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ABSTRACT

This work reports the retention of silver ions from synthetic solution of
silver nitrate regarded as amodel of radiological effluent by prepared acti-
vated carbon. The effect of initial concentration of silver (1) ions, contact
time and temperature on the retention process was studied in a batch pro-
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cess mode. The adsorption was relatively fast and equilibrium was estab-
lished about 60 min. Equilibrium data were analyzed by the L angmuir and
Freundlich isotherm model. The adsorption kinetics was found to be best
represented by the pseudo-second-order kinetic model. Thermodynamic
study showed that the adsorption was a spontaneous and endothermic
process. Characterization of the activated carbon obtained from almond
shell (ASC) was performed by using scanning electron microscopy (SEM),
Fourier transform infrared spectroscopy (FTIR) and specific surface.
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INTRODUCTION

Silver isconsidered of special economicinterest
compared with other metals. Silver nitrateisthe most
common solublesalt that isused in porcelain, mirror-
ing, photographic, € ectroplating, and ink formulation
industries??. Most world silver is recovered from
scraps such as photographic films, X-ray films and
jewdlery®. Thusitisnecessary totreat thewaste aque-
oussolutionsand try to recover them economically. En-
vironmental poisoning dueto the emission of waste
metasfromtheminera processingindustry inthelast

few decades hasbeen and continuesto be of growing
concern, aso recent developmentsin environmental
quality standardshighlight theneed for improved waste-
water trestment of dil ute meta-bearing effluents. A num-
ber of adsorbents have been devel oped and tested for
theremoval and recovery of silver (1) (e.g., activated
carboni#21, cdllul ose nitrate membrane® and chel at-
ing resingd®. Many studies have appeared on the de-
velopment of low-cost activated carbon adsorbents
produced from cheaper and readily availablematerials
intheliterature®. Activated carbonswith their large
surface area, microporous character and chemical na-
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ture of their surface have made them potential
adsorbentsfor theremova of heavy metdsfromindus-
trial wastewater. Therefore, in recent years, many re-
searchers havetried to produce activated carbonsfor
removal of various pollutants using renewable and
cheaper precursorswhichweremainly industrial and
agricultura byproducts, such ascoconut shellS*1, waste
apricot!®, palm shell, molassed*®, rubber wood saw-
dust®, rice straw®¥, seaweed®, sugarcane bagasse
pith™, oil pam fibre®” and mangosteen shel I,

Thisstudy reportstheuse of admond shell activated
carbon (ASC) produced by pyrolysisand physica ac-
tivationin the presence of water vapor, asan adsorbent
toremoveof silver (1) ionsfrom synthetic sol ution of
slver nitrateregarded asamodd of radiological efflu-
ent. At present, thisalmond shell material isused prin-
cipaly asasolid fuel andisavailablein abundancein
Sfax, Tunisia. The production of dmond shell isesti-
mated to exceed 60,000t / year.

Inthisstudy, the experimental parametersfor the
adsorption of Ag(l) ionsfrom aqueous sol utions under
different equilibrium conditionswereinvestigatedina
batch study. Theequilibriumisotherm dataweretreated
with two adsorptionisotherm model s, Langmuir and
Freundlich. Valuesof kineticsstudiesof Ag(l) havebeen
reported. Inadditionto this, characterization of ASC
wasstudiedintermsof surfacearea, surface morphol-
ogy and surfacechemicd.

EXPERIMENTAL PROCEDURE

Materials

Almond shell was collected from from acompany
“Chaabane” located in Sfax, Tunisia. The starting ma-
terial was cleaned with water and dried at 110 °C for
48 h. Thedried samplewas crushed with ablender and
sieved to desired mesh size (1-2 mm). The synthetic
solution of silver nitrate (Merck, > 99 % purity) was
used asasource of Ag(l).

Adsorbent preparation

Activated carbonswereprepared from almond shell
by carbonization under nitrogen flow and activation
under water vapor. Carbonizationwascarried inaver-
ticd stainless-sted reactor (length 170 mm, interior di-
ameter 22 mm) which wasinserted into acylindrical
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electric furnace Nabertherm. Almond shdllswereplaced
into thereactor and heated from room temperatureto
400 °C at a constant heating rate of 10 °C/min under
nitrogen flow, then held at 400 °C for 1 h. The samples
wereleft to cool down after the carbonization. Activa:
tionwascarried out in the samefurnace. The charcoal
obtained wasthen physically activated at 850 °C for 2
hunder anitrogenflow (100 cm®/min) saturated in steam
after passing through thewater saturator heated at 80
°C. The tenor steam was varied to the range of 0.395
kg H,O/kg N... After activation, the samplewas cooled
to ambient temperature under N, flow rate. The pro-
duced activated carbonwasthen dried at 105 °C over-
night, ground and sifted to obtain apowder with apar-
ticlesizesmaller than 45 um, and finally kept in her-
metic bottlefor subsequent uses.

Physico-chemical characteristicsof theactivated
carbon

The surfacefunctional groupswere analyzed by
using aFT-IR spectroscopy (NICOET spectrometer).
The FTIR spectra were recorded between 500 and
4000 cm'™. Microstructure of the samplewas exam-
ined usingascanning e ectron microscopy (SEM, Philips
XL30 microscope). Thespecific surface (S,,) isde-
termined of theactivated carbon isdetermined by the
adsorption of nitrogen by using an apparatus B.E.T of
thetype“ ASAP2010”.

Procedurefor retention of silver (I): batch adsorp-
tion

Theeffectsof experimenta parameterssuchas, ini-
tial metal ion concentration (170— 680 mg/1), and tem-
perature(25-35 °C) on the efficiency retention of Ag(I)
ionswere studied in abatch mode of operation for a
specific period of contact time (0-180 min). The Ag(I)
solutionswere prepared by dissolving silver nitratein
doubledistilled water. The pH of the solutionswas not
varied. For kinetic studies, 50 ml of Ag(l) solution of
known initial concentration was taken in a 250 ml
screw-cap conical flask with afixed adsorbent dosage
(0.1g) and was agitated in athermostated rotary shaker
for acontact timevaried intherange (0-180 min). The
content was agitated with aconstant stirring rate at 200
rpm, because abovethisvaue, theagitation hasastrong
effect onthe adsorption process?. At varioustimein-
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tervals, the adsorbent was separated from the samples
by filtering and thefiltratewasandyzedusngaZEENIT
AtomicAbsorption. Theamount of adsorption at equi-
librium, g, (mg/g), and the retention percentage, %o re-
tention, werecal cul ated by thefollowing equations:

C,-C,)-V
qe=( 0 - ) (1)
Cc,-C
% retention =—>—"2x100

e

WhereC, and C_ (mg/l) aretheliquid-phase con-
centrationsof Ag(l) initially and at equilibrium, respec-
tively. V isthevolume of thesolution (I) and misthe
mass of dry adsorbent used (g).

0

RESULTSAND DISCUSSION

Characterization of ASC

SEM micrographsand surfacearea

TheBET surface areaof the SAC was893.62 m?/
g. Theaverage pore diameter of 3.101 nm indicated
that the ASC wasin the mesoporousregion. The sur-
face areaof ASC wasmuch higher than conventional
activated carbonsthat is, wood-based activated car-
bon (769 m?/g)*2 and coal-based activated carbon
(331 m?g)i.

The SEM micrographsof ASC samplesaregiven
in Figure 1. The external surfaces of these prepared
activated carbon show presence cavitiesand arevery
irregular, indicating that the porosity of thematerial was
produced by attack of the reagent (H,O) during acti-
vation. Theincreasein the steam tenor supportsthe

20 0 gy T

Figur~e1: SEM imageof ASC.

Snoivonmental Science (==

Study of retention of silver ions onto activated carbon prepared from almond shell

ESAIJ, 7(4) 2012

following gasification processunder high temperature™:
H,0+C—H+CO 3)
After undergoing carbonization and activation pro-
cess, thevol atilematter content decreased significantly
whereasthefixed carbon content increased in ASC.
Thiswasdueto the pyrolytic effect where most of the
organic substances have been degraded and discharged
asgasand liquidtarsleaving amaterial with high car-
bon purity!?. Adinataet d.,' found that increasing the
carboni zation temperature decreased theyiel d progres-
sively dueto released of volatile products asaresult of
intensifying dehydration and dimination reaction.

IR spectra

The surface chemistry of the sasmpleswas evalu-
ated by FTIR. The spectraof the precursor (almond
shell) and prepared activated carbonswere measured
by an FTIR spectrometer within therange of 5004000
cm™. The FTIR spectrum of thealmond shell isshown
inFgure2. Thisspectrumisquitesmilar tothat of other
lignocd lulosic material ssuch asolive-waste cakesand
rockrose” 2, The FTIR spectrum obtained for the
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Figure2: FTIR spectrum of thealmond shell.
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Figure3: FTIR spectrum of theASC.
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precursor, theband at about 3381 cm was attributed
to (O-H) vibrationsin hydroxyl groups. Thelocation of
hydrogen-bonded OH groupsisusualy intherange of
3200-3650 cm™ for a coholsand phenols.

The band observed around 2924 cmt is attributed
to C-H stretching vibration of -CH,,. Theband at 2358
et wasascribed to (C=C) vibrationsin akynesgroups
and methylene groups. Theband at 1739 cm?isas-
cribed to carbonyl C=0 groups. The olefinic (C=C)
vibrations cause the emergence of the band at about
1620 cmrt, whilethe skeletal C=C vibrationsin aro-
matic rings cause another two bandsat 1510 and 1425
cmt. Theband at 1252 cmr? may be attributed to es-
ters(e.g. R-CO-0O-R’), ethers (e.g. R—O-R’) or phe-
nol groups. Therelatively intense band at 1054 cm?
can be assigned to al cohol groups (R-OH)!.

Significant changeswere observed in the prepared
activated carbon FT-IR spectra (Figure 3). Severd
bands di sappeared, which indicates that weak bonds
of theinitial compoundswerebrokenintheactivation
process. The bands at 3450 and 1080 cm were as-
signed to O-H bondsand C-OH stretching of phenolic
groups, respectively*3, The bands located at about
1609 and 1414 cm* wereattributed to carbonyl (e.g.
ketone) and carboxylateion (COO) groups, respec-
tively.

Effect of initial silver concentration and contact
time

Thekineticsof Ag(l) sorptionwasstudied by vary-
ing the contact timefrom 10 minto 180 minusing dif-
ferentinitia silver concentrations (170, 340,510 and

200

180

=0=G80 mg/l
=0=510 mg/1
——340 mg/l
——170 mg/l

=

0 F
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time (min)
Figure4: Effect of initial concentration on theretention of

Ag(l) by ASC at 298K .
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680 mg/l) and temperatures (298, 308 and 318 K).
Theamount of silver adsorbed for different initial
concentrationsonto ASC is shown in Figure 4. The
adsorption of Ag(l) ontoASC increaseswith timeand
then attainsequilibriumvaueat atimeof about 60 min.
Theremoval of Ag(l) wasfound to be dependent on
theinitia concentration, theamount adsorbed increas-
ingwithincreaseininitial concentration. Further, the
adsorptionisrapidintheearly stagesand then attains
anasymptoticvauefor larger adsorptiontime. Thesame
effect wasobserved on varying thetemperature. At low
concentrationstheratio of availablesurfacetotheinitia
Ag(l) concentrationislarger, sotheremoval becomes
independent of initial concentrations. However, inthe
case of higher concentrationsthisratioislow; the per-
centage removal then dependsupon theinitial concen-
tration. On changing theinitial concentrationfrom 170
to 680 mg/l, the amount adsorbed increased from
23.43711t0159.375mg/g for atime period of 60 min.

Effect of solution temperature

The effect of thetemperature on the retention of
Ag(l) showsthat the percentageincreased from 80 to
87.56 % by increasing the temperaturefrom 298K to
308 K for atimeof 60 min (Figure5). Thisindicates
that the adsorption reaction isendothermicin nature.
Thevariaionintheremova may bearesult of enhanced
escaping tendency of pollutant speciesat increasingtem-
peratures. Thepossibility of increased solubility at higher
temperatures and hence alower adsorption can also
not beruled out. Similar trends are al so observed by
other researchersfor aqueous phase adsorption(*y,

2 =0=308 K

0 1 —A—303K

=[=298K

40

"% Retention of silver (1)

20 A

0 . :

1} 20 40 60 80 100 120 140 160 180
C, (mg/l)

Figure5: Effect of temperatureon theretention of Ag(l) by

ASC at time=60min.
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Adsorptionisotherms

Severa equilibrium modelshave been usedto de-
scribe the equilibrium nature of adsorption. The
Langmuir and Freundlich isotherm arethe most fre-
guently used model sto describe the adsorption data.
Langmuir model isbased on the assumption that ad-
sorption energy isconstant and independent of surface
coverage. Themaximum adsorption occurswhen the
surfaceiscovered by amonolayer of adsorbate*”). The
linear form of Langmuir isotherm equationisgivenas.

cC. 1 C
+

— e

4. Qub Q, )

Where C_istheequilibrium concentration of the
adsorbate (mg/l), g, is the amount of adsorbate
adsorbed per unit mass of adsorbent (mg/g), b the
Langmuir adsorption congtant (I/mg), and Q  isthetheo-
retical maximum adsorption capacity (mg/g).

Theessential characteristicsof Langmuir equation
can beexpressed intermsof dimens onless separation
factor, R, defined ag*!:

1

R =T{v0C,) )

Where bisthe Langmuir isotherm constant (I/mg)
and C,istheinitid metal concentration (mg/l). TheR,
vaueindicatesthetype of theisothermtobeeither fa-
vorable (0<R <1), unfavorable(R >1), linear (R =1)
orirreversible(R =0).

Freundlich model isbased on sorption on ahetero-
geneoussurface of varied afinities™. Thelogarithmic
formof Freundlichwasgivenas.

logq, =logK . +(%)Iogce

©

WhereK _andn are Freundlich constantswithnas
ameasure of the deviation of themodel from linearity
of theadsorption and K _ (mg/g(lI/mg)*") indicatesthe
adsorption capacity of theadsorbent. Ingeneral,n>1
suggeststhat adsorbate isfavorably adsorbed on the
adsorbent. The higher then valuethe stronger the ad-
sorptionintengty.

Theplotsof log g, versuslog C_and the plots of
CJq, versusC_for theadsorption of of Ag(l) ontoASC
at at 298, 303 and 308 K according to thelinear forms
of theLangmuir and Freundlichisothermsareshownin
Figures6and 7.
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Figure6: Langmuir isotherm for adsor ption of Ag(l) onto
ASC at different temper atures. (temper ature=298, 303 and
308K ; t =60 min).
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Figure7: Freundlich isotherm for adsor ption of Ag(l) onto
ASC at different temper atures. (temper ature=298, 303 and
308K ; t =60 min).

TABLE 1: Langmuir and Freundlich isotherm parameters
for theadsor ption of Ag(l) ontoASC at different tempera-
tures.

Temperatures

298 K 303K 308K
Langmuir isotherm
Qn(mg/g) 48.78 53.76 59.52
b (I/mg) 0.069 0.072 0.082
R 0.027 0.026 0.023
R? 0.998 0.999 0.999
Freundlich isotherm
Ke (mg/g) (I/mg)*" 10.15 10.07 11.40
n 3.215 2.924 20918
R? 0.924 0.943 0.902

TABLE 1 summarizesdl theconstantsand corre-
| ation coefficient, R? values obtained from thetwo iso-
therm model sapplied for adsorption of silver ionson

Snoivonmental Science
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theASC. FromTABLE 1, thevauesof nwerefound
to be less than 10 and the values of R were in the
rangeof 0.023-0.027 indicating that the adsorption was
favorable. The Langmuir isothermswas found to be
linear over thewhol e concentration range studied and
the corrd ation coefficients R?, wereextremdy high com-
pared to the Freundlich isotherms, indicating that the
Langmuir isotherm better represented the experimentd
adsorption dataat al solution temperatures. Ascan be
further seen fromTABLE 1, thevaluesof Q_andK_
increased with temperature, indicating that the adsorp-
tion processwasendothermicin nature.

Adsor ption kinetics

Inorder to analyze the adsorption kineticsof Ag(l)
ionsonto A SC, two kinetic models; pseudo-first-order
and pseudo-second-order kinetic were applied for the
experimenta data. Thepseudo-firgt-order equationcan
be expressed ag*“:

k
Lt

()

log(g. -q,)=1logq, -

2.303

3

<+ 680 mg/l
0510 mg/l
&340 mg/l
0170 mg/l

log (ge-qt)

o
/

20 40 60 80

Z Time (mn)

Figure8: Pseudo-first-order kinetic plot for theadsor ption
of Ag(l) ontoASC at 298K .

TABLE 2: Pseudo-first order and pseudo-second order ki-
netic model parameter sfor theadsor ption of Ag(l) ontoASC
at 298K.

[AGT] Qe exp Pseudo-first-order  Pseudo-second-or der
(mg/l) (mg/qg)
K2

, cal Ky , cal .
mgo) U7 R (mgg ©MY K
27125 21.79 0.026 0.994 30.959 0.001
121.425 36.57 0.033 0.938 125 0.002
153.762 109.85 0.045 0.98 161.29 0.0008
173.875 158.7 0.042 0.97 192.307 0.0003

0.998
0.999
0.999
0.995

170
340
510
680
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Whereg, and g, arethe amounts adsorbed at equi-
librium and at timet (mg/g), and k, istherate constant
of the pseudo-first-order adsorption (min?). Thelinear
plot of log (g, - q) versust gives aslope of k, and
intercept of log g, asshowninFigure8.

Thevauesof k, and R? obtained from the plotsfor
adsorption of Ag(l) ionson theadsorbent at 298K are
reported in TABLE 2. It was observed that the R? val -
ues obtained for the pseudo-first-order model did not
show aconsistent trend. Besides, the experimental g,
vauesdid not agreewith the cal cul ated va ues obtained
fromthelinear plots. Thisshowsthat the adsorption of
Ag (I) ontheadsorbent does not follow apseudo first-
order kinetic moddl.

The pseudo-second-order kinetic modd canberep-
resented inthefollowing form4;

S
q t k 2q g q e (8)

Wherek, (g/mg min) isthe rate constant of sec-
ond-order adsorption. Thelinear plot of t/g, versust
gave /g, astheslopeand 1/k,g > astheintercept. Fig-
ure 9 shows a good agreement between the experi-
mental and the calculated g, values. From TABLE 2,
all the R? values obtai ned from the pseudo-second-or-
der model were closeto unity, indicating that the ad-
sorption of Ag(l) onASC fitted well into thismode.

7

< 680 mg/l
5 | 0510 mg/l
A 340 mg/l
5 0170 mg/l

e ——g::‘—:—”_:’:gi:_—’:;i:_::—;—g
0 M——— - , |

1} 20 40 60 BO 100 120 140 160 180 200

Time (mun)
Figure9: Pseudo-second-or der kinetic plot for the adsor p-
tion of Ag(l) ontoASC at 298K .

Adsor ption thermodynamics

Thethermodynamic parametersfor the present sys-
tem, including standard freeenergy (AG kJ/mol), en-
thapy (AH, kJ/mol) and entropy (AS, kImol K), were
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ca culated usingfollowing equations Egs. (9) and (10)°2:
AG=-RTLNK 9
AG=AH-TAS (10)
WhereT isthetemperature (K), Risuniversa gas
constant (8.314 Jmol K) and K (l/g) isan equilibrium
constant obtai ned by multiplying the Langmuir constant
Q,,and b®. Thevauesof AH and AS were calculated
from theintercept and slope of aplot of AG versus T
(Figure 10) according to Eq. (10) by linear regression
analysis. Thecal cul ated thermodynamic parameters
werelistedin TABLE 3. Asshownin TABLE 3, the
negativevauesof AG indicated the spontaneous nature
of theadsorption process. Positivevaueof AS showed
theincreasing randomness at the solid-solution inter-
face during the adsorption process'® 3¢, Thepositive
valuesof AH suggested the endothermic nature of the
adsorptioninteractionl*¥,
TABLE 3: Thermodynamic parameter sfor theretention of
Ag(l) ontoASC at different temperatures.

Metal Temperature AG AS AH
ion (K) (kJ/mol) (kJ/moal K) (kJ/mal)
Ag(l) 298 -3.005
303 -3.408 0.105 28.446
308 -4.059
a
296 298 300 302 304 306 308 310
1
=
-
3 —
""—-—.__\_\—\.-\-\_
4 %EH‘““%.
5
T(K)

Figure10: Plot of AG versus T for the estimation of thermo-
dynamic par ameter sfor adsor ption of Ag(l) by ASC.

CONCLUSIONS

The present study demonstratesthat the prepared
activated carbon from almond shell isan effective ad-
sorbent for the retention of Ag(l) from aqueous solu-
tions. Adsorption of silver (I) ionswasinfluenced by
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various parameterssuch asinitial meta concentration,
contact timeand temperature. Efficiency retentionin-
creased with decreasing the metal concentration and
increasing temperature. The Langmuir and Freundlich
adsorptionisotherm model swere used for thedescrip-
tion of the adsorption equilibrium of silver ionsonto
carbon of amond shell. Thedatawerein good agree-
ment with Langmuir isotherms. It was shown that the
adsorption of silver ionsbest fitted by pseudo-second-
order model . From the thermodynamic sudies, thead-
sorption process was endothermic and spontaneousin
nature. Thisactivated carbon can beapromising ad-
sorbent for the retention of Ag(l) contained inliquid
effluent from radiol ogy.
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