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Abstract—The effect of humic acid (HA) on the sorption and desorption of Co(ll1) on kaolin was investigated. Cobalt
ions interact with carboxylic and phenolic groups in HA and form HA-cobalt complex. The solubility of HA was
affected by the surrounding pH. The presence of HA reduced the equilibrium time for the Co(l1) sorption on kaolin
compared to the absence of HA. Solution pH, not HA concentration, was a main factor to affect sorption of Co(ll) on
kaolin in the presence of HA. In the kinetic sorption and desorption of Co(Il) on kaolin, the presence of HA shortened
the breakthrough of Co(ll) sorption on kaolin compared to bare kaolin, and HA solution enhanced the displacement

of Co(ll) from kaolin compared with deionized water.
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INTRODUCTION

The discharge of various cobdlt radionudides from nuclear reac-
tors to surface weter and their accumuldion by agquatic organisms
and sediments are drawing attention to the cyding and fate of this
element in aquatic systems[Qian et d., 1998]. Cobadlt, an essentid
dement that plays a very pedific rale in vitamin B12, israre, avall-
able only a low concentrations in aquatic systems. With regard to
thefate of Co in naturd weters it isimportant to understand whether
dissolved Co inputs will be easily bound to particles and retained
in sediments or, in contragt, will be strongly complexed in solution
and trangported with the water phase [Qian et d., 1998].

The sorption and desorption characteritics of cobalt in soil and/
or groundwater systems are very important with repect to envi-
ronmental pollution, and these processes are influenced by the pres-
ence of organic metter [Laszak and Choppin, 2001; Prado and Airoldi,
2003)]. The organic matter of asoil sygem isdifficult to define chem-
icaly asit represents a continuum from living root fibers and plant
detritus to Smple molecules such as carbon dioxide and methane
which are the end products of humic degradation [Kim et d., 2002].
Because of its grest complexity, the organic fraction has been das-
sified operationdly rather than chemicdly into 3 fractions: humin,
which isinsoluble in both acid and akaine solutions, HA, which
issolublein akaine solution but insolublein strong acid; and fulvic
acid, which is soluble in both grongly acid and akdine solutions
[Spark et d., 1997]. The main functiona groups present in a sam-
ple of HA are carboxylic acids, acohols, phenals, carbonyls, phos-
phetes, sulfates, amides, and sulfides, and dl of these groups are
able to interact with metal species in solution. Humic substances
are ubiquitousin the environment and they can play ardlein nature
Generdly, it has been found thet the interaction of HA with metal
cations in solution increases with pH, decreases with metal concen-
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tration, and incresses with HA concentration. The transport of cobalt
released from anudlear reactor in the subsurface induding soil and
groundweter is Sgnificantly influenced by the sorption and desorp-
tion characteridtics of cobat on soil partides [Park and Hahn, 2002;
Park & d., 1999]. Sail organic matter isadominant factor to govern
the sorption and desorption characteridtics of cobdt on soil parti-
cles However, the sorption and desorption of cobdlt in soil envi-
ronments in the presence of humic acid and the feesibility of humic
acid as a washing reagent for the remova of cobat-contaminated
il hasnot sudied in detail.

In this gudy, the sorption characterigtics of cobdt induding sorp-
tion capacity and sorption kinetics were invegigated in the pres-
ence of various HAs Trangport characterigtics of cobelt and dynamic
sorption and desorption in a column were dso investigated.

MATERIALSAND METHODS

1. Materials

All chemicds used were of andyticd grade. CoCl,-6H,0 abtained
from Sigma (USA) was used in the preparation of synthetic con-
taminant bearing solution. The pH of the system was adjusted by
usng sandard 0.1 N NaOH and 0.1 N HCl. Kaolin was obtained
from Sigma (USA) with the diameter of 0.1-4.0 um.

The HAs were sdected from three different origins: (a) com-
mercid product from Aldrich (ALHA), (b) extracted from Cana-
dian peat moss (PMHA), and (¢) separated from humus soil in a
Korean mountain (HSHA). PMHA and HSHA were separated and
purified following the sandard internationa humic substance soci-
ety (IHSS) procedure for the extraction of HA [Milneet d., 1995)].
2. Methods

The equilibration time for Co(ll) sorption on kaolin was mese:
aured by kingtic experimentsin the presence of HA or in the absence
of HA. Uptake of cobdt ion from agueous solution by kaolin in
the presence of HAs was measured by placing 25ml of 0.5mM
cobat solution into contact with 1 g of kaolin containing various
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HAs concentration in 50ml pladtic bottles. Samples were shaken
in an over-end sheker & the gpeed to maintain the contents com-
pletely mixed, and the kaolin particles were suspended throughout
the vessd. The solution’s pH and ionic srength were adjudted before
the sorption experiments were Sarted. After equilibrium was reeched,
the mixtures were centrifuged and the supernatants were andyzed
for cobdt. The quantity of cobat ion sorbed on kaolin was cacu-
lated as the difference between initial concentration and concentra-
tion a equilibrium. Each experiment was repested in triple to check
the reproducibility.

The experimenta procedures for Co(1l) sorption and desorption
of column experiments were employed in the Wang et d.’s experi-
ments [Wang et d., 2002]. 30 g of ar-dried kaolin was packed into
the glass column with 220 mm in length and 18 mm in diameter.
An HPLC pump wes used to maintain a steedy flow rate. 0.1 mol
NaCl/l solution (pH 6.0) containing 10 mg/l Co(l1) was introduced
into the keolin column for sorption experiments, while 0.1 mal NaClA
adjusted to pH 6.0 with or without 0.01 g HA/l was introduced for
desorption experiments. The effluent samples were collected and
the breskthrough curves and the disolacement curves of Co(ll) were
obtained.

FTIR (Bomem DA-8, Canadd) was used to andyze the func-
tiond groups of HAs. Atomic adsorption pectroscopy (AAS, Per-
kin Elmer 3300, USA) was usd for the andyss of cobdt in the
agueous phase.

In the present study, the following expresson has been gpplied
to cdculae the digtribution coefficient, K, (ml/g) for Co(ll) in the

absence and presence of HA on kaolin:
K =W(C=C)
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Fig. 1. Sorption kinetics of Co(l1) on kadlin in the presence or ab-
sence of HA, initial concentration of Co(l1): 5.0x10™* mal/l,
V/S: 50/1 ml/g, ionic strength: 0.1 mol NaCl/l, HA concen-
tration: 0.1 g/l, initial pH: 6.0, 25°C.
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Fig. 2. Effect of HA concentration on the sorption kinetics of Co
(1), initial concentration of Co(l1): 5.0x10* mol/l, V/S. 50/
1ml/g, ionic grength: 0.1 mal NaCl/l, initial pH: 6.0, 25°C.

where G, and C are concentration of cobat (mg/l) before and after
contact with the adsorbent phase, respectively. V (ml) and S(g) are
the volume of solution and the weight of kaolin, respectively [Wang
etd., 2000].

RESULTS AND DISCUSSIONS

1. Sorption Kinetics

The sorption kinetics of Co(ll) on kaolin containing HA are pres-
ented in Fg. 1 and Fg. 2. Fg. 1 shows the result of sorption kinet-
ics of Co(Il) on kaolin a pH 6.0 in the presence or absence of var-
ious HAs It is shown that the eady state was reached within 420
min goproximetely. As compared with the sorption kinetics in the
presence of HAs (equilibration time of 200 min), the sorption rate
of Co(ll) on kaolin was a much dower kinetic process. The pres-
ence of HA enhanced the adsorption of Co(11) on kadlin, and HSHA
increased the sorption of Co(ll) 4 times compared to the bare kao-
lin. Fig. 2 shows the effect of ALHA content on Co(ll) sorption on
kadlin. Although the presence of HA enhanced the sorption, the
sorption did not increase with the HA content. At 10mg ALHA/g
kaolin, the sorption showed the highest vaue, while the sorption
was a hdf of the vdue a the 100 mg ALHA/g kaolin because the
HA in the agqueous phase increased the agueous Co(ll) concentra-
tions due to the interaction between carboxylic or phenolic groups
and Co(ll).
2. FTIR for Functional Groups Analysis of HAs

The functiond groups of ALHA have been compared with thet
of HSHA and PMHA by FTIR spectroscopy (Fig. 3). The oectra
from this andyd's have been interpreted by using the pesk assign-
ment reported by Spark and his colleagues [Spark e d., 1997]. Al-
though FTIR spectraare unsuiteble for estimating concentretions of
organic matter, they can be used to determine the relative concen-
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Fig. 3. FTIR spectra of (a) Aldrich HA (ALHA), (b) a humus soil
HA (HSHA), and (c) peat mossHA (PMHA). Thecircle
means phenolic peak.

trations of functiond groupswithinasample [Spark et d., 1997].

The content of -COOH (1,720cm™), -CH, (2,840-2940cm™) and
aromatic group (750-900 cm™) is Similar for dl 3 HAs The mgjor
difference between ALHA and the others is in the region assocdi-
ated with phendlic groups (1,270cm ™). The PMHA and HSHA
showed clearly aphenolic pegk, while the pesk was not dearly ob-
sarved in the case of ALHA. However, the carboxylic peek of ALHA
was greeter than others. Thus, some difference in sorption and de-
sorption cheracterigtics of cobdlt at the presence of HAs are expected
because the binding of Co(Il) onto HA is dominated & the carbox-
ylic and phenolic groups.

3. HA Effect on the Sorption of Co(ll)

Figs 4(a8)-4(c) show the effect of solution pH and concentration
of HAs on sorption characterigtics of Co(ll). The effect of HA con-
centration on Co(l1) sorption was negligible except & pH 10. Mgor
factor affecting Co(ll) sorption was solution pH. Co(1l) can be sorbed
on both kaolin and HAs. Two types of binding sites on kaolin are
avallable: wegkly acidic groups, which undergo ion exchange, and
amphotoric surface hydroxyl groups, which form inner gphere com-
plex. With increasing pH, the surface charge becomes more nega-
tive and thereby increases the sorption of Co(ll). The sorption of
Co(I1) to ion exchange stesis dominated by atractive eectrogtatic
interactions[Sen et d., 2002]. Also Co(Il) can be bound to the car-
boxylic group and phenalic group of HAs sorbed on clay and in
the agqueous phase. With increasing pH, the carboxyl and phenolic
group become negetive due to deprotonation, thereby incressing
the sorption of Co(11). On the other hand, the solubility of HA was
enhanced with increasing pH, which caused a decrease in the sorp-
tion of HA on kadlin. As a result, most of HA exised not on the
kadlin particles but in the solution, aso cobat-humate complexes
were present in the solution. Theincrease of pH causad the precip-
itation of Co(ll) as aform of Co(OH), or decrease in valence due
to the formation of Co(OH)" (Fig. 5) [Choo et d., 2002]. Kaolin
with HAs showed the maximum sorption capecity at the dightly
addic conditions (pH 4 or pH 6) because the increase of pH caused
the multiple phenomena mentioned above.

4. Breakthrough Curves and Displacement Curves of Co(ll)
Transport

30
| W
I
£ !
C
S
w
5
g 15
c
5 —— ]
5
2 10t
2 —e— pH 10
o —o— pH8
5r —a— pH®6
—o— pH4 (@)
O 1 1 1 1 L
0 2 4 6 8 10

Concentration of Humic Substance (mg/g soil)

30

25

20 +

151

Distribution constant(mi/g)

10 |
—e— pH 10
—o— pH 8
5 —a— pH6
—— pH 4 (b)
0 1 1 1 1 i
Y] 2 4 6 8 10

Concentration of Humic Substance (mg/g soil)

35

30

25|

20

101

Distribution constant(ml/g)

—e— pH 10
—— pH 8
5 —A— pH 6
—— pH4 (©
O 1 J ) 1 )
0 2 4 6 8 10

Concentration of Humic Substance (mg/g soil)

Fig. 4. Effect of HA concentration and solution pH on the sorp-
tion of Co(ll), initial concentration of Co(ll): 5.0x10™* mal/l,
VIS 25/1 ml/g, ionic srength: 0.1 mol NaCl/l, 25°C. (a) Al-
drich HA (ALHA), (b) peat moss HA (PMHA), and (c) a
humus soil HA (HSHA).
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Fig. 5. Calculations of the percentage of precipitates of initial co-
balt at various pH leveds sudied when different carbonate
sysems are involved in solution equilibria: (O) a sysem
with no carbonate species; ([1) an open system with an
equilibrium dissolved CO, concentration of 10°M; (@) a
closed system with a total carbonate concentration of 107
M. The total cobalt concentration is 0.0848 mM [Choo &
al., 2002].
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Fig. 6. Effect of flow rate on breakthrough and displacement of
Co(ll) on kadlin, initial concentration of Co(ll): 10mgl,
ionic strength: 0.1 mol NaCl/l, initial pH: 6.0, 25°C.

In generd, sorption plays an importance role on Co(ll) bresk-
through patterns in trangport experiments. Fig. 6 presents the mea:
sured breskthrough curves and displacement curves of Co(ll) on
two different flow rates. Breskthrough curves are presented as plots
of C/G, againg number of bed volumes where C is cobalt concen-
tration in the effluent agueous phase, and G, is the influent cobalt
concentration. At adower flow, the bregkthrough was ddayed dight-
ly because tardier flow caused dower trangport of Co(1l). Washing

September, 2004

0 A ®  HKaoin
s o . O Kaofn -+ ALHA (0.05 i)
r - m Haolbn + ALHA (IS gl
, -
0B | ! L ]
v .
o .
= 06 J % _— .
L -
SR 1- S S
[ L mVashing with distlied water
L - ]
o [ =
o L
‘\. ‘ - L] ™
0z M . . "
$ I
|_':: ] ,l'- -
D D i i i i 1

@ 1 2 MM 40 S0 &0 ™
Mumber of bed volumes

Fig. 7. Effect of HA concentration on breakthrough and digplace
ment of Co(ll) on kadlin, initial concentration of Co(l1): 10
mg/l, ionic grength: 0.1 mol NaCl/, initial pH: 6.0, 25°C.
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Fig. 8. Digolacement of Co(ll) on kaolin by HA solution, initial con-
centration of Co(l): 20 mg/l, ionic strength: 0.1 mol NaCl/
I, HA for washing: 50 mg/l, initial pH: 6.0, 25°C.

with fagter flow exhibited more rapid displacement.

Fig. 7 shows the breakthrough curves and displacement curves
of Co(ll) on kaolin coated with HA. On the bare kaolin, the bregk-
through was delayed compared to the kaolin coated with HA. The
bregkthrough on kaolin coated with higher concentration of HA
was delayed dightly compared to the case of kaolin coated with
lower amount of HA.. At theinitid stage of kinetic sorption, the flow
trangported Co(Il) on kaolin and digolaced HA from kaolin smul-
taneoudly because the sorption of HA on kaolin was a very week
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physicd interaction. However, in the fied, the opposte phenome-
non is expected that higher concentration of HA can cause the dday
in breskthrough of Co(11) due to the aging of humic acid on soil
(strong sorption on soil partides). The plentiful HA on kaolin inhib-
ited the displacement of Co(ll) compared to the bare kaolin and less
HA on kadlin. Tailing of digplacement was not observed in the keo-
lin coated with HA, but observed in the bare kaolin.

Fig. 8 shows the bregkthrough curves and displacement curves
of Co(Il) with HA solution. Washing usng HA solution enhanced
the diglacement of Co(ll) compared to deionized water.

CONCLUSIONS

The sorption of Co(ll) reached an equilibrium gtate within 420
min for the kaolin in the absence of HA, while equilibrium was a-
tained within 200 min in the presence of HA. The sorption charac-
teridics digtribution coefficient of Co(ll), were highly dependent
on the solution pH, but were independent of HA concentration in
the solution at the solution pH of <10. At the solution pH of 10,
the sorption of Co(ll) increased gradudly with the HA concentra:
tion in the agueous phase. In the kinetic sorption and desorption of
Co(Il) on kaolin, the presence of HA shortened the breakthrough
of Co(Il) on kaolin compared to bare kaolin, which was condstent
with the shorter equilibrium time for sorption kinetics HA solution
enhanced the digplacement of Co(ll) from kaolin compared to de-
ionized water, which meant that the HA solution could be used to
remediate the soil contaminated with cobalt.
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