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Effect of Ferro—nickel Slag on Contamination of Soil and Water
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ABSTRACT

The purpose of the study is to evaluate engineering properties of Ferro Nickel Slag (FNS) and to investigate the effects
of FNS on potential contamination of surrounding soil and water through small and large chamber tests. Soil conditions
in the chamber tests were made as closely as possibile to the field conditions. In order to simulate different types of water,
we used fresh water, acidic water and seawater. Sand soils were made with relative densities of 40% and 60%, and clay
with the degree of compaction of 90%. After flushing water through the FNS in the chambers was completed, the PH
test was performed for the water flowing out of the chambers and the soil samples were collected for soil pollution analysis.
Based on the results of the chamber tests, although the pollution level was slightly higher in the silt than in the sand,
the environmental effect that FNS causes the surrounding soil was found to be very minimal. This indicates that FNS can
be used as construction material in place of natural aggregates.
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Table 1. Chemical components of FNS (Lee, 2013)
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Manufactruring method Measured value (€1 MgO S FeO Fe Si0,

Rotary Kin _ Average . 518 278 0.06 7.57 0.65 556
watergranulated slag Minimum ~ Maximum | 5.92~4 47 28.9~26.4 0.09~0.04 9.27~5.86 0.86~0.46 0.21~0.14

Standard deviation 0.37 0.67 0.04 0.86 01 0.02

Oxidizing PS ball Average 0.81 33.8 0.05 7.01 0.18 53.8
Minimum ~ Maximum | 1.18~0.52 34,9~32 4 0.07~0,04 7.83~574 0.23~0.14 52 8~52.6

Oxidizing cooled slag | Standard deviation 0.16 0.58 0.01 0.45 0.02 0.68

Oxidizing Average 0.28 332 0.03 10.4 0,19 51.3
watergranulated slag Minimum ~ Maximum | 0.46~0,13 34.3~325 0.04~0.02 11.9~87 0.29~0.09 50.3~0.09

Standard deviation 0.08 0.44 0.004 0.82 0.04 0.86
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Table 2. Engineering characteristics of FNS (Lee, 2013)

Manufactruring method Measured value Specific gravity (g/cm®) Absorption rate (%)
) Average 3.11 0.35
Rotary ki Minimum ~ Maximum 313~3.10 0.39~0.29
watergranulated slag —
Standard deviation 0.01 0.03
Average 2.88 0.83
Oxidizing PS ball Minimum ~ Maximum 2.91~2 84 1.19~0.76
Standard deviation 0.02 0.08
Average 2.95 1.67
Oxidizing cooled slag Minimum ~ Maximum 3.01~2 91 1.87~1.02
Standard deviation 0.06 0.32
Average 2.96 0.82
Oxidizing watergranulated slag Minimum ~ Maximum 2.99~2 92 1.02~0.65
Standard deviation 0.02 0.09

Table 3. Experiment standards of KS F

Classification KOREA INDUSTRIAL STANDARD
Sieve analysis KS F 2302
Specific gravity test KS F 2309
Properties of test Atterberg limit test KS F 2303, KS F 2304
Compaction test KS F 2312
Testing method for relative density of cohesionless soils KS F 2345
Mechanical properties of Large direct shear test KS F 2343
experiment Small direct shear test KS F 2343
Table 4. Comparison of engineering characteristics of FNS, sand and silt
Classification Unit Experimental results KS F
FNS Sand Silt
Specific gravity — 2.96 2.66 2.44 KS F 2309
# 4 % 69.59 99,58 9957 KS F 2302
# 200 % 0.02 124 50,70 KS F 2302
USCS classification - SP SW ML KS F 2302
- B LL(%) : 402
Atterberg limit NP N.P PL(%) : NP KS F 2303, 2304
Vimax g/em? 1852 1.710 - _
Vamin glem? 1547 1.307 - -
Compaction test glem? 1.893 1782 1,633 KS F 2312
ldmaz
oMC % 552 11.50 19.10 KS F 2312
¢ ° Small : 38,66 . .
(Dr 60%) Large : 36,69 Small : 3594 Small : 2881 KS F 2343
c kPa Ea”:gi : ‘é%% Small : 29,7 Small : 51.8 KS F 2343
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Fig. 1. Particle size distribution curve of specimens
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Classification Small chamber Large chamber
Q(¢/day) 10 50 for 5days
Alem?) 176.6 2025
. Q Q
Fquation 5Day < 24hr < A 5Day < 24hr < A
Gwangyang : 4
Rainfall intensity(mm,/hr) 472 2.05 Yeosu : 1
Suncheon : 3
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Table 6. Combination ratio of small and large chamber test
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Chamber test Condition Soil (kg) Water () H|
S—1-Dr40 298 11
Fresh water S—1-Dr60 3.08 11 -
M—1—-R90 578 11
S—1-Dr40 2.98 11
1. Small
: idi —1— 1
D 150 X H 300 (mm) Acidic water S—1-Dr60 3.08 11 HCI 15m
M—1-R90 578 11
S—1-Dr40 2.98 11
Seawater S—1-Dr60 3.08 11 Seawater salt 300g
M—1-R90 578 11
S—2-Dr40 8423 50
Fresh water -
M-2-R90 163.3 50
2. Large S—2-Dr40 84.23 50
W 450 X B 450 Acidic water HCI 25ml
X H 1000 (mm) M—-2-R90 163.3 50
S—2-Dr40 8423 50
Seawater Seawater salt 1800g
M—-2-R90 163.3 50
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Hcm
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(a) Small chamber test

500

i Rainfall intensity
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Fig. 2. Manufacture of chamber test
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Fig. 3. Experimental method of small chamber test
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(a) Installation of specimen

(b) Simulation of rainfall

(c) Sampling

Fig. 4. Experimental method of large chamber test
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Table 7. Results of Soil pollution analysis

classification Sample Name As Cd Ni Cu n Pb Hg
1 FNS 21,08 0.00 197 172 27.04 3,01 0,0051
specimen 2 Sand 853 0.00 1,53 1.23 19.13 15,30 0.0231
3 Silt 14,80 0.41 2,97 3.67 13587 40,93 0.0180
4 St—40—Fresh 6.86 0,01 0.85 178 22.17 14.00 0.0072
5 Si-60—Fresh 7.76 0,01 145 179 19,66 17.73 0,0040
fsrzzg 6 S2-40-Fresh (S) 6.68 0.02 148 175 24.32 12,30 0.0058
ater 7 So—40—Fresh (L) 12,16 0.01 5.45 4.60 22.45 15,16 0,0051
8 | sc—40-Fresh (R) 5,04 0.00 167 1.81 12,67 10,77 00223
9 | so-40-Fresh (O 8.49 0.01 2.02 2.25 2399 15.62 0,0033
10 S1-40-acidic 9.36 0.02 1378 3.86 62.80 19,61 00045
1 S1-60—acidic 8,32 0.02 277 192 3174 2153 0,0043
Sand 2 | so-40-acidic (8) 12,48 0.00 120 266 33,69 2474 0.0043
TNC;; 13 | s2—40-acidic (L) 14,09 0.00 243 1,01 33.68 22.03 0.0040
11 | S2—40-acidic (R) 13.84 0,01 245 188 3159 32.85 0.0158
12 | Se—40-acidic (C) 12,17 0.00 152 .89 31.44 17.51 0.0072
13 Si-40-Sea 10,35 0.00 321 1.41 25.12 17.63 0,0033
14 S1-60-Sea 9.12 0.00 1.41 0.94 18.29 15,30 0.0184
sand 5 S2-40-Sea (S) 9.27 0.12 1.38 1.64 20.34 4678 0.0045
Seawater | 16 S2-40-Sea (L) 8.18 0.04 1.44 158 24.40 16,65 0,0058
7 Se-40-Sea (R) 11.85 0.00 235 152 25,86 1870 0,0188
18 S2-40-Sea (C) 6.53 0,01 145 1,00 14,14 13,60 0.0223
19 Mi-90—Fresh 13.16 0.15 156 1.94 150,23 15,08 0,0188
. 20 | M2-90—Fresn (8) 11.76 0.14 0.89 157 133.32 12,82 0,0241
S"@;{gfh 21 | Me—90-Fresh (L) 13.32 0,16 122 2.1 173.43 13.94 00184
22 | Me-90-Fresh (R 11.80 0.15 123 1.98 13759 14,85 0,0231
23 | Me—90-Fresh (C) .91 0.13 1.09 186 136.75 13.98 0.0159
24 Mi-90—acidic 12,55 018 1,05 219 134,99 18.00 0.0180
| 2 | me-90-acidic (9) 14,88 0.43 379 429 145,17 47.63 0.0159
S'“W:fe'f'c 26 | Me—90-acidic (L) 15,65 0.45 259 4,04 116,59 44,00 0.0072
27 | Me—90-acidic (R) 14,89 0.46 321 6.38 125 51 4521 0,0058
28 | Me-90-acidic (C) 16.96 0.46 5.01 4.48 170.76 4479 00043
29 M1-90-Sea 16,06 0.43 3,17 4,04 13921 4383 0,0241
. 30 M2-90-Sea (S) 15,44 0.41 3.42 439 143,26 4326 0,0051
Seaa‘;ter 3 M2-90-Sea (L) 15.48 0.42 321 4,51 131,04 41,61 00223
2 M2-90-Sea (R) 16,13 0.42 3.62 416 138,58 42.99 0,0045
33 M2-90-Sea (C) 16.38 0.41 321 4,01 14113 41.96 0,0033
?fhnfgézﬁggu(ﬁzrﬂ:; (25/75) (4/12) (100/300) | (150/450) | (300/900) | (200/600) |  (4/12)
Standard Cz?r?ﬁr;{giu?;nﬁ:? (50/150) (10/30) | (200/600) | (500/1.500) | (600/1.800) | (400/600) | (10/30)
%?r? ?SZ:;{E?UFE?LZ: (200/600) | (60/180) | (500/1.500) |(2,000/6,000)|(2.000/5,000)| (700/2,100) | (20/60)
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Fig. 7. Comparison of original ground and 1th local concern standard by acidic water
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Fig. 8. Comparison of original ground and 1th local concern standard by seawater
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