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Investigation of Carbonation Resistance and Mechanism of SAP Internal

Curing Concrete in Humid and Hot Environment
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Abstract: In order to solve the severe carbonization problem in hot and humid regions, the hot and humid environment
were simulated in laboratory, the carbonization test was conducted and the effects of particle size and use level of super
absorbent polymer(SAP) on the carbonation resistance of concrete were investigated. By using scanning electron
microscope(SEM), concrete microscopic morphology before and after carbonation test were identified, and based
on mercury intrusion meter(MIP), the pore structures of the concrete at different layers were determined. The results
show that the incorporation of SAP can effectively improve the concrete carbonation resistance, and the carbonation
resistance improved significantly with the increase of carbonization age. Although the incorporation of SAP increases
the porosity of concrete, it refines the pore structure between each layer and reduces pore connectivity. Furthermore,
after SAP releases water, a higher density region is formed outside the pores, and SAP promotes hydration to fill these
pores, it also reduces the amount and size of crack, thereby SAP internal curing concrete can inhibit the diffusion of
CO, and promote the carbonization resistance of concrete.
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Table 1 Main technical indicator and measured water absorption ratio of SAP

Density/ pH value/(1% Saturated Absorptance Water absorption ratio/(g-g ")
Appearance (k ) ,yg) moisture absorption time (deionized
g m o S I
dispersion) (deionized water)/s water)/(g+g ') 83-125um  125-149 pm  149-250 um  250-500 pm
White powder 750 5.5-6.8 <28 450—550 42.66 59.72 48.13 33.53

K U8 3 1 TS P11 52.5 kMR $h K U , H =
HORAE bR WL 3% 25 RLAR B A0 IR 0 A, e KA PRk
%19 mm, A 4.75~9.5 mm Fl 9.5~19 mm Fi#Y
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Table 2 Main technical indicator of cement

Density/ Fineness/ Stability/ w(SO,)/ w(MgO)/  IL(by
(kg'm %) (m®-kg ") mm % % mass)/ %

3100 328 1.5 1.66 0.66 2.64
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Table 3 Mix proportion of internal curing concrete

Mix proportion/(kg+m ™)

Specimen No. Exl'ra water-binder ~ Particle size/  w(SAP)/
ratio(by mass)/ % pm %
Cement Aggregate Sand Water Superplasticizer
Al 0 0 479. 00 1100. 00 733.00 158. 00 2.63
S03 5.94 250-500 0.180 479.00 1 100. 00 733.00 158. 00 2.63
S06 5.94 149-250 0.120 479.00 1 100. 00 733.00 158. 00 2.63
S10-1 4.48 125-149 0.075 479.00 1 100. 00 733.00 158. 00 2.63
S10-2 5.94 125-149 0.100 479.00 1 100. 00 733.00 158. 00 2.63
S10-3 7.46 125-149 0.125 479.00 1 100. 00 733.00 158. 00 2.63
S12 5.94 83-125 0.140 479.00 1 100. 00 733.00 158. 00 2.63
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Fig. 1 Location of stratified sampling(size: mm)
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Fig. 2 Effect of particle size on carbonation resistance

of concrete
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Fig.3 Carbonation speed of concrete
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Fig.4 Effect of SAP on carbonation resistance

of concretes
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(c) Before carbonation of S10-2 (28 d)
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(b) After carbonation of ZJ (28 d)

(d) After carbonation of S10-2 (28 d)
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Fig.5 Micro morphology of concrete before and after carbonation
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(a) Before carbonation of ZJ (28 d)

(c) Before carbonation of S10-2 (28 d)
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Fig. 6 Crack characteristic micro morphology of concrete before and after carbonation
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Table 4 Pore size distribution of concrete at different layers

Porosity

Pore size distribution / %

Specimen No. Layer Mean pore size / nm b | Ny
(by volume)/ % <10nm  10-100nm  100-1000 nm =1 000 nm
Upper 44.7 14.18 14. 06 75.22 8. 47 2.25
YAl Middle 47.4 9.69 12.97 69. 06 13. 20 4.77
Lower 28.8 8.58 9.73 72.59 11.87 5.81
Upper 42.3 15. 60 22.73 63. 30 12.68 1.29
S10-2 Middle 38.1 13.27 21.48 60. 65 15.23 2.64
Lower 34.6 12.37 19. 83 59. 96 16. 49 3.72
0.30 0.025
= m 7] (upper layer) = m Z] (upper layer)
® 05| ® 7J (middle layer) o0 ® 7] (middle layer)
E ’ A 7] (lower layer) g 0.020 - A 7] (lower layer)
= v S10-2 (upper layer) = v S10-2 (upper layer)
£ 020¢  S10-2 (middle layer) 2 #510-2 (middle layer
_2 <« S10-2 (lower layer) % 0.015 - 4 S10-2 (lower layer)
5 0.15¢ 5
2 2 0010
2 010 =
= 5
2 0.05 5 0.005
= 5
@] =
0 L . AT .. @ -
10° 10! 10° 10° 10° 10° 10! 10? 10° 10

Pore diameter/nm
(a) Cumulative pore volume

Pore diameter/nm
(b) Incremental pore volume
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Fig.7 Cumulative and incremental pore volume curves of concretes at different layers
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