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Study of concrete durability in coupled sulfate and chromate environment
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(1. School of Transportation, Changsha University of Science & Technology, Changsha 410114, China;
2. Zhongda Intelligent Technology Co., Ltd., Changsha 410006, China)

Abstract: [Purposes] This study investigated the deterioration mechanisms of concrete’ s
mechanical properties and microstructures under coupled sulfate and chromate erosion. The
research establishes theoretical foundations for durability design and protection of concrete
structures in harsh service environments. [Methods] In practical engineering environments,
coupled erosion solutions were prepared with varying sulfate ion, trivalent chromium, and

hexavalent chromium concentrations. Wet-dry cycles were applied to simulate erosion processes.
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The corrosion resistance coefficient of compressive strength and the chloride ion migration
coefficient of concrete were investigated. Microstructural morphology was observed using a
scanning electron microscope (SEM). Corrosion products were analyzed through X-ray diffraction
(XRD). [Results] Compared to the standard curing condition, the compressive strength of
concrete decreases by 4.2%—15.1% and the chloride ion migration coefficient increases by
69.2%—-384.6% after 90 dry and wet cycles under coupled sulfate and chromium erosion. The
analysis shows that the magnitude of change in compressive strength of concrete and chloride ion
migration coefficient due to sulfate erosion is greater, while the magnitude of change in
compressive strength of concrete and chloride ion migration coefficient due to chromium erosion is
less. During the initial sulfate erosion phase, ettringite and gypsum are formed to fill concrete
pores. In the later sulfate erosion phase, Ca(OH), is consumed and calcium silicate hydrate gel is
degraded while ettringite is decomposed into gypsum. Sulfate and chromate penetration depths and
content of corrosion products exhibit significant growth with increasing dry-wet cycles.
[ Conclusions] In the coupled sulfate and chromate erosion environment, it is mainly sulfate that
dominates concrete deterioration through the calcite and gypsum expansion reaction, while
chromium does not affect the morphology of the reaction products of sulfates, and their impact on
performance can be disregarded. Moreover, no significant mutual promotion or inhibition is found
when the two coexist. Dry-wet cycles accelerate ion migration and pore structure destruction, thus
further weakening the durability of concrete. Therefore, for concrete projects in coupled sulfate and
chromate erosion environments, the prevention and control measures of sulfate erosion in dry and
wet alternating zones should be implemented to prolong the service life of concrete.
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deterioration mechanism
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Table 1 Main technical properties of cement

Kzt 5 L2 brifiE S
L 2R T A m*/kg 300~400 321
3 AR MPa >17.0 28.9
28 d PR MPa >425 49.3

R2 HPk) 2R
Table 2 Main physical and chemical properties of fly ash %

i 5t F T (i SEAE
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SO, 1 5T it 4341 <3.0 1.5
CaO YT £ <1.0 0.7
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Table3 Main physical and chemical properties of slag powder
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Table 4 Concrete proportion kg/m’
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Table 5 lons’ mass fraction/mass concentration setting

SO2 ™ T 4K % TR/ (mge1.7)
cr*t Crf*
2 596 51.6
5 2980 258.0
8 5960 516.0

T 6 ABA IR BLH

Table 6 Coupling solution formulation

AR | o Wi s [ gl
Cr’* Cr*

Al 2 596 51.6
A2 2 2 980 516.0
A3 2 5960 258.0
A4 5 596 516.0
A5 5 2 980 258.0
A6 5 5960 51.6
A7 8 596 258.0
A8 8 2980 51.6
A9 8 5960 516.0
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Fig. 1 Compressive strength of concrete
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Fig. 2 Visual analysis for corrosion resistance coefficient of

concrete compressive strength
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Table 7 Analysis of variance for corrosion resistance

coefficient of concrete compressive strength

#5107 PO BE I i 2R K Oy 22

GSES S0%” Cr** Cr®
60 d 2.48 0.08 0.10
90 d 8.49 0.37 0.21
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Table 8 Parameter values for calculation of chloride ion

migration coefficient

IRAEA S | WBd U/Iv T/I°C L/mm Xd/mm t/h
B 60 60 22 50.1 23.9 96
br7w

90 60 21 50.0 224 96
60 60 21 49.9 22.4 96

Al
90 60 20 49.8 19.2 48
60 60 22 49.8 22.4 96

A2
90 60 22 49.7 21.6 48
60 60 23 50.0 14.8 48

A3
90 60 22 50.0 21.5 48
60 60 21 50.0 14.9 48

A4
90 50 22 50.3 13.9 24
60 60 24 50.2 18.8 48

AS
90 40 24 50.2 13.2 24
60 60 22 50.1 20.7 48

A6
90 40 22 50.2 13.0 24
60 60 22 50.2 23.1 48

A7
90 35 23 50.1 14.7 24
60 60 22 49.9 12.8 24

A8
90 30 23 49.9 13.6 24
60 60 23 50.1 14.4 24

A9
90 30 22 50.0 13.8 24
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Fig.3 Chloride ion migration coefficient
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Fig. 4 Visual analysis for chloride ion migration coefficient
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Table 9 Analysis of variance for chloride ion migration

coefficient
1 19 A TR R 2
ES S0%- Cr** Cr*
60d 0.41 0.03 0.000 2
90d 2.45 0.07 0.0200
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Fig.5 SEM of concrete under standard curing
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Fig. 6 SEM of concrete after 60 days of coupled erosion
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Fig.7 SEM of concrete after 90 days of coupled erosion
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Fig. 8 Results of XRD tests
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