, capillary water absorption and
mercury intrusion test. The results show that silane emulsion reduces the early-age compressive strength and splitting strength of
concrete, which is mainly attributed to the retardation effect of silane emulsion on the early cement hydration. The capillary pore
volume in 28-d harden cement paste is increased by adding silane emulsion because of the depressed cement hydration. However, the
initial water absorption rate, the secondary water absorption rate and the total amount of water absorption of the 28-d concrete during
capillary water absorption process are greatly reduced by silane agent. This is since silane emulsion reacts with cement hydration
products to form an alkyl hydrophobic layer on the pore wall of the capillary pores, which changes the surface property of the wall
from hydrophilic to hydrophobic, thus significantly reducing the rate and the amount of water absorption of concrete. Silane agent has
a more profound influence on the concrete properties with a higher water-cement ratio due to the lager capillary pore volume.
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B0 3%, REEFRK 10% 47, Sl Far
AP e U2 5 B s N /b A e S v B T
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1.1 [BE#rsd
% 754 GB8076—2008 Hnifift) P.I. 42.5 JLfk
KV EL R ICK e BRA D, Al g 1. i

Fe TRBE - BT TR B RS 16~24 mm [ #E
A1, A RRE A EREECR 2.33 1A TERD

FEREFLIR th b S F AR A B A Rl B AL,
BRI N 4T% TBILBOERLEE 2B A A5 ik ot
FLBCFIRAR A 1.05 pm, FLBKL T zeta HLATA
~51.4 mV. kKT A S50 = ) SRR koK
FI(PCE), ARG TN 44.1%. W50 Rl
Hr B A R BR 2 R AR =16 2101 BUTH L7 34 A 77
S E AT A B YT 28 T AR . AT SR
KH BT K

F1 KREMLFEN

Tablel Chemical compositions of cement

Chemical composition Mass fraction w/%

SiO, 22.52
AlLO; 4.61
Fe203 3.42
CaO 65.88
MgO 2.28
Na,0q 0.49
SO; 0.35
Loss 2.04
f-CaO 0.78
Cl 0.01
1.2 E&L

P92 e K KB 4y ok 0.4 (LC) A
0.52 (HC), HRgHiR#EE ik FLIEs B A Suk sy
KRR RE 58 0, 0.5%, 1.0%, 2.0%, [
HHIZR 20 KIEF R IIKIK L SR L5 2 S
TRRETAHTR], AR I B0 B S50 A 5 oK 5 B TR
FBE, LIFRRIEIAR] 240 mm HEHE R
TCBH S A i R K . HC RAF K 1K
IKECOR, SR AT B AR AN G KIS .
WHLA Lk 3 iR,

1.3 A

1.3.1  VRHE LI 1R 2 FlA LR R 15
BN RS R 100 mmx100 mmx100 mm 3775 4412,
b, e AR i 7 o R B R 1 d SR
P, BN ARUESR S =BT SR

1.3.2 SRSESCIGARYE CHEFIE R EE - ) RE SE R
EARUED, TREETIRE IR AR 3. 7. 28 d A,
A5 FH FRLBUAR) AR s S8 WLEEAT 3777 0 s 8 B A
BEZAGTR g BE IR . 4L S 3 K, S5
3SR A, RZEEHITE 15%LLN .
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Table 2 Mix proportions of concrete
Sample No. Mass fraction Mix proportion/(kg-m )
of silane/% Water Cement Coarse aggregate Sand Silane emulsion PCE Defoamer

HCO 0.0 180.0 346.2 1086.7 786.9 0.0 0.2 0.1

HCl 0.5 178.0 346.2 1085.6 786.1 3.7 0.2 0.3

HC2 1.0 176.0 346.2 1084.5 7853 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

LC1 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 7742 19.1 0.4 1.3

PCE is polycarboxylate superplasticizer.
R3 FRESL
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
LC1 0.5 157.7 400.0 0.0 43 0.4 0.8
LC2 1.0 155.5 400.0 0.0 8.5 0.4 1.0
LC3 2.0 151.0 400.0 0.0 17.0 0.4 1.2

1.3.3  BABKSEIIRE: kg 4 28 d, HUH
P1E1%% 100 mmx100 mmx50 mm R 1E, A5 HIK
24 h JG7E60£S) CHET 2 J, BUHAFI. B4k
S0 2% ASTM C1585-13 HEATIS), szibi, #4iR
PF 4 AT RS R ), b 3 7 o Y kil
JEE, BARAE R IR BKF 1~3 mmo MU i i
KFFEETE, MR KT 24 60 s+ 5 min. 10 min.
20 min. 30 min. 1h. 2h. 3h. 4h. 5h. 6h. 1d.
2d. 3d. 5d. 6d. 7d. 8dEELIRF R
Ao AT E I, BRI K BRI AR R
T, BRI ER K 7y, SRR
IR ] LR TR L, 7E 15 s WIlE TR,
56 B 7 BPRE A 5 B 280 S B A v K S P e gk
SR K SESRS o HURFAL 3 AMRAFBR K & I (EAE N
S EE R

1.3.4  ZKALHGGKH] TAM-AIR )\ i Hu
HEATSEYG, $RMEEE 3 e A B3 5145 JsURE BT 5
WAR A A G AKYET, #3030 s o N4l
Wi, SEERE 25 °C, WNREFLE 72 h.

135  FLEHIMRRIL IR 3 $EA 5% Hk 100 mmx
100 mmx100 mm FJAEL, 1 d JEHRBIF2 S E A
TREE TARETR I AT IR . 153 28 d W B A1k
KA, H/ANEERRE R/ 4 mm ZeAi /N, A
NEERIRIE 24 h IZIEKALTE S, B 202 T
24 h. THEEMIRERL, SRAZ25C Autopore TV 9510
R IR R ASGIAT T Ak 7K Y 3 AL ARG AR

1.3.6 AT AE A R ) 1.3.5 747, H B St
PR S IR K U FRE B oK, DO AT
TR 4l STA 449 F3 A0 M AGHAT IR B
105~1 000 °C[A] T Sl BT it 403 R 38k 45 5 /K &5 s
400~500 “C[aIFIFF: i BT E 4K Ca(OH), F1 /K I
H, 600~700 C [ [¥] i A5 K R Al /b Ca(OH), B
G CaCO; 2 i BB 2%, M9 & 97 5 1
Ca(OH), i .
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Fig. 1 Effect of silane emulsion on concrete strength
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Table 4 Relevantdata of concrete water absorption ®
Sample No.  §x10%s2  R’of S,  $:x10%"%  R*ofS, Am/%
Y B B ] 42,
HCO 7 0.986 2 PP Bl 7 28 d BELKIRIRIN St fLAR o A
Fig. 7 Cumulative pore size distribution curves of the
HCl1 71 0.978 8 0.976 0.62
hardened cement pastes cured for 28 d
HC2 52 0.958 7 0.984 0.30
HC3 14 0.982 5 0.989 0.13 s
LCO 41 0.991 10 0.950 1.70 i% S 28d ﬁ§1k7k;)ﬁé§¥u7k o
' ' ' Table 5 Pore volume of the harden cement pastes at 28 d
LC1 10 0.993 5 0.992 0.26
Total pore volume/ . 4
LC2 4 0.998 5 0.991 0.15 Sample No. (mLg") Capillary pore volume/(mL-g )
LC3 3 0.976 4 0.983 0.10 HCO 0.189 0.148
HC1 0.196 0.156
Te (28 d e H1) it i AL A B A AL IR AT T K, HC2 0201 0.158
HIB R H PRSI L) B ACGHE 2, IX U6 ek HC3 0.247 0.194
BEFLB 5 B AR 1R P B 4 AL ALEE Y LCo 0.144 0.076
SREUKYEDT. Jadt, N RERE LR R R B 40 Lcl 0.142 0.079
WK AE FHIALEL S 2 an i8] 8 firv. [l 8 Hiid T ik Le 0144 0.083
LC3 0.182 0.106

BRI 2 DNETBLe B 1 B BON S KR Al R
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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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