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Applicability Assessment of Steel Slag as Reactive Capping Material for Blocking Phosphorus Release
from Marine Sediment
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ABSTRACT

We investigated the applicability of steel slag as a capping material in order to minimize phosphorus(P) release into seawater. Steel slag
is a byproduct from the iron and steel industries and the use of steel slag has some advantages in respect of both cost and environmental
concern. P removal by steel slag were studied in a batch system with respect to changes in contact time and initial concentration. Kinetic
adsorption data were described well by pseudo 2nd order model, indicating rate limiting step for P adsorption to steel slag is chemical
sorption. Equilibrium adsorption data fitted well to Langmuir isotherm model which describes for single layer adsorption. The maximum
P adsorption capacity of steel slag was 7.134 mg-P/L. Increasing the depth of steel slag produced a positive effect on interruption of P
release. More than 3 cm of steel slag was effective for blocking P release and 5 cm of steel slag was recommended as the depth for
capping of P contaminated marine sediments. Increasing P concentration and flow rate had a negative effect on P removal ratio. It was
concluded that the steel slag has a potential capping material for blocking P release from marine sediments.
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X 9% aEA Agedas 484 9=
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al., 2012). APFEHIE o83t =galloflq P AAo] E8H A
7 2 A QJsfiA] =g=|¢iet. Sunahara et al. (1987)
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2704 =fiE]o] Bk mE AEA 84S Hkeket
A7 ek
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WE B 3087F 125 °C 2 19EHE7] (Autoclave, HB-506,
Hanbaek Science, Korea)= sttt PO 858 AHA]7]
7] Sfet TEAR AME AFEH s olamto]AHERE A
& wgrom, ARE AFEdLe] dEEE 1~2 mm (No.
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2. HiX[&E

1~2 mm% Y= 23 AFEHLE ol8ste] 58 A
(kinetic sorption test), B® & A9 (equilibrium sorption
test)& I}, K:HPOE S0l HolA EE8H 1000
mg-P/LE AZXZE §, o]F 3AJslo] Agol AMgsiGIty 593t
2 AL 1 g AEEe} 10 mg/Le} 100 mg/L &4 (pH 7)
27k 30 mLE 50 mL &9 conical tubeol] ¥, 40 min, 1,
3, 6, 12, 24 hr ¥RGAIZ]l & P §HS A3feqlct. B2
A FUst 2HAgA 24 hr WES3E T SERS B4,
P g9 27] w=+ 10, 20, 50, 200, 300, 600, 1200 mg/L
2 AAstet. Qe 84S AFEHet Eejstr] $lste]
0.45 um 24| (Polypropylene filter, Whatman, USA)E o€
sto] ofa}sigict.
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=3t P 820l o FFE F= AR AEY 1Y 95
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et AdEE1e) uE FAC W P 859 Foks dobiy|
Qe Agox= APFEH1Y 98 FAE 0, 1, 3, 5 cmE
27 dejste] Al s, el whe P 859 9%
Aol 7] sl FH Z1ZF 1, 2, 3 mL/mino2 Z}z} g3}
o]l AHE FYoglon, PY wko] 2 £& 52 PY &
T 10, 20, 40 mg-P/LoA AL k3t 10 mg-P/L,
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A % Pl Ht B (mefg) O, o] Flo] 24T FX
P ik FHT 4 9lo] FHA A5E BEshs 7o) Hek

S 25}

== oo=2
Kr, n, K, Que A% Zio| Freundlich model®} Langmuir
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Aaae) PEel slol A FH5S obws] 9 £
8k A8 ATE Fig. 13} Table 10 YA 10 mg-P/Lo]
Az 24 AZE ol BEol E=Eeqilal, 100 mg-P/LolAE= 3
AZE & Ho] EPeiolch $AF 13 wug) 2% RS ol
sto] BAst ATE Table 20 YeFNRITE 10 mg-P/Le] 7
S A 12F meol A RPgre] 0.723, A 23t WOML
0.7562 YERFIL 100 mg-P/LAE HAF 12 mElo] 7
R*gko] 0.929, A} 22} Bellof A= 0.9372 et Aztgo
B RS 58 2w BT A 22; Bl ‘31 = Hitel
= ASE Yyt olF s A&l p
2-0] BzMRO AT oJgkS ATl AL
(Ho and McKay, 1999).

AdEe 1o P BESAAY 23S Fig. 200 AAHA
Freundlich 2493} Langmuir 2 &S Z-85F d] H4 7k
Table 29 YEMITE Freundlich @3} Langmuir 299
S v, Langmuir 20| R* ZH 0.943% Freundlich
=go] R ZF 0.8735ch 2 AoR el s, 33 g2

L] 10 mg-P/L
0.6 - [o] 100 mg-P/L
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Fig, 1 Kinetic adsorption data and model fits for P adsorption
to steel slag

Table 1 Model parameters for pseudo first—oder and pseudo
second—oder model obtained from kinetic sorption

experiments
. ) Pseudo first-order model | Pseudo second-order model
Initial Concentration . .
(mg-P/L) Qe 1 RZ Qe 2 RZ
(mg/e) | (1/h) (mg/g) |(g/mg/h)

10 0.130 | 0.114 | 0.723 | 0.146 | 1.081 | 0.756

100 0.249 | 0.822 | 0.929 | 0.274 | 3.943 | 0.937
13
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Fig. 2 Equilibrium adsorption data and model fits for P

adsorption to steel slag

Table 2 Model parameters for Langmuir and Freundlich models
obtained from equilibrium sorption experiment

Freundlich model
1/n
0.499

Langmuir model
Ky (L/mg)
266.5

R
0.943

Kr (L/g)
0.188

Qu (mg/g)
7.134

A} Freundlich 249 Rt} Langmuir 2do] ¢ &g
& Qo 2 23 Fal APdEeae p oS 5
EE}—‘;— el Tao g dojts & 4= Y} (Summers et
., 2011). Freundlich 2499] 1/n k& =2 1Hc} Zroug 7
éf‘/HZL—J p 73 /d=lel ot (Summers et al,
2011). Langmuir oA ©¢] Ak A7t&e19] P g2t
FE 7.134 mg-P/go & UERTh 2 A9 AuE B =3
o] A-ret vjwgh Auh B Aol AREE AFEH 1Y P
SARE B AtollA] AREE S| B A YT Lee
et al. (2012)= T3 AFEHLE ol8st P FA HY 2
T} P SAFES 6.65 mg-P/gl 2 YERGIL Xiong et al-2 A
FEHIE o83t P FRA o9 AT P AR 5.3
mg-P/gC 2 RIsFh ESH U magnetiteS ©]83F P A
AX, 9] A P SRR 5.2 mg-P/g (Daou et al., 2007)
, 2010)0.2 UEpgon, Uri A

T} 3.2 mg-P/g (Pan et al.
AAES o] 83k P 7‘1]7%/\] P &&%2 503 mg-P/g (Yoon

3]
=
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[e]
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F1g 3 SEM and EDS micrograph of the particles of steel
slag before (a), (b) and after (c), (d) P adsorption
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< 1 o], 2 A AMH APFEH 1Y Yol v
2 Hop Sole Etstal Tl Ay P FRRR AddiEe
= bRt

P2 Ca, Fe, AlZ} BEGSlo] 584 3RtEs w=WA P
Ezkst 4> 9ltkLindsay, 1979). XRF ¥4 A1} Table 39 1t
W AAY AdEd e Ca0, Feq0s, SiOz, AlOs7F +8 4

Pol ZFsHAl T2t = 9= Ca, Fe, Al A2S tFF o
3kl qlof, A& LY o) A P S| =2 AS
2 AlREr)

SEM EDSE o83t P& S2tet7| At &9 A% Léaﬂl 3
Hol E4JE Fig. 3 UeRfSITt. SEM ARolA P &2+ Azt
H]J—'LOP@] & 5 AFeHiLe] sH w2 ] mlA| O]XI’E‘
o] E0|%= A& FIT 4= 9tk EDS @J—]* H ’QE‘
at r’"ﬂ] g2 A P HEETE 2SR E ¢
o}, o|2X AFEH 1 PE S H= Ae

oo

t

m

wow

___Xl—
= 1

J

=

3.2. §& g5

ArdgdLel vls A0 e FE
AE 2470, 1, 3 5 emZ Eej3t4
Al

=2 171
10 mg P/L, % 21 mL/mm 22

19 2l(P)

EEHEUP 292 54 o}aa
gefer] 540o] Azlov), 4| o»e—am Aﬁ At 13 5em

=2

et al,, 2014)02 Yepyitt, A8 AtolA ARE A7 2 S7Rk] webA 0.5 C/Cel E=Esh=t] 5, 69, 141 AlZto]
e goln, Qo] HEWAL 2t vlo] whelesicks ARECE 0, 1 3, 5 em 27} w2 SR 94598 o
Table 3 Chemical composition of steel slag
Element Wt.(%)
Ca0 F6203 SIOZ A1203 MnO MgO Cl"zOg TIOZ PzO{, NazO SOg LOI Total
SS| 3220 29.80 15.10 11.00 6.18 3.04 1.02 0.49 0.36 0.18 0.18 0.45 100
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Fig. 4 Bacterial breakthrough curves for phosphorus removal
in the steel slag with variations of steel slag depth
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Fig. 5 Bacterial breakthrough curves for phosphorus removal in
the steel slag with variations of influent P concentration

Qb8 mlatEl=y dels AR 14, 24, 201, 207 AJRto] Z-

2t aaggle pe WAL ARLHIY HE LA %
7Kl wrebd] A, 512 A7 1 emt 3 eme] 49 3t

A o] 5 fol7t yelsiTh
FYg =0l TE FIS doty] Y3 v=E 47 10,
20 40 mg-P/LE Gefstelal, ApkEei1 —43 A= 5 cm,
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‘/}E]'IH Aot FUe F& 10 mg-P/LY AL MEHl“-E (Relatlve
Concentration)”} 0.50] Eg3dk=t] 141 AJ7to] AQE|Q1
mg-P/Le] 7 45A17F, 40 mg-P/Le] - 25A]710] 421} a
Q=Y. gate] =dst=d dels AR 217 AT
(10mg-P/L), 125 AIZF (20 mg-P/L), 117 AIZF (40 mg-P/)7}

Journal of the Korean Society of Agricultural Engineers, 56(3), 2014. 5

Fig. 9 Bacterial breakthrough curves for phosphorus removal in
the steel slag with variations of flow rate
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d A 4H%E Fig. 60 Uehlsich 2=l 1 T S
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Table 4 Column experimental conditions and results REFERENCES
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3 3 10 1 1206 | 481 | 396 Journal of Korean Solid Wastes Engineering Society
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