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Abstract

This paper investigates the ability of crab shell to remove nickel(ll) ions from agueous solution in a packed bed up-flow column with an
internal diameter of 2 cm. The experiments were performed with different bed heights (15-25 cm) and using different flow rates (5—-20 ml/min)
in order to obtain experimental breakthrough curves. The bed depth service time (BDST) model was used to analyze the experimental data
and the model parameters were evaluated. The column regeneration studies were carried out for seven sorption—desorption cycles. The elutan
used for the regeneration of the sorbent was 0.01 M EDTA (disodium) solution at pH 9.8 adjusted usdig.NlMie to continuous usage of
crab shell, a performance loss was observed as the breakthrough curves become more flattened also indicated by the broadened mass transf
zone. The breakthrough time decreased uniformly from 28.1 to 9.5h as the cycles progressed from one to seven, whereas nickel uptake
remained approximately constant throughout the seven cycles. The life-factors for crab shell in terms of critical bed length and breakthrough
time were found to be 1.1 cm/cycle and 0.17 per cycle, respectively. The elution efficiency was greater than 99.1% in all the seven cycles. The
pH profiles during both sorption and desorption process were also reported. In sorption cycles, there was a sudden raise in pH in the early part
of the process and then the pH decreased as the time progressed. In desorption cycles, pH decreased in initial stages and followed by gradue
increase in pH, which eventually reached the pH of the inlet elutant.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction this problem, chemical costs and mechanical strength should
be taken into consideratidg]. For these reasons, recent re-
Biosorption, a popular technique for metal removal/ search attention has focused on low-cost and waste materials
recovery from waste streams, utilizes the potential of micro- [3]. Crab shell, widely employed as biosorbent, have shown
bial and waste biomass to sequester heavy metal ions fromin the past its unique ability to bind wide variety of heavy
aqueous solution by physicochemical mechanisms. Biosorp-metals[4,5]. The most of the earlier investigations on heavy
tion usually comprises of several mechanisms, some mech-metal biosorption were restricted to batch equilibrium stud-
anisms can be sub-mechanisms of the other overall mech-es; the probable reason for this restriction is mainly due to the
anisms, such as ion exchange, complexation, coordination,unavailability of bulk quantity of biomass. The rigidity of the
chelation, microprecipitation or adsorptifi]. Heavy metal biomass and its ability to withstand extreme pH conditions
biosorption by biological materials, such as bacteria and employed during regeneration (desorption) are the other im-
fungi, presents few problems when operated in continuous portant factors, which limit the biosorbent usage in column
mode of operation; among these, solid/liquid separation is studies.
a major constrain. Even though immobilization may solve  The practical application of biosorption of heavy metals is
most economically carried out in a packed column operation
* Corresponding author. [6,7]. Al-Asheh et al[6] used a glass column of 1.2cm i.d.
E-mail addressvelan@annauniv.edu (M. Velan). packed with 21.5 g of spent animal bones to remove copper.
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Volesky etal[7] employed a column of2.5 cmi.d. and packed
with 38 g of dry Sargassum filipendulaiomass to remove
copper.

The objective of the current investigation was to examine
the sorption of nickel onto crab shell in an up-flow packed
bed column arrangement. The effects of design parameters,
such as bed height and flow rate, have been investigated.
The breakthrough profiles for the sorption of nickel were
analyzed using bed depth service time (BDST) model. The
nickel sorption behavior of crab shell in seven consecutive
sorption—desorption cycles has also been investigated.

2. Materials and methods

2.1. Biosorbent material

Waste shells ofPortunus sanguinolentu€ommonly
knO_W” as three spot Cra_-bs were collected from Ma_”na t?eaCh’Fig. 1. Experimental set-up of up-flow packed bed column. (1) Nickel solu-
India and were sun dried and crushed to a particle size of tion, (2) EDTA solution, (3) peristaltic pump, (4) glass wool, (5) glass beads,
0.767 mm using ball mill. The pretreatment of crab shells (6) crab shell particles, (7) adjustable plunger, (8) effluent storage.
were carried out by washing with 0.1 M HCl for 4 h to remove
CaCG. The treated shells were then washed with distilled ]
water and dried naturally and the weight loss was found to ¢lins). Samples were collected from the exit of the column
be approximately 50%. So prepared crab shell particles will at different time intervals and analyzed for nickel concen-

be referred to as “CSP” in this paper. tration using Atomic Absorption Spectrophotometer (AAS
6VARIO; Analytik Jena, Germany). The pH of the influent
2.2 Chemicals and effluent were recorded. Operation of the column was

stopped when the effluent nickel concentration exceeded a

Analytical grades of HCI, NaOH, NiS§£6H,0, EDTA value of 99.5 mg/l or higheFig. 1 shows the experimental
(disodium) and NHOH were purchased from Ranbaxy Set-up used for the present study.

Fine Chemicals Ltd., India. A stock solution of nickel After the column reached exhaustion, the loaded CSP with
ions (100mg/l) was prepared by dissolving 0.4478g of nicke_l ionsyvas regenerated,gsing 0.01 M EDTA (disodium)
NiSO4-6H,0 per liter of distilled water. solution adjusted to pH 9.8 with concentrated JHH. The
flow rate was adjusted to 10 ml/min. After elution, distilled
2.3 Column water was used to wash the bed until the pH in the wash

effluent stabilized near 7.0. Then, the column was fed again

Continuous-flow sorption experiments were conducted in with nickel solution and the sorption studies were carried
a glass column. The column was designed with an internal OUt. After bed exhaustion, elutant was fed into the column

diameter of 2 and 35 cm in length. Since the ratio of column @nd thel regeneration studies were conducted. These cycles
diameter to particle diameter is high, the effects of channel- Of sorption followed by desorption were repeated for seven
ing have a negligible effect. At the top of the column, an ad- times t_o evaluate the CSP sorption capacity. To determme
justable plunger was attached with a 0.5 mm stainless sieve [h€ weight loss after seven cycles, the CSP was washed with
At the bottom of the column, a 0.5mm stainless sieve was distilled water and dried naturally.

attached followed by glass wool. A 2.cm high layer of glass
beads (1.5 mm in diameter) was placed at the column base i
order to provide a uniform inlet flow of the solution into the
column.

n2.5. Modeling and analysis of column data

The analysis of breakthrough curve was done using BDST
model. BDST is a simple model for predicting the relation-
ship between bed heighf, and service timet, in terms of
process concentrations and adsorption paramgggrgiven

by Eq. (1)

2.4. Experimental procedure

A known quantity of CSP was placed in the column to
yield the desired bed height of the sorbent. Nickel(ll) solu-
tion having initial concentration of 100 mg/l and pH of 4.5 c
(adjusted using 0.1 M HCI) was pumped upward through the |n (_0 _ > — In(eXaNoZ/v _ 1) _ K Cot (1)
column at a desired flow rate by a peristaltic pump (pp40, Mi- Co
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Hutchins [9] proposed a linear relationship between bed Total nickel removal percent with respect to flow volume can

height and service time given 8q. (2) be calculated as followfd.0]:

NoZ 1 Co Total nickel removal (%)= Mad 100 @)
t=————In(—-1 (2) Miotal

Cov KaCo Ch

The metal mass desorbeshy) can be calculated from the

whereCy is the initial nickel concentration (mg/izy is the  elution curve C versust). The elution efficiencyE) can be
breakthrough nickel concentration (mgMg is the sorption calculated as follow§7]:

capacity of bed (mg/l)y is the linear velocity (cm/h) anid, my
is the rate constant (I/(mg h)) E (%)= — x 100 (8)

The quantity of metal retained in the column represented Mad
by the area above the breakthrough cu@eérsus), is ob-
tained through numerical integrati¢r]. Dividing the metal
mass [nyg) by the sorbent mas$A) leads to the uptake ca-
pacity @Q) of the CSP.

The breakthrough timey, the time at which nickel con-
centration in the effluent reached 1 mg/l) and bed exhaustion
time (te, the time at which nickel concentration in the ef-
fluent exceeded 99.5 mg/l) were used to evaluate the overall
sorption zone At) as follows[7]:

3. Results and discussion
3.1. Effect of bed height

The sorption performance of CSP was tested at various bed
heights (15-25 cm) at 5 ml/min flow rate and 100 mg/l initial
nickel concentration. In order to yield different bed heights,
31, 41 and 51 g of CSP were added to produce bed heights
of 15, 20 and 25 cm, respectivellyig. 2 shows the break-
through profile of nickel sorption at different bed heights.

The length of the mass transfer zoiaJ can be calculated The nickel uptake capacity of CSP remained almost identi-

At =te—tp 3

from the breakthrough cunf@] given byEq. (4) cal for differer_1t bed heights investigated, probably because

uptake capacity strongly depends on the amount of sorbent
tp available for the sorption. The breakthrough tiri &nd ex-

Zm=12 (1 - ;) (4) haustion timetg) increased with the increase in bed height.
The stoichiometric timet§) reflects the time at which com-

Effluent volume Vefr) can be calculated as follo$0]: plete (i.e., stoichiometric) saturation of the sorption capacity
of the bed occur$l1]. By plotting C/Cy versus time, the

Vet = Fte (5) stoichiometric time can be calculated from the area above

the curve and is shown ifable 1 The slope of the S-curve
from ty, to te decreased as the bed height increased from 15
to 25 cm, indicating the breakthrough curve becomes steeper
as the bed height decreased. As expected, an increased bed

CoFte height resulted in high volume of metal solution treated and
Miotal = 550 (6) high percentage of nickel removal.

whereF is the volumetric flow rate (ml/min).
Total amount nickel sent to colummya) can be calcu-
lated as followg10]:
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Fig. 2. Breakthrough curves for nickel sorption onto crab shell particles at different bed heights (flow rate = 5 ml/min, initial nickel concerittftiow/l,
pH = 4.5). Bed height:) 15cm; (J) 20cm; () 25cm.
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Table 1

Column data and parameters obtained at different bed heights

Bed height (cm) Uptake (mg/g) tp (h) te (h) At (h) ts (h) dc/dt (mg/I h) Vet (1) Total nickel removal (%)
15 24.74 134 425 29.1 254 3.961 12.75 59.88

20 24.77 20.2 50.3 30.1 34.0 3.928 15.09 67.63

25 25.57 28.1 61.1 33.0 43.8 3.345 18.33 71.82

Conditions: flow rate = 5 ml/min, initial nickel concentration = 100 mg/I, pH 4.5.

The BDST model is based on physically measuring the S-curve shown ifTable 2 The breakthrough time, exhaus-
capacity of the bed at different breakthrough values. The tion time, stoichiometric time and uptake capacity decreased
column service time was selected as time when the efflu- as the flow rate increased. The reason for this behavior can
ent nickel concentration reached 1 mg/l. The plot of service be explained in the following ways: (1) when the flow rate
time against bed height at a flow rate of 5 ml/min (graph not increased, the residence time of the solute in the column de-
presented) was lineaRf = 0.998) indicating the validity of ~ creased, which causes the nickel solution to leave the column
BDST model for the present system. The sorption capacity before equilibrium occurs; (2) when the process is intraparti-
of the bed per unit bed volumBly, was calculated from the  cle mass transfer controlled, a slower flow rate favors the
slope of BDST plot, assuming initial concentrati@, and sorption and when the process is subjected to external mass
linear velocity,v, as constant during the column operation. transfer control; a higher flow rate decreases the film resis-
The rate constank,, calculated from the intercept of BDST  tancg[12]. Even though the volume of nickel solution treated
plot, characterizes the rate of solute transfer from the fluid was higher at flow rates of 10 and 20 ml/min, the lowest flow
phase to the solid phag¥l]. The computedy andK, were rate of 5ml/min displayed a relatively high nickel removal
14044.59 mg/l and 0.0052 I/mg h respectivelyKifis large, (%).
even a short bed will avoid breakthrough, bukKaglecreases
a progressively longer bed is required to avoid breakthrough 3.3. Regeneration
[11]. The BDST model parameters can be useful to scale up
the process for other flow rates without further experimental  The column regeneration studies were carried out for

data and analysis. seven sorption—desorption cycles. The column was packed
with 51 g of CSP yielding an initial bed height of 25 cm and
3.2. Effect of flow rate bed volume of 78.5 ml with packing density of 650 g/l. The

flow rate was adjusted to 5 ml/min. The breakthrough time,

The effect of flow rate on nickel sorption by CSP was exhaustion time, stoichiom_etrictime and nickel uptake for all
studied by varying the flow rate from 5 to 20 ml/min, while S€ven cycles are summarizedTiable 3 At the end of sev-
the bed height and initial nickel concentration were held con- €nth cycle, 39 g of dry CSP was leftin the column indicating
stant at 25 cm and 100 mg/l, respectively. The plots of efflu- & Weight loss of 23.4%. _
ent nickel concentration versus time at different flow rates are 1 he breakthrough time steadily decreased from 28.1 to
shown inFig. 3 As the flow rate increased, the breakthrough 9-5h as the cycle progressed from 1 to 7. This decreasing
curve becomes steeper, also resembled by the slope of thdrend was also reflected in stoichiometric time. The bed ex-
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Fig. 3. Breakthrough curves for nickel sorption onto crab shell particles at different flow rates (bed height = 25 cm, initial nickel concentrétiog/k: A9
4.5). Flow rate: ¢) 5 ml/min; (d) 10 ml/min; (A) 20 mi/min.
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Table 2
Column data and parameters obtained at different flow rates
Flow rate (ml/min) Uptake (mg/g) tp (h) te (h) At (h) ts (h) dc/dt (mg/l h) Vet (1) Total nickel removal (%)
5 25.57 281 61.1 33.0 43 3.345 18.33 71.82
10 21.18 10 423 32.2 2% 3.748 25.38 42.94
20 20.58 o7 18.5 17.8 & 5.211 22.20 47.73

Conditions: bed height = 25 cm, initial nickel concentration = 100 mg/l, pH 4.5.

Table 3
Sorption process parameters for seven sorption—desorption cycles

Sorption cycle no.  Uptake (mg/g) tp (h) te(h) At(h) ts(h) dc/dt(mg/lh) Z(cm) Zym(cm) Ve (I)  Total nickel removal (%)

1 25.57 281 611 33.0 43.8 3.345 25.0 13.5 18.33 71.82
2 20.62 228 57.6 34.8 354 3.159 24.8 15.0 17.28 61.43
3 21.65 204  59.5 39.1 38.5 2.618 24.6 16.2 17.85 62.44
4 22.40 199 613 42.2 38.4 2.764 24.5 16.9 18.39 62.70
5 22.61 152 59.3 44.1 41.6 2.337 24.2 18.0 17.79 65.44
6 22.03 124 61.6 49.2 37.8 2.231 24.1 19.2 18.48 61.36
7 23.99 9% 654 55.9 41.2 2.048 23.8 20.3 19.62 62.95

Conditions: bed height = 25 cm, flow rate = 5 ml/min, initial nickel concentration = 100 mg/l, pH 4.5.

haustion time increased as the cycle progressed. The bed exthe CSP. The nickel uptake obtained in the first sorption cy-
haustive limit was selected as 99.5mg Ni/l in order to avoid cle was never reached again in any of the subsequent cycles,
the time delay normally occur for full bed saturation. The even though uptake was slightly increased in the last cycle.
overall sorption zoneAt) tends to increase as the cycle pro- The uptake was strongly depends upon the previous elution
gressed, indicating the sorption sites were not easily acces-step. Since prolonged elution may destroy the binding sites
sible as they were still occupied by metal ions or destroyed or inadequate elution may allow metal ions to retain in the
by previous elution step. The breakthrough curves for all cy- sites.

cles (1-7) are presented kig. 4. The breakthrough curves The minimum bed lengthZg,) required to obtain the
tend to flattened as the cycles proceeded also representetireakthrough timé, att = O (also called critical bed length)

by the slope of the breakthrough curve, which was around was uniformly increased as the cycle progressed, indicat-
3.3mg/lh (1st cycle) and decreased to 2 mg/lh (7th cycle). ing the broadening of the mass transfer zone. For biosorp-
The bed length actually decreased from 25 cm (1st cycle) totion, the activity-indicator can be calculated as “life-factors”
23.8 cm (7th cycle), whereas the bed volume and the packingbased on the minimum bed length and the breakthrough
density decreased to 74.8 ml and 527 g/l, respectively, aftertime.

seven sorption—desorption cycles. It may be due some sol- In order to calculate life-factor in terms of critical bed
uble constituents of the sorbent dissolved in strong alkaline length, a linear regression was ug&t

environment, which was provided to favor elution step. This
deterioration was also reflected in metal uptake capacity of Zm = Zmo +kLx ©)
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Fig. 4. Breakthrough curves for nickel sorption onto crab shell particles during seven sorption—desorption cycles (bed height = 25 cm, flow rate,= 5 ml/
initial nickel concentration = 100 mg/l, pH 4.5). Sorption cyck) ¢ycle 1; () cycle 2; (A) cycle 3; (x) cycle 4; (-) cycle 5; Q) cycle 6; (+) cycle 7.
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wherex is the cycle numbeiZy, o is the initial critical bed Table 4 _
length (cm) andk,_ is the corresponding life factor (cm/cycle). Elution process parameters for seven sorption—desorption cycles

From the plot ofZy, versusx (graph not presented¥m.o Elution Time for Elution
andk_ values were found to be 12.6 cm and 1.103 cm/cycle Sycle no. elution (h) efficiency (%)
respectively. 1 8.9 991
For life-factor in terms of breakthrough time, an exponen- g g-g 1832
tial decay function regression was ugeégl 2 84 997
5 7.9 998
Ip =1p,0 eXp(—kbx) (10) 6 7.8 996
7 7.4 1000

wherety o is the initial breakthrough time (h) arlg is the
corresponding life factor (per cycleégg. (10)was linearized
to determinetp o as 33.9 h and its corresponding life factor
ko = 0.1726 per cycle. Thus, the life-factors calculated in followed by a gradual decrease. The flow rate in the elution
terms of critical bed length and breakthrough time serves asprocess was maintained at 10 ml/min to avoid the over contact
indicators to evaluate the decreasing sorption performance ofof the elutant with the sorbent and also to obtain maximum
crab shell. nickel concentration in a shorter tinfé]. The elution effi-

For a system of continuous operation to work success- ciency E) was greater than 99.1% in all the seven cycles. In
fully, the desorption process and agents must be effectivecycle 2, the elution efficiency was around 103.6%, this may
and should not cause much damage to the sorbent. Furtherbe due to inadequate elution in the previous cycle. Also in
more, the understanding of the mechanism responsible forcycle 1 att = 45 min, 2058 mg Ni/l was present and this value
metal sorption would be very helpful in selection of eluting was not reached in any of the other cycles. The time required
agents. Crab shell comprises of mainly calcium carbonate, for elution process and elution efficiencies of all cycles are
chitin along with some proteins. Chitin has been postulated presented ifable 4
as the main constituent responsible for metal coordination  The pH profile during the course of sorption process for
[4,13]. The mechanism involved is usually complex forma- cycles 1, 3 and 7 are shownHhig. 6. In all the cycles, it was
tion between dissolved metallic species and chitin. In order to commonly observed that there was a sudden raise in pH in
retrieve the cations, which are physicochemically sequesterecthe early part of the process and pH tends to decrease as the
to the cell surface, a strong complexing agent might be help- time progressed but never reached the initial pH of the influ-
ful. A preliminary examination revealed that among several ent (pH 4.5). The Amino and the hydroxyl groups of chitin
complexing agents (results not presented), 0.01M EDTA are the major effective binding sites for metal ions, forming
(disodium) solution at pH 9.8 adjusted using conc./OH stable complexes by coordinati¢h5]. The interaction be-
was found to be suitable for the present system. Also, Chui tween the functional groups in chitin and®Niions may be
et al.[14] reported that 0.1 M EDTA recovered 80—-100% of responsible for pH increase in the initial stages and as the
Cu(ll) and Ni(l1) from shrimp chitin in column experiments.  saturation of the bed proceeds, the pH decreased. In addition,

The elution curves obtained for all seven cycles are pre- Ng et al.[16] observed the pH values of equilibrated solution
sented irFig. 5. The elution curves observed in all the cycles of Cu(ll) considerably increased from the pH values before
exhibited a similar trend, a sharp increase in the beginning chitosan addition. The pH profile during the course of the

Conditions: flow rate = 10 ml/min, EDTA concentration = 0.01 M, pH 9.8.
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Fig. 5. Elution curves for desorption of nickel during seven sorption—desorption cycles (flow rate = 10 ml/min, elutant concentration = 0.01 M jpiich8)
cycle: (0) cycle 1; () cycle 2; (A) cycle 3; (x) cycle 4; (-) cycle 5; Q) cycle 6; (+) cycle 7.
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Fig. 6. Sorption pH profiles during seven sorption—desorption cycles (bed height =25 cm, flow rate = 5 ml/min, initial nickel concentration = Eifyptigh).
cycle: () cycle 1; 1) cycle 3; (+) cycle 7.
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Fig. 7. Elution pH profiles during seven sorption—desorption cycles (flow rate = 10 ml/min, elutant concentration = 0.01 M). Elutiofrgglde(1; (1)
cycle 3; (+) cycle 7.

elution process for cycles 1, 3 and 7 are showriig. 7. 4. Conclusions
In all the cycles, it was generally observed that there was a
decrease in pH in initial stages (which prolonged for around  This study identified crab shell as a suitable biosorbent
30min) and followed by gradual increase in pH. A certain to be utilized for continuous removal of nickel(ll) ions from
decrease in effluent pH in the initial stages may be due to aqueous solution. An up-flow packed bed column was em-
the combine effect of EDTA and NAOH in retrieving the ployed in the present study, as it allows a large volume of
nickel ions from the sorbent. As the nickel concentration in wastewater to be continuously treated using a defined quan-
the effluent decreased, the pH increased and reached the phity of sorbent in the column. Experimental data confirmed
of the inlet elutant (pH 9.8). that the bed height influence was not pronounced in nickel
The total volume of nickel bearing solution (100mg/l) uptake (based on initial weight of the sorbent loaded) by
treated during this regeneration study was around 127.74|crab shell, as it remained relatively constant for all the bed
(in seven cycles) and the total volume of 0.01 M EDTA (pH heights (15-25 cm) investigated. The increase in flow rate
9.8, NH,OH) utilized for elution process was nearly 34.921, (5-20 ml/min) resulted in decreased nickel uptake, proba-
which corresponds to approximately 20 days of continu- bly due to insufficient residence time of the solute in the
ous operation. Even after seven sorption—desorption cycles,column.
CSP exhibited a relatively high percentage of nickel removal A successful biosorption process operation required the
(62.95%) and nickel uptake of 23.99 mg/g, indicating the po- multiple reuse of the sorbent, which greatly reduce the pro-
tential of CSP to withstand extreme conditions at the same cess cost as well as decrease the dependency of the process on
time retaining its nickel sorption capacity. continuous supply of the sorbent. The sorption performance



230 K. Vijayaraghavan et al. / Journal of Hazardous Materials B113 (2004) 223-230

of crab shell was evaluated in seven sorption—desorption [3] S.E. Bailey, T.J. Olin, R.M. Bricka, D.D. Adrian, A review of po-
cycles. A loss of sorption performance was observed as tentially low-cost sorbents for heavy metals, Water Res. 33 (1999)
the cycles progressed, which was equally indicated by a _ 2469-2479. . .

d in b kth h ti b deni " t [4] M.Y. Lee, J.M. Park, J.W. Yang, Micro precipitation of lead on the
ecrease In r_ea roug Ime’ roa e”'”g 0 .mass rans- surface of crab shell particles, Proc. Biochem. 22 (1997) 671-677.
fer zone, loss in sorbent weight, decrease in nickel uptake [5] 3 R. Evans, W.G. Davids, J.D. MacRae, A. Amirbahman, Kinetics
and decline in % nickel removal at the end of seventh cy- of cadmium uptake by chitosan-based crab shells, Water Res. 36

cle. It is always desirable to select an elutant, which nei- (2002) 3219-3226. _
ther affects the physical condition of the sorbent nor al- [6] S. Al-Asheh, N. Abdel-Jabar, F. Banat, Packed-bed sorption of cop-

. o per using spent animal bones: factorial experimental design, desorp-
ters the metal Uptake' The process of 'dem'fymg an ef- tion and column regeneration, Adv. Environ. Res. 6 (2002) 221-227.

ficient elutant for a particular sorbent is rather compli- (7] B. \olesky, J. Weber, J.M. Park, Continuous-flow metal biosorption
cated and requires a complete understanding of the mech-  in a regenerabl&argassuntolumn, Water Res. 37 (2003) 297-306.
anism responsible for metal binding. For the present sys- [8] Z. Zulfadhly, M.D. Mashitah, S. Bhatia, Heavy metals removal in
tem, 0.01 M EDTA (disodium) solution at pH 9.8 adjusted fixed-bed column by the macro fung@ycnoporus sanguiney&n-
. - . T viron. Pollut. 112 (2001) 463-470.
using NH,OH works well eXhlp'ted elution eff_|C|enC|es Of_ [9] R.A. Hutchins, New method simplifies design of activated carbon
greater than 99.1% for the entire seven sorption—desorption ~ ~ systems, Chem. Eng. 80 (1973) 133-138.
cycles. The pH variations observed during the course of [10] Z. Aksu, F. Gonen, Biosorption of phenol by immobilized acti-
sorption and desorption process revealed that even though vated sludge in a continuous packed bed: prediction of breakthrough
there was a pH shift in the initial stages of the process, in ___ curves, Proc. Biochem. 39 (2003) 599-613.
almost all the cases pH approaches steadily towards tha{11] D.O. Cooney, Adsorption Design for Wastewater Treatment, CRC
. . o Press, Boca Raton, 1999.
of inlet solution. These observed pH variations could be [12] p.c.Kk. ko, J.F. Porter, G. McKay, Optimised correlations for the
useful for a simplified control of column sorption process. fixed-bed adsorption of metal ions on bone char, Chem. Eng. Sci.
The economic and environmental advantages of reusing 55 (2000) 5819-5829. _ _ _ .
the shell particles and good sorption capacity makes Crab[13] M. Tsezos, B. Volesky, Biosorption of uranium and thorium, Biotech-

. . : . nol. Bioeng. 23 (1981) 583-604.
shell as an attractive treatment option for nickel bearing [14] V.W.D. Chui, K.W. Mok, C.Y. Ng, B.P. Luong, K.K. Ma, Removal

solutions. and recovery of copper(ll), chromium(ll) and nickel(ll) from solu-
tions using crude shrimp chitin packed in small columns, Environ.
Int. 22 (1996) 463-468.

References [15] L. Zhang, L. Zhao, Y. Yu, C. Chen, Removal of lead from aqueous
solution by non-living Rhizopus nigricansWater Res. 32 (1998)
[1] B. Volesky, Z.R. Holan, Biosorption of heavy metals, Biotechnol. 1437-1444.
Prog. 11 (1995) 235-250. [16] J.C.Y. Ng, W.H. Cheung, G. McKay, Equilibrium studies of the sorp-
[2] F. Veglio, F. Beolchini, Removal of metals by biosorption: a review, tion of Cu(ll) ions onto chitosan, J. Colloid Interf. Sci. 255 (2002)

Hydrometallurgy 44 (1997) 301-316. 64-74.



	Removal of nickel(II) ions from aqueous solution using crab shell particles in a packed bed up-flow column
	Introduction
	Materials and methods
	Biosorbent material
	Chemicals
	Column
	Experimental procedure
	Modeling and analysis of column data

	Results and discussion
	Effect of bed height
	Effect of flow rate
	Regeneration

	Conclusions
	References


