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ABSTRACT

A kind of environmental friendly novel composite flocculants which are used to treat raw water is prepared. It is made
with chitosan (CS), iron modified polyaluminium chloride (CF-PAC) and modified montmorillonite on the principle of
“the combination of organic and inorganic”. Under the optimum best compound formula and flocculation process, the
turbidity of the waste water reduced by 0.62%, the chemical cost decreased by 12.43% and the content of aluminium
ions dropped by 70.65%. There is an excellent characteristic and higher efficiency on the composite flocculant which
can adsorb the organic matter in the water and chelate the heavy metal ions in the water.
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1. Introduction

At present, more and more people begin to pay close
attention to the safety of drinking water. The traditional
flocculants [1], such as aluminium salt and polyacryla-
mide [2], are widely used in water treatment, but it will
leave large amounts of high concentration of metal ions
and produce a mass of sludge with heavy metal. It is se-
riously harmful to human health if the treated water con-
tain aluminium ion getting into human body with the tap-
ater [3,4]. Moreover, the traditional treatment process is
very complicate and it will bring the seriously secondary
pollution inevitably. Therefore, it is necessary to develop
an environmental friendly flocculant without aluminium
or low aluminium which could be better used in water
treatment. With the development of the biodegradable
natural polymers flocculants research, the rich raw mate-
rial sources with the properties of low price, non-toxic,
biodegradable and no secondary pollution have attracted
attention. There are many kinds of natural polymer floc-
culants [5-8] such as starch, chitosan, lignin, protein,
algae, etc.

Molecular structure of chitosan is linear type [9]. The
typical cationic chitosan flocculants were related to the
protonation of a large amount of amino group in acid
solutions [10]. There is a wide application prospect on
montmorillonite in the field of water treatment because
of its rich resources in our country and its excellent ad-
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sorptive capacity of the modified montmorillonite [11].
During the flocculant experiment, according to the syn-
ergy of “organic-inorganic compound” to find the best
formula and the best reagent dosing quantity, the chito-
san has showed its bridging and electro-dissociation re-
action. Chitosan used for suspension in the treatment of
industrial wastewater has become a research hotspot [12],
but used as a flocculant in water processing of metal ions
and turbidity residue in water was not enough. Therefore,
the article analyses and studies on the issue of chitosan.

2. Experiment
2.1. Chemicals

Chitosan (made in lab), CF-PAC and PAC PFS (Nanjing
Chemical Industry Corporation, Nanjing, P.R. China).
PFS (Hefei Yimin Chemical Industry, Hefei, P.R. China).
The cationic polyacrylamide (PAM", molecular weight
was 1.5 million, supplied by Japan’s Mitsubishi Com-
pany). The Natural montmorillonite (the mass fraction
was more than 70 wt%, the fineness under 0.043 pm and
specific surface area was 260 m*g ', XiangYang miners
factory in Hubei province, Hubei, P.R. China). Glacial
acetic acid (supplied by chemical plant of Hubei Univer-
sity, Hubei, P.R. China). Aluminium single element
standard solution (100 mg'L™', National Standard Sub-
stances Center). Sodium hydroxide, sodium phosphate
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and other chemicals are analysis pure.

2.2. Raw Water

The experiment water was obtained from The Yangtze
River in the section of Wuhan in China in August, the
initial value was determined after the raw water samples
was obtained, the initial turbidity is 71.8 NTU, tempera-
ture of the water was 21°C to 23°C, pH was 7.3 to 7.6.

2.3. Preparation of the CSWorking Liquid

First, amount of chitosan was dissolved directly in 2%
acetic acid solution with the volume 500ml and then wa-
ter-bath heated to 80°C under ordinary conditions of
pressure, then pour 2.5% hydrogen peroxide into the lig-
uid about 2.5 h later, pour into 40% NaOH solution and
string for an hour. Then the chloroacetic acid solution
was poured in drip by drip slowly and put the solution
under temperature of 50°C for 2 hours. The pale yellow
transparent sols would appear. After the reaction was
finished, the kettle is naturally cooled to room tempera-
ture, adjusts the solution pH value until neutral with gla-
cial acetic acid, add some distilled water, it was super
centrifuged and gel filtration after stirring fully, then take
the supernatant. Adding 85% ethanol to supernatant and
rapidly mixing precipitation, make the suction filter after
precipitation completely, drying residue about 5 hours
after remove surface moisture, it would changed into the
powdered chitosan. The kind of powdered chitosan made
in this condition, its molecular weight was 1 x 10* to 2 x
10%, intrinsic viscosity was 13.75 mL-g”', the deacetyla-
tion degree was 85%.

Take 0.25 g powdered chitosan with electronic balance,
dissolve it into 1% acetic acid solution, then pour the
liquid into a flask with the volume 500 mL. At last, add
into the 1% acetic acid solution to the scale line.

2.4. Preparation of the Modified
Montmorillonite Working Liquid

3 wt% water slurry suspension was made with mont-
morillonite which was dissolved in distilled water, add
sodium phosphate (dispersant) and magnesium oxide
(suspension agent) whose quality was 5% of montmoril-
lonite and 0.5% of montmorillonite, and then put it in the
4000 r'min~" high-speed dispersion machine for 2 hours
until the suspending liquid was uniform. That is the
montmorillonite liquid.

In the condition of normal temperature, normal at-
mospheric pressure and continue stirring, drop the alu-
minium cross linking agent into montmorillonite sus-
pendsion in a certain proportion. And then on the speed
of 200 r'min”' mixer mixing 2 hours, after placed one
day, the aluminium cross-linked montmorillonite sus-
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pendsion was made up. Dry the aluminium cross-linked
montmorillonite suspension and grind to powder, add it
into waster to make up 3% (mass ratio) suspension for
use. To improve experimental precision, the 3% suspen-
sion above was diluted 10 times with distilled water in
volumetric flask, so the 0.3% of the liquid was made up.

2.5. Preparation of the CF-PAC, PFSand PAM*
Working Liquid

Take 0.25 g powdered CF-PAC with electronic balance,
Dissolve it with distilled water and dilute with water to
500 mL. PFS, PAM" working liquid were prepared with
the same method.

2.6. Experimental Methods

Shake well and take 200 mL water sample to 250 mL
beaker, put stir bar into the beaker, added the amount of
flocculant according to the principle of “organic after
inorganic compounds”, continue stirring with the con-
stant temperature magnetic stirrer (HJ-3 type). Adjusting
stirring speed, the stirring speed was 250 r'min~' for 3
min at beginning, then the speed changed to 50 r'min”’
for 8 min, placed for 15 min, then take the supernatant
fluid to determine the turbidity and aluminium ion. The
turbidity was determined by WGZ-100 type photoelectric
turbidity measurement and aluminium ion content was
determined by the FLAN-6000 inductively coupled
plasma mass spectrometry single element standard solu-
tion. The experimental process was shown in Figure 1:

3. Results and Discussion

3.1. The Composite Flocculation Effect of CS
with Modified Montmorillonite, CF-PAC
and PAC

With prices of PAC flocculant in Hubei Gedian as refer-
ence, we design the compound formula of flocculants
below the PAC price, which the PAC working liquid is
14.3 Yuankg ' and the cost of Iton water treatment is
0.286 Yuan. The price as the major factor, taking CS-
Modified montmorillonite composite flocculants as an

Flocculants

Raw water

[}

pH regulator

A 4

Filtrate

Yielding water

Figure 1. Experimental process.
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example, determine disperse point during the limited cost
after the dosage of CS and the sum certain in money. The
preparation and component content of other composite
flocculants in this same way.

According to the above design principles of floccu-
lants to determined the advantage formulas and retrofit it.
Modified montmorillonite is combined with CS and
PAM respectively, to analyze the flocculation effects, as
shown in Figure 2 and Figure 3 below. Traditional floc-
culation effect is shown in Figure 2 CS-Modified
montmorillonite has good flocculation effect, floccula-
tion efficiency between 72% and 92%, CS shows obvi-
ous advantages. The results of the flocculation effects
show the CS-Modified montmorillonite is roughly stable,
which has no better advantages compare with the tradi-
tional in Figure 2. PAM'-Modified montmorillonite
overall flocculation effects is good and stable, the re-
moval rate of SS is around 92% float, which the effect is
better with the dosage of PAM" is 0.625 ppm in Figure
3.

According to Figure 4 CS-CF-PAC composite floccu-
lation effect is very ideal, and flocculation process is
relatively stable, its peak flocculation effect can reach
97.23%. Figure 5 PAM'-CF-PAC composite floccula-
tion effect is more stable than the CS-CF-PAC, which
floating flocculation efficiency around 95%, the same
level of the best flocculation effect as the CS-CF-PAC.

As shown in Figure 6, CS-PFS compound flocculation
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Figure 2. Flocculation effect of CS-Modified montmorillo-

nite.
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Figure 3. Flocculation effect of PAM*-Modified mont-
morillonite.
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Figure 4. Flocculation effect of CS-CF-PAC combination.
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Figure 5. Flocculation effect of PAM*-CF-PAC combina-

tion.
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Figure 6. Flocculation effect of CS-PFS combination.

has no better advantages and unstable, the highest re-
moval rate about 90% without advantage, the flocculate-
ing effects were similar. The PAM'-PFS compound
flocculation effect in Figure 7, and its flocculation effect
increases with the growth in the flocculant dose, the
maximum removal rate below 90%, which has no pro-
moting values.

3.2. Formula Optimization Experiments

According to the above composite flocculant on the re-
moval rate of turbidity in the raw water, about 0.30 mL
in CS, CF-PAC added amount is about 0.9 mL and
Modified montmorillonite added amount is about 0.1 mL,
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the turbidity removal rate as high as 98% above. Ac-
cording to the result of the analysis above, the flocculant
formula was optimized in Figure 8 below.

3.3. Comparisons of Improved Composite
Flocculants and Traditional Flocculant PAC

When compared with the working liquid PAC in Wuhan
waterworks, its characteristics can be clearly seen. Ac-
cording to the data provided by the water quality detec-
tion center of Wuhan water group, flocculating agent
price is 700 Yuan/ton, the amount of 20 kg flocculating
agent was treated in lton raw water. The raw material
cost, removal rate of SS, removal rate of AI** of the two
flocculants were compared. Raw water turbidity is 71.8
NTU, aluminum ion concentration is 0.735 mg'L™". The
experimental results are shown in Table 1 CS-Modified
montmorillonite-CF-PAC did show a certain advantages,
whether in the flocculation effect or chelate metal ions.
And its cost is lower than the traditional, with a spread
value.

4. The Mechanism of Flocculation Analyses

CS as linear long-chain structure of polymer, which its
molecular chain distribution on free amino(-NH?) and
hydroxyl(-OH) and these groups have lone pair electrons
makes those groups presents alkalescency so that they
can easy to combine the water protons(H") to form a
cation type electrolyte. Natural raw water contains clay,
bacteria, etc make waters are electronegative colloid sys-
tem, CS flocculants function in the wastewater by charge
neutralization, adsorption bridging and bridging effect
mechanism. The aluminum ions residue in water greatly
reduces because of metal ion chelating of CS mainly
used to remove metal ions contains null dorbitals.

After natural montmorillonite Sodium-modified and
mixed with aluminum cross-linking agent, polymerized
cross-linking agent was introduced and replaced ex-
changeable cations. So the mixing layer structure of
montmorillonite changed into layer columnar and smaller
two-dimensional molecular sieve type structure, bigger
specific surface area, interlayer domain further open and
the better absorption.

Modified aluminum chloride can make a more stable
rearrangement structure on the surface of the colloidal
solid after dissolution. It can act directly on the surface

contaminants and show the strong electricity neutraliza-
tion and bridging role. When the CF-PAC allowed com-
bining with CS that strengthened positive charge on its
surface and has a stronger affinity for contaminants
which cany negative charge. The composite chemicals
can efficiently remove pollutants in source water of
Yangtze River by bridging with netted structure.

5. Conclusion

The composite flocculates’ best formula V (0.1 wt%
CF-PAC): V (0.01 wt% CS): V (0.3 wt% Modified mon-
tmorillonite) = 9:3:1. The composite flocculants cost
converting the industrial materials, in particular: treating
per 1 ton raw waters with 0.05 wt% CF-PAC 4.5 L, 0.01
wt% CS 1.5L and modified montmorillonite 0.5L respec-
tively. Compared with traditional chemical flocculant
(PAC), it increases the removal efficiency for SS by
0.62% and concentrations of A1°* ion by 70.65%, and
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Figure 7. Flocculation effect of PAM*-PFS combination.
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Figure 8. Flocculation effect of CS-Modified montmorillo-
nite-CF-PAC combination.

Table 1. Comparison of main economic and technical indexes between two kinds of flocculants.

Flocculant Cost of treating 1 kiloton ~ Declinerate SSINTU Removal rate Relativeremoval Removal rate Relativeremoval
of wastewater/Yuan of cost/% of SY% rate of S5/% of AI¥*/% rate of AI**/%
Traditional 14.3 ; 157 97.81 - 22.53 -
flocculant
Composite 12.7 12.43 1.13 98.43 0.62 93.18 70.65
flocculant
Copyright © 2013 SciRes. OJOPM
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decreases the cost of flocculants by 12.43%. This com-
posite flocculants agent cost is relatively low and good
treatment effect and effluent discharge standard can be
achieved. For “low aluminum” requirement of water
quality has a strong competitive advantage to reduce the
potential hazard to human health, it should be used
widely in the field of water treatment.
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