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The chitosan is a good flocculant for tap water treatment because of its properties such as faster deposition rate and higher removal
efficiency for COD (organic matter), SS (suspended solids), and metal ions. However, its high price limits the use in tap water
treatment. In this paper, in order to reduce costs, chitosan (CTS), polyaluminum chloride (CF-PAC), and modified rectorite (Al
(OH); + HCI) were combined to prepare the flocculant for tap water treatment. In order to get the optimal composite flocculant
formula, first, we combined these flocculants in two-by-two schema and then we combined all the three flocculants together with
various dosing amounts. Through comparison between different combination schemas, the best formula of the composite
chitosan flocculant was found to be CTS (ml) : CF-PAC (ml) : modified rectorite (Al(OH); + HCI) (ml) = 1:30: 5, with a turbidity
removal rate of 96.38% and a removal rate of aluminum up to 80.1%, while the treatment cost is the lowest. In addition, we have
designed a cost-effective method for the treatment cost evaluation. As raw water, we used water from the Han River, which is used
as raw water at Zonguan Waterworks. In order to show the effectiveness of our optimal composite chitosan formula, we have
compared our treatment results to those of the aluminum polyaluminum chloride flocculant currently used in Zonguan’s water

treatment plants.

1. Introduction

Water is an irreplaceable resource that drives our lives. An
adult human should drink 2 to 5 liters of water a day [1-3],
and the quality of drinking water is essential for public health.
The treatment of drinking water or tap water by flocculation is
an important research direction. The flocculation is a solid-
liquid separation process, which consists of adding a floccu-
lant into the raw water, after which finely divided or dispersed
particles are aggregated or agglomerated together to form
large particles of such a size (flocs) which settle and cause
clarification of the system [4]. According to the literature
[5-7], the main flocculants used in tap water treatment are
chitosan (CTS) and polyaluminum chloride (PAC). The
chitosan is one of the most promising biopolymers for ex-
tensive application due to its cationic behaviour. It is a par-
tially deacetylated polymer obtained from the alkaline
deacetylation of chitin, a biopolymer extracted from shellfish
sources. And it is a linear hydrophilic aminopolysaccharide
with a rigid structure containing both glucosamine and acetyl

glucosamine units, and each glucosamine unit is composed of
a free amino group (-NH,). As the active amino groups
(-NH,) in the chitosan molecule can be protonated with H" in
water into a cationic polyelectrolyte [8], chitosan has char-
acteristics of static attraction and adsorption and is widely
used in the treatment of wastewater and the elimination of
dyes [9]. The chitosan is insoluble in either water or organic
solvents but soluble in dilute organic acids such as acetic acid
and formic acid and inorganic acids where the free amino
groups are protonated and the biopolymer becomes fully
soluble [10, 11]. For more detailed information about the
chitosan description, the interested readers can refer to
Reference [8]. The flocculation efficiency of the chitosan
flocculant in tap water treatment highly depends on its degree
of deacetylation (DD) and the molecular weight (MW), which
are two very important structural factors for chitosan. In
addition, the effects of DD and MW on the final flocculation
performance are usually complementary and synergistic [12].
The chemical structures of chitin and chitosan are shown in
Figure 1. Compared to traditional chemical flocculants,
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FiGure 1: Chemical structures of chitin (a) and chitosan (b).

chitosan has a lower dosage, a faster deposition rate,
better removal of COD (organic matter) and suspended
solids, easier sludge treatment, no pollution, and pres-
ence of metal ions amino-D-glucose. However, when we
use only the chitosan as a flocculant to treat the tap water,
the treatment cost is too high compared to that of tra-
ditional chemical flocculants. The unit price of chitosan is
much higher than that of traditional chemical flocculants.
Therefore, there is a need to prepare a low-cost and ef-
ficient composite chitosan flocculant for the tap water
treatment. In this paper, we prepare a low-cost and ef-
ficient composite chitosan flocculant for the tap water
treatment by combining chitosan (CTS), polyaluminum
chloride (CF-PAC), and modified rectorite (AI(OH); +
HCI).

The remainder of the paper is organized as follows: the
experiment method and procedure are presented in Section
2. The experimental results are in detail presented and
discussed in Section 3, and Section 4 presents the conclusion.

2. Experiment

2.1. Raw Water. In this experiment, raw water from Zon-
guan Waterworks was used, and raw water from Zonguan
Waterworks came from the Han River. The Han River is the
largest tributary of the Yangtze River. The choice of the Han
River as the source of our water sample is that, in recent
years, the pollution of the Han River has increased and the
state departments concerned by the various measures to be
taken have invested a lot of money to improve the quality of
the water from the Han River and got results.

2.2. Main Reagents. Chitosan (CTS) with a mass concen-
tration of chitosan 0.5% diluted 5 times, polyaluminum
chloride (CF-PAC) with a mass concentration of chitosan
2%, and modified rectorite (Al(OH); + HCI) diluted 5 times
are used.

2.3. Main Equipments. MY3000-6 combination mixer
(Qianjiang Meiyu Instrument Co., Ltd.) was used to fully
control time and stirring speed. Turbidity was measured by
using the automatic turbidimeter (2100 PTURBIMETER
HACH), electronic scale, 100 ml volumetric flask, pipette,
beaker, and so on. The flocculant solution was added
dropwise with a dropper.

2.4. Experimental Methods and Procedures. We used the
water sample by measuring its initial value. With a pipette,
1L of water was taken from the water sample, by adding
a flocculant to it and stirring it rapidly (200 stirs for 1
minute). After that, stir slowly (90 stirs for 6 minutes first
and then 50 stirs for 8 minutes), stop the precipitation for
10 minutes, and then measure its turbidity. The experi-
ment of flocculation and coagulation was performed using
MY3000-6. The turbidity is determined by an automatic
turbidimeter (2100 PTURBIMETER HACH). The floc-
culant solution was added dropwise with a dropper. In our
experiments, the used degree of deacetylation of chitosan
is 88% and the used molecular weight of chitosan is
500000.

3. Results and Discussion

3.1. Experimental Results of Tap Water Treatment with Simple
Flocculants: Chitosan, Polyaluminum Chloride, and Modified
Rectorite. As it can be seen from Figure 2, when different
quantities of chitosan are added to the raw water, the tur-
bidity of the treated water is between 7 and 9. According to
the requirements of the current tap water treatment process,
the turbidity of the water after flocculation and sedimen-
tation should be less than 5 NTU before filtering in order to
make the final effluent turbidity below 1 NTU. That is, if only
chitosan is used to treat the source water of tap water, the
treatment effect is not ideal, and also if the used quantity of
chitosan is 3 drops per liter of water, the cost is 0.0162 yuan
per ton of water, which is nearly 44.6% higher than the cost
of flocculation used at Zonguan Waterworks, 0.0112 yuan
per ton of water. Therefore, to sum up in one sentence, the
only use of chitosan to treat the source water of tap water
cannot reduce costs and improve the treatment effect.
Therefore, in this work, we decided to use the composite
flocculant composed of polyaluminum chloride, modified
rectorite, and chitosan to deal with the treatment of raw
water of tap water. The specific circumstances can be found
below.

In Figure 3, it can be seen that, with the gradually in-
creasing dosage of polyaluminum chloride, the turbidity of
tap water gradually reduces; however, there is not a linear
relationship between the amount of polyaluminum chloride
and treatment effect. From the treatment effect point of view,
it is much better than the chitosan, and tap water turbidity is



Journal of Chemistry

10
5
ES \M
& 6
jnd
£ 4
Ez

0

0 1 2 3 4 5 6 7

5 times diluted chitosan (drops)
—eo— CTS

F1GURE 2: Turbidity of raw water of tap water treated with chitosan.
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F1GURE 3: Turbidity of raw water of tap water treated with poly-
aluminum chloride.

below 5NTU, but according to Zonguan Waterworks, the
added quantity of the flocculant is 20 kg per ton of water and
the percentage of the polyaluminum chloride in 1kg of
flocculant is 10%; this value exceeds when CF-PAC is added
at 0.2ml, which is bound to bring in a large quantity of
aluminum, which is not consistent with the goal of reducing
the tap water content in aluminum. If the other non-
aluminum and nontoxic and harmless flocculants are
combined with PAC, the same or better result or effect can
be obtained, and also the content of the tap water in alu-
minum can be reduced.

It can be seen from Figure 4 that, with the increase of the
dosage of the modified rectorite, the turbidity of the effluent
also decreases, but there is no linear relationship between the
dosage and the treatment effect. However, when the dosage
is 0.75ml, the treatment effect is better than the best
treatment effect of chitosan, and it costs 0.010699 yuan per
ton of water. In addition, when the dosage of the modified
rectorite is 0.3 ml, the effluent turbidity is only 4.98 NTU,
which is less than 5 NTU, and the corresponding cost is also
58.2% higher than the current cost of flocculation at Zon-
guan Waterworks.

Based on the above situations (Figures 2-4), the separate
use of chitosan, polyaluminum chloride, and modified
rectorite in various situations does not have high treatment
costs and may cause secondary pollution to tap water.
However, if they are combined, it is possible to improve the
treatment effect, reduce costs, and reduce or not produce
secondary pollution to tap water. Therefore, it is of great
value and significance to compound them.

3.2. Experimental Results of Tap Water Treatment with Pair
Composite Flocculants from Single Flocculants: Chitosan,

Turbidity (NTU)

0 2 4 6 8 10 12 14
5 times diluted modified rectorite (ml)

—o— Modified rectorite

FIGURE 4: Turbidity of raw water of tap water treated with modified
rectorite.

Polyaluminum Chloride, and Modified Rectorite. In this
section, based on the above experimental data and results,
we made the experiments of treating the source water of
Zonguan Waterworks by combining chitosan, poly-
aluminum chloride, and modified rectorite, in two-by-two
schema. The specific circumstances of the experiments are as
follows.

3.2.1. Cost-Effective Calculation Method. The cost-effective
calculation method consists, first, of the calculation of the
turbidity removal rate and then the calculation of the cost.
To obtain the turbidity removal rate, we subtract the tur-
bidity of the treated effluent from the turbidity of the raw
water of the tap water and divide this result by the turbidity
of the raw water of the tap water. And by dividing the costs of
the treated effluent and the raw water of the tap water by the
obtained turbidity removal rate, respectively, we will get
a value: the greater this value, the higher the cost ratio of the
corresponding formula, and vice versa.

3.2.2. Flocculation Experiment with Pair Composite Floccu-
lant of Chitosan and Modified Rectorite (CTS + Modified
Rectorite). It can be seen from Figure 5 that when the dosage
of modified rectorite is 0.25 ml and 0.75 ml, the turbidity of
the effluent does not decrease gradually with the increase of
the dosage of chitosan. When the quantity of added chitosan
is 2 drops, the effect becomes worst. While when the quantity
of modified rectorite is 1.0 ml, the turbidity decreased with
the increase of the dosage chitosan.

Using the above cost-effective calculation method with 1
drop of chitosan and 0.25ml of modified rectorite, we can
get the highest cost ratio with a value of 9695.13. At this time,
the cost is 0.008966 yuan per ton of water and the turbidity
removal rate is 86.93%. The added amount of chitosan and
modified rectorite was 1 drop and 0.50 ml, respectively.

3.2.3. Flocculation Experiment with Pair Composite Floccu-
lant of Chitosan and Polyaluminum Chloride (CTS + PAC).
From Figure 6, it can be seen that, with the increase of the
dosage of chitosan and polyaluminum chloride, the tur-
bidity of the effluent decreases gradually. When the amount
of chitosan and polyaluminum chloride is 3 drops and is
0.4 ml, respectively, the best treatment effect is achieved,
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Figure 5: Turbidity of the effluent with chitosan and modified
rectorite.

18 -
16 -
= 14 -
E 12 -
2z
5 8
£ 6
£ 4.
2
0
0.2 0.3 0.4
Polyaluminum chloride (ml)
W CTS1drop
W CTS 2 drops

CTS 3 drops

FiGure 6: The effluent turbidity of raw water with chitosan and
polyaluminum chloride.

and the effluent turbidity is 6.52 NTU. At this time, the
effluent turbidity has not reached the standard below
5NTU. However, its cost has reached 0.0322 yuan per ton
of water. Continuing to increase the dosage of chitosan and
polyaluminum chloride is of no practical significance;
however, according to the abovementioned cost-effective
calculation method, we can get some of the best cost-
effective formulas. Through the calculation, when the
added amount of chitosan and polyaluminum chloride is 1
drop and 0.2 ml, respectively, the cost performance ratio is
the highest, its value is 6964.93, the cost is 0.016099 yuan
per ton of water, and the turbidity removal rate is 93.33%.
While in the added amount of 1 drop of chitosan and 0.3 ml
of polyaluminum chloride, the cost is 0.0174 yuan per ton
of water.

3.2.4. Flocculation Experiment with Pair Composite Floccu-
lant of Polyaluminum Chloride and Modified Rectorite (PAC
+ Modified Rectorite). From Figure 7, it can be seen that
when polyaluminum chloride is combined with modified
rectorite and the amount of rectorite is constant while the
amount of polyaluminum chloride increases, the treatment
effect is better; however, the reverse is not the case. When
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F1GURE 7: Turbidity of water treated with polyaluminum chloride
and modified rectorite.

using certain amount of polyaluminum chloride with the
added amount of rectorite increasing from 0.50ml to
0.75ml, the turbidity of the effluent will be increased.
According to the above cost-effective method of calculation,
when the added amount of polyaluminum chloride and
modified rectorite is 0.2 ml and 0.25 ml, respectively, the cost
performance ratio is the highest, its value is 8066.50, the cost
is 0.011566 yuan per ton of water, and the turbidity removal
rate is 93.30%.

3.3. Experimental Results of Water Treatment with Composite
Flocculation of Chitosan, Polyaluminum Chloride, and
Modified Rectorite. In this section, based on the above ex-
perimental data and results, we designed experiments of
treatment of the raw water of the tap water with the
combination of chitosan, polyaluminum chloride, and
modified rectorite as the composite flocculant. According to
the cost-effective calculation method introduced in Section
3.2.1, we have got several experimental formulas with high
cost performance. The following are the specific experi-
mental cases.

From Figure 8, it can be seen that when the dosage of
chitosan is 1 drop per liter of raw water, not only the tur-
bidity of the effluent decreases with the increase of poly-
aluminum chloride and modified rectorite, but also the
turbidity of the effluent begins to appear below 5 NTU when
the dosage of polyaluminum chloride is 0.2 ml in addition;
with the increase of dosage of modified rectorite and pol-
yaluminum chloride, the turbidity of the effluent is getting
lower and lower. The turbidity of the effluent reaches the
lowest 0.67NTU when the amount of polyaluminum
chloride and modified rectorite is 0.6 ml and 2.0 ml, re-
spectively. Therefore, from the experimental results, the
effect of the combination of the flocculants is obvious;
however, it is expensive if we calculate the cost. According to
the cost-effective calculation method, when the added
amount of chitosan, polyaluminum chloride, and modified
rectorite was 1 drop, 0.10 ml, and 0.50 ml, respectively, the
cost-effective ratio is the highest, its value is 5807.55, the cost
is 0.01653272 yuan per ton of water, and the turbidity re-
moval rate is 96.01%. In addition, when the added amount of
chitosan, polyaluminum chloride, and modified rectorite
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FiGure 8: Turbidity of tap water treated with 1 drop of chitosan,
polyaluminum chloride, and modified rectorite.

was 1 drop, 0.20 ml, and 0.25 ml, the cost of water treatment
is 0.016966 yuan per ton; when the added amount of chi-
tosan, polyaluminum chloride, and modified rectorite was 1
drop, 0.3ml, and 0.25ml, the cost of water treatment is
0.020966 yuan per ton.

As it can be seen in Figure 9, when the added amount of
chitosan is 2 drops per liter of the water sample, from the
result of the treatment, the effluent turbidity is also the same
as that in the case of adding 1 drop of chitosan, and also the
effluent turbidity decreases with the increase of the amount
of polyaluminum chloride and modified rectorite. However,
there is no linear relationship between them, but the greater
the added amount of polyaluminum chloride and modified
rectorite, the slower the decrease of turbidity of the effluent.
With the application of the above cost-effective calculation
method, the best formula is 2 drops of chitosan, 0.1 ml of
polyaluminum chloride, and 0.25ml of modified rectorite,
the cost performance value is the value of 4957.38, the cost of
the treatment of the raw water is 0.018966 yuan per ton of
water, and the turbidity removal rate is 94.02%. In the
formula, 2 drops of chitosan, 0.l ml of polyaluminum
chloride, and 0.50 ml of modified rectorite, the cost-effective
value is 4363.83, the cost of processing the raw water is
0.021933 yuan per ton of water, and the turbidity removal
rate is 95.71%.

3.4. Experimental Results and Discussion of a Formula with
High Cost Performance for Each Composite Scheme. Based on
the above experimental data and results, the most cost-
effective formulas were obtained from each composite
solution, as shown in Table 1. The conversion values in
Table 1 is obtained by converting the diluted amount of
chitosan and modified rectorite into the corresponding
amount of 0.5% chitosan without dilution and modified
rectorite without dilution, and then converting the newly
obtained 0.5% chitosan: 2% polyaluminium chloride:
modified rectorite ratio into ml. The value of the example is
multiplied by 100 times, and the conversion value in the
table is obtained.
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Ficure 9: Turbidity of the effluent with 2 drops of chitosan,
polyaluminum aluminum chloride, and modified rectorite.

3.4.1. The Configuration Method of Each Formula. Each
composite scheme formula in Table 1 was converted into its
corresponding 0.5% chitosan: 2% polyaluminium chloride:
double the ratio of modified rectorite. Then the corre-
sponding 0.5% chitosan, 2% polyaluminium chloride, and
modified rectorite were placed in a 100 ml volumetric flask,
which was then filled up to 100 ml with distilled water. The
cost of the amount of 1 ml of each formula according to this
method is shown in Table 2.

All the reagents used in all the following experiments are
the flocculants used in the current production of Zonguan
Waterworks. The dosage of the contrast sample flocculant
added in the experiment is also in accordance with the dosage
of the reagent in general situation of the factory, that is, 20 kg
for thousand tons of water. The specific approach is described
as follows: first, with the electronic balance we measure 2.00 g
of flocculant used in the current production of Zonguan
waterworks, and then we place this 2.00g of flocculant in
a 100 ml volumetric flask, which is then filled up to 100 ml
with water. Second, we take 1.0 ml of the prepared solution,
which contains 0.0200g of flocculant. Finally, we add that
1.0 ml of the prepared solution to 1 liter of the source water
sample, and this is equivalent to adding 20 kg of the flocculant
into one thousand tons of water tons of source water.

3.4.2. 'The Experimental Results and Summary of Tap Water
Source Water Treatment of Water Source by Each Formula.
From Table 3, we can see that when the adding amount in
formula no. 1 is 1.6 ml, the effluent turbidity is 15.7 NTU
which is higher than the turbidity of the comparative sample
equal to 10.2NTU, which in turn is obviously larger than
5.5NTU, apparently in order to achieve the same treatment
effect as the comparative sample but also to continue to
increase the dosing amount. However, when the dosage (the
added amount) of the formula is 1.6 ml per liter, the cost has
reached 0.022594 yuan per ton of water, which is more than
double the cost of the contrast sample.

From Table 4, it can be seen that when the dosing
amount per liter of water in formula no. 2 is 0.8 ml and
0.6ml, the effluent turbidity is 161 NTU and 18.1 NTU,
respectively, and the water turbidity of the water sample after
the contrast sample treatment is 16.48 NTU. Therefore, to
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TaBLE 1: The correlation of the most cost-effective formulations in each of the composite schemes.
Number CTS (drop): CE-PAC (ml)':mod1ﬁed After conversion, CTs .(ml) : CF-P.AC Turbidity removal rate (%) Cost-effective value
rectorite (ml) ratio (ml) : modified rectorite (ml) ratio
1 1:0:0.5 1:0:10 83.25 6642.60
2 1:0.3:0 1:30:0 92.35 5307.49
3 1:0.2:0 1:20:0 93.33 6964.93
4 0:0.2:0.25 0:20:5 93.30 8066.50
5 1:0.1:0.25 1:10:5 75.09 5790.87
6 1:0.2:0.25 1:20:5 96.25 5673.04
7 1:0.3:0.25 1:30:5 96.38 4596.97
8 2:0.1:0.5 2:10:10 95.71 4363.83
TaBLE 2: Cost of 1 ml solution when each formula is configured into 100 ml solution.

Number 1 2 3 4 5 6 7 8
The cost of 1 ml solution 0.01253 0.01740 0.01340 0.01157 0.01270 0.01670 0.020966 0.021933
TaBLE 3: Formula no. 1 treatment of tap water source water-related case.

Turbidity of raw water 43.9NTU Raw water temperature 24.5°C
Number 1 Sample of comparison
Added amount (ml) 0.8 1.0 1.2 1.4 1.6 1.0

Water turbidity (NTU) 18.5 18.4 17.2 15.4 15.7 10.2

TaBLE 4: Formula no. 2 treatment of tap water source water-related case.

Turbidity of raw water 65.9NTU Raw water temperature 24.0°C
Number 2 Sample of comparison
Added amount (ml) 0.6 0.8 1.0 1.2 1.5 1.0

Water turbidity (NTU) 18.1 16.1 11.9 10.3 8.67 16.48

achieve a treatment effect close to the contrast sample
treatment effect, the dosing amount of the formula should be
between 0.6 and 0.8 ml per liter of the sample water, with the
corresponding treatment cost of 0.01044-0.01392 yuan per
ton of water, which is close to the treatment cost of the
contrast sample of 0.0112 yuan per ton of water.

From Table 5, it can be seen that when the dosing
amount per liter of water in formula no. 3 is 1.2 and 1.5 ml,
the effluent turbidity is 22.3NTU and 151NTU, re-
spectively, and the water turbidity of the water sample after
the contrast sample treatment is 21.9 NTU. Therefore, to
achieve a treatment effect close to the contrast sample
treatment effect, the dosing amount of the formula should be
between 1.2 and 1.5 ml per liter of the sample water, with the
corresponding treatment cost of 0.01608-0.0201 yuan per
ton of water, which is much higher than the treatment cost of
the contrast sample of 0.0112 yuan per ton of water.

From Table 6, it can be seen that when the dosing
amount per liter of water in formula no. 4 is 1.2ml, the
effluent turbidity reaches 14.23 NTU, which is less than the
effluent turbidity of the contrast sample (the comparative
effluent turbidity) equal to 14.7 NTU, and when the dosing
amount is 1.0 ml, the effluent turbidity is 15.2 NTU, which is
slightly larger than 14.7 NTU. Therefore, formula no. 4 can
achieve the treatment effect close to the contrast sample
treatment effect when the dosing amount is between 1 and

1.2ml, and the corresponding treatment costs between
0.011566 and 0.0138792 yuan per ton of water, which is
higher than the treatment cost of the contrast sample only
between 0.0027 and 0.00366 yuan per ton of water.

From Table 7, it can be seen that when the dosing
amount per liter of water in formula no. 5 is 1.0ml and
1.2ml, the effluent turbidity is 9.93NTU and 6.03NTU,
respectively, while the effluent turbidity of the comparative
sample is 8.32 NTU. The dosage of 1.0 ml is lower, while the
dosage of 1.2 ml is higher, and the corresponding cases are
shown in Table 8. It can be concluded that formula no. 5 can
achieve the treatment effect close to that of the comparative
sample, when the dosing amount is between 1 and 1.2 ml
with the corresponding water treatment cost of 0.01270 and
0.01524 yuan per ton of water, which is slightly higher than
that of the comparative sample equal to 0.0112 yuan per ton
of water.

From Table 8, it can be seen that when the dosing amount
per liter of water in formula no. 6 is 0.8 and 1.0 ml, the effluent
turbidity is 15.1 NTU and 13 NTU, respectively, and the ef-
fluent turbidity of the comparative sample is 13.3 NTU.
Therefore, formula no. 6 can achieve the treatment effect close
to that of the contrast sample when the dosing amount per
liter of water is between 0.8 and 1.0ml and closer to 1.0 ml,
with the corresponding water treatment costs of 0.01357-
0.01697 yuan per ton water, which are of 0.00237-0.00577
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TaBLE 5: Formula no. 3 treatment of tap water source water-related case.
Turbidity of raw water 134NTU Raw water temperature 23.1°C
Number 3 Sample of comparison
Adding amount (ml) 0.8 1.0 1.2 1.5 2.0 1.0
Water turbidity (NTU) 27.1 23.8 22.3 15.1 8.36 21.9
TaBLE 6: Formula no. 4 treatment of tap water source water-related case.
Turbidity of raw water 99.8 NTU Raw water temperature 24.0°C
Number 4 Sample of comparison
Adding amount (ml) 0.8 1.0 1.2 1.5 2.0 1.0
Water turbidity (NTU) 18.1 17.0 15.2 8.33 5.03 14.7
TaBLE 7: Formula no. 5 treatment of tap water source water-related case.
Turbidity of raw water 23.1NTU Raw water temperature 24.5°C
Number Sample of comparison
Adding amount (ml) 0.8 1.0 . 14 1.6 1.0
Water turbidity (NTU) 11.4 9.93 6.03 7.31 6.14 8.32

TaBLE 8: Formula no. 6 treatment of tap water source water-related case.

Turbidity of raw water 99.8 NTU Raw water temperature 24.0°C
Number Sample of comparison
Adding amount (ml) 0.6 0.8 1.2 1.5 1.0

Water turbidity (NTU) 18.5 15.1 11.4 8.07 13.3

yuan per ton, respectively, higher than the comparative
sample treatment cost of 0.0112 yuan per ton of water.

From Table 9, it can be seen that when the dosing
amount per liter of water of formula no. 7 is 0.5ml, the
turbidity of the treated sample water is 13.8 NTU, which is
higher than the effluent turbidity of the contrast sample (the
comparative effluent turbidity) equal to 14.3 NTU. The water
treatment cost of the dosing amount of 0.5ml is only
0.010483 yuan per ton which is lower (of 0.000717 yuan per
ton of water) than the water treatment cost of the com-
parative sample equal to 0.0112 yuan per ton of water.

From Table 10, it can be seen that when the dosing
amount of formula no. 8 is 0.8 and 1.0 ml, the turbidity of the
treated sample water is 11.6 NTU and 8.22 NTU, respectively,
and effluent turbidity of the comparative sample is 11.1 NTU.
Therefore, in formula no. 8, to achieve a treatment effect close
to that of the comparative sample, the dosing amount of the
formula should be between 0.8 and 1.0 ml and closer to 0.8 ml,
with the corresponding cost of 0.017546—0.02133 yuan per ton
water, which is more than 50% higher (0.0063-0101 yuan per
ton of water) than the treatment cost of the comparative
sample of 0.0112 yuan per ton of water.

From the comparison between the above 8 formulas and
the contrast samples, the effect of formula no. 1, namely,
chitosan and modified rectorite composite scheme, is rel-
atively poor, and to achieve the same treatment effect as the
comparative sample, the cost will be more than 1 time
higher. The chitosan and polyaluminum chloride composite
scheme, namely, formula nos. 2 and 3, has a better treatment

effect than the chitosan and modified rectorite composite
scheme. In particular, formula no. 2 is the exact formula, and
the cost of achieving the same treatment effect as the
comparative sample is between 0.01044 and 0.01392 yuan
per ton of water. The composite solution of polyaluminum
chloride and modified rectorite is also better than that of
chitosan and modified rectorite. The cost of formula no. 4 is
close to 0.112 yuan per ton of water while achieving the same
treatment as that of the comparative sample. The combi-
nation of chitosan, polyaluminum chloride, and modified
rectorite is the best combination of the three. The treatment
effect of the application of formula no. 7 to treat the water
samples is better than that of the contrast sample when the
dosing amount is close to 0.5 ml, and the corresponding cost
is only 0.010483 yuan per ton of water, which is 0.000717
yuan per ton of water lower than the treatment cost of the
comparative sample of 0.0112 yuan per ton of water.

3.5. The Determination of the Best Formula. According to the
above summary, three best formula nos. 2, 4, and 7 have
been obtained. In order to further determine their perfor-
mance, they are further compared with the comparative
sample. The specific information is shown in Tables 10-12.

Tables 11-13 show formula nos. 2, 4, and 7, configured
according to the configuration method described above.
The dosing amount of formula no. 2 per liter of the water
sample is 0.65 ml, whose treatment effect is better than that
of the comparative sample. The corresponding treatment
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TaBLE 9: Formula no. 7 treatment of tap water source water-related case.

Turbidity of raw water 61.6 NTU Raw water temperature 21.8°C
Number Sample of comparison
Adding amount (ml) 0.5 0.6 0.7 0.8 1.0 1.0

Water turbidity (NTU) 13.8 13.0 11.9 11.44 12.3 14.3

TaBLE 10: Formula no. 8 treatment of tap water source water-related case.

Turbidity of raw water 123NTU Raw water temperature 21.8°C
Number Sample of comparison
Adding amount (ml) 0.5 0.6 0.7 0.8 1.0 1.0

Water turbidity (NTU) 17.4 16.1 15.5 11.6 8.22 14.3

TasLE 11: Comparison experiment of formula nos. 2, 4, and 7 and contrast sample.

Number Dosing amount (ml)  Turbidity of treated water (NTU)  Turbidity of raw water = Raw water temperature
4 1.1 4.45
4 1.2 3.40
2 0.8 3.38 .
) 0.7 5.00 751 NTU 25.6C
7 0.5 2.59
Comparative sample 1.0 6.14
TaBLE 12: Comparison experiment of formula nos. 2, 4, and 7 and contrast sample.
Number Dosing amount (ml)  Turbidity of treated water (NTU)  Turbidity of raw water =~ Raw water temperature
4 1.0 4.02
2 0.65 6.08
2 0.6 6.38 .
7 04 6.86 89.3NTU 25.6°C
7 0.5 3.67
Comparative sample 1.0 6.33
TaBLE 13: Comparison experiment of formula nos. 2, 4, and 7 and contrast sample.
Number Dosing amount (ml)  Turbidity of treated water (NTU)  Turbidity of raw water = Raw water temperature
4 1.1 22.7
4 1.2 19.2
2 0.8 16.3 o
5 0.7 165 174NTU 21.8°C
7 0.4 13.3
Comparative sample 1.0 23.6

cost is 0.01131 yuan per ton of water, which is 0.00011 yuan
per ton of water higher than the cost of the contrast sample
which is 0.01120 yuan per ton of water. The dosing amount
of formula no. 4 per liter of the water sample is 1.0 ml,
whose treatment effect is better than that of the compar-
ative sample. The corresponding treatment cost is 0.01157
yuan per ton of water, which is only 0.00037 yuan per ton of
water higher than the cost of the contrast sample which is
0.01120 yuan per ton of water. And the dosing amount of
formula no. 7 per liter of sample water is 0.5 ml, whose
treatment effect is better than that of the comparative
sample. The corresponding treatment cost is 0.01048 yuan
per ton of water, which is 0.00072 yuan per ton of water
lower than that of the contrast sample. In addition, when

the dosing amount of formula no. 2, no. 4, and no. 7 is
0.65 ml, 1.0 ml, and 0.5 ml, respectively, the treatment effect
of formula no. 7 is the best and the corresponding turbidity
of effluent is the lowest.

3.6. Comparison of the Effect of Aluminum Removal. In order
to show the effectiveness of the solution of formula no. 7 in
terms of aluminum removal effect, we treat the raw water of
tap water of Zonguan waterworks with the solution of
formula no. 7, and we compare the aluminum removal effect
of the treated water with that of the flocculant used in
Zonguan Waterworks, which is the contrast sample. The
used dosing amount of formula no.7 is 0.5 ml, and the used
dosing amount of the contrast sample is 1.0 ml.
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TaBLE 14: Aluminum concentration in water after treatment by
formula no. 7 of the chitosan composite flocculant and contrast
sample.

. Alumlnum Turbidity
Project concentration (NTU)
(mg/L)
Raw water 0.493 280
Efﬂuent.after treatment of raw 0.098 458
water with formula no. 7
Effluent after treatment of raw 0.151 12.9

water with the contrast sample

As can be seen from Table 14, the use of chitosan
compound flocculant no. 7 to treat water supply has a good
effect on the removal of aluminum in water, and the removal
rate of aluminum is up to 80.1%. The aluminum poly-
aluminum chloride flocculant used in Zonguan Waterworks
now has a removal rate of only 69.4%, which is 10.7% lower
than the optimal formula in this paper. Therefore, the use of
the chitosan composite flocculant to treat the tap water raw
water can not only improve the effect and reduce the cost but
also reduce the content of aluminum ion in the effluent.

4. Conclusion

In this work, a low-cost and efficient composite chitosan
flocculant for the tap water treatment has been prepared by
combining chitosan (CTS), polyaluminum chloride (CF-
PAC), and modified rectorite (AI(OH); + HCI). The for-
mula of the prepared composite flocculant is CTS (ml) : CF-
PAC (ml):modified rectorite (ml) = 1:30:5. Compared
with PAC as the flocculant used at Zonguan Waterworks for
tap water treatment, the prepared flocculant has a turbidity
removal rate of 96.38% and a removal rate of aluminum up
to 80.1%, while the PAC has a removal rate of aluminum of
only 69.4%, which is 10.7% lower than the optimal formula
in this paper. In addition, the treatment cost was also re-
duced by about 0.0007 yuan per ton of water. The prepared
composite chitosan flocculant is of better environmental and
economic benefits than the conventional PAC flocculant in
tap water treatment. In order to show the effectiveness of our
optimal composite formula as the future work, we will apply
the optimal composite formula to other tap water raw water.
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The data used to support the findings of this study are in-
cluded within the supplementary information file.
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Supplementary Materials

The supplementary material file contains our experimental
data and results. First, we use the single flocculants (chi-
tosan, polyaluminum chloride, and modified rectorite) to
treat 1 liter of our sample water and then we measure the

turbidity of the treated water. Second, we repeat the ex-
periments using the pair composite flocculant: chitosan
and modified rectorite, chitosan and polyaluminum
chloride, and polyaluminum chloride and modified rec-
torite. Finally, we repeat the water treatment experiments
by combining chitosan, polyaluminum chloride, and
modified rectorite. Through comparison between different
combination schemas of three flocculants (Tables 1-14),
the best formula of the composite chitosan flocculant was
found to be CTS (ml): CF-PAC (ml): modified rectorite
(AI(OH); + HCI) (ml) = 1:30:5 with a turbidity removal
rate of 96.38% and a removal rate of aluminum up to 80.1%,
while the treatment cost is the lowest. (Supplementary
Materials)
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