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ABSTRACT

The removal of Cd(Il) from aqueous solution by chitosan(CTS) were investigated. In this research, the CTS were
used as flocculant and adsorbent, respectively. First, the IR spectra analyzed the structure of CTS. Then the effect of
flocculation conditions such as dosage of the CTS, the pH value, the stirring time at the second stage and the
settling time in the coagulation test were investigated in details. When the Cd(Il) initial concentration in aqueous
solution was 3.0mg/L, the maximum removal rate could reach 99.7% when the pH value was 7.0 and the dosage was
4.0mg/L. Then the adsorption test using CTS also researched, including CTS dosage as adsorbent, initial
concentration of Cd(Il), oscillation time and the pH value were investigated in the adsorption test.
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INTRODUCTION

Cadmium pollution is one of the greatest pollutiothe world, and with the development of sciened technology,
the pollution would become worse[1-2]. If the comization more than 4.0 mg/L in the irrigation watérwould
effect the growth of rice and other crops, andhé toncentration more than 0.1 mg/L in the waker fish and other
marine organisms would be die[3-6]. Therefore,ghesence of cadmium in water resource is an umg@tiem. At
present, several techniques have been developéleirscope of water treatment, such as: physicamniiaé
remediation, phytoremediation, bioremediation. Eldation is one kind of essential and the cheapestess for the
water treatment and widely used. Polymerizatioohifosan is one of the typical kind nature orgdluicculants and
has become most widely used in the field of elgd#ting industrial wastewater treatment[7].

Chitosan(CTS), the main derivative of chitin, a aclymer that is primarily composed di(1-4) linked
2-amino-2-deoxy-d-glucopyranose units and residisakcetamido-2-deoxy-d-glucopyranose units, is amite!
derivative obtained by alkaline deacetylation otiohand is also found naturally in some fungall eells. It has
been used for removal substances from drinking watsatment of wastewater from distilleries, remloef heavy
metal from waste waters, treatment of food proogssiastes, lignin removal as well as other appbca{8].

In the present study, CTS was used for the remoi/&d(Il) from aqueous solutions. Firstly, the CUSing as
flocculant, and it could achieve the great remaesd. The effects of variables such as dosageingtitime, pH
value and the settling time were studied[9-10]. ey, it used as adsorbent in removing Cd(ll) fragqueous
solutions. The effects of variables such as adswrtbesage, initial concentration of Cd(ll), osdilte time and the
pH value were studied.
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EXPERIMENTAL SECTION

2.1 Material and instruments

Cadmium nitrate, Sodium hydroxide, Hydrochloric caciXylenol orange and Hexamethylenetetramine were
purchased from Tianjin Kermel Chemical Reagent Ctl; CTS was purchased from Henan Jianye Cherdloal
Ltd.

e Fourier Transformed Infra Red (FT-IR) Spectrophodter (Niclet 6700, Niclet instrument Company, USA)
e Jar Tester (ZR4-6, Zhongrun Water Industry TeabgplDevelopment Co. Ltd. China)
e UV-Vis spectrophotometer (TU-1910, Beijing Purldrseneral Instrument Co., Ltd, China)

2.2 Wastewater sample

Take 1.37g Cadmium nitrate with the electronic beda dissolved in 100mL beaker and transferreddhgion into
a 500mL volumetric flask. The flask was filled @300 mL with distilled water to reached 1000 mgrben placed
in the refrigerator for save.

2.3 CTSsolution

Take 10.0g CTS with the electronic balance, dissblvn 500mL beaker and transferred the solutiom anf000mL
volumetric flask. The flask was filled up to 100Q with distilled water to reached 10.0g/L. Thengdd in the
refrigerator for save.

2.4 Preparation of stain: Agueous solution of xylenol orange (0.1%)

Take 1.00 g xylenol orange with the electronic be& dissolved in 250mL beaker and transferredsdihation into

a 1000mL volumetric flask. When the dosage of xglemange (0.1%) was 4.0 mL, the complex have a maximum
absorbance, so the dosage of xylenol orange was4ifl the experiment.

2.5 The system of Hexamethylenetetramine-KNOz-HNO;

Take 100.00 g hexamethylenetetramine with the mleit balance, dissolved in 250mL de-ionized waddjust the
pH value to 6.36 with 6.0mol/L HNOthen added 3.0 g KN and transferred the solution into a 1000mL
volumetric flask and constant the volume.

2.6 Flocculation test

A ZR 4-6 stirring machine (Shenzhen Zhongran Wételustry Technology Development Co., Ltd., Shenzhen
China) with six stirrers was used in this experime200 mL of wastewater was transferred into a beak
Flocculants were dosed under medium stirring sppée2b0 r/min for 4 min, and then changed to theespef 80
r/min for 10 minutes. After, quiescent settling3tf minutes, samples were collected from 2 cm belevsurface
for measurement using UV-Vis. Translated into com@gion to calculate the removal rate.

2.7 Adsorption test

A water bath oscillator THZ—82 (Jintan Ronghua fastent Co., Ltd.) was used in this experiment. &0 of
wastewater with 3.0 mg/L was transferred into erleper flask (250 mL) and adding CTS solution irite €d(ll)
solution, placed it into water bath oscillator abm temperature, then adding 4.0mL of 0.1% xylem@inge
solution and 5.0mL of hexamethylenetetramine budtdution for color reaction, settling 20min afstraking.

2.8 IR spectra characterization

IR spectra of CTS was analyzed in the range of Slcm" with KBr as dispersant. The characteristic absonpt
frequency was listed in table 1. It was evident tha absorption peak at 3400 ¢and2918 cni was —OH and C-H
stretching vibration absorption peak, respectivehe characteristic peak at 1657tmas -CONH absorption peak,
the 1422 ci correspond to =Cvas bending vibration absorption peak.

Table 1. Infrared spectra (cm™) analysis of chitosan

Absorption peak| 3400 2918 1657 1422
Groups -OH| C-H| -CONH- =CH

RESULTSAND DISCUSSION

3.1 Singleinfluential factor analysis
3.1.1 Effect of the dosage on Cd(Il) removal rate
In this experiment, the effect of flocculants dasag the Cd(Il) removal efficiency was investigateith an initial
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Cd(ll) concentration at 3.0 mg/L and the dosag€®t range from 1.0 mgto 5.0 mg/L and not adjust the pH
value.
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Figure 1 The effect of dosage on theremoval rate

Fig. 1 shows that the removal efficiency of Cd{ly CTS had the better removal efficiency and thaaeal
efficiency was increased from 86.3% at 1.0mg/L 807% at 4.0mg/L as the increased of CTS dosageh@d£€TS
dosage further increased, the removal efficienayrefesed. The reason was that when CTS was ovegeldba

positive charge of flocs increased, furthermorpulgion interaction among flocs was enhanced anfliose were
restabilized and dispersed in treated samples.

3.1.2 Effect of pH value on Cd(Il) removal rate

In this experiment, the effect of pH value on th&(I removal efficiency was investigated with anitial Cd(ll)
concentration of 3.0 mg/L, the dosage of CTS waswg/L and the pH range from 5@®9.0.
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Figure 2 The effect of pH on theremoval rate
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Fig. 2 shows that the pH value is an importantdiaeaffecting the flocculation. As the increasmehthe pH value,
the Cd(Il) removal rate increased first and thecréased as the increased of the pH value range#rtm®. When
the pH value was 7.0, the flocculants had the bffett and the removal rate could reached 99.7%s ftated to
the form of CTS and Cd(ll) structure in the aquesaokition, the active -NiHof CTS can be formed as a cationic
polyelectrolyte with H in the solution, and the degree of electric chalgeend on the pH value of the solution.

3.1.3 Effect of stirring time on Cd(1l) removal rate

In this experiment, the effect of stirring timethé second stage on the Cd(Il) removal efficiene wvestigated

with an Cd(ll)concentration of 3.0 mg/L and therstig time range from 2.0 miio 10.0 min, not adjust the pH
value.
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Figure 3 The stirring time on theremoval rate

Fig. 3 shows that the determination of optimumristiy time for Cd(ll) removal rate was carried otut2e0~10.0
min. It was known that stirring time influenced tte@moval rate, when the stirring time was 4.0 ntitha second
stage, the removal rate could reach its maximurB6a8%. When treating Cd(ll) wastewater, CTS floacis
showed both charge neutralization and adsorpti@ying functions. When the stirring time was tom@ighit made
the flocculants and the Cd(Il) molecules in instiént contact with each other, and could not play tharge
neutralization and adsorption bridging functiongyvevell. But when the stirring time was too long, could
decrease the adsorption bridging functions of Cio€ctilants and the absorbed small flocs of the ICdgblecule

was broken, which lead the Cd(ll) molecules in $laeleased into the water again, so the removalieity
decreased.

3.1.4 Effect of settling time on Cd(Il) removal rate

In this experiment, the effect of settling timetla¢ second stage on the Cd(Il) removal efficienag wvestigated

with an Cd(ll) concentration of 3.0 mg/L and thétlsgg time range from 5.0 mito 25.0 min, not adjust the pH
value.
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Figure 4 The settling time on the removal rate

Fig. 4 shows that the determination of optimumlisetttime for Cd(ll) removal rate was carried owt5a0~25.0
min. It was known that settling time influenced tieenoval rate, figure 4 shows that the settlingetinad a certain
impact on the Cd(ll) removal rate, as the extensibrsettlement time, the Cd(ll) removal rate shayvin first
increases and then decreases, when settling time2®anin, the CTS coagulant for water removal cdt€d(ll)
maximum of 97.3%. It can be inferred that the stofiyhe role of coagulation homeostasis processnlynghe
existence of gravity of molecules and molecularrtied motion. It suggested that at the beginnindgopkeof time,
the gravity played a dominant role, and as theeiased of the time, the CTS flocculants and Cdé@t)led down
under the action of gravity gradually at the bottofthe solution to achieve the best removal efficy, but as the
increased of time the thermal motion of moleculésygd the dominant role, the original settlementhwhe

coagulant molecule in a stable period of time drhtre-diffused into the solution to reach a newildmium, so
the removal rate decreased.
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3.2 Absorption property of CTS

3.2.1 Effect of CTS dosage on adsorption

In this experiment, the effect of adsorption dosagehe Cd(ll) removal efficiency was investigateith an initial
Cd(ll) concentration at 3.0 mg/L and the dosag€®§ range from 0.5 mL to 2.5 mL and not adjustghevalue.
Fig. 5 shows that the CTS had better adsorptioaagpof Cd(ll) and the adsorption capacity wagéased as the
increased of CTS dosage. The adsorption efficiemey increased from 80.3% at 0.5mL to 95.7% at 1.8s1the
increased of CTS dosage. And the adsorption efffigievas increased from 95.7.3% at 1.5mL to 99.0%2a@GhL as

the increased of CTS dosage. Considering the oalstree adsorption effect, so the optimum amour@B$ was 2.0
mL.
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Figure5 The CTS dosage on adsor ption

3.2.2 Effect of initial concentration of Cd(l1) on adsorption

In this experiment, the effect of initial concemima of Cd(Il) for adsorption was investigated withe initial
concentration of Cd(ll) range from 1.0mg/L to 5.0mghe dosage of CTS was 2.0mL, not adjust thevalde. Fig.
6 shows that the initial concentration of Cd(Il)saman important parameter that determines the atisorgffect.
When fixed the adsorbent dosage of CTS, the adsarpfficiency was decreased as the increased @f)Guitial

concentration. When the dosage of CTS was 2.0 mdl,the Cd(ll) initial concentration was lower 2.@/, the
adsorption effect could reach 99.0%, when the Cdfltial concentration was more than 2.0 mg/L, #usorption

effect reduced sharply, so if the solution withthigpncentration of Cd(ll), we could increase theant of CTS to
improve the adsorption effect of Cd(ll).
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Figure 6 Theinitial concentration of Cd(l1) on adsorption

3.2.3 Effect of oscillation time on adsorption

In this experiment, the effect of oscillation tife adsorption was investigated with the initiaincentration of
Cd(ll) was 3.0mg/L and the dosage of CTS was 2.0mot adjust the pH value. The oscillation time weasge from
10min to 60min. Fig. 7 shows that the oscillationg was an important parameter that determinesdserption
effect. The experimental results showed that themalion efficiency was increased as the increadexkcillation
time. And the adsorption rate of Cd(ll) in watersaguick, when the oscillation time was 10min, tdsaption rate
has reached more than 90.0%. The adsorption efligicncreased sharply when the oscillation timenfrtO to 30
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min. Adsorption equilibrium time was 50min and tleenoval efficiency reached more than 99.0%, soofitenum
oscillation time was 50 min.
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Figure 7 The oscillation time on adsor ption

3.2.4 Effect of pH value on adsorption

In this experiment, the effect of pH value for agidimn was investigated with the initial concentratof Cd(ll) was
3.0mg/L and the dosage of CTS was 2.0mL, and theapge from 5.0 9.0. Fig. 8 shows that the pH value was an
important parameter that determines the adsorptftact. The experimental results showed that thenpHonly
affect the degree of ionization of the substandhénsolution and the surface charge of the adstirbat also affect
the adsorbent impact dissociation of reactive fiomet groups. When pH <7.0, the adsorption capafit§ TS was
increased with increased of pH, when the pH valas {ewer, the concentration of kvas higher, and the -NH
could be protonated easily, which could make thé& @iith positive charge, and lead the adsorptioffiopgance
decrease. Therefore, in order to improve the adisorpapacity, the pH should be increase appragyiabut when

the pH too high, it could cause the precipitatiérCd(OH) , generated, and not conducive to the adsorptiotheo
optimum pH was 7.0.
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Figure 8 The pH value on adsor ption

CONCLUSION

In this study, the adsorption test and coagulatest for removing Cd(ll) have been researched. Single
influential factor was investigated, including tlesage of the CTS, the pH value, the stirring tah¢he second
stage and the settling time in the coagulation %&8ten the Cd(ll) initial concentration in aqueamution was
3.0mg/L, the maximum removal rate could reach 99Wlén the pH value was 7.0 and the dosage was A.0mg
Then the adsorption test using CTS also researcéheldiding CTS dosage as adsorbent, initial comag¢ion of
Cd(ll), oscillation time and the pH value were istigated in the adsorption test.
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