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Preparation of Modified Polyacrylate Emulsion and Durability Evaluation of Polymer
Cement-Based Coating
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Abstract: Hydrophobic modification of cement-based coating is beneficial to improving its protective effect, but it leads to poor
dispersion of coating, weakening of physical properties and durability of coating. In this paper, a highly stable/hydrophobic modified
polyacrylate emulsion was prepared by using hydroxy-containing polydimethylsiloxane (PDMS) as a second oil phase, and a high
durability polymer cement-based protective coating was further constructed. The modified emulsions with good stability and
hydrophobicity can be obtained by matching the molecular weight and dosage of PDMS and emulsifying the shear rate. Little
stratification occurs after 30 d, the contact angle of latex film is increased by 24.9%, and the water absorption is decreased by 28.94%.
The prepared polymer cement-based coating has superior mechanical properties, hydrophobicity, UV aging resistance, seawater and
alkali immersion resistance, and the chloride ion permeability coefficient is only 0.193x107° mm?%s. In addition, the modification
mechanism of emulsion and the durability enhancement mechanism of coating were also analyzed.
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Table 1 Basic ratio of polymer cement concrete and emulsion type m/g
Sample No. Emulsion type Emulsion CSA cement SiO, SHMP REP Water
PCC PA 100 50 4 1 0.5 1
PSCC P-PA 100 50 4 1 0.5 1
PCC-Mix PA+PDMS 100 50 4 1 0.5 1
PCC1 JP-2 100 50 4 1 0.5 1
PCC2 JS-1 100 50 4 1 0.5 1
PCC3 KI11 100 50 4 1 0.5 1

PCC is polymer cement concrete, CSA is snlphate alnminate, REP is redispersible polymet powder, PA is polyacrylate, PDMS is polydimethyl siloxane, SHMP

is sodinm henamephophate.
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Table 2 Basic properties of the coating under different modification methods are tensile strength and elongation at break,

water absorption, water permeability, and polarization curve

Speed/(r'min”") 3000 5000

7 000 10 000

Stability at rest Can't be completely dispersed

three days of standing

Stability by centrifugation

2200

J(rmin”")

Stability of Ca>"

Zeta potential -32.15 -37.08

Stratification occurs after

After standing for a month, no stratification, no crust, no hard

lump and no flocculation

2500 3 000

Stratification, precipitation, and flocculation did not occur after 48 h

—40.29 —43.77
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Fig. 1 Latex film with different molecular mass, emulsification amount and emulsification shear rate
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Fig. 2 Basic properties of the coating under different modification methods
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Table 3 Related data of polarization curves of different coatings

Sample No. Ecor/V icor/(LA-cm™2) Pa/(mV-dec™) B/(mV-dec™) 7%
Bare -0.67 5.007 234 177

PCC -0.58 1.987 109 161 60.3
PSCC -0.37 0.034 187 114 99.3
PCC-Mix —0.61 2.121 241 174 55.2

Ecorr 1S corrosion potential, i is corrosion current density /3 is Tafel slope, 7 is preservative efficiency.
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Fig. 3 Performance of different coatings under different erosion tests

x4 TRIABHEBETFEERY

Table 4 Chloride ion permeability coefficient of different coatings

Chloride ion permeability coefficient x10°/

Type  Osmotic voltage/V  Osmotic current/mA  Penetration time/h ~ Mean penetration depth/(mm) (mm?s )
PCC 35 43.86 24 6.01 2.199 1
PSCC 60 14.87 48 1.70 0.193 0
PCC-1 40 38.81 24 1.49 0.3012
PCC-2 20 58.59 24 13.73 9.092 8

PCC-3 20 59.29 24 20.04 12.616 3
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4 AFEEREZE UV 25 SEM
Fig. 4 SEM images of different coatings before and after UV aging

P-PA [ FTIR i&4n& 5¢ Ff .. 5 PA #1 PDMS  ZEMTERIEERT. B FRG R AT 51, P-PA feisfas
AL, P-PA FLICHE b & B e RG4S MU EUE KR, B LG 2 A B e KR Ak
A4k, 3 P-PA 1 PDMS 1 PA 2 [a] &0 1 34, I LI R A KR IR Z

K5 (@ ARABDIER FA R Z S5 (b)/A[F PDMS &t & R AR5 0; (c)PA Uik PDMS 5 P-PA 4L
S
Fig. 5 (a) Particle size distribution of emulsion under different emulsification shear rates; (b) Particle size distribution of emulsion
with different PDMS modified dosage; (c) Infrared spectra of PA emulsion, PDMS and P-PA
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Table 5 Particle size distribution at different emulsification
shear rates

Diameter/um

Distribution

3000 r/min 5000 r/min 7 000 r/min 10 000 r/min

Dio 1.203 0.920 0.723 0.626
Dso 5.021 3.625 3.309 3.119
Do 24.27 12.72 10.33 8.949
Dayv 9.198 5.528 4.724 4.065

#* 6 7[E PDMS 28 THIREZE DT
Table 6 Particle size distribution under different PDMS
dosage
Distribution Diameter/m
2% 4% 6% 8% 10%
Dio 0.168  0.327 0.409 0.526 0.642 0.723
Dso 0371  3.327 3371 3.190 3.264 3.309
Doy 0.621 9.534 10.07  9.191  9.861 10.33
Day 0.390 4.094 4462 4.157 4.586 4.724
#*17 7[E PDMS 5 FE TR EZEDTH
Table 7 Particle size distribution under different
molecular mass of PDMS
Distribution Diametet/utn
Control group 600 25000 38 000 50 000
Dio 0.168 0.348 0.545 0.526 0.627
Dso 0.371 1.397 2.901 3.190 3.683
Doy 0.621 5.115 8.165 9.191 13.625
Day 0.390 2.197 3.750 4.157 5.879

BUMEFLIR AL R B 1 BE RO AL 112

WK 7a~E 7o BT L, 48 P-PA FLIRAENS 2
Z143% PDMS 1E/K e A 1) 0 B8R, BRiE G 1
PDMS i HLVR N I BRI &5 M SR (R 7¢ AT,
PCC-Mix Pt 1 %6 FE JL T8 200 pm FY K
b, RAEEEES LG, @i EDS 43 M N4 PDMS),
N Si-CH; 5I NI T T i Z B AR K e o o3
AR EVERE I AALH AT E e [ 8 R G,
il % 1f) PDMS it PA FLIRTERR T 21 O/W
W, BT IR SRR E R E M, BT RAAA
i BUPE K VB 2K AR R K YR J0RL H B A6 7KV IR 7K AL,
P FLIBOT G R AL R T e LIRS, BB /KR oK
k=%, & DBTDL [MfiEfL/ER T, PDMS 5HKiE
BI85 ™ TEOS A= R RERE R A N, 57K /K
WP R R R Si—0 B2, s, KEm
Si-CH; & SEAE/KIe KA =Pk, Eafakt, 7EK
PEFERE I R K 2% 540 T E 43245\ PDMS
7£ PCC 1l 538 PDMS Bk 73 B A S, KA
BN RIS, WHRZ K U R R %
[, PDMS Bk 5 2 2 [0 A7 E B R 1 TR B, X2
P FE A 25 5 R S A, e B B s
AWK AR PR, T AT TR

3.2

K6 PDMS St PA FLR TN IE R =
Fig. 6 Mechanism diagram of PA emulsion modified by PDMS
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K7 PCC, PSCC il PCC-Mix ) SEM i
Fig. 7 SEM images of PCC, PSCC and PCC-Mix

zi bRk, &3k PDMS K5I, M HE T
57K PR KA =W 2 T —OH K AE 4525 [ B 42 5 7
IKVe KA F= R TH, TERREERS IR B . BT REAR R
R AR R A AR, T T /KRR E K
PE, KORBEAR T /K EhAL S RE /. (61542 Th 28 74
LLUE K Sh A& i i BRI Z A, xR
JZ BT P ORI o RIS ReE AR R IS S 43 A
TEKRIEIRE N, BREROANEMN S, i

B8 P-PA FL et

VR RRENE, T 7KV IR R BRI
(GiE Y

%= 8 PCC-Mix 1 PSCC B EDS
Table 8 EDS of PSCC and PCC-MIX  X/%

Sample No. C (0] Si S Ca Gross
PSCC 42.72 22.78 33.70 0.45 0.34 100.00
PCC-Mix 48.14 18.19 31.85 1.27 0.55 100.00

X is mole fraction.
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Fig. 8 Mechanism of P-PA emulsion modified polymer cement-based coating
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