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ABSTRACT

To use ferro copper slag as aggregate in the construction, an evaluation upon the two kinds of ferro copper slag
being produced was conducted to determine the basic physical, and mechanical properties, chemical component and
environmental noxiousness. As a result of experiment, it was found that two kinds of ferro copper slag satisfies the
physical and mechanical properties of aggregate, prescribed in KS F 2526, and that in the result of noxious heavy
metal eruption test by single bach extraction, no eruption of noxious heavy metal was detected or the eruption was
far below the reference value. And mortar test was conducted by replacing sand of 25 50, 75, 100% and the
performance level was presented upon reviewing the fluidity property and variable aspects of unit weight. The
increase of strength in accordance with replacement rate of sand was found to be the below than the equivalent level
compared to the testing specimens that did not use ferro copper slag, but those of 25% replacement rate was above
than 0%.

Thus, two kinds of ferro copper slag, produced in the domestic, were found to be possessing the enough physical
properties to use as concrete aggregate assuming that used with sand and in particular, it was reviewed to be
advantageous in manufacturing concrete or mortar that requires weight.
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Fig. 1 Copper Smelting Process

Table 1 Product amount and consumption of ferro

copper Slags)
(1,000ton)
Year
Usage
1997 | 1998 | 1999 | 2000
Product amount 342 526 652 700

Cement | yo5 | o8y | 303 | 244

materials

Consump-|Sand blasting | 120 113 132 97
tion

Construction - - - 341

etc - 3 152 103

2 ATAE Tl AdED QE 2% LY
g oz EasEg FARAY B8PS AE
7] 9% 1EAY BeE 54 2 ek Bay,
FEe ADY weg2E Adsel 2793y 54
Wele i EAedT 3 ARAITFAeIA FAsk
o= 2azleg ATAY B4 slzdl Be 724 B
94 =4 s, cdae) 354S SEMI XRDE
olgale] Bajsidon, 55 Wah 270 e 2Rl @
sz Baey) 5] Sy YAERd we R
N3h JRRAS QNG €9, REEE Az A2
A2 %5 50, B, 100 % ABHAE A5 #5542
G918 AFF Weh Jeln QEYE, B4 QAR
BYEAS BYsh

si=Eae|Ests| =24 A58 12(2003)



31 22/H §4 Al

3.1.1 A

D Hls 2 EFFE ! KS F 2504 3A9 HF
2 F5E AR ] 2dzyd ©F
7} geeg 23990

2) @984 EFF  KS F 2505( A1 444 %
F =€ MNE)E AEsdd

3) AEYEF 1 KS F BI2(FA 3o gise
HEGo Y Ag)d A SHst¢ch

4) No. 2004 F#%0.08 mmA F#4F) : KS F

se) AN A8sat.
5) 298 3 4AF : KS F 250224 A7E
Aguel we 4 3ed

DHE 2 Fe

AdARge] Adraz vFL 259 AxAd H)s) FCS
£ 374, CCSe 34002 4wk HAwgd v)ste] 4 %,
A1 % A= =4 Jepson, 482 dut ARy 090
o wjsled AN e 052 000 Ueh} a3 A
Fe} eFgAdo] wlg- 48k Ao et

o]F3 A KS F BH(EAZEL ZA)AAN A
sk A HFR250 o4 ¥ F48(30 % olshe
RiEshe ol

2) DL FH

FCSo] D98 AFHE 2400 ke/mt’, CCSS) ©@9142%
e 228 kgm'2 HARHS B 8-=L 1816 ke/md
of ngle] zkzt 32 9% 23 % A% =A Jeldth KS F
M= ZA9] DeEAFTHo] gstk 7o) A E o
A ot JIS A H1-AEZHESL SZel1 ZA)ol
A AT Qe FYEREL 1800 ke/m® oA} FA4
< B5 uEsta gk

3) AEG | F

FCSE 06 %, CCSE 01 %= uf$- skga o ekt
t} o83 A= KS F 56004 1A% 2349 AE
Yolel#F 10 %% Wk Ao2A A #4719l
= Ao BNy

4) No. 2004 &3}

A et PHA A & HYEY 5oz A
® No. 20041 3 Al9A3, FCSE 04 %, CCSE 03
%2 i GA el ZAES AR ST
AKS F 56)9 =4 114 30~50 % olgkg 93}

S0 232 |EE A 8301 257|207

o Qew, mA Al o Qe Aske gl Aow
YRt

5 £¥& 9 448

FCS9l FME 331, CCSe FM2 37hE HaAnd
2620 wlste] i A Uehkon KS F 25264 f
Aoke AEHAE Holdth olg o] F&Edrt AY
= Hlgo] B AL T LA SAon,
L7 FEeF A4S S AdH s W HER
Yot A e Holrt.

Ago] ARE KS F BB(EANES F&d1 2
dMe sedd oldd 54 1A Fig 2% 2
°of A=HE Aslm glom, & AFel AT LA
FEUL 2% EF o] 74 Wl Sl

SHH, FCSo| HAELE 665 %= AR 636 %ol H|
sto] SRR Fou OCSE 60 %= AAZ Al w3}

dAEC] WA YEldt ol 2419 ¥l FCSY
T 999 ghz AxdA, CCS A 4dY 9
A7 §7] WEQ ASR ddrt

a9 4 B4ol 9P SEAATHE Table 2
o} 2t} FEUE ARl H-48% WA 27~ %
5 FRHe} Qo] oF 2 ARl grEe AXekn
oItk B, Th d4E ARoR olsle HeAg 9n
op, o)z dale] YaISE S5 Ao maHn
ek 2 Sol 4%e] ASEZ ALOs, Ca, MgO 5]
HHo} ok FCS ¥ CCSE AR 33 Aol 9l
ou 71BAQ 24 fAksit & 4 o,

KS F

KS F
100 N o505 N N o543 N

@
o

401 -

Passing percentage (%)
(o]
(=)
A

201 -

0.15 0.3 0.6 1.2 2.5 5.0 10.0
Sieve size (mm)

Fig. 2 Reults of sieve test

Table 2. Chemical components of copper slag

Fe |Fes04| Si02 | Cu | CaO [MgO| Al:Q; | Basicity

o

CC5|3813| 417 | 3346|091 {467 | 098 | 474 | 031

FCS |46.391 693 |30.65(0971095|1.04| 410 | 020
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(a) FCS (h) CCS
From the top Water cooling(1007C/sec),
Air cooling(0.25C/sec), Furnace cooling(0.05 C/sec)
(F : Fayalite, M : Magnetite, C : CaO-Al,O;)
Fig. 3 SEM analysis of ferro copper slag

Intensity

Intensity

() CCS
(F : Fayalite, M : Magnetite, C : CaO-Al,03)
Fig. 4 X-ray diffraction of ferro copper slag

BE £EHE REAY = wet 2AHHET §24

H(Leaching Test)e AHAFAME Fo HHA U&7
FEdo] SRR A APFAEZEH HEHA A
3 58 2d9ATIE AS vl wAE] Ag shte
ARy AR T v s WES

|

=232 | EstE| =2F X153 15(2003)



o 1 o o T rlf
s
ols
FIF
o

3.3.1 A&

SEA P2 Fig. 5ol Uehd upe} o] AUsHA Al
3 T 100 g vMF AES AANZ TR
0IN HCl &< 715le] pH 58~6322 ZA) 1000 ml
E 2000 me AZFEERAA 93 AL, AQblA wEd
g4 oF 2008(FIE 4~5 cmE 6AI7F 94 HEst
e, 10 me] Felidh qdix2 qids FE3d &

NS Ansgr.

—_

’ Ferro copper slag specimen
i

Distilled water - solvent of HCl
(range of pH 5.8~6.3, 1000mé)

l

L Continuous mixed of 6 hours ‘
l
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‘ Analysis of heavy metal ]

Fig. 5 Test method for elution of ferro copper slag

Table 3 Test result of elution for ferro copper slag

Control , Limit | Ferro copper slag

material Unit (under) | (CS FCS
Pb mg/ £ 3.0 0.08 0.09
Cu mg/ £ 3.0 0.40 0.68
As mg/ £ 15 ND ND
He mg/ £ 0.005 ND ND
Cd mg/ 4 0.3 0.01 ND
Cr mg/ £ 15 ND ND
CN mg/ 4 1.0 ND ND
P mg/ 4 1.0 ND ND

# ND : Not Detect
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Table 4 Variation of pH for ferro copper slag with time

Time| | | 9 | 31 5 |10[15[2]|5]3
(day)
oH | 694691 |692]698]694|701]698]697|704

Table 5 Physical properties of fine aggregate

Fine |Specific|Absorption | Fineness Umt Vo@d
aggregate | gravity (%) modulus we1g113t rato
(kg/m) | (%)
Seasand| 959 | gy | 262 | 1796 | 305
(inchon)
FCS 3.74 052 331 2,140 | 42.7
CCS 3.40 0.20 3.75 2049 | 396
Table 6 Mixing design of mortar
Slag/ Unit weight(kg/m®)
(sand+ | W/C
T Ferro
YPC| slag) | (Wt%) | Cement | Sand copper | Water
(vol%) slag
0 576 1,420 0 259
25 576 1,065 513 259
FCS 50 45 576 709 1,025 259
i) 576 355 1,538 259
100 576 0 2,050 259
0 576 1,420 0 259
25 576 1,065 466 259
CCS 50 45 576 709 932 259
6 576 355 1,398 259
100 576 0 1,864 259

Table 7 Test set up & appearance of specimens

Test item Referenced | Testing size Note
document & shape
Flow |KSLS5l1| ©2%4mm | [oW table
method

Unit Weight | KS F 2409 | 50 X 50 X 50mm -
Compressive | o 1 5105| 50 %50 50mm -

strength

Tensile 76.2mm Direct tensile

strength KS L 5104 Bracket type method

Flexural o b 9395 | 40x40x 160mm | > PO

strength span . 140mm
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Fig. 6 Flow on replacement of ferro copper slag
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