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Corrosion extents of steel bar in copper slag concrete after

exposure to high temperature under chloride attack

CHEN Qi , GONG Wei', MIAO Jijun
(School of Civil Engineering, Qingdao University of Technology, Qingdao 266033, China)

Abstract: In order to investigate the influence of high temperature and copper slag fine aggregate on corrosion

mode of steel bar in concrete, high temperature test was carried out on concrete specimens with different copper

slag replacing ratios, then the artificial accelerated chloride ion corrosion test was conducted on the specimens us-

ing dry-wet cycling immersion method, and the corrosion state of steel bars embedded in concrete was monitored

by measuring the half-cell potential value using electrochemical method, the chloride ion content in concrete and

corrosion rate of steel bar were also measured at last. The results show that the half-cell potential method well re-

flects the actual corrosion situation of steel bar in specimen. High temperature destroys the chloride ion penetra-

tion resistance performance of concrete, thus causing the corrosion degree of steel bar in concrete specimen in-

creases with the increase of heating temperature. In addition, the combined effect of inherent larger expansion de-

formation of copper slag at high temperature and uncoordinated shrinkage between copper slag and cement paste

after cooling furtherly destroys the microstructure of concrete, thus causing the corrosion rate of steel bar increases

with the increase of copper slag replacing ratio. A fitting formula for corrosion depth of steel bar in copper slag con-

crete after exposure to high temperature under chloride attack was established at last.

Keywords: copper slag concrete; high temperature; chloride attack; steel bar corrosion; half-cell potential
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Table1 Mix proportions of copper slag concrete

Mix proportions/(kg-m™)

Water to Replacing
Sample . . .
binder ratio/% ratio/wt% Water Cement Flyash Gravel Sand Copperslag Superplasticizer
NC 0 200 300 200 860 845 0 9.0
20%Cu/NC 40 20 200 300 200 860 676 169 5.0
40%Cu/NC 40 200 300 200 860 507 338 4.0
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Table 2 Chemical composition of copper slag

Chemical composition Content/wt%
SiO, 33-35

Fe,0; 42-50

CaO 3-10

MgO 1-5

ALO, 3-7

Cu 0.5-2

S 0-2

1.2 X%t
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Fig.1 Electric furnace for high temperature test
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Table 3 Test group of copper slag concrete specimens

Name Specimen Copper slag/wt% Heating temperature/ C Corrosion time/day Number
NC-20°C-60d 0 20 60 3
NC NC-100°C-60d 0 100 60 3
NC-200°C-60d 0 200 60 3
NC-300°C-60d 0 300 60 3
20%Cu/NC-20"C-60d 20 20 60 3
20%Cu/NC 20%Cu/NC-100"C-60d 20 100 60 3
ot 20%Cu/NC-200'C-60d 20 200 60 3
20%Cu/NC-300C-60d 20 300 60 3
40%Cu/NC-20°C-60d 40 20 60 3
40%Cu/NC 40%Cu/NC-100°C-60d 40 100 60 3
ot 40%Cu/NC-200°C-60d 40 200 60 3
40%Cu/NC-300°C-60d 40 300 60 3
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Table4 Appearance characteristics of copper slag concrete
specimens after exposure to high temperature
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Fig.4 Copper slag concrete specimens after

exposure to high temperatures
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Table 5 Criteria for judging corrosion state of steel bar

Steel bar corrosion state Half-cell potential/mV

Uncorroded (10% risk of corrosion) >-90
Uncertain (50% risk of corrosion) —-240--90

Corroded (90% risk of corrosion) <-240

Heating Appearance characteristics of
temperature/C specimens

20 Cement-grey, no cracks, dense surface
100 Cement-grey, no cracks, neat edge
200 Mud-grey, no cracks

300 Dark red, micro-cracks
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Fig.5 Half-cell potential variation curves of copper slag concrete

specimens with different copper slag replacing ratios
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Fig. 6 Half-cell potential variation curves of copper slag concrete specimens with different heating temperatures
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Table 6 Corrosion state of steel bar in copper slag concrete specimens after exposure to high temperature

Specimen Copper slag/wt%  Heating temperature/’C  Corrosionrate/% d/mm d,/mm ¢6/mm
NC-20°C-60d 0 20 1.304 13.280 13.193 0.0434
NC-100°C-60d 0 100 1.432 13.300 13.204 0.0478
NC-200°C-60d 0 200 1.569 13.310 13.205 0.0524
NC-300°C-60d 0 300 2.088 13.280 13.141 0.0697
20%Cu/NC-20°C-60d 20 20 1.378 13.230 13.139 0.0457
20%Cu/NC-100°C-60d 20 100 1.576 13.210 13.106 0.0522
20%Cu/NC-200°C-60d 20 200 1.775 13.290 13.172 0.0592
20%Cu/NC-300°C-60d 20 300 2.312 13.380 13.224 0.0778
40%Cu/NC-20°C-60d 40 20 1.439 13.320 13.224 0.0481
40%Cu/NC-100°C-60d 40 100 1.674 13.360 13.248 0.0562
40%Cu/NC-200°C-60d 40 200 1.862 13.330 13.205 0.0623
40%Cu/NC-300°C-60d 40 300 2.505 13.330 13.162 0.0840

Notes: d—Diameter of steel bar before corrosion; d,—Diameter of steel bar after corrosion; 5—Average corrosion depth of steel bar.
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Fig.9 Variation curves of steel bar corrosion rate
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Fig. 10 Measurement of chloride ion content in concrete
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Fig. 11 Free chloride ion content in concrete near steel bar
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