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ABSTRACT

In this research effect of different concentrations of sodium bicarbonate
were investigated on increase of rice husk capacity in lead adsorption at
low concentrations. The maximum adsorption efficiency occurred at pH 6.0
and adsorption equilibrium time was obtained 25 minutes. The results of
chemical experiments and also scanning of the pretreated adsorbent treat-
ments by Scanning Electron Microscope showed that thereis suitable rela-
tion between the average numbers of adsorbent pores with adsorption
efficiency. Also the maximum lead adsorption efficiency by rice husk was
obtained at 99.1%. That was related to the usage of 0.3 M sodium bicarbon-
ate (0.3M NaHCQO,) solution. Inthisresearch the kinetic adsorption models
were also studied. Although both the Lagergren model (1898) and Ho et al
(1996) describes the data at 95 % level of significant, but Ho et al. model
describes the data better than Lagergren model. The comparison of the
obtained coefficients with model coefficients in other researches showed
that lead surface adsorption by pretreated rice husk in 0.3M sodium bicar-
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bonate solution was very fast.

INTRODUCTION

Today Existence of heavy metals such as P, Cd,
Cu, Ni, etc causesharmful effectsinhumanlife. Inmany
countries concentrations of heavy metalsinwater are
exceeding thelimits. The permissible concentrations of
Pb, Zn, Cuand Cd indrinking water have been set as
0.1,5.0,0.05and 0.01mg/l in India. About 0.005, 5.0,
1.0and 0.01mg/l in USA, 0.05, 5.0, 3.0 and 0.005mg/
I in UK, and 0.01, 5.0, 1.0 and 0.005mg/l in Canada,
respectivelyt-3,

The studiesrelated to heavy meta s adsorption by
plant resdueswasgeneraly started from 1970-1980147.
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In thisperiod adsorption studiesweregeneraly about
using raw plant resduesand their coals. In recent 1990
adsorption studiesusing plant residuesimproved alot,
therefore, chemica activation or chemica modification
was used instead of physical activation. Inthismethod
withincreas ng adsorption capacity and decreasing equi-
librium time activation costswas|essthan physical ac-
tivation®. Increase of adsorption capacity of rice husk
by 0.IM K_HPO, solution¥, 0.5M Tartaric Acid
(TARH)™ and 0.75M NaOH™ is such exampl es of
thesestudies.

Also studieson cadmium adsorption from agqueous
solution using pretreated rice husk in 0.5M sodium bi-
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Figure 3 : Effect of equilibrium time on lead adsor ption
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carbonate sol ution showed that low cost modification
canimprovetheadsorption cgpacity from 8.55mg/g by
row ricehusk to 11.12, 20.24 and 16.8 and decrease
of equilibriumtimefrom 10 hrsfor row ricehuskto 2, 4
and 1 hrsfor pretreated rice husk by Epichlorohydrin,
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Figure2: Effect of pH on lead adsor ption efficiency using
pretreated ricehusk
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Figure 4 : Fitness of Ho et al. model on lead adsor ption
amountsby NCRH3 versustime
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Figure6: Relation between the poresnumber and poresdi-
ameter with maximum adsor ption efficiency on pretreated
rice husk

NaOH and sodium bicarbonate solutionsrespectively.
In this research as preparing of sodium bicarbonate

solution haslower cost than Epichlorohydrin prepara-
tion, this solution was chosen as abetter solution for
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TABLE 1: Parametersof lagergren and Ho et al. modelsin
95 % level of significant
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TABLE 2: Comparing L ager gren and Ho et al. model s coeffi-
cientsinlead adsor ption

M odel Equation R*
Lagergren qt =0.095 [(1 - exp( —0.168 t)] 0.996
t 1 t
Hoetd. At [2(1.32)(0.1019 )2] "oy 0998
modiification*2.

At thistimethe usage of household water purifica
tion systemsextendsin south of Iran. The adsorbent
used inthesesystemsisactivated carbonwhichisvery
expensive. The purposeof thisstudy isusing rice husk
inremova of lead at |ow concentrations. Accordingto
themaximum leve of lead concentrationwhichis50mg/
I indrinking water theinitial concentration of leadis
chosen of 1200mg/l.

MATERIALSAND METHODS

At first row rice husk was prepared from local fac-
tories near Zahedan and passed through sieve sizes of
30 and 40 with particle sizes of 425 to 600um (with
510um average particle sizes). Thericehusk particles
werewashed with water and they weredried at 70°C
for 3hrs.

Chemical preparation on ricehusk

The prepared samplesof adsorbent treetmentswere
washed with deionized water. Thenthey weredriedin
oven at 80°C for 3 hrsand immediately the essential
experimentswere made on them. For preparing differ-
ent adsorbent treatments, at first aspecific volume of
0.1, 0.1, 0.5 and 0.7mgL* sodium bicarbonate sol u-
tion weremadethen 100g of dried ricehusk wasmixed
with 2liter of 0.1M of sodium bicarbonate solution for
4 hrsand then the mixturewasfiltered. In order tore-
movetheextrasodium bicarbonatefrom pretrested rice
husk, it waswashed with deionized water. Theobtained
adsorbent was dried at 80°C for 5 hrs and was pre-
served in close bottom at room temperature. Thispro-
cesswasrepeated for 0.3,0.5and 0.7M solutions. Fi-
naly 4 different adsorbents of 100gwere prepared. The
attained adsorbents were named NCRH1, NCRH3,
NCRH5 and NCRH7 respectively. Inthe next step the
samples were scanned by Scanning Electron Micro-
scope. After theexperimentsfor al 4 treetmentsNCRHL,
NCRH3, NCRH5 and NCRH7, the statistical param-

HoModel Lagergren Lead

Resear ch source coefficient coefficient concentration Adsor bent
Mathialagan and )
Viraraghavan. 2002 3.67 3.29 1 Perlite
Mathialagan et al. 12.56 47 1 A.biusporus
Mathialagan and
Viraraghavan. 2002 50.54 10.01 1 L.edodes
Raji and et al 1997 0.0134 Peat
Kapoor and et al 1999 0.44 19  Pretreated

A.niger
Current research 79.2 10.08 0.1 NCRH3

etersof them wereattained by counting the numbersof
pores and measuring the effective diameter of porous.
Alsothequalitativeanalysisof al thetreatmentswas
experimented by Scanning Electron Microscope.

Batch sorption studies

In order to determine the optimum pH of lead ad-
sorption, 6 Erlenmeyer were chosen and preservedin
acid solution for 24 hrs and then they were washed
with water and after that with deionized water. 100 ml
of lead solution with 100 ppb from prepared solution
was poured into each Erlenmeyer. Then 1g of NCRH1
adsorbent was added and their pH wasadjusted at 3,
4,5, 6, 7 and 8. The Erlenmeyer containing the solution
were put on the Shaker for 12 hrswith the speed of
180 rpm and their pH were measured after they took
from shaker and thedifferenceswerenoted. Using qudi-
tativefilter paper (Whatman) the solutionswerefiltered
and poured in to plastic canswhich had been washed
completely. By adding aspecific amount of Nitricacid
their pH reducesto fewer than 2 and immediately the
adsorption experiment were donein order to measure
theamount of adsorbed lead. Thisprocesswasrepesated
for 3 other adsorbents.

Sor ption kinetic experiments

7 numbersof Erlenmeyer which had been washed
with acid werewashed withwater and then with deion-
ized water and 100 ml of lead solution with 100 ppb
concentration was added to them. In each Erlenmeyer
1g of NCRH1 adsorbent were added and the pH of
the solution was adjusted at 6 according to past ex-
periments. Each Erlenmeyer containing sol utionwasput
on the shaker with the speed of 180 rpmfor 5, 10, 25,
40, 60, 90 and 120 minutes. After that the samples
wererespectivey taken from the shaker then immedi-
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ately thelead amount was measured. Thisprocesswas
repeated for other adsorbents.

RESULTSAND DISCUSSION

Treatmentschemica andys sshowed thet pretreated
ricehusk containsaveragely 26.95 % Silica, 21.11 %
carbon and 51.96 % oxygen. Thelead e ement wasn’t
found in the combination of ricehusk. Thereforethe
experimented rice husk didn’t contain adsorbed lead
and theerror dueto adsorption efficiency isnegative.
Ontheother hand it’s expected that with forming sur-
face Hydroxyl groupsof silicon atoms, the surface ad-
sorption capacity of ricehusk should increasg®. Figure
1 showsthequditative analysiso NCRH3 adsorbent.

Effect of pH

Theremoval of apollutant from an aqueous me-
dium by adsorptionishighly dependent on the solution
pH which affectsthe surface charge of the adsorbent
and ionization of it**1%, The studies of the other re-
searchers showed that the optimum pH of adsorption
varies between 4 and 8¢, For this reason the pH
range used in this study was chosen between 3and 8
and the experimentsweredonein thispH range. Ef-
fect of pH onlead adsorption efficiency by pretreated
ricehuskisshowninfigure2. Asfig. 2 showsthat to
dispensewith theamount of sodium bicarbonatewhich
isused to make pretreated rice husk, the minimum ad-
sorption efficiency occursat pH = 3, which is93.3%,
98.3%, 98.8% and 90.7% for NCRH1, NCRH3,
NCRH5 and NCRH7 adsorbents respectively. With
increasing the pH, adsorption efficiency increasesthat
in pH = 6 the adsorption efficiency reachesto 97.6%,
99.1 5%, 98.6% and 96.8% for all thetreatments. In
pH rangefrom 6 to 8 the adsorbentstreatment differs.
The adsorption efficiency for NCRH1 adsorbent de-
creasesabout 0.5% at pH =7 and then increasesagain
at pH = 8, but adsorption efficiency for NCRH7 ad-
sorbent increases gradually from pH = 6. Other 2
adsorbentsa so haveafixed adsorption efficiency from
pH = 6.

Ascanbeseenfromfigure2 pH increasefrom 3to
5 motivatesaconsiderableincreaseinlead adsorption
inall thetreatments. Thisrapidincreasein adsorbents
also canduetotwofactors, first existenceof H*ionin
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solution at low pH rangeswhich competesfor surface
adsorptionwithleadion and second factor istheexist-
enceof acritica pH rangefor each hydrolysablemeta
ion, therangein which theadsorption efficiency reaches
from alow amount to maximum whichthisamount is
named surface adsorption limit amount™2.
Alsothedecreasein lead adsorption at pH levels
higher than 6 in NCRH1 adsorbent could dueto the
formation of soluble Hydroxyl groups*®. Thelittlede-
creasein adsorption a pH level shigher than 6 obtained
inthisresearchismatchwith theresultsof Guptaetd.,
Krishnan et a. and Mathialagan et a. studies**2Y.
Thelower removal of the studied metal ionsat be-
low optimum pH values can beattributed to effective
competition between higher concentration of H* or
H,O*and metal ions present in the forms of M and
M (OH)* accordingto their (Pb, Zn, Cu and Cd) spe-
ciation diagramg?%3, Comparing thecurvesinfigure
2 showsthat the adsorption efficiency in NCRH3 ad-
sorbent ismorethan other adsorbentsinall pH ranges.
Thereason of thisdifferenceisthe number of pores of
thisadsorbent. Because counting the pores showed that
number of pores on the surface of NCRH3 adsorbent
is3timesmorethan NCRH1 pores, 4timesmorethan
NCRH7 and 11 times morethan NCRH5 pores.

Sor ption kinetics

Fgure 3 showsthedifferencesof adsorption amount
with contact timeat pH 6.0 for all thetreatments. As
figure3indicatesininitial contact timethe adsorption
speed is high, as more than 50% of lead amount is
adsorbed in thefirst 5 minutes and after 10 minutes
more than 80% of |ead amount isadsorbed, but with
time spending the adsorption gradient decreasesthat
after 25 minutes the adsorption reachesto it’s maxi-
mum level and after that adsorption gradient reachesto
zero. Thisistrueabout al thetreatments. Adsorption
efficiency in equilibriumtimefor NCRH1, NCRH3,
NCRH5 and NCRH7 adsorbents is 99.2%, 95.9%,
95.0%, and 93.4% respectively. Maximum surface
adsorption occurs for NCRH3 adsorbent that thisis
matchwith theresultsof figure 2. The obtained Equilib-
rium tomein thisresearch was 25 minutesfor al the
treatments. Thereisare ation betweenlow equilibrium
timeandlow initia concentrationinthisprocess. The
reasonistheinitial |ead concentrations, becausethe
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equilibriumtimedecreaseswith decreasingininitia con-
centration of lead.

For describing lead kineti c adsorption on pretreated
rice husk, Lagergren model (1989)!% and Ho et al.
model (1996)1° are used. Theequations 1 and 2 re-

latesto the model srespectively.

g, =9.(1-e"%) )
t_ 1.t

a 2kq. Qg @

Obtained resultsfrom past experiments showsthat
pretreated rice husk with 0.3mgL * sodium bicarbon-
ate solution NCRH3 has abetter adsorption efficiency
than other treatments. Thereforeusing SPSS (Version
9.0) and anayzing nonlinear regression theabovemodd's
werefitted with theresultsof theadsorption kinetic ex-
periments and the results showed infig. 4. Although
both Lagergren model and Ho et al. model describes
thedataat 95%leve of sgnificant, but Hoet a. model
describesthem better than Lagergrenmodel. TABLE
1 shows the model s coefficients. Ascanbe seenk, =
0.168 (I/min) and k = 1.32 (g/mg min) or in the case of
consdering by other researchersthetimeon hrsthe coef-
ficientswill be: k,=10.08 (I/hr) andk = 79.2 (g/mg hr).

Comparing these coefficientswith attai ned coeffi-
cientsby other researchers shown in TABLE 2indi-
catesthat surface adsorption of lead on pretreated are
so rapid. Thismatter can berelated to thelead concen-
tration and the kind of adsorbent.

Effect of chemical properties of treatments on
adsorption

Different reasons have been given regarding the
sorption affinity of biosorbent such asricehusk. The
amount of sorbed ionsdepends on the equilibrium be-
tween sorption competition from all thecations, ionic
size, stability of bonds between metal ions and
biosorbent?*%, Counting the numbers of pores
showed that pretreated rice husk by 0.3mg/I sodium
bi carbonate solution (NCRH3) hasthe most pores; it
means 113 pores are in the surface of this adsorbent
and NCRH5 treatment has 35 pores. Also NCRH7
and NCRH1 have 25 and 10 pores on their surface
respectively. The scannedimagesfrom Scanning Elec-
tron Microscope showed that all the treatmentstook
effect of sodium bicarbonate completely and they are
damaged except NCRH1, but in spite of complete
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surface explosionin these treatments the number of
pores decreaseswithincreasing the modifier solution
concentration from0.3t0 0.7M (Figure5). Because
adsorbent surface explosion in concentrations more
than 0.3 M of sodium bicarbonate motivestheincrease
of poresdiameter, consequently, the number of pores
will decrease. Also comparing theadsorption efficiency
between NCRH1 and NCRH7 (Figure 5) showsthat
increase of pores diameter motivesthe decreasein
adsorption efficiency. Becausein NCRH1 treatment
poresdiameter averageis2.4umthat islessthan pores
diameter average in NCRH7 treatment; which is
7.7um, but the adsorption efficiency of NCRH1is
97.6 5that ismorethan NCRH7 adsorption efficiency;
whichis96.9%. Thiscan betruein other treatments
also. Thereforethe coincident of the effects of pores
diameter and the number of poreson the adsorbent
surface should be considered on adsorption efficiency.
For that isreason the rel ation between adsorption ef-
ficiency and pores number to average poresdiameter
ratio (N/D) is studied. According to this matter ad-
sorption efficiency plotted against N/D by SPSSand
by analyzing estimation regression curve, whichis
showninfigure®.

CONCLUSIONS

Lead maximum adsorption efficiency occursby rice
husk pretreated with 0.3M sodium bicarbonate solu-
tion. Lagergren model describesthe datawell and it
showsthat the adsorption speed ishigh. Studying the
rel ation between adsorption efficiency and poresdi-
ameter showed that thereisagood correl ation between
adsorption amount and the pores number to poresdi-
ameter ratio (N/D) of adsorbent.

SYMBOLS

g, - Leadadsorbed amountinequilibriumtime(mg/
9

q, - Leadadsorbed amountintimeof t(mg/g)

k. : Constant coefficient of adsorption gradientin
Lagergrenmodel (minor hr?)

k : Congant coefficient of surfaceadsorptioninmade
conditions (g/mg minor g/mg hr)

t : Thetime(minorhr)
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