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ABSTRACT

Korea shows the soil pH is 5.8 ~6.2 by many factors including the geological structure and climate condition. There is
known as the cause for soil acidification by weathering of the mineral, excessive use of the chemical fertilizer, and
extensively diffused acid rain. The purpose of research is environmentally-friendly material neutralization technology
development utilizing the waste resources against by acid soil. The experiment analyze the physico-chemical property of the
acid soil and waste resource materials (waste lime, oyster shell, bottom ash). The Batch-Test was performed under 3 stage.
As a result, the acid soil showed up acid soil about 3.19. And waste lime, oyster, bottom ash showed the alkalinity with
9.62, 10.08, 9.17. In case of 1 batch-test experimental result, waste lime and oyster shell, the alkalinity was shown over 7.5
and the good efficiency was showed, on the other hands, the bottom ash showed the pH 4 the neutralization efficiency
which is low. waste resource materials to be applied to 2 steps was chosen as the waste lime except the bottom ash and
oyster. In 2 step batch-test experiment, it was exposed to be the most appropriate in case of doing the combination ratio of
the waste lime and oyster shell with 9: 1. It was exposed to be efficient most in the effeciency and aspect of economical
efficiency combination ratio of the soil and materials was 9.6 : 0.6 with 3 step batch-test experimental result.
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of 8 HYYAEF Fe, Mn, Cu, Zn, Mo, B, Si,
Na, Co 59| VFUALES] 8] 48x JFage] ¢
oju}7] {tk(Park et al., 2001).

TEvEE AETE B 7120 5Y o a%lel 9
3 EF pHE HT 5.8 ~6.22 YeR)ar Qo)

FH HA3]el] gk okt AE- A7t gl U
ok Fujellx] #HIX3)e oF 320 vHEC] AX|=o] Qlar Hf
g ok 10 BHEo] wHUELTL QO (KORES, 2010), 7]
EAHAIBE Al 463 A28l At FfiHnl
A9 wigAle} H7EmEAAEY] EEAZ 85 AP
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(NH,Cl) & o} 35 98l A% 43143
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Table 1. The experimental plan of 1'step batch-test

Materials Mixing Ratio (Soil : Materials) Duration (Day) Remarks
Case 1 Waste lime
Case 2 Oyster 8:2 15 Rainmaking for everyday (26.72 ml/day)
Case 3 Bottom ash

PUE] Aol TR oo} AFH2] Folle Z A
HA=2Ac) 1994 Batch-Testol| A 13§35}
= e 3 5 2 A7 AsE EdE EY
AR vhEE §:2ESF 400 g: A 100 )= AAHES]
TH(Moon et al., 2001). B} v wigt & 424 F
3l wAHEHE U] Y8l o 1HEeE QIS AX
F g IR POTS siAEl 33 & AFS HAIS

$ATH(Table 1).
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EEHISS 10:0 FH 0:1002 sl F 117K 9
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ARSI o™ Bk vide] uighe A 1gHAloN 43
B AHZRAA 8:2EY 400 g: vE 100 9)= HHSA
o} 28717 194 Batch-Test®] 23S EUZE 771
2 & o] gle A= dAdelar 187
T AE 319 F AEE Fsk B4 AT
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(Nyle and Ray, 2010).
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Table 2. The experimental plan of 2'step batch-test

Mixing Ratio (Waste lime : Oyster) Mixing Ratio

ratio weight (Soil : Materials)
Case 1 10:0 100 g:0g
Case 2 9:1 N0g:10g
Case 3 8:2 80g:20g
Case 4 7:3 70g:30g
Case 5 6:4 60g:40g
Case 6 5:5 50g:50¢g 8:2
Case 7 4:6 40g:60g
Case 8 3:7 30g:70g
Case 9 2:8 20g:80¢g
Case 10 1:9 10g:90¢g
Case 11 0:10 0g:100g

3.1. E2ku} MKt oA M BN

3.1.1. 40 F% (pH)

YT EY(soil), HA3](waste lime), =3zt
(oyster), HF= A (bottom ash) =S 2 Z+Z; 3.19, 9.62,
10.08, 9.172 E¢ vllg- vk AMJEY|ATE Hx}d
AL 5% pH 9.00 oPde] 4EEdS YeSITh wt
H MEE ST FXol HIs] oF 0.5~3 71710l
wolded o] pH 4] Al S92 AREE KClo| HI$H
A gdog Bkl §3Eo] v wdhyd A9
Sy GFrlEel oJa 8&Ho] FRTEE §=5HA

R ool H7HENY] wiiel Bis w2 pH
vehl Ao ALEETHKIm et al, 2011). (Table 4).
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Table 3. The experimental plan of 3'step batch-test

Mixing Ratio

Mixing weight (g)

Materials weight (g)

Soil Materials Waste lime Oyster
Control 10:0 500 0 0 0
Case 1 9.8:0.2 490 10 9 1
Case 2 9.6:04 480 20 18 2
Case 3 94:0.6 470 30 27 3
Case 4 92:0.8 460 40 36 4
Case 5 9.0:1.0 450 50 45 5
Case 6 88:1.2 440 60 54 6
Case 7 8.6:14 430 70 63 7
Case 8 84:1.6 420 80 72 8
Case 9 82:1.8 410 90 81 9
Case 10 8.0:2.0 400 100 90 10
Case 11 7.8:22 390 110 99 11
Case 12 7.6:24 380 120 108 12
Case 13 74:2.6 370 130 117 13
Case 14 72:28 360 140 126 14
Case 15 7.0:3.0 350 150 135 15

Table 4. The results of physico-chemical characteristics for soil and waste materials

List Soil Waste lime Oyster Bottom ash
Active 3.17+0.02 9.58 + 0.04 10.06 +0.02 9.46+0.25
pi Potential 2.82+£0.003 9.08 + 0.04 9.55+0.08 6.95+0.06
EC (dS/m) 2.11£0.09 0.39+0.02 8.79£0.61 0.21 £0.06
CEC (cmol/kg) 0.40+0.02 19.03+0.15 35.72+0.39 0.44 +0.02
Soil texture loamy sand
Classification (STD. for Concern Sec. 2 Conc.)
As (50) 4.01 £0.05 N.D N.D N.D
Cd (10) 8.49+0.07 N.D N.D 0.5+0.1
Heavy metals
(mg/ke) Cu (500) 16.06 £ 0.19 1522+03 17.30+£0.3 N.D
Pb (400) 114.46 £ 0.62 6143+2.16 N.D N.D
Zn (600) 28.85+0.61 28.22+0.49 36.15+1.02 N.D
Ni (200) 10.65 +£0.78 N.D N.D N.D
Na* 0.01 0.07 +0.01 8.83 +£0.07 0.01
Alkalimetals Mg* 0.03 0.07+£0.01 0.56 £0.02 0.01
(cmol/kg) K N.D N.D 0.53£0.03 N.D
Ca* 0.36 18.90+0.13 25.80+0.27 0.42+0.02
2 Ca¥ R o} Na' QA Be AR 51

TH(Table 4).

3.1.3. o] FE-FH(CEC)
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S UepIT H dFrlee] 2k 2 fU1EY] &
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SHeke FEAHOE pH &4 Hsloldt. wEhd Bk
Fol2nBge pHe| Halo] wE} ¥gtt AHIEUR]
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719] sfiei7t & dojuA] @7] wiiel ol ghe-o]
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Fig. 1. The results of (a) active pH, (b) potential pH, (c¢) EC, (d)
CEC for 1’step batch-test.
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Fig. 2. The results of (a) Ca>", (b) K, (c) Mg*, (d) Na* for 1'step
batch-test.

s A FrdolA oF 0.6~ 1 7HE Yozl Ao

2 YeERTHFig. 3 (a)).

3.3.2. A7IAEE(EC)

Case 1°] 9F 3.8dS/moll4] Case 11°] 6.5dS/m= =
iz} ghgo] WoldTE Asdhe A= UERT ol
237} Wl Fshe Na' dhido] BolA]7] sl Ao
2 FETkFig. 3 (b))
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Fig. 3. The results of (a) pH, (b) EC, (c) CEC, (d) Alkali-metals
for 2'step batch-test.

3.3.3. Yol SE-TH(CEC)

A ZeYsk pH, ECo}F 22 oz Fasier Zujzt
R Ca* Feo] w2t 29l A9 Na® 714
ol Zjzto] Bol| vidErE CEC7} sse o=
gelE]Ack(Fig. 3 (c)).

3.3.4. 422 S5 (Alkali metals)
Ca?", Na', Mg?*?] 749 29A Batch-Test®] T2 &t
Eo] EAZAve} nis=elAl Fulizke] slako] Wold4E
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Fig. 4. The results of (a) pH, (b) EC, (¢) CEC, (d) Alkali-metals
for 3’step batch-test.
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Table 5. The classification of salts accumulate soil in 2'step batch-test
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Classification EC (dS/m) ESP (%) SAR pH Remarks
Normality soil <4.0 <15 <13 <85
Halomorphic soil >4.0 <15 <13 <8.5
Sodic soil <4.0 >15 >13 >8.5
Halomorphic sodic soil >4.0 >15 >13 <85
Case 1 3.75 0.00 0.00 6.62
Normality soil

Case 2 3.89 1.65 0.01 6.82
Case 3 4.09 3.56 0.02 6.93
Case 4 4.38 4.99 0.05 6.89
Case 5 4.96 4.96 0.05 6.96
Case 6 5.58 9.39 0.16 6.98

Case 7 6.20 8.09 0.12 6.97 Halomorphic soil
Case 8 5.79 10.62 0.20 7.06
Case 9 6.43 11.47 0.23 7.19
Case 10 7.23 11.79 0.26 7.14
Case 11 6.54 12.87 0.29 7.07

UEFEEH](SAR), 40155 (pH) 2492 EU=E & 3.4.3. o)L ZE-ZH(CEC)

TSIt Table 5).

I A3k, 29HA Batch-Testoll 4] Case 1, 2014 A E

Case 19] 75 thx CECS}F HISSE gh& YR
I 5 FA3) ZIFIAAL Case 3 0|5 2= & ==

& WPl APsiAaL, o] FollA pHZF B 2 Case 2
A3 < Zoht —9: E A4 el o el A
At

& o

3.4. 3¢HA| Batch-Test : E2t 04E Q| =[] uiEH| L&

3.4.1. A0 F% (pH)

pHE= Case 1~Case 157FA] ZE CaseollA pH 6°]
dog yeht B A7 FshHEidd =g As gl
g 4 AUTE 1Y Case 3 o %= wj@go] STVt
T pH &sFo] 18] 34 & Zo=Z FRIFAK(Fig.
4 ().

3.42. A71FAEE(EC)

Case 1~ 1574 A7HEEY] & W} Fol= o}
2 PSR Eein) widERre] STl wek A
2t S7FFRE Case 6 ©1F2 THA] fHdsks F41E U
B ik 53], ARFFEY] VEeE ArHEs
7} 4dSimE Z3HA] e W9l Wlol| lojof st 71E
o APLAY 294 Batch-Testol A= Fofjzte] dko]
BoHTE A7IHEETE §43] STFIRANE £ 39
Batch-Teseol| A= Z3l2te] o] Ao ZA| F7leiAl=
e Aoz ARHE(Fig. 4 (b)).

UERHA] 3tk (Fig. 4 (c)).

3.43. &8 T4 (Alkali metals)

Na'®] 7% =ujj7}o] 3hgo] BolAHA F57} =014
= RS R 5 AT Mg GA] Case 1~ 7=
HOE Aako] It} Case 9%E 343 T7lsle 2t
et K 25 vRks et Ca™e CECE
2} B|S=EH] Case 3 o2 & WHiP) Qe A=
YeRsATHFig. 4 (d)).

394 Batch-Teste] 745, 7| A38% Batch-Test 23
Aol iR st A9gks eI ey 7]
Aol Aapt Aolitt. A7 dEEs Sl gt
o] Wo|AHA Case 674 A7 1A=}t Sk ot
1 o= o] fHadhke AE eI ol 71 A
)% Batch-Testol= TFEA Fshid 5 =97ke] 3=
o] A& o= Rl vehd Ay} Alsdn). Ay
£ EUE IFFYEYe] EFoA AHEHE Case 1, 2,
3,8, 9, 11, 12, 13, 14, 157} AAESY] WM &g
HH(Table 6).

37 Batch-Test 23}, AAHTo| alEsh= CaseZt
A Case 3 ©]F2E pHE HIES TS FdEoMx
& HsPt gle BoE veht HAo EqF vl nig
25 Case 3EY & =94:06) 02 XAG=AE
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Table 6. The classification of salts accumulate soil in 3'step batch-test

u]—;}} Q.

=

- AR - oA

Classification EC (dS/m) ESP (%) SAR pH Remarks
Normality soil <4.0 <15 <13 <85
Halomorphic soil >4.0 <15 <13 <85
Sodic soil <4.0 >15 >13 >8.5
Halomorphic sodic soil >4.0 >15 >13 <8.5
Case 1 3.65 0.8 0.0011 6.05
Case 2 3.84 0.58 0.0008 6.46 Normality soil
Case 3 3.75 0.65 0.0012 6.71
Case 4 4.07 0.67 0.0013 6.62
Case 5 4.14 0.8 0.0018 6.80 L
Halomorphic soil
Case 6 4.43 0.91 0.0021 6.77
Case 7 435 0.89 0.0021 6.82
Case 8 3.98 1.16 0.0037 7.00 . .
Normality soil
Case 9 3.95 1.35 0.0051 6.92
Case 10 4.40 1.65 0.0072 7.00 Halomorphic soil
Case 11 3.82 1.76 0.0093 7.19
Case 12 3.82 1.65 0.0074 7.07
Case 13 3.65 1.54 0.0062 7.37 Normality soil
Case 14 3.68 1.78 0.0088 7.18
Case 15 3.76 1.72 0.0093 7.10
4. & ) o] Frol7} Aolaltt. M7IMEEE Fehlde] o] &

1. B 2 Hxd wjid 54 29, B2 pH) 3.19
2 FAMdo= vERger Hxi wiEll HAS], =2t
viEAlE 22 9.62, 10.08, 9.172 5 dZe|o= 1}
ERdTE weba HA43], Z92), vl BF B S8k
RS- 913+ Batch-Test 23 AE= ARSSIHTH

2. 19 Batch-TestollA] I8 viAje] 75, vz
2] pHE E=UANE AA] AMJES aigstas Al,
s YA ZSEidt. o= vleEA] &1 pH
Fe =AN, tMIESe] ekl e FAol2H)E
SAI7)71ele A O E pH oA Hsfe] ol 2o
F3loll= Asfgt o= AlEHT)y. 21U viERls B
ol w1 BAdo] gt 4 Jlemg % AL
TollM= 3] vieAlel] gk S44S Hrtstoiof gt

3. 294 Batch-Test= pHS| W3} ¥ ollg} B4kt
SHo|X9] AFRFHEY 75l vlwsle] ddeldt. 1
A3}, Case 13} 25 A9t Y A] vjg|ox= H7)1A
TS 40 dSnS Z8le] GRE) APeidc). ot
A B 224 Batch-TestollA =2 FHF wigdvlee
Case 13} 2 & pH #°] =& Case 22 A7g3ITh.

4. 324 Batch-Test 2327}, pHe Case 3 ©1% pH

o 2 ke gt Aow pud Ecol 4% Adg
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