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2o ¥ dTb 3B FUES EYRYY HE U fneES olgslel 5e 2t
AxARGoRe ARG A5HE AESIA AN DI FUES FFE FFL Znol
5260~13,150.1 mg/kgel WAE UEhiE 5 A% oguHoldltt. ZUEGIPY Fa strye

Si0,(48.30 wt%), AL,03(16.60 wt%), CaO(10.10 wt%), Fe;03(7.75 wi%)olgen, HEL SiO,7t
70.82 wt%, AlLO; 18.78 wt%, G2 LHE= Si0,7} 71.75 wt%, CaO 13.99 wt%, Na,O 8.51 wt%
sl A FHES HE 10~40 wt% F7IRF F 1,000 1,100T oA 245 AlHe] &
el Z47F 132.6~178.5 kgf/em’S} 581.2~793.7 kgf/em®olQitt. EHEZ} 40 wt% A7bE AS
(SC46) 1,100CA 2437 A7}t 793.7 kgf/cm’2 1,000°CollA A% 499] 153.0 kgf/cm® HT} 5
o oA} &A UEht 1,100C =71 240 o AR Aog waEglen KS 1FHE 72 =
AZTh ERH AJHO] 8EAIE 23t fr|Eged AREVE BE71EAE 3A sHElohe A=

FAlof » Rt FAHE, HE, FHYUZIE, FEH &4, dFEE

Abstract : This research was performed to evaluate the recycling feasibility as a construction
material of dredged harbor soil mixed with clay and glass frit. Concentration of heavy metals of
the dredged soil from D harbor was severly high, showing Zn of 526.0~13,150.1 mg/kg. The
dredged soil was maily composed of 48.30 wt% SiO,, 16.60 wt% Al,Os3, 10.10 wt% CaO, 7.75

TCorresponding author
(E-mail: wan5155@kangwon.ac.kr)

- 575 -



+
oy
ol
ot
BN
re
=
I
o
1x

B LB s

wt% Fe;Os. The clay and the glass frit contained 70.82 wt% SiO; and AlLOs; 18.78 wt%, and
71.75 wt% SiO, 13.99 wt% CaO, 8.51 wt% Na,O, respectively. After adding 10~40 wt% to the
clay and sintering them at 1,000C or 1,100°C, the compressive strength of the sintered specimens

showed 132.6~178.5 kgf/cm’ or 581.2~793.7 kgf/cm’,

respectively. In case of SC46 with the

addition 40 wt% of the dredged soil to the clay, the compressive strength (793.7 kgf/cm?) of
specimen sintered at 1,100C was over 5 times higher than that at 1,000C. The specimen mixed
with 40 wt% of dredged soil, 60 wt% of clay and 1 wt% of glass frit satisfied the 1* grade
standard for clay brick by KS L 4201. The results of all specimens by Korean Standard Leaching

Test also satisfied the standard criteria.
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Vol. 30, No. 4 (2013) HES felZ2ES 9T PUEAEY ASAA Mgl #et 7|zd+ 3

S ARSI AAEglon, EgEAR A3H 02 dFe Fa AR HESKAh AHe
Eot 7|8 mE(fri)E AMESHATh Fig. 29} 22 ARl Mgt Az 34l what
2, A udy Azsthoew, zAulE= Table 19 YerfiQich
FHE-AFHES AxEFHE 10 1 90, 20 :
21 AlS =7 80, 30 : 70 ¥ 40 : 608 TG T FAR
B ATE 95l FHE, HE 9 fYnaE FEH7E ZYES BF 1 winX H7lotoh
£ AYARE 8ot FAEE #2124 24 AL 1273 kg/mm’o2 A% JiIsie] A
€ o g A FEE AH ARE 9§ & 10 mm, 57 12 mme] HAIGO R A3}
5t 2Qa g AHe ZALAE 95le] ALLS} I Z+ZF 1,000C2F 1,100TCoA 308 5 &4
Ak E FHZGEE AL A4S ST 84 sttt
2 ARgSP] flate] AAstdtt FHEE S5
2 AR}t B2 BHO A4 9 shoo] o] . .
g ;og(; @,746;73;; O%}Q; D;M];O; Dredged Soil, Clay, Glass Frit
N AollA grab samplerg ©]-&3td AF5A
o, o] FHetehe o WisEs wA 77t Y
23P, 25P, 30P=2 WWaldthFig 1). FHEE Mixing after Grinding with
7519 0.5 mm A2 A2 T EAF 0P Ball Mill
AHgsTh EREERE Y SAIA St
AE A7t AFHE(lay)9t £TH42]S hafgt
fFelrlE ZeE(frioE AMgshld ol 4+ Forming under 1,273 kgf/mm 2
oA Al 51312 HAFHES A2 AFaFS
el ez E(HRepE AHget vk ok v
Sintering at 1,000 or 1,100 °C

Fig. 2. Schematics of experimental procedure.

2.2 A E¥nt 4y

FAES pHe T84 AF2 EFLETHA
Ad[14]e] o=t AAF ¢ pH=E pH 210
(HANNA instruments, US), $2&2 f=2%
=apxn} QA7 (ICP-AES; Vista—PRO,
Varian, Australia)E ©]-&3ste] EAsIT &4
B 3pdbyd pFEE by 1 E(Volatile
Solids, V91  FR/7|etA(Total  Organic
Carbon, TOO)+= H7E3ZAIEH([15] EF
2 dFoME FHE S5 W AT sietE AR [16]o] wtet Ao FAE, HE,

AL = |

it
rlo

Table 1. Experimental condition for this research (Unit : wt%)

Specimen Dredged Soil Clay Glass frit
SC19 10 90
SC28 20 80 )
SC37 30 70
SC46 40 60
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gelmelEe] st gRe XA FuRay)
(XRF; ZSX100e, Rigaku, Japan)Z o]-gafo] 1

= ’
HE, 283 AR AAgE X-A 3dEA7]
(XRD: D/Max-2500V, Rigaku, Japan)E ©]-&
sttt ol EBEAHXAY  target2  CuKae,
acceleration voltage 40kV, 150mA, scan speed:
4°/min., scan rage: 5°-80°Z 3d}FoH,
monochrometer AFgZ A2 Attt &4
Eel  HEe] 9x 4 ARARAY]
(TG-DTA, STA409PCLuxx, NETZSCH,
Germany)E ©]8st9 10C/min®] S2&5T2
1,200C7HA] air 91710014 SAs5kt. A2 A
Hol Awst 0 73R olng 2Aeb Slet
o] FAPAAEAUAGEM, JSH-6300, JEOL,
Japan)& ol&ste] wAFRE THESIleH, &
H7] 9zt EHTE KS L 33059 o=t W
AAZ1(UTM; Fast Track 8801, USA)E o]&3}
o ZRskar. AR U £ANHY TS5 §
z=de  WrZEAAEEel  SEAEEY
(KSLT, Korean Standard Leaching Test)[15]]
wet dAeta fFrdetEetant AApTEEY
7]ACP-AES; Vista—PRO, Varian, Australia)S
olgatel B}t

3.1 SYSHo F2a8ty §4Y
TAES] =Hsietd 54 IE5 ¥Fe

o} 23P, 25P 12|31 30PY pHy 8.32~8.65%
oFrzte)gdolglon, AT 11PE(Volatile
Solids, VS) &2 Z+Z+ 9.14 wt%, 3.21 wt%,
8.12 wt%s YEtHITE I F77eA(Total
Organic Carbon, TOC)2 Z+2}t 1.67 wt%, 1.35
wt%, 133 1.68 wt%sS UERAE Bkt
EHE9] g 1¥E 2 8.4~10.6 wt%ol
PoH(17], 42 FHFATE A 2 et
FH AGuArolA TAgg sl SHES pHE
7.9~8.2, 471E%#FH(Organic Matter, OM)2
3.9~4.4 wt%s YEPHATHOL

Al Aol AF FHEQ3P, 25P, 30P)<]
Fas HEFE BAY 23 total Cr
27.1~46.6 mg/ke, As 13.5~20.2 mg/kg, Pb
35.1~538.7 mg/kg, Cd 1.9~55.1 mg/kg, Cu

TR LR e

31.6~149.3 mg/kg, Zn 526.0~13,150.1 mg/kg,
Hg  0.000~0.065 mg/kg 127 N
11.2~15.8 mg/kge HeRSTE Al A F 30P
o] A% EGEREAY 3x9 ¢r|Et v
S wo o] Eol ZlEAle Sk
Aoz Yyeigton, E35] Zn2 13,150.1 mg/kg
o7 7|4 2,000 mg/kge IA ZIotATh
tl= RSP EPA)T} AUt el SEE
HAE e Hud doj DT FAHAE
9] oL ¢ =2 Aoz YT Song
18] g FAHE AHLES e Sl ¥
7Ve 9ol eElve =8 g 4TS £
At A FHEAA Fedt Mg dhagol
Z7F 9200~37,000 mg/kgT  7,900~12,200
mg/kge 2 A Uetgth K, ], 183 G
A% Cde 2.19~2.31 mg/kgolglod, Cre 12
mg/kgS ZIeHATt. Pbe G FAEAAG 7
ZHeh o] S[19]o] ZARE mpiRE FHE 9
9% EE= Znol 149~2610 mg/kg Cd
0.75~12.20 mg/kg, Pb 22.4~109.0 mg/kg, Cu
45.7~336.0 mg/kg, Ni 24.4~141.0 mg/kg, Cr
39.7~278.0 mg/kg, 1T Hg 0.08~1.19
mg/kgol et FANt FAES Fa4% g
As¢t Cd7t 24%, Cr EHE~31.5 mg/kg, Cu
22.2~209.3 mg/kg, Fe 1,592~32.290 mg/kg,
Zn 9.3~266.3 mg/kg, 131 Pb 2H@E~58.0
mg/kgS YEPHSICHLT). Y& FAFATT &
BEAE B Sk ABARIoA TS S
FHES B4 Ay Cust 7.3~8.7 mg/kg, Zn
8.3~8.8 mg/kg, Cd 0.3 mg/kg, Pb 4.8~5.3
mg/kg, Cr 0.6 mg/kg, As 0.8 mg/kgo 2 =
FUEHES Blud off AdiAler ¥ 55
UERHATHO]. o= 47] d8" a4 FHE=
At 5 edde 27 olFe] B FutelA A
2% Aololq Qe B} ol AxE 2
AERT 557} o £ Ao waHEr:
W oS e Ao Wl AR
30pet =EHQ HE 9 [z ES] 3ehA
Z/& XRFz Z4stlen, 1 235 Table 3
of  uUeidtt.  FAHEQGP)S  IerxAde
Si0,(48.30 wt%), Al,03(16.60 wt%),
Ca0(10.10 wt%), FeO3(7.75 wtd)2 AAA|
A 9 T & Qe Fe,0; ol 2 AS
=2 4 Aot FEE SiO7t 70.82 wt%, AlLOs
18.78 wt%°l1l FEZIEE SiO7F 71.75
wt%, CaO 13.99 wt%, Na,O 8.51 wt%s T
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Table 3. Chemical Composition of Raw Materials

B LB s

Chemical composition (wt%)

Material
Si0,  AlLO;

CaO MgO  SO3 KO Fe;O3 Na O ZnO

Dredged Soil (30P) 48.30 16.60 10.10

263 237 362 775 238 1.77

Clay 70.82 18.78  1.90 .12 0.03 639 081 0.14  0.01
Glass frit 7175 229 1399 143  0.07 .24 0.69 851 0.03
FHES PR oH APYS X-4 97 :

245t Fig. 3o UEUH. SAE A=
Quartz(Si0y), Moscovite ((K,Na)
(Al,Mg,Fe)2(Siz 1Alo.9)O10(OH)2),
Sodalite(Nag(AleSicO24)Clp), Calcite(CaCO3) 5

o] AR T Qlon utxdozr AHEZo] wo]
ShaEo] o2 & 47t ot HE(Clay+s F

AAAo] Quartz?}t Moscovitel Ao =2 L]
Atk
AT

® Quartz
= [uscovite
4 Sodalite

+ Calcite
* Albite
Clay
w2
Dredged
% Soil
A A
T T T T T T T T T T T T T 1
0 2 2 L 2 @ n

Fig. 3. XRD patterns of dredged soil and clay

FAHES HEO dF % % TG-DTAZ &
Asto] Fig. 4@t (b)ell 2+2F veidigict. &4
Eo} HES] A 80-150 Coﬂ/ﬂ ZFYUNAE &5
gt FduaE S0 AlAolaL, 300~700C
A ZTFAAES ZHIsE Wrdua A7 Yol &
fEel e AL} f7189 Ao o7t A
o7 mreh 700~800TCoA FAES Fo
29t FEu3E CaCOs9] HEHiE whgo] ot
Aoz waEn FRA AFE 11.98% =%
TH201.

Q%
!
(Buppuliq

a7
(b)
%] 0
T T T T T T T
0 20 00 600 a0 1000 1200
Tenperature(°C)

Fig. 4. TG-DTA curves of (a) dredged soil
and (b) clay
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AL Lo wE A|Ho] FHY] WLE Fig 5
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~5.97 g/em™S YERAL, 1,100CA &
2S¢ FHE ZdFo] 10~40 wtwrtA] F
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2 AZt=Ech E=5E 1,100°CofA
o 1,000C9] #¢r
g/em’AE e Foz byt

3) 5.8

5.7 —=—1000°C

5.6

b.]

5.4-] .

Fig. 5. Bulk density of dredged soil-clay—frit
specimen according to dredged soil
addition content  and sintering
temperature.

Az e} a4emo] mE AJHo] AT
L& Fig. 60 Yergleh. 1,000C 2739 7

TAHAE H7FFO] 10~40 wt%7HA] S7tsto = <
Z7EE 132.6~178.5 kgf/cm?] W9lolA =4
wWslalx] grgre, I8t 1,100C 2AoAE &
AE HrtFol 10 wt%(SC19) A¢ =4
7} 581.2 kgf/cm®0]Q1.O01} 40 wt%(SC46) ol A=
793.7 kgf/em™ 72 F7¥stott. AEFEIL 71
= SC46S AHEE 1,100CAA 248 4
927} 793.7 kgf/em’2 1,000CeNA 245 A9
o] 153.0 kgf/em’ Rt} Sul o4 &A veht
1,100C 2=7F &40 B Agst 2oz yry
Aot KS Aol <Jstd KS L 420100 <Jgt &
EBE J|E2 1% 9EY H¢ IFA:
24.50 N/mm” (230 kgf/em?) o4, S48 10%
olgtoll, 2FHEL 4EAE 20.59 N/mm’
(210 kgf/cm®) o4, &4& 13% olslolH, 3%
HES ¢r=7% 1078 N/mm’ (110 kgf/cm?)
1, & 15% olstoleh21]. & AFolA &

[*]

o
22 235t Fogon YEPERoR B
AE EYE 1040 w7 WA
9 BE 1F WE/2S 37 YEsy U9
ok B HRIde] SHEAES 10890 widh
Arkstel 60TelA 8ARF ¥stel Azt Al

o
=T
- =
- T

o &

o 79 UEAEE 10~40 wi% F7lA
488.4~603.7 kgf/em™S =7 Uepgow, #HA
SMFEAE BEFe 40~50 wt% HEFT 61

oH12].

=)
3
3

. 1,000°C
800 | | =3 1,100°C -

600
400 -

200 -

0 Iw Iw Iw Iw

SC19 SC28 SC37 SC46
dredged

soil—clay—frit specimens according to
dredged soil  addition content and

Compressive Strength (kgf/cm2

Fig. 6. Compressive  strength  of

sintering temperature.

ot Ao mE A E 1,100C7}
1,000CET © Hgst Zo= yepgown,
L,100ColA &5t A=e] tisfix SAE &7
Fol| w2 7} AW X-A 3)H-g B45lo] Fig.
70 [S=t Dil=a AlH 9] FAGCR
Quartz(SiOy), Anorthite(Ca(ALS1,03)),
Anorthoclase ((Naggs7Ko333) (AlSizOg)) AFo] 3
ZEQon, FHE S3EFo] ZUge] uet
Quartz’®] T = intensity”} F45F1, Anorthite
9] intensitysms= S7FHATE o]+ £HE(30P)
£ F 101 wt%E AAsh= CaO7t £SHE
o] F7gl wet o @ol HriEe &3t

Uehfiglen, o] CaO7F SiO.¢F 24kl
ALOs Zd#7} ®E§SEe] Anorthite’do]l A= 2L
7] 2o 2 weEnh ES Y59] 3t EfA
B0l Fe03 ¥ e A&o] §A(fulx) 9%
= ot Si0; ALO3; CaO7F A& 4¥hgsho]
AnorthiteA}?}  AnorthoclaseAls JASH=d] o
g g Aoz ABZHETH22].

1,100ColA &9 AHe] nfFTRE Fig. 8
off Jetfidict. =& AldoA 7]Fo] TEENL
o, SAE ofo] FUKE wet 713 377t
HAED Qlo] gz Aol &4 A g4 9T
< ofo] B Ado] XdgE|o] xZo] Ut &
o2 & = U9t 3 ke fElEZgER
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® Quartz
4 Rnorthite
W Anorthoclase

Fig. 7. XRD patterns of dredged soil—clay—frit
specimen sintered at 1,100°C.
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st A3E yetfiqdch T-Cr, Cu, Ni2 &
=7 1,100CY w7t 1,000CY uwf 2ot &
T7F @A UE o, As, Pb, Zn 52 ©]
= 1,0000d o o =2 354 825
S UEYSlH ey, ol 8EEFEE 17
S AAHVE Bg71EXt HaE of
AdAozr die @2 g mugk X7k
ztoli= IA om7t gt wobddh R 5
=7 7P =99 Zn(13,150.1 mg/kg)-e 44
5 BE A"HoA 0.1 mg/L mTte] L2 e}
yliglth, dE24or %7)d RE Fg4& o
e E=oH FAHAEE FE 9 fYmESt &
ote] A dit Fa& 8E540 A A
A" 4= Ql9ltt. 8 52312 FAF At FAto

Noox, o i
P!

T

¢

=

fo

Fig. 8. SEM images of dredged soil-clay—frit specimens sintered at 1,100°C.
(a) SC19, (b) SC28, (c) SC37, and (d) SC46.
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Table 4. Leached Heavy Metals Analyzed by Korean Standard Leaching Test (Unit : mg/L)
t:;;lsm(lzcg ) Sample Cr As Pb Cd Cu Zn Hg Ni
SC19 0.025 0.039 0.011 0.001 0.015 0.005 ND" 0.010
1000 SC28 0.041 0.045 ND ND 0.012 0.007 ND 0.009
’ SC37 0.031 0.039 0.002 0.001 0.010 0.014 ND 0.008
SC46 0.036  0.058 0.011 ND 0.005 0.006 ND ND
SC19 0.005 0.085 0.022 ND 0.007 0051 ND ND
1.100 SC28 0.006  0.086 0.007 0.001 0.006 0.080 ND ND
’ SC37 0.006  0.092 0.017 0.001 0.005 0.083 ND ND
SC46 0.006  0.083 0.003 0.001 0.008 0.088 ND ND
.
Standjﬁg%“e“a) (asléﬁ+) 15 30 03 30 - 0005 -
¥ Not detected
Y Criteria by Korean Standard Leaching Test for specific wastes identification
Table 5. Mass Balance for Heavy Metals in Case of SC 46 Specimen Sintered at 1,100 C by
Basis of 1 kg
Leaching
Heavy Input mass Mass gaptured Outpgt mass to rate to
metal . b?fore M environment environment
sintering (mg) speciment (mg) (mg) (x10°° %)
Cr 16.080 16.074 0.060 0.37
As 13.800 13.717 0.830 6.01
Pb 215.480 215.477 0.030 0.01
Cd 22.040 22.039 0.010 0.05
Cu 59.720 59.712 0.080 0.13
Zn 5,260.040 5,259.952 0.880 0.02
Hg 0.000 0.000 0.000 0.00
Ni 6.320 6.320 0.000 0.00
A " FHEE BARE An Curt mge] E3 §EAIFe) osto] g FEE
0.01~0.03 mg/L, Zn 0.03~0.19 mg/L, Cr e &2 0.088 mg/L x 10 L/kg = 0.880 mg

0.01~0.02 mg/LE2 &EA=o] HfrE=HA A
AH71E W 7]1EA] ootz vEeh sfjfulEo]
7Fsdt ol dttal RSkt

Table 5= 1,100TCo4 &4 SC 46 A|H
kgell sty 34 EEASAE Al Aot
A2 7P FEIt =2 Zno| thste] AmE
k31t o] Aarg 4 9ok, AJH ARA] &
E9o] H7EES 40 wth=E SHYCER Zn
13,150.100 mg/kg X 0.4 = 5,260.040

N

do 2 2 o —
ol
rlo

o

L.

o] Hrt, wEhA AAA FEEE F
T 7PREHE 5259.952 mgo] Al o] 7+ 9
A =], @A FEHE HLe 0.02 X 107%
7} Ht

N
ot
]
il
)
ro.

-+
rr
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HE 2 FYSIES olgstel 5y 2
AEARgoRe A Hsye FEstIA

AAESeH, dojxl e vt 2

L.

ol
-

v/

I N

AES pHE 8.32~8.65, 384 1
e 3.21~9.14  wt%, TOCE
1.35~1.68 wt%ollt. Fa55% ¥ total
Crol  27.1~46.6 mg/kg, As 13.5~20.2
mg/kg, Pb 35.1~538.7 mg/kg, Cd 1.9~55.1
mg/kg, Cu  31.6~149.3 mg/kg, Zn
526.0~13,150.1 mg/kg, Hg 0.000~0.065
mg/kg, 222 Ni 11.2~15.8 mg/kgo 2
At LAGEHE eI

)
==
=

ofl

Ol

. 334 0957t MY BE FYEGOP)Y
T shetxAde S10,(48.30 wt%),
ALOs(16.60  wt%), CaO(10.10  wt%),
Fe;03(7.75 wt®)oleH, HEE  SiO7}

. =AES

=z =
. FAEE

—_

70.82 wt%, Al,Os 18.78 wt%, Se|ZeEL
SiOx7F 71.75 wt%, CaO 13.99 wt%, Na,O
8.51 wt% o] A3drt.

A7 gl Al Quartz(SiOy),
Moscovite  ((K,Na)(Al,Mg,Fe)»(Siz1Alp0)O10
(OH)Q), Sodalite(Nag(AIGSi6Oz4)Clz), Calcite
(Ca(CO3) So] W= N, HEE F2HA
Aol Quartz} Moscovite 2. 2 LERGTE
AE] 10~40 wt% H7fg T
1,000Ce} 1,100Co A AZdt AlHe] =74
== ZZF 1326~1785  kgf/em’$}
581.2~793.7 kgf/cm’0|glty. FAHEZL 40
wt% A71E A-9(SC46) 1,100TCo|A 445
A7t 793.7 kgf/em’® 1,000CollA] A4
7499] 153.0 kgf/cm® Ht}h 58 o4 =A 1t
Bl 1,100C 2%7F A4 o At Ao
2 TgEger, KS 1538E

7lEe WA

Ack,
3% gl M9 YW FAES YE U
femeEs Bgote] a4stel §EEHS
BA5 Za wr ssleeEa A46s)E

A7 ZXE 34 st Aoz e

v
=
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