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Abstract

Crosslinked amphoteric starch with carboxymethyl and quaternary ammonium groups is investigated as an adsorbent for removal of both
and basic dyes in solution. Acid Light Yellow 2G, Acid Red G, Methyl Green and Methyl Violet were used to study the adsorption behavior
under various parameters such as pH, dose of amphoteric starches, initial dye concentration, adsorption time and adsorption temperature. /
preset pH value, the relationship between adsorption amount and the initial dye concentrations is given. The adsorption isotherm is discusse
modeling Langmuir and Freundlich isotherm. The kinetic study shows that the pseudo-second-order model fits the experimental data better. A
the thermodynamic parameters are shown.
© 2006 Elsevier B.V. All rights reserved.
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1. Introduction tively charged dye systenfis4]. It was found that cationic starch
with a higher DS had high adsorption capacity. Delvala et al.
Synthetic dyes in an effluent, even in a small amount, areised crosslinked polysaccharides derivatives containing tertiary
highly visible and have undesired effects not only on the enviamine groups to recover various textile dyes in aqueous solu-
ronment, but also on living creatures. In addition, most dyestuffsions[15]. The result shows that the presence of amino groups
are stable to light and oxidizer, thus making physical adsorption and the nature of the dye could influence the adsorption capacity.
quite effective method for the removal of dyes from wastewater. In the previous work of our group, highly crosslinked
Activated carbon, as an adsorbent has been widely investigateanphoteric starches with a high degree of substituted cationic
for the adsorption of basic dy¢,2], but its high cost limits its  and anionic groups were synthesized by a semi-dry process.
commercial application. In recent years, there has been growinglso it has been indicated by us that crosslinked ampho-
interest in finding inexpensive and effective alternatives to carteric starches, which contain carboxymethyl and quaternary
bon. Such alternatives include clay minergs5], weedg[6], ammonium groups can effectively remove the heavy metal
fly ash[7,8] and Indian rosewood sawdys{. anion Cr(VI) and the cations Cu(ll), Pb(ll) in agueous solu-
As a low-cost renewable, biodegradable biomass, starch hai®n [16—18] These studies showed that amphoteric starch has
attracted considerable attention since it can be modified ta wide application perspective. It can quickly remove pollutants
remove heavy metal ions and dyi@9-13] Cationic starches containing cationic or anionic groups, and hence lower the cost
are reported as effective adsorbents for handling the dyes iof disposal. Furthermore, amphoteric starch can be used across
wastewater. Ju studied the discoloration of cationic starch witla wide pH range due to its peculiar electrical character. Until
a high degree of substitution (DS) for different kinds of nega-now there are only limited data on the adsorption of dyes onto
amphoteric starcfl9], so it is important to investigate different
types of dyes using amphoteric starch as an adsorbent.
* Corresponding author. Tel.: +86 991 8582807; fax: +86 991 8582807. In this study, crosslinked amphoteric starch was used for
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(3. Wang). (Scheme )L The effects of various parameters such as pH,
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Scheme 1. The structures of acid and basic dyes used in this study.

adsorption time, the initial dye concentration and dose of adsof21] and values calculated using E¢$)(3):
bents were investigated. The adsorption isotherms, as well as 162N%
0

kinetic parameters were determined. DSearip— — 1
Sealion = 7260 152N% @)

2. Experimental DSurion = 1624 @)

1000— 584

_ V1C1 — Vo (2
B M

2.1. Materials
A

Corn starch, food grade quality, from Hutubi factory
(Xinjiang), dried at 105C before use. 3-Chloro-2-hydroxy- N% is the nitrogen content; andV; are the volumes of NaOH
propyltrimethylammonium chloride (prepared according to thesolution and HCI solution (mL), respectivel@; and Co are
previous worKf20]), epichlorohydrin (Hubei University Chemi- the concentrations of NaOH solution and HCI solution (mol/L),
cal Co.), chloroacetic acid (Dianjin Yongda Chemical Co.), Acidrespectively, and/ is the weight of the sample (g).
Red G and Acid Light Yellow 2G (Rosi Chemical Co. Ltd.),
Met_h_yl Green_(ModeI Factory, Shanghai) and Methyl Violet , 5 Adsorption procedure
(Beijing Chemical Co.) were used as received.

3)

The adsorption experiments were carried out in a series of
2.2. Synthesis of crosslinked amphoteric starch Erlenmeyer flasks containing the desired dose of the crosslinked
amphoteric starch and the 50mL dyes aqueous solution at

The method to prepare Cross“nked amphoteric Starch b e desired concentration and initial pH (adjusted with dilute
semi-dry reaction was described in our previous war. Ten  hydrochloric acid or 0.1N NaOH, measured by LP115-pH
grams of the crosslinked starch was first etherified by reactin§'€ter) in a constant temperature bath. After shaking for a fixed
with 7.2 g 65% 3-chloro-2-hydroxypropyltrimethylammonium time, the flasks were removed and the concentration of dyes after
chloride in a cylindrically shaped reactor with a mechanicalthe adsorption was analyzed by spectrophotometer (Model 722,
stirrer. The percentage of water in the whole system was mainohang Hai).
tained at 25% and mixed evenly. The mixture was then reacted 1he amount of adsorbed dyes was calculated using the fol-
at 80°C for 2.5h. The resulting product was rinsed and neuJowing equation:
tralized with 80% ethanol solution containing hydrochloric acid (Co—C1) x V
and then dried. The dried product was carboxymethylated usin@ = ————— 4)

a fixed dose of chloroacetic acid with 30% water in the whole n

reaction system at 4%. Nitrogen content and the DS of qua- where Q is the amount of absorbed dyes (mg/@); and C1
ternary ammonium groups in the amphoteric starch were meare the initial and residual concentration (mg/L), respectively;
sured using the Kjeldahl method; the amounts and DS of car¥ is the volume of dyes agueous solution (l)js the dose of
boxymethyl group were measured using the acid-wash methattosslinked amphoteric starch (g).
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Scheme 2. The proposed reaction process for crosslinked amphoteric starch.

3. Results and discussion 10. In a strongly basic condition, the negatively charged pheno-
lic hydroxyl groups become potentially active sites and could be
The proposed reaction process is showBdaheme 2where  attracted by the ammonium groups in the absorbents. According
CsH7(OH)s is anhydro glucose unit (AGU) in starch matrix; to the investigation above, the following experiments for acidic
is DS of cationic groupsy is DS of carboxymethyl groups;  dyes were carried out at pH 2.16. The adsorption behavior of
is the amount of the crosslinker per AGU. The DS of cationicbasic dyes were investigated at pH 7.
group in amphoteric starch is 0.3, and carboxymethyl group is

0.20 (denoted as CAS). 3.2. Effect of the dose of absorbents

3.1. Effect of initial pH The residual concentrations obtained for various doses of
adsorbent from 10 to 50 mg are shownHig. 2 The results

Fig. 1 shows the effect of pH value on the adsorption ofshow that the adsorption amount of four dyes, either acid or
acid dyes by CAS. It is observed that the effective adsorpbasic, decreased with the increasing dose of absorbents, until a
tion for two acid dyes took place under acidic condition. Thelevel degree of adsorption was observed. The increase in dose
adsorption process happens mainly because of static attractioagpeared to promote more active sites, which facilitates the
between the sulfonate groups in the dye and ammonium groupgisorption of dyes. However, along with the increase of dose,
in the adsorbents. Under acidic conditions, the carboxymethytore repulsive groups are introduced to the system, which will
group exists mainly in the form of COOH, which screens statidnterfere with the adsorption process. So the adsorption reaches
repulsion. Upon further increasing the pH value, the amount oéquilibrium in a considerable dosage.
adsorption can be maintained at relatively stable level over a
wide range of pH due to coexistence of COOH and COO
However, it is noticed that the residual concentration of the
Acid Red G decreases abruptly when the pH value is above
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Fig. 2. Effect of dose of the absorbent on dye adsorption by crosslinked ampho-
Fig. 1. Effect of initial pH on dye adsorption by crosslinked amphoteric starch teric starch. [J) Acid Light Yellow 2G; (A) Acid Red G; ¥') Methyl Green;
(O) Acid Light Yellow 2G; (A) Acid Red G Cacid Light Yellow 26 =65.2mg/L; ~ (x) Methyl Violet (Cacid Light Yellow 26 =65.2Mg/L; Cacid Red =49 mg/L;
Chcid Red 6= 49 M@/L; T=293K; =2 h; mcas = 20 mg). Chethyl Green™ CMethyl Violet =50 Mg/L; T=293K;=2h).
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Fig. 4. Langmuir isotherm.

Fig. 3. Effect of initial dye concentration on dye adsorption by crosslinked
amphoteric starch.[{) Acid Light Yellow 2G; (A) Acid Red G; ¥)
Methyl Green; ) Methyl Violet (macid Light Yellow 2G = MAcid Red G=
ChMethyl Green= CMethyl violet =20 Mg, T=293 K;t=2h).

is less than the maximum adsorption capacities. This is proba-
bly due to some unoccupied active adsorption sites left under
the experimental concentration. The results show that the values
of n for all four dyes are between 0.1 and 1, confirming that the

3.3. Effect of initial dye concentration adsorption process is favorable.

Fig. 3shows the effect of the initial dye concentration on the

adsorption. The Langmuir and Freundlich isotherm mo[2§
were used to study the adsorption isotherm.

The Langmuir adsorption isotherm can be expressed as
simple model(5) in which the attachment of adsorbate to the

3.4. Effect of adsorption time

a As shown inFig. 6, the residual concentrations level off
over a short time scale, which implies that there are strong

statistic interactions between sulfonate anion and positively

surface is represented: ) ) . )
P charged ammonium groups in the amphoteric starch for acid

Ce 1 n Ce (5) dyes, or between ammonium cation and negatively charged car-
Q0 Qob Qo boxymethyl groups in the amphoteric starch for the basic dyes.
Freundlich adsorption isother(8) is also used to fit the exper- Almost all the adsorptions rea<_:hed equilibrium W'thm 20 min.
imental data: To further analyze the experimental data two different models
were used to investigate kinetic parameters for the adsorption
INQ=nInCe+1InK (6) process. The pseudo-first-order mo@i8gland pseudo-second-

order mode(8) are described as follow23]:
Ce is the equilibrium concentration of dye in the solution (8) vias]

(mol/L), Qis the adsorption capacity (mg/@e is the maximum  |n(Qe — Q;) = In Qe — K1t 7)
capacity (mg/g) and is the Langmuir constant (mg/LK and

n are the Freundlich constants. The Langmuir and Freundlich? _ _ 1 + i, (8)
parameters are shownTiable 1 It is found that the adsorption Q: K203~ Qe

isotherm can be explained using both the Langmuir and Fre-
undlich models for low initial concentrationBifys. 4 and » The
adsorption amount reaches 174.1, 157.0, 131.2 and 198.9 mg/g,
when the initial dye concentrations of Acid Light Yellow 2G,
Acid Red G, Methyl Green and Methyl Violet are 91.3, 68.6, 80
and 80 mg/L, respectively. The experimental adsorption capacity

Table 1
Langmuir and Freundlich isotherm parameters for four dyes
Sample Langmuir Freundlich
b(Llg) Qo(mglg) Ri K n R2

Acid Red G 0.43 217.39 0.9951 70.69 0.47 0.9960
Acid Light 0.14 227.27 0.9989 48.47 042 0.9891 4 ! | ! | | A

Yellow 2G 0 0.5 1 1.5 2 25 3 3.5
Methyl Green  1.56 133.33 0.9999 96.10 0.10 0.9708 InCe
Methyl Violet  0.35 333.33 0.9946 9199 0.56 0.9927

Fig. 5. Freundlich isotherm.
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Mpcid Red G= CMethyl Green= CMethyl Violet = 20 mg; 7= 293 K;r=2h).

The intraparticle diffusion mod¢24] can be defined as: L

0 = Kint*/? Lo K/‘(/A-’//ﬁ
14

whereQe andQ, (mg g-1) are the adsorbed amounts at equilib-
rium and at time, respectivelyk (min—1), K» (g mg-1 min—1) 12
andKint (mg g~ min—1/2) are the equilibrium rate constants for
pseudo-first-order, pseudo-second-order and intraparticle diffu-
sion.

The results show that both models have decent correlation
coefficients £ >0.9) and might be used to describe the exper-

LogQ/Ce
T

imental data. However, for the pseudo-first-order model, the 04r-

adsorption capacity has an obvious gap between the experimen- .|

tal values and the calculated ones. Comparing to the pseudo-

first-order model, the gap for the pseudo-second-order one is ~ ; =i s = 5 T
smaller. Furthermore, the higher correlation coefficient for the T

pseudo-second-order model suggests that the adsorption process Log(Q/Ce)—LIT for Acid Light Yellow 2G and Acid Red G.[{)) Acid

can be better explained by a pseudo-second-order mechanisfl, veiiow 2G: (1) Acid Red G.

indicating that the rate-limiting step is chemical adsorp[RH].

TheK> values for two acid dyes are higher than the ones for two

basic dyes. This might be attributed to the special rigid struc{Fig. 7). The results show that the adsorption behaviors of acid
ture caused by triphenylmethane groups in the dye moleculasyes are different to the basic dyes. For acid dyes, the adsorption

(Table 2. capacity at 293 K is higher than that of 323 K, which implies the
adsorption process would be exothermic. To verify the conclu-
3.5. Effect of adsorption temperature sion, the curves of logl/Ce) versus 17 for Acid Red G and

Acid Light Yellow 2G are shown irFig. 8. Since the relation
The adsorption behaviors of dyes on the adsorbents at dibetween logQ/Ce) and 1T is linear, the changes of apparent
ferent temperatures (varied from 293 to 323 K) are investigateenthalpy (\H?), entropy AS?) are calculated using the Van't

Table 2

Kinetic parameters for four dyes

Sample Pseudo-first-order Pseudo-second-order Intraparticle diffusion
K1 (min1) Qe (Mg/g) Ry K2 (mgmg min~1) Qe (mg/g) R2 Kint Rint

Acid Red G 0.14 12.79 0.9327 55.31 113.64 0.9999 4.53 0.9291

Acid Light Yellow 2G 0.16 25.28 0.9333 19.56 135.14 0.9996 7.62 0.9676

Methyl Green 0.10 66.61 0.9409 5.90 105.26 0.9952 14.96 0.9580

Methyl Violet 0.11 108.02 0.9886 141 128.21 0.9493 26.54 0.9888
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