Journal of the Korean Crystal Growth and Crystal Technology p-ISSN 1225-1429
Vol. 26, No. 1 (2016) 41-48 e-ISSN 2234-5078
http://dx.doi.org/10.6111/JKCGCT.2016.26.1.041

Characteristics of fresh mortar with particle size and replacement ratio of
copper slag

Chang Woo Hong, Jung-Il Lee® and Jeong Ho Ryu™"

Department of Civil Engineering, Korea National University of Transportation, Chungju 27469, Korea
*Department of Materials Science and Engineering, Korea National University of Transportation, Chungju 27469, Korea

(Received January 25, 2016)
(Revised February 1, 2016)
(Accepted February 5, 2016)

Abstract It is estimated that over 2 million tons of non-ferrous wastes are generated after refining. Up to now, most
researches were focused on extracting precious metals and there were very few research on the utilization of the slag
byproduct. In this study, we studied to evaluate whether copper slag could be used as aggregates in concrete. Fresh mortar
were evaluated on the particle size and replacement ratio of the copper slag with river-sand. Experimental results indicated
that flow, air content and drying shrinkage of concrete varied with particle size, which confirmed that proper classification
of copper slag is very important. And, setting time and unit weight of the concrete increased with replacement ratio. When
particle size of the slag was similar to the river-sand, concrete with copper slag showed slump, air content, setting time,
drying shrinkage and unit weight became larger compared to the concrete using river-sand only. Therefore, it is believed
that proper classification and replacement ratio should be optimized for the effective use of slag in concrete.
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Table 2
Chemical compositions of the copper alloy slag

Table 1
Raw material batches and experimental parameters
oSS S e

Classification grading contents %) Test items
type (%)

OPC - 0

CS-A-20 A 20

CS-A-40 A 40

CS-A-60 A 60

CS-B-20 B 20 - Flow

CS-B-40 B 40 - Aiir content

CS-B-60 B 60 50 - Mass of unit volume

CS-B-80 B 30 - Setting time

cs-C20 € 20 - Shrinkage

CS-C-40 C 40

CS-C-60 C 60

CS-C-80 C 80

CS-C-100 C 100

1) CS: Copper slag

2) CS-A-20: CS (Copper slag), A (CS grading type), 20 (CS con-
tent)

3) OPC: Sand 100 %, CS 0 %
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Classification .
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Ca si Pb Cr Sn S etc
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(c) CS-B

(d) CS-C

Fig. 1. Particle morphology of the sand and copper alloy slags.
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Fig. 2. Grading curve of sand and copper alloy slags.
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Fig. 3. Experimental apparatus for the setting-time (left) and shrinkage (right).

Table 3
Raw material design for the cement mortar

CS Unit weight (kg/m’)

e Ww/C

Classification contents o,

% P c w s cs
OPC 0 50 480 240 14238 0
CS-20 20 50 480 240 1139.1 3833
CS-40 40 50 480 240 8543  766.7
CS-60 60 50 480 240 569.5 1150.0
CS-80 80 50 480 240 284.8 15333
CS-100 100 50 480 240 O 1916.7
S 9y 529 285+ 10 rpmeE 3027 3% 3 &
W75 BARE F 907 WAF &, oA T2 285+

10rpmO=2 6037+ EF8IT. °1F- 23+ 1°C, §= 50+
5% Z7A 50 x50 x 50 mme] FH] E= H 40 x
40 x 160 3 B== AYsiHon, oln e Eoy
7 RS HPsidon, Atz zEEH o5

A 30270 ST PP 215 1CIH FEFRE
ERE T

Table 4
Experimental results for the cement mortars
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24 @S RErEe F2¢ 4943 Table 4 3
Fig. 49} 7t} 5AE &2 5211 CS-A 842 5AH

S A X|3hgo] SUFEel et 2971 130 mm
oA 100 mm=Z 743} o™, CS-A X3&°] 60 %]
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AL ZELE 160, 180, 205, 215 ¥ 220 mmE U}
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I . Flow Air content Mass of unit volume Setting time (h : m)
Classification CS grading type CS contents (mm) (%) (ke/m’) Titial Final
OoPC - 0 130 4.8 2,121.5 2:30 3:45
CS-A-20 A 20 120 6.3 2,298.9 3:45 6:00
CS-A-40 A 40 108 7.5 2,359.9 2:30 5:15
CS-A-60 A 60 100 25.0 2,047.3 2:00 10 : 45
CS-B-20 B 20 156 7.0 2,322.8 4:30 8:00
CS-B-40 B 40 147 6.4 2,512.8 3:30 7:00
CS-B-60 B 60 142 6.1 2,687.2 2:45 4:30
CS-B-80 B 80 138 5.7 2,864.4 1:45 4:30
CS-C-20 C 20 160 6.4 22724 2:00 4:00
CS-C-40 C 40 180 73 2,468.9 2:45 5:00
CS-C-60 C 60 205 8.0 2,645.0 3:00 5:45
CS-C-80 C 80 215 8.5 2,842.9 3:15 6:00
CS-C-100 C 100 220 9.2 2,934.3 3:45 7:00
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Fig. 4. Flow of mortar with contents of copper slag.
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