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A novel flocculant (CATCS) based on corn starch and chitosan was prepared and its flocculation behaviors
were studied. The synthesis conditions of CATCS were discussed and the production obtained was char-
acterized using Fourier infrared spectra and scanning electron microscopy. Flocculation properties of the
products were evaluated in terms of transmittance, removal of organic contaminant and solid suspending
substances. Influences of temperature, pH and flocculant dosage on flocculation efficiency of CATCS were
examined. CATCS had better flocculation performance at lower temperature for the wastewater inves-

Iézz‘:l)irndli;ng—copolymer tigated. CATCS showed better flocculation performance than cationic starch and chitosan in 5 g/L kaolin
Flocculant suspension trended to performance well in acidic and alkaline solution. The comparison of the flocculation
Transmittance performance between CATCS, Fe, (SO4)3 and polyacrylamide showed CATCS had much efficient floccula-
coD tion performance. In addition, cationic starch was prepared from corn starch using microwave-assisted
SS method.

© 2009 Elsevier B.V. All rights reserved.

1. Introduction

Flocculants are the materials, which are used, in fast solid-liquid
separations by an aggregation process of colloidal particles; the pro-
cess is termed as flocculation [1]. It is extensively used in the fields
of fermentation processes, papermaking processes, food manu-
facturing and water treatment, etc. The flocculants used in water
treatment can be classified into three groups: inorganic floccu-
lants such as alum, ferrite flocculants or polyaluminum chloride;
synthetic organic flocculants such as polyacrylamide derivatives;
occurring flocculants such as sodium alginate or microbial floccu-
lants [2]. Among these flocculants, the use of alum usually leads
to the problem of residual aluminum [3,4]. Ferrite flocculants
can be costly and the resultant excess iron may cause unpleas-
ant metallic taste, odor, color, corrosion, foaming, or staining [2].
Although the synthetic organic flocculants are most frequently used
because of their cost-effectiveness, they give rise to environmen-
tal problems in that they are not readily biodegradable and some
of their degraded monomers such as acrylamides are neurotoxic
and even show strong human carcinogenic potential [5]. In many
countries, the disposal of flocculated sludge with polyacrylamide
derivatives has been limited and will be strictly prohibited [6].
Because of the limitations of these flocculants, substitutes natural
polymers such as starch, chitosan, cellulose, konjac glucomannan,
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etc., are investigated as an attractive alternative because natural
polymers and their derivatives are biodegradable as well as their
degradation intermediates are harmless to human beings and envi-
ronment.

As an important derivative of starch, which is one of the
most abundant natural polymers in the world, cationic starch
find wide applications in fields such as paper making, spinning,
petroleum well drilling, medicine, daily chemicals and floatation
[7-9]. Cationic starch derivatives possessing positively charged
groups (such as amino, imino, ammonium, etc.) were effective floc-
culants over a wide range of pH [10]. They are non-toxic, easily
biodegradable and can be used to treat organic and inorganic matter
in wastewater carrying negative charge [11]. In addition, intro-
duction of a cationic group to starch gives good mineral binding
properties. Conventionally cationic starch is prepared in aqueous
base or organic solvents. However, in the abovementioned process
alarge amount of solvent has to be used and serious environmental
pollution may be caused. Also, the chain length of cationic moi-
ety was limited [1]. Microwave-assisted synthesis has attracted
considerable attention in recent years [8,9,12]. Compared with the
conventional mode, a microwave-assisted reaction has advantages
of energy saving, high conversion, and rapidity. The avoidance of
volatile organic solvents in organic syntheses is the most important
goal in green chemistry. During ultrafast synthesis using microwave
irradiation, reactions are completed in minutes compared to hours
and days using the conventional methods [13,14]. Thus, the cationic
starch was synthesized with microwave-assisted method in this
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Nomenclature

CATCS the flocculant product we prepared
St corn starch

Cat St cationic starch made by corn starch
cs chitosan

PAM polyacrylamide

FT-IR Fourier-transform infrared spectra
SEM scanning electron microscopy

w (Cat St) mass of cationic starch (g)

w (CS) mass of chitosan (g)
CoD organic contaminant
SS solid suspending substances

w (Cat St): w (CS) mass ratio of cationic starch to chitosan

Chitosan is an N-deacetylated derivative of chitin, the second
most abundant natural organic resource only next to cellulose on
the earth [15]. It is widely distributed in arthropods, crustaceans,
fungi, and yeast [16]. Because of the inter- and intra-molecular
hydrogen bonding, chitosan can be dissolved in only acidic solu-
tion through the interaction between H* and-NH,. This might
accelerate its degradation and consequently reduce its flocculent
efficiency [17]. In order to sort out this problem, a lot of work has
been conducted on the modification of chitosan [18-20]. Among
various modification techniques for chitosan, crosslinking is rec-
ognized as a most promising one because the abundant amino
groups and hydroxyl groups in chitosan backbone could react with
other activate function groups. Chitosan, however, as a flocculant
for treating water, will have a higher cost than that of the tra-
ditional chemical flocculants [18]. Crosslinking cationic starch on
to chitosan on the molecular chain can prepare a cheaper com-
posite chitosan flocculant material and this composite chitosan
flocculant was planned not only to reduce flocculation cost but also
to improve flocculating function, comparing with single chitosan
flocculant and the traditional chemical flocculant poly (aluminium
chloride).

The objective of this work was to prepare a natural polysac-
charides derivative flocculant and to examine its properties for
flocculation. This flocculant product was first synthesized in our
laboratory by cationic starch crosslinked with chitosan, which
should result in a biodegradable flocculant product with polysac-
charides backbone.

2. Materials and methods
2.1. Materials

Corn starch was obtained from Wenxing starch Co., Ltd., China;
chitosan with a molecular weight of 5.2 x 10° and deacetylation
degree of 95% was purchased from Yuhuan Ocean Biochemical
Ltd., China. Kaolin was purchased from Sanhe Kaolin Ltd., China.
Double distilled water was used throughout the experiments.
Sodium hydroxide, trimethylamine, potassium dichromate, ammo-
nium ferrous sulfate and acetic acid were purchased from Shanghai
Chemical Reagent Co., China. Polyacrylamide (mean molecular
weight 5 x 10%) was obtained from Shanghai Chemical Reagent Co.,
China.

2.2. Synthesis of cationic starch with microwave-assisted method

Cat St (cationic starch) was prepared by reacting starch with 2,3-
epoxypropyltrimethylammonium chloride in presence of sodium
hydroxide under the condition of microwave irradiation. The Cat St
obtained was washed with 80% ethanol aqueous solution until no

Cl~ was found, which was detected by silver nitrate, and then dried
in a vacuum oven at 50 °C for 4 h. The nitrogen content of cationic
starch was estimated using the Kjeldahl method and the degree of
substitution (DS) was calculated from nitrogen content [21]:

162N
~ 1400 - 151.5N

N is the Kjeldahl nitrogen %. The DS of Cat St synthesized in this
experiment was 0.31.

DS

2.3. Preparation of flocculant (CATCS)

Cat St dispersed in the distilled water and chitosan dissolved in
1% acetic acid solution, were mixed together in a reactor. This mix-
ture was stirred for 15 min using a YuHua DS-2 Multi-functional
stirrer. Crosslinker was then added gradually in the mixture. The
investigation of optimum synthesis conditions was carried out by
altering certain experimental parameters, such as dose ratios of
cationic starch and chitosan (g/g), dose ratios of crosslinker and
cationic starch (mL/g), the reactive temperature (°C), and reaction
time (h). The dosage of Cat St was fixed to 2 g.

2.4. FT-IR and SEM analysis

A Thermo Nicolet Fourier-transform infrared spectrometer
(Model-Nexus 870 FT-IR) was used and the potassium bromide
(KBr) pellet method was used for FT-IR study. The FT-IR spectra of
St (starch), Cat St (cationic starch), CS (chitosan) and CATCS were
shown in Fig. 1.

Scanning electron microscopy (SEM) was investigated using a
scanning electron microscope (JSM-6390). Each sample was dried,
followed by coating with a thin layer of gold in vacuum before
examination.

2.5. Zeta potential measurement

The charge characteristics of CATCS were characterized by zeta
potential (¢). Zeta potential is not measurable directly but it can
be calculated using theoretical models and an experimentally
determined electrophoretic mobility or dynamic electrophoretic
mobility. The most known and widely used theory for calculat-
ing zeta potential from experimental data is the one developed by
Smoluchowski and it can be calculated using the following equation
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Fig.1. FT-IR Spectrum of St (starch), Cat St (cationic starch), CS (chitosan) and CATCS:
(a) FT-IR spectrum of St; (b) FT-IR spectrum of Cat St; (c) FT-IR spectrum of CS; (d)
FT-IR spectrum of CATCS.
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[22,23]:
4mn
C=%E

where 7 is viscosity of dispersion medium, u is electrophoresis rate,
¢ is the electrical permittivity, and E is the electricfield.

Zeta potential is a controlling parameter of double layer repul-
sion for individual particles. It is corresponding to surface charge
during the flocculation process [24]. The zeta potential of CATCS
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(c) CatSt x 2,000
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(e) CS x 2,000

A00F 0y
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was measured as described [25,26] using a DYY-8B electrophoretic
analyzer and the result was 40.27 mV indicating CATCS had high
positive charged [27].

2.6. Flocculation

2.6.1. Flocculation tests of kaolin suspension
5 g/Lkaolin suspension prepared by mixing 5 g kaolinin 1000 mL
distilled water was used for flocculation studies. The transmittance
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Fig. 2. SEM photos of St, Cat St, CS, and CATCS.
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measurement was carried out using a Spectrumlab 22 spectropho-
tometer at a wavelength of 560 nm. Immediately after the addition
of flocculants, the suspension was stirred at a constant speed of
150 rpm for 2 min, followed by 60 rpm for 2 min. The flocs were
then allowed to settle down for 5min. At the end of the settling
period, the transmittance of the supernatant liquid was measured.
The dose of flocculants was varied from 1 to 6 ppm, calculated with
respect to the total weight of the solution. In this process, the floc-
culant performance of CATCS was compared with that of Cat St and
CS in the suspension.

2.6.2. Flocculation tests of wastewater

CATCS was applied in wastewater obtained from one of sewage
outlets of South Lake in Wuhan China. The parameters such as
concentration of CATCS, temperature and pH effects on floccula-
tion efficiency were discussed. Finally flocculation properties of
ferric sulfate and polyacrylamide were tested as comparisons with
those of CATCS. The experiments were carried out by measuring
transmittance at 480 nm wavelengths and the removal rate of solid
suspended particles (SS) and organic contaminant (COD) [28].

3. Results and discussions
3.1. FT-IR and SEM analysis

The FT-IR spectra of St, Cat St, CS and CATCS are shown in
Fig. 1a-d, respectively.

The broad band (Fig. 1a) at 3408 cm~! was due to the stretch-
ing mode of the O-H groups. An intense band at 1654cm~! was
assigned to the first overtone of the O-H bending vibration. The
bands at 1154 and 2929cm~! were assigned to C-O stretching
and C-H stretching, respectively. Two strong bands at 1082 and
1006 cm~! were attributed to CH,-O-CHj stretching vibrations.

Fig. 1b shows the FT-IR spectrum of Cat St. the broad peak
at 3414cm~! was due to the O-H stretching vibration. The two
bands at 2929 and 1155 cm~! were due to the C-H stretching and
C-0 stretching vibration, respectively. The peak at 1662 cm~! was
due to the first overtone of O-H bending. Two bands at 1082 and
1009 cm~! were for the CH,—0-CH, stretching vibration. The pres-
ence of an additional band at 1404cm~! assignable to the C-N
stretching vibration, which was clear proof of incorporation of a
cationic moiety onto the backbone of the starch.

In the case of CS (Fig. 1c), the broad peak at 3409 cm~! was due
to the O-H stretching vibration. 2921 cm~! was due to the C-H
stretching, 1954 cm~"! is for the characteristic absorption of -NHy;
the peaks at 1657 and 1594 cm~! were due to the O-H and the
scanty amount of 0=C-NH,.

Fig. 1d is the FT-IR spectrum of CATCS, the absorption of new
C-N-0 and C-N-N bone were in the fingerprint area, which were
difficulty to distinguish one by one, but it can be seen CATCS has the
characteristic absorptions of Cat St (the absorption at 1409 cm~! of
C-N), as well as characteristic absorption of CS, because of combi-
nation between functional groups, some peaks were overlapped or
enhanced.

The results of FT-IR spectrum were confirmed by SEM inves-
tigation. SEM photos of St, Cat St, CS, and CATCS were given in
Fig. 2. It was obvious that the specific surface of CATCS was coarser,
larger than Cat St and CS. Molecular chains of components in CATCS
assembled together and had a structure of network, which could
promote the absorption and bridging performance as a flocculant
for water treatment.

3.2. Effect of synthesis conditions on flocculating activity of CATCS

Synthesis conditions on flocculating activity of CATCS were
investigated. The flocculating activity was calculated as following
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Fig. 3. Effect of mass rations of Cat St and CS on flocculating activity.

[29]:

1 1
FA=— — —
Aa Ab
where A, and A, was the absorbance of the CATCS sample and the
blank sample, respectively. Dosage of CATCS was 2 mg/L for floccu-
lation in this section.

3.2.1. Effect of mass ratio of cationic starch to chitosan on
flocculating activity

The effect of ration of cationic starch to chitosan on flocculat-
ing activity was studied. Fig. 3 illustrated the effect of w (Cat St):
(CS)on flocculating activity of CATCS. The crosslinking temperature,
dose ratio of crosslinker to crosslinking time was 50 °C, 0.5 mL/g and
2.0 h, respectively. As w (Cat St): w (CS) increased from 1:1 to 5:1,
the flocculating activity increased from 7.52 to 11.25. It indicated an
appropriate ration of CS could improve the flocculating activity, but
excessive mass of CS which was water insoluble, may induce decline
of water solubility of CATCS and leaded to the decrease of floccu-
lating activity. When it was 4:1 and 5:1, the flocculation efficiency
was optimal. Due to cationic starch is much cheaper than chitosan
(cationic starch is 0.31-0.87 $/kg and chitosan is 11.6-43.87 $/kg),
the ratio of 5:1 was opted.

3.2.2. Effect of dose ration of crosslinker and Cat St on flocculating
activity

Fig. 4 showed the value of flocculating activity versus dose rate of
crosslinker and Cat St. w (Cat St): w (CS), crosslinking temperature
and crosslinking time were confirmed: 5:1 (g/g), 50°C, and 2.0h,
respectively.

According to Fig. 4, when ratio of crosslinker to Cat St rose from
0 to 0.75 mL/g, the value of flocculating activity increased sharply
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Fig. 4. Effect of dosage ration of crosslinker (mL) and Cat St (g) on flocculating
activity.
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Fig. 5. Effect of crosslinking temperature on flocculating activity.

from 2.73 to 20.00. As the dose ration of crosslinker and Cat St
rose, the degree of crosslinking increased and molecule weight of
CATCS increased which enhanced its bridging capability, thus floc-
culating activity was improved. However, when the dose ration
was more than 0.75mL/g, the molecular weight of the flocculant
became excessive and water-soluble property of CATCS became
worse which made the movements of the molecular chain inac-
tive and function groups wrapped, thus the flocculating activity
declined.

3.2.3. Effect of crosslinking temperature on flocculating activity

In order to evaluate the effect of crosslinking temperature on
flocculating activity, experiments were conducted at six different
crosslinking temperatures. Mass rate of Cat St and CS, dose rate
of crosslinker and Cat St, crosslinking time was 5:1, 0.75 mL/g and
2 h, respectively. The results were shown in Fig. 5. The flocculat-
ing activity increased as crosslinking temperature increased from
40 to 70°C and decreased thereafter. Flocculating activity reached
a peak value at the temperature of 70°C. As reaction tempera-
ture increased, reaction efficiency was promoted, the degree of
crosslinking increased and the molecule weight of CATCS enlarged
as well, so flocculation properties of CATCS got more effective.
The decrease in flocculating activity at high temperatures could be
explained as follows: As polymer flocculants, macromolecule con-
figurations and lengths play important roles in bridging flocculation
[30] when the long-chain polymer molecules are adsorbed on the
particles’ surface, they tend to form loops and extend some dis-
tance from the particle surface into the aqueous phase [31]. Their
ends also dangle and get adsorbed on the surface of another particle,
forming a bridge between the particles, and bridging flocculation
occurs. Molecular chains derived from Cat St may decompose at
a high temperature [32,33]. This would bring on the breakage of
molecular chain of CATCS, and bridging flocculation cannot occur by
CATCS of broken molecular chains, of which macromolecule config-
urations and lengths could not form valid bridges between particles
in the suspension.

3.2.4. Effect of reaction time on flocculating activity

The flocculating activity at various reaction times for the syn-
thesis of CATCS was shown in Fig. 6. As other factors were constant
(mass ratio of Cat St and CS, dose rate of crosslinker and Cat St,
crosslinking time, respectively, was 5:1, 0.75 mL/g, 70 °C), reaction
time varied from 0.5 to 3.5 h. It indicated that when the reaction
time was in the range of 0.5-1.5h, it had a significant effect on
flocculating activity. The reaction efficiency reached a peak value
in 1.5 h. With the extension of reaction time, crosslinking between
the reactants increased and the molecular weight of the product got
larger continuously until the reaction reached its limits by causing
the reduction of reactants the greater the weight. Thus, the floccu-
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Fig. 6. Effect of reaction time on flocculating activity.

lating activity reached maximum when reaction time prolonged to
1.5 h, then kept peg value thereafter.

3.3. Comparison study of flocculation performance of Cat St, CS
and CATCS in kaolin suspension

The flocculation performances of Cat St, CS and CATCS in 5g/L
kaolin suspensions were studied. The results were illustrated in
Fig. 7. Flocculating efficiency of CATCS increased as CATCS con-
centrations increased from 1 to 4mg/L and decreased thereafter.
The peak flocculating efficiency of 98% transmittance occurred at a
CATCS concentration of 4 mg/L. It indicated flocculation efficiency
of 2 mg/L CATCS was equivalent to that of 6 mg/L cationic starch as
well as that of 6 mg/L chitosan.

The flocculation performances of 4 mg/L Cat St, CS and CATCS in
5 g/L kaolin suspension were compared in Fig. 8. A peak flocculation
efficiency of CS occurred in 20 min and the maximal efficiency of
CS was 91.8% in terms of transmittance. The greatest transmittance
of 5 g/L kaolin suspensions processed by Cat St was 91.4%. The best
flocculation performance of CATCS was 98%, which was 6.6% and
6.2% higher than those of Cat St and CS, respectively. Additionally,
The maximum transmittance of the kaolin suspension processed
by CATCS occurred in 12 min shorter than those of Cat St and CS
of which peak flocculation efficiency occurred no less than 20 min.
It indicated the flocculation reaction rate of CATCS was faster than
those of Cat St and CS. It was obvious that CATCS provided higher
flocculation performance than Cat St and CS in 5 g/L kaolin suspen-
sion than Cat St and CS.
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Fig. 7. Comparison of flocculation performance of Cat St, CS, and CATCS in kaolin
suspension.
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Fig. 8. Comparison of flocculation performance of CATCS in kaolin suspension. Con-
centration of Cat St, CS, and CATCS are all 4 mg/mL.

Table 1
Quality index of wastewater.

pH COD (mg/L) SS (mg/L) Smell Maximum absorption
wavelength (nm)
7.6 551 666 Stink 480

3.4. Flocculation tests in wastewater

The wastewater used was brownish black turbid liquid, quality
index of which was shown in Table 1. In this progress, influences
of concentration of CATCS, temperature, and pH on flocculation
efficiency of CATCS were discussed. Flocculant properties of ferric
sulfate and polyacrylamide were tested as comparisons with those
of CATCS under the same conditions.

3.4.1. Dosage effect on flocculation efficiency of CATCS in
wastewater

The flocculation performance of a particular polymer could be
evaluated by the removal of SS and COD [34]. As shown in Fig. 9, the
removal rate of SS increased as the CATCS concentration increased
from 1 to 4mg/L and decreased thereafter. The removal of COD
increased as the CATCS concentration increased from 1 to 6 mg/L
and decreased thereafter. The removal rate of 98.6% SS and 80.17%
COD was obtained at dosage of 4 and 6 mg/L, respectively. Peak
removal rate of SS appeared when concentration of CATCS was in
range of 4-5mg/L, while the ultimate removal of COD occurred

—C—SS
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= COD
§ 80 |
=
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= 00
>
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5
2 40 |
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Fig. 9. Removal ration of SS and COD by different concentration of CATCS.

when dosage of CATCS was 6-10 mg/L. It indicated CATCS was not
only able to aggregate inorganic and organic colloidal particles, but
also absorb soluble organic substances.

On one hand, with CATCS concentration increased, removal rate
of SS and COD increased, on the other, the presence of excessive
polymers could restabilize particles because there would be no
more vacant sites on particle surface to accept polymers that could
help to form binding among particles. In addition, due to steric
hindrance of polymer membrane adsorbed on the particles, aggre-
gation of particles became difficult. Thereby, removal of SS and COD
was reduced.

3.4.2. Temperature effect on flocculation efficiency of CATCS in
wastewater

Flocculation reactions were carried out to inspect temperature
effect on flocculation efficiency of CATCS. Fig. 10 showed that tem-
perature had significant effect on flocculation efficiency of CATCS.
Flocculation efficiency of CATCS decreased as temperature rose
from 5 to 40 °C in terms of transmittance and the flocculation time
to reach a maximum transmittance at a lower temperature was
shorter than that at a higher one. It could be concluded that the
flocculation reaction of CATCS was exothermic. CATCS had better
flocculation performance at lower temperature for the wastewater
and it was favorable for dealing with cool water.

3.4.3. pH effect on flocculation efficiency of CATCS in wastewater

pH had significant effects on zeta potential and surface prop-
erties of colloidal particles and flocculant agents [2]. In this
experiment we investigated the effect of pH (varying from 4 to 11)
on flocculation effect of CATCS while other factors were constant
(CATCS dosage was 3 mg/L, temperature was 25°C). Fig. 11 plots
the transmittance against flocculation time of wasted water at var-
ious pH. It showed that excellent flocculation performance could be
observed around pH 5-4 and pH 10-11, and a minimum at pH 6. The
findings suggested that CATCS tends to perform better in acid and
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Fig. 10. Flocculation efficiency of CATCS at various temperature.
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Fig. 11. Flocculation properties of CATCS at various pH.

alkaline environment as a flocculant. This was probably due to the
effects of pH on surface charge and surface properties of colloidal
particles and positive charged characteristic of CATCS characterized
in section 2.5. pH in acid and alkaline may leads to surface charge
screening and, consequently, and cause the decrease of electrostatic
repulsion between particles, that in its turn allows attracting in the
broader concentration range of flocculant, what was similar to the
function of electrolyte predicted by DLVO theory [27].

3.5. Comparison of the flocculation performance between ferric
sulfate, polyacrylamide and CATCS

The comparison of the flocculation performance between ferric
sulfate, PAM and CATCS for waster were investigated. The results
were showed in Tables 2-4, respectively.

Table 2 indicated that, the removal rate of COD raised from 61.2%
to 80.24% with concentration of ferric sulfate varied from 20 to
120 mg/L. PAM has good properties of extension, anti-interference
and flocculation in wastewater, so it is considered to be a strong
and effective flocculant [5]. According to Table 3, as the PAM dosage
increased, the removal rate of COD increased and a peak value of
81.01% occurred when it was 12 mg/L. Table 4 shows the trend of
changing the removal rate of COD with amount of CATCS, which
is similar to that of PAM. According to comparative analysis of

Table 2
Removal rate of COD¢; by ferric sulfate.

Amount of ferric sulfate (mg/L) 20 40 60 80 100 120
Removal rate of COD¢; (%) 61.12 65.73 71.57 75.39 78.33 80.24

Table 3
Removal rate of COD¢, by PAM.

Amount of PAM (mg/L) 4 6 8 10 12 14
Removal rate of COD¢ (%) 53.19 7941 7831 79.79 81.01 76.19

Table 4
Removal rate of COD¢; by CATCS.

Amount of CATCS (mg/L) 4 6 8 10 12 14
Removal rate of COD¢; (%) 66.08  80.17 78.79  80.21 76.34  63.98

Tables 2-4, removal rates of COD 6-10 mg/L CATCS were equal with
those of 100-120 mg/L ferric sulfate and 8—-12 mg/L PAM. To achieve
the same removal rates of COD, the dosage of CATCS was only tenth
dosage of ferric sulfate and its flocculation performance was similar
to that of PAM with mean molecular weight of 5 x 106,

4. Conclusion

1. A novel flocculant CATCS with high flocculation performance
based on natural polymers starch and chitosan was first pre-
pared in our laboratory. The optimal synthetic condition was
confirmed: crosslinking temperature was 70°C; w (Cat St): w
(CS) was 5:1; the ration of crosslinker and cationic starch was
0.75 mL/g and reaction time was 1.5 h.

2. CATCS which was positive charged, trended to perform well in
acidic and alkaline solution, especially in acidic solution.

3. CATCS had better flocculation performance at lower temperature
for the wastewater investigated. It was favorable for dealing with
cool water.

4. Flocculation behaviors and properties of CATCS are much bet-
ter than those of cationic starch and chitosan for 5g/L kaolin
suspension. For the waster water investigated, the flocculation
performances of CATCS were apparently over those of Fe;(S04)3
and similar to those PAM which is considered to be a strong and
effective flocculant.
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