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Changes in Physical Properties and Its Metal Removal Efficiency for
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Abstract Metal removal from water has not been explained clearly by either adsorption onto the surface of absorbents
or precipitation as metal hydroxides because those occur simultaneously to a certain extent. For a better understanding
of the metal removal mechanisms, batch experiments were performed using soil calcined at 850C under various pH
conditions for Cu, Pb, Zn, Cd, and Cr. The results showed that the metal removal efficiency with the exception of
Cr decreased abruptly, even within 5 min, showing more than 90% removal. The pH of each reactant increased
gradually from around 7 to 9 with time. The increases in metal removal at higher pH appear to be associated with
metal hydroxides precipitation. Comparative experiments, which were carried out changing the pH by reacting with
commercial activated carbon (CAC), natural yellow soil (NYS), and calcined yellow soil (CYS), showed that the pH
of the CYS only increased with time. Calcination processes might lead to a change in the physical properties of the
soil matrix resulting in a high pH when reacted with water. Apart from adsorption onto the surface of the absorbents,
these results show that the adsorption and/or precipitation of hydroxides onto the surface of adsorbents also play
important roles in regulating the dissolved metals under alkaline conditions.
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Table 1. Chemical composition of the soil powder in

Korea (unit: wt%)
RawThls (szgi};ate 3 Kimje!"” Kunsan"”  Youngdong""
ALOs  21.1 3.14 16.8 20.7 17.2-20.1
CaO 0.1 0.27 0.14 0.07 2.49-3.77
Fe;0; 5.1 75.7 7.58 5.11 3.41-11.5
KO 3.06 0.44 2.55 2.55 2.45-4.40
MgO  0.53 0.21 1.25 0.54 0.37-5.24
MnO  0.03 1.29 0.30 0.02 0.02-0.10
Na,O  0.17 0.71 0.69 0.00 0.92-2.00
P,0s 0.05 0.30 0.08 0.04 0.03-0.06
SiO; 60.3 11.1 62.3 61.6 51.9-63.0
TiO, 0.7 0.14 1.13 0.53 0.29-0.69
LOL 8.16 0.90 7.01 8.44 3.26-6.37
Total  99.2 94.2 99.8 99.6
L.OI : Loss on Ignition
60.3%, 21.1%=2 T3S °]FM, Fe,05 &2 5.1%
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a) in the presence of soil -8~ Cu-O- Pb -¥- Zn - Cd - Cr
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b) in the absence of soil -8~ Cu-O- Pb -¥- Zn - Cd & Cr

120
Metal removal (%)
100

80

60

40

20

2
120 180 240 300
Elapsed time (min)

0

60

120 180 240
Elapsed time (min)

0 300

Fig. 1. Metal removal and pH variation in the presence
(a) / absence (b) of soil media.

2 A AE(9.4% at 5 min, 10.7% at 300 min)< H.0]

8]—%]13} )\1(2)2 Ea8 dAH
7R Y3t silanol (Si-O

FEaE 94 B

-) % aluminol (Al-O-)

=i
=

o ERFAHE vl THE AAT deEFE £2 7
shEo] FHEFARIA BEH3T). Huang et al (2017)
[12]2 Cu, Pb, Zn, CdE W42 pH d3ldl we} 7}

7ol o] &F& AXlste] pH7E Sl whet
AABEL ek B3 A5k B A5
2(PHREEQC, MINTEQ )& 53 pH =7

&0l EAFURTH FE57N5E] A
A S AAEk tl[2,12-14], Cue pH>5.5
=27 OM Cu(OH)yuq FHIZ A3, pH>6.594&
1 osErE 543 7k, 0.02M -9l A Ph(In )
zn(H)-f:— 7217} pH>6.0, pH>6.8 7oA FAketES 3
Al Ao Busta ok Fig 19 24%E7 37t
H AZOA AR whet S7EE pH 3 5

Akl

(RSN
PR

=4 o]= Cro] As, Se 53} UM Z oxy-anion®] @ o w o ANEE BEFUSERE AAASAS AA
W EASE 2 Bdel g addee 2ag o €
ol wheh pH 94 2 Aol moln], 2ygEst Hrp T Crd TEIl pHSE WAR] &4 Hehs
57 o2& AR A= WS- 3005 o] Fo® 7] pHt ZE= oxy-anion®] 3 EN(HCr,07, Cr,07, CrO/) & &4
32 AolE mold oreth wW, ARE Prhm o pH ST mEAE GO R selgen &
NES Bl AR AelE molAw, WAzt ATHHISL 5, el Aok 2 BIAAC) o w34
we} pH Z718o] FreixA Uehd). R iAo WA 7] el £ Aol Cr F
o N, EdBBo| o5t 22 AA NS T} ZHEH S 300+ ©1F 10% W9lo] F3) B 553
2o] ol emale] o3 FAEHA I} £ pH 2o U1 A S ke el
A TESALEHE(Me(OH)) B/l 2@ AI7(4] 2=
/gué‘ﬂ_q_[l 9] 3.2.2 CIYst =7| pH ZHYE 534 MHE
Whe-gHe] 27] pH 21(2~8)& 2Ejdte] TE%
S-H + Me® — SMe* + H ) AAE 9 pH W3E Fig. 20 ZA8% Cre BE
HO-H + Me”” — Me(OH)" + H Q) pH 7l A e AAS A @9ka o5 AF THE
AAEE 27] pH 270 wel Fre] xjo]5 Helh
@ pH=2 O pH=3 ¥ pH=4 A pH=5 m pH=6 0O pH=7 @ pH=8
?123 Cu Pb Zn cd Cr
? 80
g 60
g 40
& 20
0; 5 10 15 20 25 30 %) 5 10 15 20 25 30 O 5 10 15 20 25 30 O 5 10 15 20 25 30 O 5 10 15 20 25 30
“Tcu Pb Zn cd cr
10 — = —
. /.’4—/‘
26 ZE?
2

o

5 10 15 20 25 30 O

Elapsed time (min)

5 10 15 20 25 30 O

Elapsed time (min)

5

Fig. 2. Metal removal (%) and pH as a function of elapsed time at

10 15 20 25 30
Elapsed time (min)

587

10 15 20 25 30 O
Elapsed time (min)

5 10 15 20 25 30

Elapsed time (min)

0 5

various pH conditions for each elements.



A& 8] =2 A A8l A4E, 2017

ol
ol
£

ik
oo
pe)
oo
=

e}
T

rlo N
N
N
S
215
yo
S

of
2
)

ojt
HB 1

o

tjo

f1

>
Q-‘U_‘V_‘
=2

v
rlo

N
ke)
jan

3.89, Zn : 3.96, Cd : 3.
sh7) miiEo 2 welt), 3, pH>3.0 271004
71o] pH7t FA3] F7HE o, Ao
of W pH Z7}et AL frAket
Ht)

Aol wek o] 2ol 7t glen), pH<7.0 271004
T EAFEE 28R (Me(OH)) Ko} o] &(Me™)
AA7F H B HES A BES H S22

Y

N

( il
I,

oo o

)

o [r
o &Y P

o &
>,

S N
TTa=

o ol
ox

2
ﬁl‘
il
ofl

2= o0]Jo o
T o omRTE=

A vepd

Smith and Martell (1976)[16]2 2 (2)& o]&&}]
AR FEE FIkE Ad(hydrolysis
logk)E AABIREY, logKpis -7.71 2.2 Eok] thak
ARE7E & AR Basta gk Edh 7 5459
A logKie  logKe~8.00 > logKz=896 >
logKc,=-9.20 > logKy=-9.86 > logKc~-10.802.% A3}
A 9 Bl tigt o]E g4 FAEAYE dA gt

[17,18]. $-8 A7 9A] Pbolld E=& A|AEL 023t

A

constant,

ool

ARl FEeAE Z kgt

FIH o R, F&EFAEES AAEAES ERlEn
7] 913te] pH 6~12 ZZA &E5% 55 BRIt
t} o]2 93}, Cu, Pb, 18]I Cr& tiAtoz A3S 7
gl om, 7 pH Ao W& §F 549 v&S Fig
39 AABFAEE Cu9t Pbis pH Z71ol whel & 34
of H]go] HA 3| Lo}l pH>8 o]/de] Z7lol A= A
o AEHA Frh vk, Cre BE pH 7ol oA
3] w2 FE(FYEEY 9 80% Fo)E FAlgt) o
213k Ak 9A =99 pH 240 W F4 o] 2%
of FXEAS & Sl Axelth X3 Fig 4%
2ABETL EAEHA] e 270 pH Wl wE 3
g APARE #Ee Flolt). CuE U e= pH £
A9 HAAE WY 5E BEs 4y, =2 pH =
(pH>8.0)°14 4] Cu(OH), HA=o] §etow el

588

8

a) Cu

a2 9 @
o o o
T T

S ~
8o 3
T

b) Pb

F -
S © o
T

S N
8o 8

%
S
T

Metal Dissolved Fraction (%)

40

pH6E
Dissolved metal fraction as a function of pH

pH7 pH8 pH11 pH12

Fig. 3.

[y
o
[S]

B @ 0
o =] =1
T T T

Dissolved Fraction (%)

N
o
T

0

pH=11

pH=10

pH=6
Fig. 4. Photo images for precipitated Cu(OH)2 as a
function of pH

pH=8  pH=9 pH=12

AAE ks HATKFig. 2). %
7}EE pH #49] Wste &4 (32 B-EY
A7 7R &2 29 E AA o] 4 H
2 A7



£HA o5 FEo|

2454 W8 2 82 334 AA5Y

Calcined Yellow Soil

Control (DI water)

Commercial Activated Carbon

Natural Yellow Soil

120 180 240 300 360

Elapsed time (min)

60

Fig. 5. Changes in pH of the supernatant reacted with
various adsorbents.

Zpol & Holxl eFdTh
gt Sl pH7L 57

5= pHZE 9.0 o]
213 pH F7H o] 23S E X
Eolait}. EAEAE 1
Skout, H A/ ES) v
A el A BE]A ddwistet
Aoz AZHHT
Geovannini 5(1990)[19]%} Zihms
| & 2E(>4000)E EUS 7193 o]F E pHE
&Fol A vluste] F7EE 2t deE
gk 1} 9l2H, Sertsu and Sanchez (1978)[21]

L
pu
/\

[e]

5(2013)[2014]

>~

p

B

7=
B
400C= 7kdA 289 W, EY pH, K, Ca, Mg,
Mno| gfo] A or Frhdta st 5, BY
LH Ca0, K0, MgO Jé\_A}g}E(oL%}aﬂ-&_),] bﬂ—ak
F7he 8L o] FEE F7H41A Fole pH

o K

SR ol HH, AdA e o3 EYFE] 3}
2N AT HRA/A G- EA(TGA/DTA)S
B3t b S B EAE @eEEA 3Ee] 38
# zAdo] W3S 2913 Jeong 5(1999)[22]2 AT
oF% Y| ght)

2 AT AT A5 FES setrgs 4
HEH, Fe,0:8 37 CaO, MnO % Na,O 5 <25
& greFo] AA SIFEI UL A HE] F Fe05 Fado]
7 FEYAA S7HER st o, AsES B &
3= 7] wWitol dulH e R Frke dAE e ¥
Zro] B3o] WS04 =& pHE of7|3k= Aolt}, o]F
3 pH S7F @42 AF Fa5Es AN sk 9gee
ST M= SIEHECE 1 : 109 H]ERE 64
b S E3/ankE &N A ® SH A, A

589

H3t 1,180.3 ueq/Le] &Z2]% Fh(as HCO3) LS
2288 IA(HIF 59.7 ueq/L)¥} Hlwske] oF
o

4
=

4, 42

%’*E‘)ﬂ A TEE AANE T 25

b2 A 7].#&] < 3}ol o}-‘LX]— 5%0

pm w2l =
H A5t e o ool pH

asheze) A2 Al
o wEdE:

References

[1] J. Y. Hwang, M. 1. Jang, J. S. Kim, W. M. Cho, B. S.
Ahn, S. W. Kang, “Mineralogy and chemical
composition of the residual soils (Hwangto) from South
Korea”, Journal of the Mineralogical Society of Korea,
vol. 13, no. 3, pp. 147-163, 2000.

H. G. Cho, S. Park, C. O. Choo, “The copper adsorption
onto Hwangto suspension from Pankok-ri, Kosung-gun”,
Journal of the Mineralogical Society of Korea, vol. 17,
no. 3, pp. 209-220, 2004.

0. Abollino, M. Aceto, M. Malandrino, C. Sazanini, E.
Mentasti,  “Adsorption of heavy metals on
Na-montmorillonite: effect of pH and organic substances”,
Water Research, vol. 37, no. 7, pp. 1619-1627, 2003.
DOI: https://doi.org/10.1016/S0043-1354(02)00524-9

[2]

B3]

[4] H. B. Bradl, “Adsorption of heavy metal ions on soils
and soils constituents”, Journal of Colloid and Interface
Science, vol. 277, no. 1, pp. 1-18, 2004.

DOI: https://doi.org/10.1016/.jcis.2004.04.005

H. K. Park, E. Y. Jung, Y. J. Lee, S. Y. Choi, Y. K.
Hong, “A study on the removal of Microcystis
aeruginosa by coagulants of the ceramic-zeolite type and
yellow loess”, Journal of Environmental Science

[3]



HERE TP

3}5)2= 51| A18W A4E, 2017

(6]

(7]

(8]

[l

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

International, vol. 11, no. 4, pp. 405-409, 2002.
DOLI: https://doi.org/10.5322/JES.2002.11.4.405

S. K. Kam, J. Y. Hong, C.G. Hu, M. G. Lee,
“Adsorption characteristics of Cd(Il) and Cu(ll) by
Zeolites synthesized from Hwangto”, Journal of
Environmental Science International, vol. 12, no. 7, pp.
817-824, 2003.

DOI: https://doi.org/10.5322/JES.2003.12.7.817

E. Prochazka, D. Hawker, G. S. Hwang, G. Shaw, L
Stewart, W. Wickramasinghe, “The removal of
microcystins in drinking water by clay minerals”,

Proceedings of the 14" International Conference on
Harmful Algae (Hersonissos-Crete, Greece, 2010),
International Society for the Study of harmful Algae and
Intergovernmental ~ Oceanographic ~ Commission  of
Unesco, pp. 258-260, 2012.

J. S. Bae, C. K. Park, K. C. Sung, S. W. Lee, Y. H.
Hwang, “A study on the adsorption heavy metals in
waste water using domestic clays”, Journal of the
Korean Oil Chemists Society, vol. 21, no. 2, pp.
124-131, 2004.

H. B. Bradl, “Adsorption of heavy metal ions on soils
and soils constituents”, Journal of the Colloid and
Interface Science, vol. 277, no. 1, pp. 1-18, 2004.
DOI: https://doi.org/10.1016/].jcis.2004.04.005

S. H. Kim, S. H. Choi, G. Y. Jeong, J. C. Lee, K. Kim,
“A geochemical study on the enrichment of trace
elements in the saline ash pond of a bituminous-burning
power plant in Korea”, Journal of the Mineralogical
Society of Korea, vol. 27, no. 1, pp. 1-10, 2014.
DOI: https://doi.org/10.9727/jmsk.2014.27.1.31

E. D. Jeong, H. S. Kim, M. S. Won, J. H. Yoon, K. W.
Park, U.H. Paek, “Adsorption characteristics of Pb(II),
Cu(ll), Cr(Il), and Zn(II) ions by domestic loess
minerals”,  Journal of  Environmental  Science
International, vol. 8, no. 4, pp. 497-502, 1999.

J. Huang, F. Yuan, G. Zeng, X. Li, Y. Gu, L. Shi, W
Liu, Y. Shi, “Influence of pH on heavy metal speciation
and removal from wastewater using micellar-enhanced
ultrafiltration”, Chemosphere, vol. 173, pp. 199-206, 2017.
DOI: https://doi.org/10.1016/j.chemosphere.2016.12.137

M. B. McBride, Environmental Chemistry of Soil, pp.
416, Oxford University Press, 1994.

I. M. Kolthoff, E. B. Sandell, E. J. Meehan, S.
Bruckenstein, Quantitative chemical analysis, 4" ed.,
Macmillan Publication, pp. 1199, 1969.

C. G. Sampaio, L. S. Frota, H. S. Magalhdes, L. M.
Dutra, D. C. Queiroz, R. S. Araiijo, H. Becker, J. R. de
Souza, N.M. Ricardo, M. T. Trevisan,
“Chitosan/mangiferin particles for Cr(VI) reduction and
removal”,  International  journal  of  biological
macromolecules, vol. 78, pp. 273-279, 2015.

DOI: https://doi.org/10.1016/j.ijbiomac.2015.03.038

R. M. Smith, A. E. Martell, Critical stability constants,
Plenum Press, New York, 1976.
DOI: https://doi.org/10.1007/978-1-4757-5506-0

M. M. Benjamin, J. P. Leckie, “Multiple-site adsorption
of Cd, Zn and Pb on amorphous iron oxyhydroxide”,
Journal of the Colloid and Interface Science, vol. 79, no.
1, pp. 209-221, 1981.

590

[18]

[19]

[20]

[21]

[22]

DOI: https://doi.org/10.1016/0021-9797(81)90063-1

H. A. Elliot, M. R. Liberati, C. P. Huang, “Competitive
adsorption of heavy metals by soils”. Journal of
Environmental Quality, vol. 15, no. 3, pp. 514-219, 1986.

G. Giovannini, S. Lucchesi, M. Giachetti, “Effect of
heating on some chemical parameters related to soil
aggregation and erodibility”, Soil Science, vol. 146, no.
4, pp. 344-350. 1990.

DOI: https://doi.org/10.1097/00010694-199006000-00005

S. G. Zihms, C. Switzer, J. Irvine, M. Karstunen, “Effect
of high temperature processes on physical properties of
silica sand”, Engineering Geology, vol. 164, no. 17, pp.
139-145, 2013.

DOI: https://doi.org/10.1016/j.enggeo.2013.06.004

S. M. Sertsu, P. A. Sanchez, “Effects of heating on some
changes in soil properties in relation to an Ethiopian
land management practice”, Soil Science Society of
America Journal, vol. 42, No 6, pp. 940-944, 1978.

DOIL: https://doi.org/10.2136/sssaj1978.03615995004200060023x

E. D. Jeong, H. S. Kim, K.W. Park, U. H. Pack, “A
study on physical propertiecs and adsorption
characteristics of heavy metal ions of loess”, Journal of
Environmental Science International, vol. 8, no. 4, pp.
491-496, 1999.

0| %! #H(Jin-Won Lee) [E2|H]
02015 29 Ak Sk B}
3 (843 b
02015 99 ~ A At
g st HApaty
<TEok
A8, BT a4 qgsh
2! M 3|(Seokhwi Kim) (M3

02007 2¢
37 st} (.4_6]—/“/{]_)

20104 8% : wAlsh ojstel
37333} (Fkh

0201551 2¢9 ~ @Al . 1571Ed
T4 ZSHEIAYHAE A



a5R ] o3t Fuo

245

g

w3}

ol
=

&

e

=
o

A
=

AAH

& & 4(Gab-Soo Hwang) [H3lH]

1985 29 : it oFshst
2 eFeht (koAb

1989 29 : it oFSyst
2 eFebt (eFehihab

°19911d 99 ~ A : Ak
et s

B33, BAAUEA)

591



