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Methods of Recycling Soil Washing Wastewater for Volume Reduction
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ABSTRACT

The sorption experiment ofcobalt was performed after the TRIGA soil was intentionally contaminated with cobalt was found
that the sorption equilibrium coeficiency of soil decontamination was high when the ratio of soil mass to the volume of cit-
ric acid becomes 1:5 The TRIGA soil contaminated with 0.01 M, 0.001 M, and 0.0001 M of cobalt solution were decon-
taiminated with 0.01 M citric acid. The cobalt concentrtion in the wastewater were measured to be correspondingly 36.0,
14.0, 1.5 ppm. The results of wastewater recycling experiment by chemical precipitation method revealed that correspond-
ing cobalt removal efficiency were 97% 88%. It was shown that the removal effciency decreases as the cobalt concentra-
tion in the wastewater decreases. During the decontamination experiment, a lot of NaOH had to be added, and the volume
of final solid waste reached almost 10% of that of the contaminated soil. The result of wastewater recyling experiment by
ion exchange resin metod rethod revealed that te more the strong acid resins are used, the higher the cobalt removal effi-
ciency becomes and the cobalt removal efficiency becomes and the lower the pH of recycling wastewater become. In order
to obtain more than 95% removal efficiency, more than 0.625 g of strong acid resin was necessary in each of 3 experi-
ments. There was an unexpected problem that a lot of strong acid resin waste was produced which amounts to 9.2% (vol-
ume) of the contaminated soil.

Key words : Soil Washing Wastewater, Cobalt, Recycling, Chemical Precipitation, Ion Exchange Resin

ko

gf

TRIGAYAIZ 9 EFS QF40R 2dAd o), 2E89 o] IHEFET]} Zopel] ule} e S23y
AT 710, o] LEEY 4% o Citre acid®] 53] HIEE 152 SIS W EWREEEC] EJTH 0.01M,
0.001M, 0.0001M FFERN O F ool TRIGAEWS 0.01M Citric acidE Washing3r $-¢] ERA|Z o] e
FSE 28 136.0, 14.0, 1.5 ppme]it). SRRl o8l Bk Asd o] IUEFLT} YoldSs AAELS
Akt 22t TS NaOHZ}F H7beolof sl HFAHH71E] 2oV} e dEgN 19 ok 10%4= =3l
olmBEAPHe| oSt ABAFEH FHITAE Bel ¥EFE ILEAE 58S IR pHe 24k =
HBEFET} T2 A $579 EYAA A ZH85AE Y1 248 ¢ 247 9As IdE AATES 7]
Q) Fag IR Ak BF A9 GAUTE F, 95s%oldel AAEES B7] Hs) 0.625 g oPFe] 7Rt
327 Basic SR, BT o] ¢19.2%9) thike] ARk H7jEe] WEhs Aol EAldoltt

FH0] : B, e, A, SRR, ol 2y

Bl

*Corresponding author : kimsum@kaeri.re kr
YA :2001.8.25 AEAY :2002.8.2

17



18 A -2
1. M g

ARG S A7 AIHE Aobke sejlA]l A
= WACAHAIE A8, 214719 T8N e
24 7P FEEL e fokoltt. Suldle 19 ¢
AT} TFsEelH, FAYAE k] 9% 1l
o] A& AT} 7FE Folrt. ol YAl Jt
&, A, B AL AL ARse] e 4 jlom,
AHAE FHe Ege] Wik HIF IUE, AEEF,
Alg 502 oEE = At} A Boje] Iz Q%
AR FH 73] QA T ool L AFs A
3L QFE EE AES] AEsr] 9 <Y 7R &
HEE AG 7Iso] AA= Sict.

SHEY W] MAMES FEhe WO RE Soil
Washing, Solvent Flushing, Electrokinetic Seperation 5
o] ). ©]F Soil Washing® 3402 odH E9
< AZHE AMESle] ERRY S48 Al¥se WY
o= dg] olgxx P,

223} Soil Washing HPH-& ARE3le] EA|E A o
2 ¥ AFs ok 90%0l ] ALEEES DS F W W
ol B2 o] EY A1 Hdlo] g}, a2jEa o
EF AE el BOE 22717 S8 HAde AAEA
A o M o] AR 5 gle WPHe] slde] Has}
ok 3, B Al AR E o018 5 e AsA
% Ethylene diaminetetraaceticacid(EDTA) 73 &2
o= HAAAGE, EDTAE 714¢] v, AGA] B
@& EDTA = JEsld B42 eofsst 23 EY
ol thgel a8 85 % olsAlla, AH Al A%
H FEE50E Q8 Al 2 e nHER FEE L
HEY AAE A% B89 ARl 47} ot 1ei=
2 B dFoaE FASAE EDTA thile] ERfolA A
E&Ho=E #3) 7153 Citric acidE AHE-31] Washing
SIch. EGARTRS A Wioss SRR
W9, o) LIRS, Te)3 ofrhgSol Sick. By
AR FEAPNEE As) A FRPHOT A
Hol $a1 w=8 S5 I3 AskrE AGsket At
S50 sttt egHde sy 514 89lE 55
&5 HlESdoR M= Zlo] desitt. o] AXE
ot oo} 22 EjAPHoE A AT, )5t
Yol sHo=Ze phA, eI §51%50] Sl
5 T45HAMAZE Hydroxides, Sulfides, L8]
Carbonates°|t}. o] T4 a5 &3= 4 3185

o o J

f

Journal of KoSSGE Vol. 8, No. 1, pp. 17~26, 2003

HEE ARSI o] 2L ol EA) Bk
AF=Hd o] BaEE Alold] Yolemgho g o)
A FS AAske Aot oleud EdEE wgole
< F&E 4 = Function GroupS ¥+ 46714
A2 FAE A9 §3o] O ARH Folle ARYA]
A AT = ok ArIME TSRS BE9AE
#HA ol Frlsted 4 AIRE B9t S8k #Hi Ul
WAMIES wXel| §2F AARC e fAE o
34 RS FHATIER JAIYPE 93 BAAEAFS
AAsHE Aog odrXe EWAAHNS ofaule] Ex
ANA AVIHEE o2 RE Relr7ie etk

B A7) HAO Soil WashingdHS AFE3l] TRIGA
SHEY AY A Be o] EUdAHH o] whgsim g
| A5 48] A%t EUAEAA AR WES A7
o). WA, A-8-UxIZQ] TRIGA YAI2 A2 B9
S AHst EYe ] 54, §I54, 18ln
Citric Acid&e] 23t A|H B3-S B3t &3, B
Aol S ZHA717] 8l slebdaia) ol 2wgt
TAREE ARt AERS BT &, e
Tt U2 ESAHAAES SSIAIE ARgSle] WA
ANZ-S FHAANIAY ol LnB5AR FHAHE wle] z+
EiHH A BT AHEE, AHEE 335k
o] T ¥ 5, AMSE olemBrA| <, pH, 181
HFHIIE5Y] 55 vluEdct &3, sled 24
T} EAHAN o] Mg s mE X9
F3exd B3 S =&

O

Nl

2. EAME{Tof X ol &

=zl diol HAE TRIGA 97-8d9x= F
H QPEY] st AE 3L Fig. 13 2ol EWA
Al thge] EdEEge] s ng B =Foie
o] EMHH AL sy olearA g AR
slo] A AT BRES IFSiTE. TRIGA E%RS Table
13} ko] A3k WAFs FE (24400 By/kg) Bk AR
R FLEE =4 2EH Q1 M, 2EEF 52
uAElAl Q. EEe] Q7] wiEel] B dAFeMe F2
EE AATRs A 830



EGNHES RIS A% AT I 19

AN L -
Unbroated Soil o > 10 mm
"m‘ﬁ‘ﬁm 0063~10rm
[——— Make-Up Wates
Sufcrt
Dry Siewed Fines <0063 mm
Recyced l £
e I 1 100 R I
Centrifuger
(or cyclone) Mixing
Tank
L e Y s
Treatment Storage Tark
Centrifuger
(or cyclone)
Used
Sutactant
Chermical
i Coagdart |
(== e
Disposal
c t Tank sRuu
herrica Sufaclant clant
N ame— S

‘ " % SudgaCaks [ 1
Treatment Fikar Press I.

Fig. 1. Decontamination process of TRIGA contaminated soil.
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Table 2. Distribution of Sizes of Soil particle

Particle Size (mm) Volume Ratio (%)
=20 26.3
1.0~2.0 20.1 (46.4)
0.35~1.0 22.2 (68.6)
0.063~0.35 229 (91.5)
<0.063 8.5 (100.0)

Table 3. Component Content of Soil

Component Content (%)
Si0, 68.1
ALO, 16.7
K,O 8.27
Fe,0, 22
P05 1.63
Ca0O 1.51
Na,0 1.13
MgO 0.12
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Table 4. Density, Porsity, Water Content, and pH of Soil

Dry bulk density (g/cm’) 1.55
Porsity (%) 36.27

Water Content (%) 12.00
pH 430
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Fig. 2. Equilibrium sorption coefficients of 0.01 M Co
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Table 5. Results of chemical precipitaion on different Co Concentration Wastewater

Contamination soil 12} Washing solution Fe-Citric Acid Fe-precipitated Citric Acid
0.0t M Co 136.0 ppm 133.0 ppm (2.2%) 248 ppm (97%)
0.001 M Co 14.0 ppm 13.37 ppm (4.5%) 0.84 ppm (94%)
0.0001 M Co 1.5 ppm 1.42 ppm (5.3%) 0.18 ppm (88%)
.01 M oy .
100 - 0.001 M 0.0 ;/
@ T L —_ '..‘y/
R b
Q < 801
= g0 %.0001 M co sorption soil z
g 3 .
o Q 1
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Co concentration in washing solution (mg/L)

Fig. 7. Co removal efficiency by chemical precipitation of differ-
ent Co concentration wastewater.
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Fig. 8. Co removal efficiency versus resin mass inputted in differ-
ent Co concentration wastewater.
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Table 6. Cobalt Removal Efficiency and pH of Wastewater versus Mass of Resins inputted in different Co Concentration Wastewater
Co 0.01 M contaminated soil Co 0.001 M contaminated soil Co 0.001 M contaminated soil
removal removal removal
efficiency pH efficiency pH efficiency pH
(%) (%) (%)
0.000 g 0 (136 ppm) 5.0 0 (14 ppm) 5.2 0 (1.5 ppm) 5.4
0.0625 g 6.8 4.5 6.1 4.6 4.7 4.6
0.125 g 16.0 43 14.0 45 12.0 45
0.250 g 454 3.8 402 44 30.0 44
0275 g 47.0 37 45.0 4.0 35.0 44
0.330 g 65.0 3.6 63.0 37 60.0 4.0
0375 g 74.6 35 74.0 35 74.0 35
0500 g 95.0 33 91.0 33 87.5 33
0625 g 99.7 32 99.7 32 99.7 32
1.250 g 99.9 31 99.9 3.1 99.9 3.1
3750 g 99.9 2.9 99.9 29 99.9 29
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Fig. 9. Concentration of cobalt sorbed on resin (c¢) mass vs. total
concentration of cobalt () in soil washing wastewater.
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Table 7. Titration of Citric acid Solution including strong Acid Resins with Co

Concentration pH (after .

of Co added equilibration log K*? 1| Jog [M]° | log aM(I)d

1 . . (mol kg™)

(mol kg™) with resin)

— Citric acid solution 1.0X 10°% mol kg™’ 23X107 3.76 222 1.03X10° | —2.90 0.001
pH=50 V=50 ml 2.37x107% 4.05 222 9.5% 107 -3.96 0.111

— Strong acid resins w=0.25 g 26X107 448 222 7.8%x107° -5.03 0.286
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