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Accelerated Evaluation of Organic Steel Corrosion Inhibitor in Simulated Pore Solution of
Concrete and Its Equivalence Analysis
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(1. State Key Laboratory of High Performance Civil Engineering Materials, Jiangsu Research Institute of Building
Science Co. Ltd, Nanjing 210008, China; 2. Jiangsu Sobute New Materials Co. Ltd., Nanjing 211103, China)

Abstract: In view of the large deviation of the effect of organic steel corrosion inhibitor in simulated pore solution and concrete, a
dry-wet cycles test apparatus for accelerated evaluation of organic steel corrosion inhibitor was developed based on the concrete
simulated pore solution and the controllable temperature and humidity. Four test systems were used to examine acceleration effects
and test deviations of steel corrosion. The deviation of the test results of the organic steel corrosion inhibitors is significantly
minimized via accurately controlling the test environment parameters and optimizing the acceleration systems. The results of the steel
bars in the simulated pore solution and the concrete have a stronger correlation. Also, organic steel corrosion inhibitor, such as
imidazoline, carboxylic acid amine and amino alcohol, effectively inhibits the rapid corrosion of steel bars under the condition of
dry-wet cycles in chloride salt environment.
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Fig. 1 Aaccelerated evaluation test apparatus for organic steel corrosion inhibitor
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Table 1 Mix proportion used in wet-dry cycles test of concrete

kg/m’

N Cement Slag Flyash Sand  Coarse aggregate (S-16 mm)  Coarse aggregate (16-25mm)  Water  Inhibitor Types of inhibitor
0.

1 230 60 60 815 363 674 175.0

2 230 60 60 815 363 674 173.6 1.4 Imidazoline

3 230 60 60 815 363 674 173.6 1.4 Carboxylic acid amine
4 230 60 60 815 363 674 173.6 1.4 Amino alcohol
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Table 2 Combination of test chamber environment and dry-wet cycles system

System number Cycle system

Temperature/humidity in the test chamber

A Soaking for 30 min, drying for 60 min
B Soaking for 30 min, drying for 60 min
C Soaking for 30 min, drying for 60 min
D Soaking for 10 min, drying for 10 min

20 C, 55%85%
(25+1) °C, (75£5)%
(25£1) C, (45£5)%
(25+1) °C, (75£5)%
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(a) System A

(b) System B

(c) System C

(d) System D

B2 AFEPERHIEAERTT Q235 Hov R MAB ML

Fig. 2 Macro-corrosion morphology of Q235 coupons under different circulation systems
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Table 3 Corrosion area and coefficient of variation of coupons

. . . . Coefficient
System number Parallel specimen Total corroilon Totallcorrosmn area Average corros1on. area ratio Stancllar.d of
area/mm’ ratio/% of parallel specimens/% deviation Variation
A 1 246 9.85 20.30 14.21 0.70
2 912 36.48
3 364 14.58
B 1 1389 55.56 59.48 5.14 0.09
2 1439 57.57
3 1632 65.30
C 1 71 2.83 4.55 2.89 0.64
2 73 2.93
3 197 7.89
D 1 33 1.32 0.57 0.65 1.15
2 5 0.19
3 5 0.20

(a) 0.4% imidazoline

(b) 0.4% carboxylic acid amine

(¢) 0.4% amino alcohol

B3 I B R BRI BB Q235 £ )11 12 W e 3

Fig. 3 Macro-corrosion morphology of Q235 coupons in simulated liquid containing inhibitor under system B
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Table 4 Corrosion area of Q235 in simulated pore solution
containing inhibitor under system B

Inhibitor Total corrosion area/mm’  Total corrosion area ratio/%

Imidazoline 24 0.94
46 1.85

54 2.17

Carboxylic acid 1 0.04
amine 13 0.51
28 1.10

Amino alcohol 9 0.38
127 5.08

11 0.44
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Fig. 4 Macro-corrosion morphology of HPB235 in chlorine
salt dry-wet cycling environment of concrete
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Table 5 Corrosion area of HPB23S5 in chlorine salt dry-wet
cycling environment of concrete

Average
Sample Parallel ~ Total corrosion Total corrosion  corrosion area
P specimen  area/mm’ area ratio/%  ratio of parallel
specimens/%
Reference 1 1273.73 56.34 57.23
2 1313.98 58.12
Imidazoline 1 26.68 1.18 1.21
2 28.02 1.24
Carboxylic 1 4.75 0.21 0.22
acid 2 520 0.23
amine
Amino 1 77.77 3.44 3.48
alcohol 2 7958 3.52
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Fig. 5 Corrosion mechanism of reinforced concrete under chlorine salt dry-wet cycling environment
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Fig. 6 Microstructure of reinforced concrete cross section under chlorine dry-wet cycling environment
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