Chemical Bulletin of “Politehnica” University of Ti misoara, ROMANIA
Series of Chemistry and Environmental Engineering
Chem. Bull. " POLITEHNICA" Univ. (Timisoara) Volume 56(70), 2, 2011

Experimental and Modelling Studies on As(lll) Remowal from Aqueous
Medium on Fixed Bed Column

A. Negrea, L. Lupa, M. Ciopec and P. Negrea

Faculty of Industrial Chemistry and Environmentabieering, University ,Politehnica” Timisoara, 2aR Victoriei, 300006
Timisoara, Romania, e-mail address: adina.negrea@uapi.ro

Abstract: A continuous adsorption study in a fixed-bed colunas carried out by using 1S:sand mixture as aoraést

for the removal of As(lll) from agqueous solutiorhél'column experiments were conducted to studyffeeteof important

parameters such as flow rate and bed depth onthreagh curve and adsorption capacity. The Bed D&gtrvice Time
model (BDST) was applied to the experimental dateepresent the breakthrough curve and determmehhracteristic
design parameters of the column. The calculatedrptien capacity (i) and the rate constant (K) were Ssgcnt and

12.2 cni/ug/h, respectively. It can be noticed that the I8dsenixture can be used with good performances asrhednt

material in the removal process of As(lIl) on colustudies.
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1. Introduction larger amount of 1S the column was clogged aftshart
time. For a larger amount of sand, the mixture &imist a
Source contamination of drinking water with arsenié0 Small amount of IS active phase responsiblefsenic

represents a worldwide concern. Arsenic has beddsorption, and consequently the adsorption capacit
associated with various cancerous and non-cancerd@¥ers.

health effects [1-6]. Thus, choosing a technology the The.objective of thi; study was to obtain the basi_c
removal of arsenic from drinking water often repras a Information for the design of the process of arseni
challenge. adsorption onto IS:sand mixture in fixed bed systsm

A variety of treatment processes have been studied order to test the practical a_\pplicability for remderground
arsenic removal from water. The major techniquduie ~Waters. Effects of operating parameters (bed deypith
precipitation-coagulation, membrane separation, oW rate) were studied and the obtained breakiginou
exchange and adsorption [1, 2, 7, 8, 9-17]. Siritpliand ~ Curves were analyzed using the BDST model.
cost are the two major factors that should inflietice
selection of a treatment system for arsenic remiovainall .
communities dependent on groundwater for drinking 2. Experimental
supply. For such systems, adsorption in fixed-bedtient
processes, are receiving increasing attention feergc Fixed bed adsorption studies were conducted in a
removal because of their simplicity and ease ofrafimn 1.5 cm i.d., 20 cm length vertical down flow glassumn
and handling. packed with I1S:sand adsorbent (in the ratio 1:1) fo

Generally, an arsenic adsorbent should meet sevegifferent bed height (5, 7.5 and 10 cm). The experits
requirements: low cost; granular type; high capacitwere conducted with a 1Q@y/L As(ll) solution.
selectivity, and rate of adsorption; high physistength The column was charged with arsenic solution in the
(not disintegrating) in water and able to be regeteel if down-flow mode with various influent flow rates @, 10
required [18]. In order to accomplish the firstugg@ment m(/min), which was supplied and maintained througho
we chose as adsorbent an iron containing wastgel(i§) the experiments by the use of variable flow peltista
resulted from the hot-dip galvanizing process. pump (Heidolph 6201). The samples were collected at

Before testing the performance of an adsorbent iertain time intervals and were analysed for theaiaing
fixed-bed column, equilibrium isotherm studies dboe  arsenic concentrations. The arsenic residual caratemn
conducted to measure the maximum adsorption capakit in the resulting solutions was determined by meahs
that adsorbent. In previous studies the authorse hagtomic absorption spectrometry with hydride gerienat
reported that IS has a high adsorption capacityA&(ill)  This method uses the As(lll) selective reductioratsine
removal from aqueous medium [4]. Since the adsarisem H3As with natrium boron hydride NaBH4 (Merck-
powder, in order to avoid the clogging of the cofume Schuchardt; 0.6% w/v) solution in NaOH buffer
mixed the adsorbent with quartz sand. From previoyghemapol-Praha-Czechoslovakia; 0.5% wi/v). Thenarsi
studies we concluded the best IS:sand ratio isvthén the gas was carried over the flame of atomic absorption
highest adsorption capacity was reached [19]. Dueety spectrometer and the absorbance value measure@Bat 1
small size of particles, IS penetrated betweengthéns of nm was compared with the calibration curve register

sand, and thus a high contact surface was creétied, using arsenic solutions of various known conceiumnat
adsorption process occurred in good conditions. &or
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prepared from the stock solution. For the flow @tjen
system, the carrier solution was prepared from B3ZPb,
Corozin-Romania; 1:3). To  determine
concentrations,
absorption spectrometer with a VARIAN VGA 77 hydrid
generation system was used.

All chemicals used for experiments were of anahtic
reagent grade, and were used without further gatitn.
Distilled water was used in all experiments.

3. Theoretical background

maximum adsorption capacity (NO) and kinetic conmista
(K). This model assumes that the adsorption rate is

As(lIl) proportional to residual capacity of the sorbent dhe
a VARIAN SpectrAA 110 atomicconcentration of the sorbing species. The servine tvas

releated to process conditions and operating pdessnas:

In((% —1j = In(ex;{ j —1j - KC,t
b 1)

A linear relationship between bed-depth and service

KXN,
1

time may be given by Eq. (2) [21,22]:

The shape of the breakthrough curve and the time fo

the breakthrough appearance are the predominaturgac

for determining the operation and the dynamic raspoof
an adsorption column. Effects of adsorbent bedhte(s-
10 cm) and inlet feed flow rate 0.033-0.16 cm3/|rav
investigated on the performance of breakthroughtffier
adsorption of As(lll) by the 1S:sand mixture.

Prediction of the breakthrough curve for the effiuis

the predominant factor for the successful designaof

column adsorption process. It is innately difficut
develop a model which accurately describes the mina
behaviour of adsorption in a fixed bed system. pioeess
does not operate in a steady state as the contentat

the adsorbate changes in the feed moves through bed t=aX-b

Figure 1 depicts a typical breakthrough curve whiee
column capacity is fully utilized. The concentratiat
breakthrough point is chosen arbitrarily at some l@lue,
Cb. When the effluent concentration Cx is appraaghod

90% of CO (inlet adsorbate concentration) then th

adsorbent is considere to be essentially exha(@te@1].
Co
Cx
90% Exhaustion

Ceffluent

Vx
Treated Volume (V)

Vb

Figure 1. Ideal breakthrough curve [20, 21]

3.1. Bed-depth service time model (BDST)

It is generally accepted that the BDST model offaes
simplest approach and rapid prediction of adsodasign

= No o —1|n[c°—1J

W, KC, |C, @

where CO is the initial concentration of solugsyiL),
Cb the desired concentration of solute at brealtyino
(Mg/L), K the adsorption rate constant |{g/h), NO the
adsorption capacity (mg/L), X the bed depth of omiu
(cm), v the linear flow velocity of feed to bed ) t is
the service time of column under above conditidms)(
Eq. (2) can be rewritten in the form of a strailiie.

®3)

N
Where a is slope of BDST Iinea(=fO ) and the

0
e . .
intercept of this equation represents as Eq. (4):

In(ﬁ - 1}
C, (4)

Thus, NO and K can be evaluated from slope (a) and
the intercept (b) of the plot of t versus X, respedy.

1
KC,

b

3.2. Empty bed contact time

Empty bed contact time is a critical parameter that
determines the residence time during which the tiewiu
being treated is in contact with the adsorbent. dden
EBCT may strongly affect adsorption, especiallythie
adsorption mainly depends on the contact time bervike
adsorbent and adsorbate [23]. The correspondingTEBC
the bed was in the range 55-535 s.

4. Results and discussions
4.1. Effect of flow rate

The effect of flow rate on As(lll) adsorption by

and performance [21, 22]. The BDST is a model folS:sand was investigated by varying the flow raterf 2 to
predicting the relationship between bed depths, nd a 10 mL/min and keeping the initial As(lll) concerttcam

service time t. This BDST model was focused on thgl00 pg/L), bed depth (10 cm) and column diameter (1.5
estimation of characteristic parameters such as the
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cm) constant. Breakthrough plots between Ct/CGuser time at different flow rate are given in figire

1.2
1 .
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Figure 2. Effect of flow rate on breakthrough cue¥er As(l1l) adsorption onto IS:sand€10Qug/L, h=10 cm, pH=6.8

At low flow rate, relatively high volume was obsedv bed height, as more binding sites were available fo
whilst much sharper breakthrough was obtained gltéri  sorption. The increase in adsorption with bed dep#s
flow rates. The time required to reach the breakitbh due to the increase in adsorbent doses in largls Wwhich
decreased with an increased flow rate (table 1js T provided greater adsorption sites for As(lll). The
certainly because of the reduced contact time caaigwor breakthrough time also increased with increasingl be
distribution of the liquid inside the column, whitdads to depth, suggesting that it is the determing parant¢he
a lower diffusivity of the solute through the adsemt process (table 1). The larger the breakthrough,tivetter
particles. As seen from the results presentedlitethd, an is the intra-particulate phenomena.
increased flow rate reduces the volume treatedieffily One may notice that the best performance of the
until breakthrough and thereby decreases the setine 1S:sand mixture in the removal process of As(lliy o
of the bed. This is due to the decrease in thelease time column studies occurs under the process parameftel®

of the As(lll) ions within the bed at higher flowtes. cm bed depth and 2 mL/min flow rate.

4.2. Effect of bed depth 4.3. Modelling of breakthrough curve

The breakthrough curves obtained for As(lll) A plot of t versus bed depth (X) at a flow rate of
adsorption onto 1S:sand at different bed deptl, @instant 10 mL/min is shown in figure 4.
linear flow rate of 10 cm3/min are shown in figde The equation of the linear relationship was

Sorbent bed height strongly affects the volumehef t obtained with R2 above 0.99. This indicated theditsl of
solution treated or throughput volume. The curedlofved the BDST model for present column system. The
characteristic S-shape profile, which is associamth calculated adsorption capacity (NO) and the ratestzmt
adsorbate of smaller molecular diameter and marplsi (K) are 55.2ug/cm3 and 12.2 cm@g/h, respectively. The
structure. As it is evident from figure 2, an ir@se in advantage of the BDST model is that any experiniéash
column depth increased the treated volume due gb hican be reliably scaled up to other flow rates withfoirther
contact time. The exhaust time (corresponding to axperimental runs.
effluent concentration=0.9C0) increased with insheg

TABLE 1. Adsorption data for fixed bed 1S:sand ootudor As(l1l) adsorption at different process paneters.

Process parameters Breakthrough time, h Exhaust bim Volume of arsenic solution
treated, L
Flow rate, Q(mL/min)
45.8 58,3 5.5/7
5 17.3 23 5.2/6.9
10 8.03 11.3 4.82/6.8
Bed depth, h (cm)
5 3.34 6.18 2/3.71
7.5 6.27 8.5 3.76/5.1
10 8.03 11.3 4.82/6.8
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Figure 3. Effect of bed height on breakthrough esrfor As(lll) adsorption onto IS:sand
Co=100ug/L, flow rate=10 mL/min, pH=6.8
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Figure 4. BDST model at breakthrough curve in fibedl column for As(lll) adsorption by IS:sand

5. Conclusions IS:sand mixture can be used with good performarases
adsorbent material in the removal process of As(ih

The results of this work indicate a good removal O?OIumn studies.
As(lIl) by fixed bed IS:sand column. By studyingetbffect
of important parameters such as flow rate and legdhdon

breakthrough curve and adsorption capacity canotiead ACKNOWLEDGEMENT
that the best performance of the IS:sand mixtureha _
removal process of As(lll) on column studies ocaumder This work was supported by CNCSIS- UEFISCDI,

the process parameters of 10 cm bed depth and éhimL/ project numbe_r PN II-IDEI 927_/2008' “I_ntegrated Cept
flow rate. In these conditions a service time of31h (1t about D_epollut|0n of Wgters with Ar_senlc Contetough
90% exhaustion) was reported. The calculated atlsarp Adsorp_tl_on_ on Oxide Materials, f(_)llowed '.Jy
capacity (NO) and the rate constant (K) were G&&m3 Immobilization of the Resulted Waste in Crystalline

and 12.2 cm3fg/h, respectively. It can be noticed that theMatnces '
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