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Abstract: The chloride penetration resistance, sulphate erosion resistance and water absorption were used to
investigate the effect of single addition of ethylene-vinyl acetate copolymer powder( VAE) and composite addition
of VAE/ nano SiO,(NS) on durability of cement-based materials. Attempt was made to explore the influence
mechanism of single addition of VAE and composite addition of VAE/NS on the durability of cement-based materials
by means of X-ray diffractometer, thermal analyzer, scanning electronic microscope, mercury porosimeter and
Fourier transform infrared spectrometer. The results show that both single addition of VAE and composite addition
of VAE/NS can improve the chloride penetration resistance and sulfate resistance, and decrease the total water
absorption, and the effect of composite addition is better than that of single addition. The single addition of VAE
improves the hydration properties, and reduces the harmful and multi-harmful pores by 65.3%, but increases the
most probable aperture and the 72(Ca)/n(Si) value of interface transition zone. The composite addition of VAE/NS

further improves the hydration properties, reduces the harmful and multi-harmful pores by 82.6% , significantly
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increases the amount of hydrate calcium silicate (C-S-H) generation and the degree of polymerization, and thus

enhances the durability of cement-based materials.

Key words: nano SiO,; ethylene-vinyl acetate copolymer powder (VAE) ; chlorine ion penetration; sulphate

erosion; water absorption; pore structure
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Table 1 Chemical compositions of cement and fly ash

w/%

Material CaO  SiO, ALO, Fe,0, MgO Na,0 K,0 SO, IL

Cement 60.08 19.73 5.97 3.54 1.77 0.11 0.93 2.77 4.21
FA 3.99 44.83 35.25 4.14 0.27 0.42 1.24 1.40 7.31

BT NSHRWEH
Fig.1 Microstructure of NS
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Table 2 Mix proportions of mortars

Mix proportion/g

Sample w(NS)/ % w(VAE)/ % w(PCE)/ %
Cement FA Sand Total water AA
Control 576. 000 144. 000 1 080. 000 180. 000 0 0 0 0.5
VAE3 576. 000 144. 000 1 080. 000 180. 000 0.648 0 3.0 0.5
S3V3 576. 000 144. 000 1 080. 000 180. 000 0. 648 3.0 3.0 2.8

Note: Total water is composed of the added water and the water in the PCE.
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Table 3 Dy, values of samples at different ages
2
m°/s

Sample 30d 60d 120d 180 d

Control 5.412X10 " 5.215X10 " 5.087x10 ' 4.985x 10 "
VAE3 4.176X10 " 4.166X10 ' 3.955X 10 ¥ 3.845X10 "
S3V3  3.600X10 ¥ 3.327x10 " 3.212x10 ' 3.134x10 *
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Fig.2 Free chloride ion concentration at different depths of different samples after different exposure age and the fitting results
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Table 4 D, values based on Fick’s second law
m’/s

Sample 30d 60 d 120d 180 d

Control 4.237X10 ' 3.877x10 ' 3.476X10 ' 3.056x10 "
VAE3 2.325X10 " 1.992x10 " 1.705x10 ' 1.310x10 "
S3V3  1.578X10 ' 1.389%x10 ' 1.146X10 ¥ 0.985x10
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Table 5 Compressive strength of samples under different exposure ages
MPa
0d(28d) 30d 60d 90 d 180 d 240d 300 d
Sample
w A\ SS w SS w SS w SS w SS w SS
Control 71.4 72.5 76.2 75.3 80.3 80.8 75.3 82.4 72.1 83.2 68.5 84.2 67.3
VAE3 48.2 58.5 59.2 65.3 66.5 70.2 71.8 80.7 82.7 82.5 80.5 84.1 81.1
S3V3 62.8 65.4 66.3 69.2 70.8 76.5 78.5 80.8 83.1 82.3 80.5 82.5 80.3

Note:In 0d(28 d), 0d indicates that the erosion age is 0 d, 28 d indicates that the specimen is 28 d, W (water) indicates that the erosion

solution is water, and SS(sodium sulfate) indicates that the erosion solution is sodium sulfate.
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Fig.3 K values of samples in 5% Na,SO, solution
2.3 WRokE

P 4 Ay R0 A W K 3R R 7K G %6l ] 4] D A
B TFREE Control, i EE VAESPL#E M K ( T) B9k
R T 46.3% , 90 4R WK 3 B AIK T 49.4 %, {H 2%
P8 WK B3I A MK S8 = T 18.2%6, IR W 7K i 5
BEINT 37.2 %% 5i8FF S3V 3 i M /K 2218 I K 0T Y
WK 225 Control 43 FEAIR T 75.8 %6 F148.1 %, %))

Iy W 7K T 238 R RO K Ry T B AIR T 76.4 040
35.0%0; F48 VAE REAL 1 ilAE 09 S K 32 s M /K
S R 7K S5 TIAT) T W 7K G 3R 8 8 T 1 R K B )
IR R K %, HLE P 2R A VAESS I T
AR ELER R (UL 2.5) ;5248 VAE/NS 0] LUK IR FEAR
02 WU IR 1 ST K S8 A7) 1 W 7K S 23 R R IR
R NI K SR A AR AL T 48R
2.4 K=

AR 3,28 d KAL) 19 XRD & 3% /& 5 i /i
GEISBEESE

(1)IXFE VAE3 3.28 d /) CH fi7 4 W 58 & 35 1=
K AE Control, #HIAKE VAE3 h i CH & & 5 .CH
f s 1) A KR HE A 5 S BOUK AR P B B0 B R
iK™, HOCH £ i 38 w3 T LA DE 28 6 42 ol o 2 i
B2 1) CaSO, 1 Az 1, % i A M2 ARV AE (19358
F0 0B A5 INE T LA B K U I b R A e L A 25
HRINHIB VAE /NE IR Tl 5 178
75 1k BB BB R £6 4= 1l b B L B A T b s WK 9 Y
W 7K 3R] b W 7K 3 ARG T 22 48 W K 39 f W K
A IR WK

1.8 ; = Control,test data 7
6L 1 ! I Control, fitting line a T Initial absorption rate
! ; i [ Secondary absorption rate
141 | £,
12} s
X
g 1.0 + % 4 -
g = 3.060
S 08F o s - e VAES3, test data g3l ;
0.6 _7 — — VAE3,fitting line §
0" VORY -A- _% 2+
0‘4/7 : A_____,,.._A--—" s 1.430
s A S3V3,test data =1t 0.855
02 f"‘ : — -~ S3V3.fitting line = 0.623 0.405
1 1 1 1 1 1 1 1 J
0 100 200 300 400 500 600 700 800 0 Control VAE3 S3V3
(t/s)* Sample
(a) Water absorption (b) Water absorption rate
B4 G Y W 7K 28 R K R

Fig.4 Water absorption and water absorption rate of samples
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Fig. 6 DSC-TG curves of samples at 28 d
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Fig.7 FTIR spectra of samples at 28 d
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Table 7 Pore size distributions of samples

mL/g
d/nm
Sample
<20 20-50 50-200 =200
Control 0.0338 0.0211 0.006 3 0.0058
VAE3 0.044 3 0.027 5 0.001 3 0.0029
S3V3 0.1585 0.0120 0.000 5 0.001 6
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Fig. 10 EDS spectra of samples I'TZ at different sampling points
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