Available online www.jocpr.com

Journal of Chemical and Phar maceutical Research, 2014, 6(6):649-653

ISSN : 0975-7384

Research Article CODEN(USA) : JCPRC5

Removal of cadmium ions from agqueous solution using chemically
modified peanut shell

Liang Xu and Zhijun Zhuang*

Jilin University of Chemical Technology, China

ABSTRACT

The efficiency of chemically modified peanut shell (CMPS) on adsorbing cadmium ions was evaluated in this paper.
The kinetic, isothermal and thermodynamic models were applied to study adsorption properties and characteristics
in a batch system. The pH, adsorption time and initial concentrations were followed. The results indicated that
under the indoor temperature (25 C), when pH was 8 and adsorption time was 40min, the adsorption capacity
reached the maximum, 40.10mg/g. The kinetic adsorption was better described by pseudo-second-order rate model;
Equilibrium experimental data were both fitted to linear Langmuir and Freundlich models, but Langmuir model
provided a better coefficient of determination value; the theoretical maximum adsorption capacity calculated by
Langmuir equation were 95.24, 105.26, 109.89mg/g at 283K, 298K and 308K respectively.
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INTRODUCTION

With the rapid industry development in China, watesource pollution by heavy metals has becomesasingly
severe. Because heavy metals are toxic, non-ddgeadad therefore persistent in the environment §bd can
enter the food chain through the water channelstfig water pollution by heavy metals causes a faligease
problems such as renal kidney disease, nervousmsysamages, cancer and mental retardatiorEfgiecially, the
cadmium ions pollution of waters could create sey#oblems to environment and human health. Acogrth the
reports: in 1931, in Toyama Japan, the water goliuby cadmium resulted that the rice did not grawd most
residents caught itai-itai disease; in 2006, Ba@nGilocated in Guangdong China, was polluted byniaah, the
content exceeded 20 times of the limit for standeodtributing to 100 thousand people lack water.

Recently years, the removal of cadmium ions fromeagss solution using agricultural wastes is popwih
easy-to-operate, low price, high efficience and-secondary pollution. The abundant and low-pricacagural
wastes are available, because China is a big dmwmialicountry, producing 1.0xf0agricultural wastes every
year[4]. However the most of them are burned rathan being resource utilized, which caused sea&rand soil
pollution. So, agricultural wastes can be utilizedlispose pollution, it must create favorable smwinent benefits.

The previous work of removing cadmium ions from emus solution by agricultural wastes has provet shene

agricultural wastes are effective in absorbing cadmions in agueous solution. For instance, Xiao-B®ng used
rape straw to remove cadmium ions, at pH 6.0 tl®dion capacity was maximum, 17.7mg/g [5]. Yangd) et

al, did the work on adsorption of cadmium ions arte straw, the results show that 0.5% (w/v) staw absorbed
50mg/mL CdSQ@solution for 3h, the content of cadmium ions oerstraw reached 8-10 mg/g [6].

However, there is still dearth of the study on abdsnts’ performance on adsorption of cadmium idmghis study,

the agricultural waste peanut shell was chemicallydified, and employed for evaluating the efficignaf
absorbing cadmium ions in agueous solution. Amgitewas made to explore the optimum adsorption itiomd
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and adsorption properties. This paper aims for idlog more documents and theoretical basis for iqudiem of
cadmium ions with agricultural wastes.

EXPERIMENTAL SECTION

Preparation of chemically modified peanut shell (CMPS)

Peanut shells were purchased from a farmer’s mark#tin (Jilin, China), were washed with tap wato remove
soil and debris, and washed three times using teidnwater. The cleaned peanut shells were driggDat to
constant weight. After that, the dried samples wateshed with a stainless blender, passed througBOamesh
sieve and stored in a jar.

The raw material was soaked inv® ZnChaq at 1:1 ratio for 24h and activated by 640W mieree for 4min.
When cooled to indoor temperature, washed with rdegal water till the filtrate was neutral [7]. Théme filter
paper and chemically modified peanut shell wereeddrat 80C to constant weight and separated. Then the
chemically modified peanut shell was kept in jars.

Bath adsorption experiment

Batch adsorption experiments were performed byrap@i2g CMPS to 250mL conical flasks containing hQ0
solutions with 100mg/L cadmium ion concentrationbe effect of pH on adsorption was studied in thege of
2.0-8.0 (when pH was above 8.0, the precipitatiais wenerated in the solutions), and pH was adjwsit&d0.1M

NaOH and 0.1M HCI. Then, the samples were agitated concussion incubator at 150rpm for a certaie.tThe
experiments were carried out at indoor temperg@6&). The concentrations of cadmium ions were detegthiny
flame atomic absorption spectrometer (FAAS).

The adsorption time was studied for building adSorpkinetic models. At the optimum pH and indoemperature,
0.2g CMPS was used to absorb 100mL solutions witbnig/L cadmium ion concentrations. The samples were
collected at 5, 10, 20, 30, 40, 60, 90, 120min eespely and filtered for analyzing residual cadmiuon
concentrations.

At the optimum pH and saturated adsorption time,isothermal adsorption models were set up withstiations
with different initial concentrations. The studyitial concentrations ranged from 100mg/L to 600mgihe

experiments were carried out at@p25C, 35C respectively.
Each analysis was carried out in triplicate forlgua&ontrol and statistical purposes.

Measurement of adsor ption capacity
The adsorption capacity of CMPS absorbing cadmiums for each sample was calculated by followingagiqu:
Q, = &=V 1)

M
whereV is the sample volume (L), is the initial cadmium ion concentration (mg/lJ, is the cadmium ion
concentration at equilibrium (mg/LM is dry weight of CMPS (g) an@. is the adsorption capacity of cadmium
ions onto CMPS (mg/q).

RESULTSAND DISCUSSION

Effect of pH on adsorption

The pH is an important factor to affect the adsorpof metal ions onto the liquid/solid interfaddecause of the
existence of anionic groups on the surface of CMia8h as carboxylic and hydroxide groups, pH caeoldtrol the
adsorption of the surface charge, the degree ifation and speciation of metals in solutions [8].

The adsorption amount increases with the rise ofTté the strongest adsorption was obtained at,pkh8reas the
adsorption was the weakest when pH was 2.

Kinetic Modeling

The experimental data obtained were used to setdgprption kinetic models. The kinetic parametersGMPS
were calculated by pseudo-first-order and pseudorskorder kinetic equations [9]. The equationsenexpressed
as following:
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The pseudo-first-order kinetic equation:

lg(a, —q;) =lgq, - (2

2303

whereq; is the adsorption capacity of cadmium ions on® @MPS at equilibrium (mg/g); is the adsorption
capacity of cadmium ions onto the CMPS at t (ig/g), anck; is the pseudo-first-order rate constant (iin

The pseudo-second-order kinetic equation:
t 1 t

= 2 + — (3)
R k2q2 aq,

Whereq, is the adsorption capacity of cadmium ions onto theRS\vat equilibrium (mg/g)y, is the adsorption
capacity of cadmium ions onto the CMPS$ atin (mg/g), k. is the pseudo-second-order rate constant (g/my min

The parameters of adsorption kinetics calculateédpations (2) and (3) are represented in Tablechn be seen,
the pseudo-second-order kinetic model provided teebeoefficient of determination valu&, indicating that it
could better describe the kinetic adsorption, apoadingly, it also provided a better agreementveen calculated
value and the experimental value of adsorption cigpadowever, the obtained data for kinetic adsorpwere not
well fitted by pseudo-first-order kinetic modelgthalculated coefficient of determination val&®) (was just 0.7574.
It was concluded that the kinetic adsorption of Gvi&sorbing cadmium ions followed the pseudo-secoddr
kinetic model.

Table 1 Parameter s of adsor ption kinetics

Experimental valueg(mg/g)pseud-first-order kinetic equatic pseud-secon-order kinetic equatic
a(mg/g) KyminY) R a(mglg)  Ky(min?)
40.10 65.13 0.1237  0.7574 50.00 0.001505  0.9427

Effect of initial concentration and isotherm studies

The adsorption isotherms were studied by variedialniconcentrations (100mg/L-600mg/L) at different
temperatures (283, 298 and 308 K). As seen in Eiguthe adsorption capacity increases with theeaging initial
concentrations. When the initial concentration vaé®ve 400mg/L, the adsorption capacity was mordéess
constant. Because the increase in initial cadmiamconcentration strengthened the driving forcewdrcoming
the barrier between solid/agueous phases, but tigemitial concentration of cadmium ions was hatough, the
surface of CMPS was fully covered by cadmium igasulting the rate of adsorption dramatically sldwewn.

100
4308K

e 00K
90 e
P —
1283K
50 A/ ) /

=
=)
1

A

S

=
S
1

Adsorption capacity (mg/g)

w
S
|

&
S
1

30

T T T T 1
100 200 300 400 500 600
Initial concentration (mg/L)

Figure 1 Effect of initial concentration on adsor ption of cadmium ironsonto CMPS

The Langmuir and Freundlich isothermal models wagplied to experimental data. Langmuir isothernmuaes
monomolecular layer formation without interactioetween the adsorbed molecules during the adsorptiocess
[10]. The Langmuir equation is expressed as folhmwi

Ce_ 1, Ce @)

de aQm a
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whereC, is concentration of cadmium ions at equilibriumg(h), g. is adsorption capacity of cadmium ions onto
CMPS at equilibrium (mg/g)Q., is the theoretical maximum adsorption capacity /fhganda is the Langmuir
constant [11].

The Freundlich isotherm assumes the adsorptionraeation the heterogeneous surface sites [12]. iflearized
form of Freundlich isotherm is represented as fuithgy:

1
Inge= InK + —InC_ ®)
n

whereC, is concentration of cadmium ions at adsorptionildgjium (mg/L), ge is adsorption capacity of cadmium
ions onto CMPS at equilibrium (mg/dj,andn is the Freundlich constants [12].

According to theR? as shown in Table 2, both Langmuir and Freundlicbdeis could give a good fit to
experimental data at all study temperatures. Howete R® fitted by Langmuir model were higher than by
Freundlich model at all study temperatures. It walicated that the adsorption was not only onto emalecular
layer, but also heterogeneous surface sites, binmlynaccurred on the monomolecular layer. The tk&oal
maximum adsorption capacity;, calculated by Langmuir equation increased withdlevation of temperature. It
was proved that higher temperature was advantageocadsorption and the process was endothermiature. In
addition,a calculated by Langmuir equation were all above zesvealing the adsorption process was spontaneous

Table 2 Parameter s of isothermal adsor ption equations

Langmuil Freundlict
Temperature (k Qm a R n R
288 95.2¢ 0.017¢0.998" 2.856:0.912:
29¢ 105.2¢0.01970.999" 3.152¢0.937:
30¢ 109.8¢0.018(0.999: 3.147¢0.967*

Evaluation of CMPS as an adsorbent absorbing cadmium ions
The previous work on adsorption of cadmium iongrfraqueous solution onto adsorbents was shown ife Tab
Compared with the unmodified peanut shell, the gatian capacity elevated greatly after modificatiche
adsorption was more effective by chemically modifiey ZnClaq than by phosphoric acid; the adsorption efféct o
CMPS was better than chemically modified radishecalhat could be explained by that, peanut shedieewich in
cellulose, but the cellulose was most crystalliridygm, however the activating agent Zinc Chloridelld make the
activation temperature low and effectively dissdieellulose, decreased crystallinity, thereforettbavy metal ions
could be removed by producing chemical reactiom wéllulose.

Table 3 Comparison of adsor bents absor bing cadmium ions

AdsorbentS§MAC” (mg/g) pH References

CMRK! 64.10 6.9 Rita F.L. Ribeiro, et al., 2012[13]
CMPSPC 37.50 4  Guogiang Xiang, et al., 2009[14]
PS 28.50  neutralYongmei Liu, et al., 2011[15]
CMPS 109.89 8 This study

! chemically modified radish cake (CMRK)
2 Chemically modified peanut shell with phosphoric acid (CMPSPC)
% peanut shell (PS)
“ Theoretical maximum adsorption capacity (TMAC)

CONCLUSION

In this study, CMPS was employed to remove cadniama from aqueous solution. The result showed ghbind
adsorption time were important factors for CMPSoabisg cadmium ions, the adsorption capacity washilghest
at pH 8. The kinetic adsorption for CMPS absorhiagmium ions followed pseudo-second-order kinetoxrieh,
and provided a better agreement between calculatiee and experimental value of adsorption capagityll the
study temperatures, Langmuir and Freundlich isotlaé@dsorption models both well fitted to experita¢mlata,
but Langmuir model gave a better fit than Freurdliindicating that the adsorption was not only onto

652



Liang Xu and Zhijun Zhuang J. Chem. Pharm. Res,, 2014, 6(6):649-653

monomolecular layer, but also heterogeneous sud#es, but mainly onto monomolecular layer. Theotetical
maximum adsorption capacity increased with the alew of temperature, revealing higher temperatwes
favorable to adsorption. In addition, the adsormpfwocess was a spontaneous and endothermic irer@atwed by
thermodynamic study.
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