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Abstract Each year, more than seven hundred thousand tons of copper slag are generated in Korea as a byproduct during
the production of copper. Due to the large amount of copper slag produced, there has been increased interest in the use of
copper slag as a construction material. To evaluate the potential of copper slag as a construction material, laboratory
evaluations were conducted in this study, and three particle shapes and replacement rates of river sand were selected as
experimental variables. Strength, air-void characteristics, and sulfuric acid resistance were the three properties evaluated to
assess whether copper slag can be used as a construction material. Test results indicate that the gradation of copper slag
has an effect on strength, and the maximum strength was achieved when 60 % of river sand was replaced with copper
slag. In addition, when compared with ordinary Portland cement mortar, replacing river sand with copper slag reduced air
void size and increased sulfuric acid resistance.
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Table 1

The composition of the CS-A, CS-B and CS-C samples and experimental design
Classification CS grading type CS contents (%) W/C (%) Test items
OPC - 0
CS-A-20 A 20 - Flow
CS-A-40 A 40 - Aiir content
CS-A-60 A 60 - Compressive strength
CS-B-20 B 20 - Flexural strength
CS-B-40 B 40 - lé(l)lre s_izel distp'bution
CS-B-60 B 60 50 j Floevrvnlca resistance
CS-B-80 B 80 - Aiir content
CS-C-20 C 20 - Compressive strength
CS-C-40 C 40 - Flexural strength
CS-C-60 C 60 - Pore size distribution
CS-C-80 C 80 - Chemical resistance
CS-C-100 C 100

1) CS: Copper slag.

2) CS-A-20: CS (Copper slag), A (CS grading type), 20 (CS content).

3) OPC: Sand 100 %, CS 0 %.

Table 2

Chemical properties of non-ferrous metal refining slag

o Specific Chemical properties (%)
Classification . -
gravity Cu Fe Zn Ca Si Pb Cr Sn S etc
Copper slag 3.5 36.39 28.28 10.26 8.57 442 3.49 2.68 1.78 1.48 2.65




Strength and sulfuric acid resistance properties of cement mortar containing copper slag 103

165 £100
14-§ fo0
125 80

H %—70 =

ol 2%

g =
o r el
o r

£20

2 bo

05 1 : e i b | | ! Lo

0.010 0.100 1.000 10.00 100.0 1000 3000
Diameter(um)

105 <100
o j»
280
g e
g 5§ £50
4 o
| I
ﬁ £20
i Lo
of —Lo
0010 0.100 1000 3000
16p
6
4%
o3 == ; , . .
0010 0.100 1.000 10.00 100.0 1000 3000
16 £100
142 I
m% o0 g
® g is0
& 1 ]
62
o
£ =20
24 Ho
05 ! | I5t0
0010 0.100 1.000 1000 3000

Fig. 1. Particle size of (a) sand, (b) CS-A, (¢) CS-B and (d)
CS-C. The X axis is distribution ratio and Y axis is diameter
(pm).
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Table 3

Mix design of copper slag modified cement mortar
Classification CS contents wic Unit weight (kg/m’

(%) (%) C W S CS

OPC 0 50 480 240 1423.8 0
CS-20 20 50 480 240 1139.1 383.3
CS-40 40 50 480 240 854.3 766.7
CS-60 60 50 480 240 569.5 1150.0
CS-80 80 50 480 240 284.8 1533.3
CS-100 100 50 480 240 0 1916.7
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Table 4
Experiment result on the flow, air content, compressive strength and flexural strength
o Flow Air content Compressive strength (MPa) Flexural strength (MPa)
Classification o
(mm) (o) 7 day 28 day 7 day 28 day
OPC 130 4.8 273 429 5.5 10.8
CS-A-20 120 6.3 17.5 499 3.7 12.7
CS-A-40 108 7.5 7.1 39.9 2.5 10.3
CS-A-60 100 25.0 3.7 11.0 13 1.9
CS-B-20 156 7.0 225 56.3 3.8 14.1
CS-B-40 147 6.4 20.6 53.7 3.6 13.9
CS-B-60 142 6.1 19.6 52.5 3.5 14.0
CS-B-80 138 5.7 5.9 374 1.4 8.8
CS-C-20 160 6.4 30.7 55.9 5.9 13.8
CS-C-40 180 7.3 313 56.7 6.1 14.2
CS-C-60 205 8.0 36.5 57.5 6.7 14.7
CS-C-80 215 8.5 26.3 475 4.8 11.1
CS-C-100 220 9.2 249 354 3.8 8.5
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Fig. 2. Compressive strength of mortar with variation replacement ratio of copper slag for the (a) CS-A, (b) CS-B and (c) CS-C
samples.
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Fig. 3. Flexural strength of mortar with variation replacement ratio of copper slag for the (a) CS-A, (b) CS-B and (¢) CS-C samples.
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The porosity and weight change of the OPC, CS-A, CS-B and CS-C samples in sulfuric acid

o Porosity Weight change ratio in 5 % sulfuric acid (%)

Classification o

(%) 7 day 14 day 21 day 28 day
OPC 14.36 -1.70 -10.57 -16.78 —-20.43
CS-A-20 9.89 -1.73 —5.82 -10.61 -16.10
CS-A-40 14.21 +0.72 -2.89 -6.83 -10.11
CS-A-60 20.94 +0.21 -2.15 -5.91 -8.29
CS-B-20 12.04 -0.25 —9.82 -16.03 —-20.09
CS-B-40 8.60 -0.32 —7.48 —-14.04 -18.09
CS-B-60 7.93 -0.71 —6.60 -12.78 —-16.50
CS-B-80 9.70 -1.03 -5.17 -6.84 -8.12
CS-C-20 14.01 —4.50 -7.20 -15.50 —-20.58
CS-C-40 10.63 —-4.97 -1.27 -13.15 -17.61
CS-C-60 8.41 —-4.39 —6.80 -12.61 -16.29
CS-C-80 11.54 -0.54 -1.18 -3.75 —4.75
CS-C-100 15.41 -0.69 -1.20 -3.48 —4.46
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