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Abstract

Heavy metals and suspended solid (SS) needed to be removed from the recirculation of dual-alkali flue gas desulfurization (FGD) system. The
feasibility of coprecipitation of heavy metal and SS by water-soluble chitosan was studied in a lab scale experiment. The association between
chitosan and metal ions was verified through DSC and FT-IR. The pH investigation revealed that at the pH ranged from 5 to 9, there were three
stages for different actions: adsorption of chitosan for Mn(II), precipitation of manganese hydroxide and coprecipitation of manganese hydroxide
and chitosan—-Mn(II) complex. The ion selectivity experiments showed that the occurrence of Ca(Il) in the solution had little influence on the
adsorption of chitosan for Mn(II). The decrease rate of adsorption capacity was about 0.0023 mmol g~ per 1 mgL~"' Ca(II). When adsorption
and flocculation of chitosan occurred at the same time and at the sufficient addition of chitosan, chitosan not only made solids flocculate but also
enhanced sorption capacity of chitosan. Application of chitosan for coprecipitation of Mn(II) and SS could remove Mn(Il) efficiently and improve

the settling characteristics of SS from dual-alkali FGD regenerating process.

© 2007 Elsevier B.V. All rights reserved.
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1. Introduction

Dual-alkali flue gas desulphurization (FGD) process was
widely used in industry to reduce the effects of scaling and
plugging of the lime/limestone-gypsum FGD process [1,2]. The
process commonly employed initially a sodium carbonate solu-
tion to scrub SO, from the flue gas and then a lime slurry to
regenerate the spent scrubbing solution to form CaSO3 solids in
the alkali solution (the slurry) [3]. So the regenerated slurry was
formed in the regenerating process. The solids of the regener-
ated slurry were removed by sedimentation to produce a clear
solution that was recycled for the scrubbing function at the pH
ranged from 5.0 to 9.0. The clear solution could be re-circulated
through the scrubber to remove SO, as an absorption solution
and then could be regenerated again by the lime slurry.

The characteristic of the regenerated slurry was abundant in
heavy metals (such as Mn(II), Zn(II), Ni(IT), Cd(II)) besides high
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concentrations of suspended solid (SS). Heavy metals which
came from coal-fired fume were dissolved into the absorbing
solution and accumulated during the recirculation. At the present
of dissolved heavy metals and oxygen sulfite in solution was
oxidized [4]. The catalytic oxidation will make the absorbing
solution ineffective and results in the decrease of desulphuriza-
tion efficiency. So it was necessary for dual-alkali FGD process
to separate SS and remove heavy metal ion from the regenerated
slurry.

However, it was difficult to remove heavy metal ion from
the slurry by conventional methods (such as chemical precipita-
tion, ion exchange, adsorption, electrodeposition and membrane
systems).

In recent years chitosan has been commonly used as chelate
sorbents in heavy metals treatment from water and waste water
and as flocculants in solid-liquid separation [5,6]. It was clear
that chitosan was a good agent for chelating numerous trace met-
als from wastewater [7,8]. In most of cases, chitosan was mostly
used to chelate metal ions in a variety of solid forms, such as
beads, flakes and membranes [7—10]. The reason was that the
interaction of metal ions with chitosan dissolved in the solution
did not lead to the formation of settleable flocs and metal ions
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Nomenclature

B weighted average settling velocity of flocculation
based on their mass fractions (ms~!)

Cap adsorption equilibrium concentration
(mmol L™1)

Cep background concentration of adsorption equilib-
rium (mmol L~1)

F mass fraction with a settling velocity less than or
equal to Us

Ah; descending height of water level (m)

H height of settling column (m)

K distribution ratio of Mn(II) adsorbed by chitosan
to total removal Mn(II)

m mass of dried solids (g)

M mass of chitosan (mg)

qpry amount of Mn(Il) adsorbed per chitosan
(mmol g’l)

Us;  settling velocity (ms™1)

\% volume of liquid (mL)

remained bound onto the polymer but soluble in the solution
[11]. It was necessary to get rid of the metal complex by a suit-
able filtration. The possibility of using water-soluble chitosans
in decontamination of liquid radioactive wastes (LRW) of vari-
ous origins from Co, Mn and Sr has been studied [12]. The result
showed that chitosan in solution not only made solids flocculat-
ing but also enhanced sorption capacity of chitosan. So it was
possible for water-soluble chitosan to remove metal ions. On the
other hand chitosan had to be dissolved in the solution as floccu-
lants. However, few reports in the literatures could be found on
any application of the chitosan solution for simultaneous metal
ion removal and suspended solid removal.

In this study, we attempted to consider the possibility of using
a flocculation procedure with water-soluble chitosans for copre-
cipitation of heavy metal ions and SS from dual-alkali FGD
regenerated process. After flocculating, SS could be separated
easily and the concentration of metal ion could be lowered.

Since manganese ion was the secondary rich metal ion
besides iron ion (shown in Table 1) and could predominate
in the catalyzed oxidation of sulfite [13,14], it focused on the
adsorption equilibrium of chitosan solution for Mn(II) ion. The
influence of Ca(Il) on the adsorption equilibrium was also stud-
ied because the concentration of Ca(II) was highest in the slurry.

Table 1
Metal ions in the regenerated slurry of dual-alkali FGD

Metal Concentration (mgL™") Metal Concentration (mgL™")
Fe(Il) 500-6000 Cro* <0.1

Mn(II) 25-200 Cu* <0.1

Sn(Il) 0-10 Pb* <0.1

Zn(II) 1-10 NiZ* 0.1-5.0

Cd(In) 0.1-2.0

Ca(II) 1000-3000 Mg+ 500

Otherwise the effect of SS on the chitosan adsorption and the
improvement of settling characteristics of SS by chitosan were
considered. An approach to remove metal ions along with floc-
culating SS by chitosan was proposed.

2. Experimental method
2.1. Materials

Chitosan was purchased from Yuhuan Tianbao Chiotsan
Co. Ltd., China. It was the product of deaceto-group chitin,
with 85% N-acetylation degree and average molecular weight
1.0 x 10°. The average molecular weight was determined in term
of Mark—-Houowink equation by intrinsic viscosity. Chitosan
powder was accurately weighed 5.0 g and mixed with 500 mL
of 1% acetic acids solution and kept agitating to accelerate the
dissolution for about 2 h.

2.2. Procedure

2.2.1. Adsorption of chitosan for Mn(II)

The single heavy metal solutions were prepared for this
experiment and contained 1 mmol L~! MnSOy4 with a range of
0-50 mmol L~ CaCl,. The influence of pH and Ca(Il) on the
adsorption equilibrium was studied:

(1) Adsorption of chitosan for Mn(Il). The experiments were
carried out in the batch mode for the measurement of adsorp-
tion capacities. The bottle with 250 mL capacity was filled
with the single heavy metal solution and the chitosan solu-
tion. The mixed liquor was immediately adjusted to a certain
pH value with 1% Na; CO3 solution or 0.5% NaOH solution.
Some suspended solids happened to occur in the solution
at pH >5.0. The bottles were shaken for more than 4 h at
room temperature in a reciprocating shaker. The solid-liquid
separation was carried out by filter papers. The solution
was analyzed by atomic absorption spectrophotometer (AA-
6300, Shimadzu, Japan), equipped with a flame atomizer
(air/CyH>3) and hollow cathode lamps of Mn. The Mn(II)
concentration was determined at wavelength 280.0 nm. The
adsorption equilibrium concentration was defined as Cyp, in
mmol L1,

(2) Solubility of manganese hydroxide. Due to metal hydroxide
precipitation at high pH, other experiments were carried
out without chitosan. The equilibrium concentration was
the background concentration of adsorption equilibrium and
was defined as Cep(pry in mmol Ll

(3) Characterization. DSC and TGA were performed by using
a DSC meter (Netzsch STA 409 PC, Germany). Approxi-
mately 20 mg of chitosan or chitosan—manganese complex
was encapsulated non-hermetically in an alumina pan and
scanned from 30 to 1000 °C at a heating rate of 10°C per
minute in dynamic N; atmosphere. All runs for the various
samples were performed in duplication.

Fourier transform infrared (FT-IR) spectrometry (Nicolet
Nexus 670) with an effective frequency range of 400-4000 cm ™!
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was used to analyze chitosan and chitosan—manganese complex
in KBr.

2.2.2. Coprecipitation of Mn(Il) and SS with chitosan

The composite regenerated slurry was prepared by 10 g L~
calcium sulfite solids with a range of 50 mmol L' CaCl, and
1 mmol L~! MnSOy. The influence of SS on the adsorption equi-
librium and the settling improvement of the slurry with chitosan
were studied:

(1) Coprecipitation of Mn(Il) and SS. The well-stirred com-
posite slurry 250 mL was transferred to a 500 mL beaker.
Then the chitosan solution was added through a pipette.
The mixed liquor was immediately adjusted to a certain
pH value with NaOH solutions. After flocculating, the floc-
culation was transferred into the reservoir for the settling
test. The solution was analyzed by atomic absorption spec-
trophotometer.

(2) Settling tests. Settling tests were performed in a top loading
facility (Fig. 1), containing a settling column with 10cm
in diameter and 100 cm in height, an upper reservoir at the
top to transfer the flocculation into the settling column and a
sample cone at the bottom to withdraw the flocculation. The
volume of the reservoir is about 250 mL. A flat was placed
at the bottom of the reservoir and could be split with the
reservoir.

First, water, at the room temperature, was added to the appara-
tus until its surface was as high as the top of the settling column.
At start time the flat was split from the reservoir and the floc-
culation was allowed to fall into the settling column. Samples

1.0
/4
Y 5

) ,/

0.05m Y
- -

1. Flat 2. Upper reservoir

3. Settling column

4. Support 5. Sample cone

Fig. 1. A schematic of the top loading facility.

with the same volume of the cone were withdrawn from the tip
of the cone at times 1, 12, 13, t4. . .t;_1 and t;. So the flocculation
settling under the bottom of the cone between #;_; and t; could
be withdrawn as the sample i at time ¢;. In this case the settling
velocity could be calculated by
i-1
Uy = ———,
1

n>i>1, Ahp=0 (1)
where Us ;; is the settling velocity at time #;, H the height of
settling column, and A#; is the descending height of water level
due to withdraw of the sample i at time ¢;.

After filtering and drying in an oven at 105 °C for 2 h, each
sample was weighted on an analytical balance. m; is the mass of
the sample j at time #;.

3. Results and discussion
3.1. Adsorption of chitosan for manganese

3.1.1. Verification of chitosan—-manganese complex by DSC
and FT-IR

DSC was an effective tool in characterizing chitosan and its
metal complex. TGA curves and DSC scans of chitosan and
chitosan—manganese complex were shown in Fig. 2. Chitosan
degrades in two stages. The first stage starts at about 40 °C with
a weight loss of 10%. The second stage starts at 272 °C with a
weight loss of 40%.

The chitosan—-manganese complex showed two degradation
stages like the pure chitosan. The first stage of both started at
about 42 °C with a weight loss of 9% due to the loss of water.
However the second degradation stage of chitosan—-manganese
complex took place at lower temperatures than that of the chi-
tosan. This indicated that the chitosan—-manganese complex was
formed during adsorption and was less stable than the chitosan
itself.

Anendothermic peak centered on 76 °C can be assigned to the
evaporation of adsorbed water and water ligands. Chitosan did
not show any endothermic transition between room temperature
and 200 °C, indicating the lack of any crystalline or other phase
change during the heating process. The strong exothermic peak
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\ : —
- T [11DSC: 1317 Jig . e s
- N\ D S m
[2]1 DSC: 57 Jig 5 o A ]
80 " / A N 4.
(1) DSC: 388.1 Jig! | / / s .
Vb - — .
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[1:2720° C \ .
80 ) [2]: 402.0° C
5 o . - _ _ BC
N\ /7121780 C B 0
a0{"\\ // s ~—_
Y pT70° c — i
o) AL C . | %

100 200 300 400 500 600 700 800 900 1000

Temperature °/C

Fig. 2. TGA and DSC of pure chitosan (1) and chitosan-manganese complex at
pH 7.0 (2) at a heating rate of 10 °C per minute in dynamic N, atmosphere.
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Fig. 3. FT-IR spectra of pure chitosan (1) and chitosan—-manganese complex (2)
with an effective frequency range of 400—4000cm™".

centered on 310 °C was due to the degradation of the chitosan
[15]. However, the exothermic peak in the chitosan—manganese
complex shifted to lower temperature.

Fig. 3 showed the FT-IR spectra of chitosan and chitosan—
manganese complex. The spectra exhibited many alterations
after Mn(II) ion adsorption. The major differences were: (1)
in the spectra of chitosan, the wide peak at 3410 cm™!, corre-
sponding to the stretching vibration of -NH, group and —-OH
group, shifted to higher wave number (3420 cm™!) significantly
after Mn(IT) ion adsorption. (2) The absorb band at 1653 cm™!
attributed to N-H group bending shifted to lower wave number
(1560cm™) significantly after Mn(II) ion adsorption. (3) The
band of —OH group stretching at 1080 cm ™! had no change after
Mn(1Il) ion adsorption. The results suggested that the NH group
of chitosan was involved in a chelation process that affected the
structural integrity of the polymer.

So, fronted exothermic peak in the chitosan—-manganese com-
plex could be a manifestation of these structural alterations. It
was consistent with the Hao’s report [16].

The analysis result of DSC and FT-IR verified that there was
an association between chitosan and metal ions, which made
chitosan chain of complex broken easier than that of chitosan
itself.

3.1.2. pH dependency

Under different pH, a part of removal Mn(II) ions were caused
by the precipitation for Mn(OH),, which could lead to the mis-
understanding and inaccurate interpretation of adsorption. So it
was necessary for studies on adsorption of Mn(II) to measure the
equilibrium concentrations of Mn(II) in the solution at different
pH. The results of the equilibrium concentrations of Mn(II) at
the pH ranged from 5 to 9 were summarized in Fig. 4. The influ-
ence of chitosan additions on the equilibrium concentrations of
Mn(II) was also shown in Fig. 4.

As seen from Fig. 4, it was observed that the precipitation of
Mn(OH); occurred at pH >6.5 without chitosan. However, when
chitosan was added, coprecipitation of chitosan—-Mn(II) complex
and Mn(OH); occurred at pH >5.0 and the equilibrium concen-
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Fig. 4. pH effect on equilibrium concentration (Cep or Cap) of Mn(II) and
chitosan—Mn(II) complex at different chitosan additions.

tration of Mn(II) was lower than that without chitosan between
5.0 and 8.5. At pH >8.5 the equilibrium concentration of Mn(II)
with the addition of chitosan was consistent with that without
chitosan. It was assumed that the coprecipitation with chitosan
had no influence on the balance between Mn(II) ion and OH™ in
the solution. The decrease of the equilibrium concentrations of
Mn(II) was only caused by the precipitation of chitosan—-Mn(II)
complex. So the amount of adsorbed Mn(II), g(pr) in mmol g~
was obtained by the difference between Ceppry and Cappny and
calculated from

(Cebpry — Cabpm)V

= 2
4(pH) i @
where M is the mass of chitosan (mg) and V is the volume of
liquid (mL).

Fig. 5 showed the relationship between pH value of the equili-
brated solution and adsorption capacities of chitosan for Mn(II).
It was observed that the adsorption capacities of the Mn(II) ions
increased with increasing the pH value of the solution until a
maximum and then decreased with an increase in pH value. The
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Fig. 5. Relationship between pH value and adsorption capacity (g) of chitosan
for Mn(II) at different chitosan additions.
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maximum adsorption of chitosan for Mn(II) in solution appeared
at pH 6.5. These experimental results suggested that pH may be
the dominant factor for adsorption of chitosan in aqueous media.
It was also observed that the adsorption capacities of Mn(II) ions
were very low at pH >8, due to the weaker electrostatic attrac-
tion by the protonated amino group of chitosan. The dissociation
equation of the amine groups of chitosan had been described by
Jhaetal. [17]:

CMT :H+ H,0 < CM : +H;07 3)

where CM was represented as chitosan.

In acid medium, when the pH increased, the -CH,COO™ and
—NH, groups were free from the protonation, and the adsorption
capacities increased; the adsorption mechanism may be partially
replaced by a chelation mechanism. It was apparent that chitosan
was dissolved in acidic solution and was precipitated in alka-
lized solution. So alkalization could make chitosan provide the
maximal adsorption capacity. However, in alkali medium, the
formation of Mn(OH); prevented further adsorption of chitosan
for Mn(II) and the adsorption capacities decreased.

The distribution ratio, K was defined as the ratio of Mn(II)
adsorbed by chitosan to total removal Mn(II) and was calculated
by

Cebpr) — CabpH)
Co — Cab(ph)

K= (4)

where Cj is the initial concentration of Mn(II) (mmol L~1). The
relationship between pH value of the equilibrated solution and
K was shown in Fig. 6.

As shown in Fig. 6, there were three reaction stages dur-
ing the pH range of 5 and 9. The first stage occurred before
the formation of manganese hydroxide and K was close to 1.
The adsorption of chitosan for Mn(II) could predominate in this
stage. In the second stage, in which the pH ranged from 6.5 to
8.5 and K was between 0 and 1, the adsorption and coprecip-
itation of manganese hydroxide and chitosan—-Mn(II) complex
coexited. When pH >8.5, there was the third stage, in which
K was close to 0. So the precipitation of manganese hydroxide

1.0
Addition of Chitosan, mg- L™
08} —0o—200
—a—400
—&—600
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% 0 —a—1000
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02}
OO L L L L
5 6 7 8 9
pH

Fig. 6. Relationship between pH value and the distribution ratio (K) of Mn(II)
at different chitosan additions.

could predominate and the adsorption could not occur. In order
to make chitosan adsorb Mn(II) efficiently, the optimal pH was
approximately 6.5.

3.1.3. Effect of dosage

The experimental results of six dosages revealed a definite
increase in the adsorption capacity of chitosan with dosage. The
larger number of available adsorption sites were favorable for
the enhanced uptake of the metal ion. So the dependence of
adsorption on dosages can be explained in terms of the con-
centration factor involving low ratio of metal ion to adsorbent
at low metal concentrations. Subsequently, fractional adsorp-
tion became independent on initial concentration. However, at
higher concentrations, the available sites of adsorption became
fewer and hence the removal percentage of metal ion was depen-
dent upon the initial concentration. From Figs. 4 and 6, on the
basis of chitosan utilization ratio, the optimal dosage of chi-
tosan was 600 mg L ™! and its adsorption capacity at pH 6.5 was
1.32mmol g~!. On the other hand, when pH >7.0, especially
more than 8.5, the adsorption of chitosan decreased and the total
removal efficiency of Mn(Il) was determined by the solubility
of Mn(OH),.

3.1.4. Ionic selectivity

In dual-alkali FGD regenerating process, the concentration
of Ca(II) was highest in the slurry. These ionic selectivity tests
were performed in the presence of CaCl, with different con-
centrations when pH was 6.5 and the dosage of chitosan was
600 mg L~!. Fig. 7 revealed the effect of Ca(II) ion concentration
on adsorption of chitosan for Mn(II).

Simultaneous adsorption resulted in a small reduction
in Mn adsorption. The decrease rate of gpm) was about
0.0023 mmol g~! permmol L~! Ca(Il). The reason was that
alkaline and alkaline-earth metals had the absence of d and f
unsaturated orbitals (unlike transition metals) [11] and chitosan
was selective of transition metals over common non-transition
metals. So Ca(Il) could have holdback on the adsorption of Mn
but had little influence on the adsorption.
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1321
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0.27
1.28 0.26
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0.24
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1.20 0.21

'} 1 1 1 1 020
0 10 20 30 40 50
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Fig. 7. Effect of Ca(II) ion concentration (pH 6.5, the dosage of chitosan was
600 mg LY on equilibrium concentration (Cyp) and adsorption capacity (g) of
chitosan for Mn(II).
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Table 2
Data from the sedimentation of regenerated slurry were used in the development
of the settling velocity curve

Sample number, i Sampling Us (ms™1) m; (g) F
time (min)

1 0.5 0.0333 0.7336 1.000
2 2 0.00767 1.0271 0.940
3 4 0.00367 1.3349 0.856
4 7 0.00233 2.5998 0.746
5 10 0.00133 3.4610 0.533
6 15 8.47 x 1074 0.1827 0.249
7 25 5.93 x 10~ 1.6947 0.234
8 30 4.43 x 107 0.7998 0.095
9 60 2.58 x 10~ 0.2773 0.029
10 120 1.20 x 107 0.0791 0.006
11 240 6.60 x 1073 <0.0010 0.000

3.2. Coprecipitation of Mn(Il) and SS with chitosan

Chitosan was used as not only chelate sorbents but also
flocculants. When the regenerated slurry contained high con-
centrations SS, it could have effect on the adsorption of chitosan
for Mn(II) ion. Otherwise, flocculation of chitosan for SS could
improve its settling characteristic. The experiments were carried
out at the optimum pH with different dosages of chitosan.

3.2.1. Flocculation of composite regenerated slurry

The results of the settling test for the composite regenerated
slurry were summarized in Table 2. The distribution of settling
velocity with mass fractions could be reflected in the plot with
Us and F as shown in Fig. 8. Here, F was the mass fraction with
a settling velocity less than or equal to Us and was given by

-1
> j=0Mj
n k)
> j=1Mj
Flocculation tests were performed in the presence of different
flocculant’s dosages at pH 6.5. The results were shown in Fig. 9.
In order to describe solid’s settling characteristic improve-

ment by flocculation, it was necessary to have a mathematical
description of the settling velocity curve. By using an iterative

Fit)=1- n>i>1,

mo =0 4)
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Fig. 8. Settling velocity curve of the composite regenerated slurry without floc-
culation (pH 6.5).
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Fig. 9. Effect of the flocculant’s dosage (pH 6.5) on settling characteristic (F,
the mass fraction with a settling velocity less than or equal to Us).

approach to find a least-square fit, it was observed that a non-
linear equation could fit well with the settling data obtained in
settling tests. This equation was found to be suitable as follow
[18]:
A4y
[1+ (Us/Uo)?]
The parameters of the settling velocities were summarized in
Table 3.
So settling properties of the flocculated solids could be char-

acterized as the weighted average settling velocity, B and could
be calculated by

Ay (6)

1
B:/ U dF @)
0

where B was the area surrounded by the curve and the line F=1,
shown in Fig. 8.

By using Eqgs. (6) and (7), B can be calculated and shown in
Fig. 10. B increased with an increase of the dosage and tended
to be a constant value. At low dosages, the floc size was very
small due to the insufficient amount of flocculant’s adsorption
on solids. So the size distributions of the flocculation went near
to those of the slurry without flocculating. When the dosage was
less than 0.1 gL™!, the settling properties of flocs were near
to that of the slurry without flocculating. The increase in the

Table 3
Settling velocity curve parameters under different chitosan dosages for floccu-
lated regenerated slurry

Chitosan Equation parameters R?
dosage (gL™1)
sl Al Ay Uo P

0 —0.0384 1.024 0.00134 1.876 0.995
0.1 —0.13182 1.024 0.00135 1.50538 0.988
0.2 —0.01189 1.004 0.002 1.91097 0.989
0.4 —0.02436 1.04099 0.003 1.51237 0.998
0.6 —0.02922 1.06321 0.005 1.32403 0.995
0.8 —0.02362 1.13768 0.01203 1.34351 0.996
1.0 —0.02362 1.09013 0.01334 1.57856 0.997
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Fig. 10. Improvements of weighted average settling velocity (B) at different
flocculant’s dosage.

flocculant’s amount would result in the incorporation of more
suspended solids in a floc and in turn the enlarging floc led to the
higher settling velocity. According to Fig. 10, the optimum value
of B was 0.013ms™! at a corresponding flocculant’s dosage
about 0.8 gL ~!. There were few differences between the opti-
mum dosage of chitosan for adsorption and that of chitosan for
flocculation.

3.2.2. Adsorption of chitosan with flocculation

When the SS in the composite slurry was flocculated by chi-
tosan, Mn(Il) ion in the slurry was also adsorbed by chitosan.
The solution separated from the flocculated slurry was analyzed
and Mn(II) concentration was determined. Fig. 11 sketched the
comparison between the Mn(II) adsorption by chitosan with SS
and without SS at pH 6.5.

From the results obtained above, it seemed that there was
an insufficient addition of chitosan for adsorption on solids and
Mn(II) ion at low dosages, especially less than 0.4 gL~!. Due
to the distribution of chitosan for flocculation, the adsorption
capacity calculated was lower than that in single metal solution.
It meant that chitosan has the higher ability to make solids floc-

16 |
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g (mmol. g

08 |

—m— Single metal solution
0.4 —0o— Composite slurry

0.0 . 1 M 1 " 1 . 1 " 1 .
0.0 0.2 0.4 0.6 0.8 1.0 1.2

Addition of chitosan (g. L-1)

Fig. 11. Comparison between the adsorption capacity (q) of chitosan for Mn(II)
with and without SS (pH 6.5).

culating than the ability to adsorb metal ion. With the increase
of chitosan addition, the adsorption capacity in the composite
slurry became more than that in single metal solution. The rea-
son may be that the interaction of chitosan with solids may
cause in the gelation of chitosan and the flocculation of the
chitosan—Mn(II) complex [11]. In this case chitosan in solution
not only made solids flocculating but also enhanced sorption
capacity of chitosan.

4. Conclusions

From the above discussion, the conclusion can be reached that
the application of chitosan for Mn(II) ion sorption simultaneous
with flocculation in the dual-alkali FGD regenerating process
was feasible. Chitosan could efficiently adsorb Mn(II) ion and
remarkably improve the settling characteristic of SS. The pri-
mary conclusions resulting from this work can be summarized
as follows:

(1) Itwas verified by DSC and FT-IR that NH group of chitosan
was involved in a chelation process for metal ions. Experi-
ments showed that chitosan in solution could adsorb Mn(II)
ion and SS at the same time.

(2) There were three stages for different actions in the adsorp-
tion and coprecipitation of chitosan for Mn(Il). The
actions were depended on pH. The adsorption of chitosan
for Mn(II) could predominate in low pH stage without
formation of manganese hydroxide. In high pH stage,
especially more than 8.5, manganese hydroxide precipita-
tion occurred without adsorption. Between the two stages,
there was the coprecipitation of manganese hydroxide and
chitosan—-Mn(II) complex.

(3) Inthe slurry, chitosan in the solution has the higher ability to
make solids flocculating than the ability to adsorb metal ion.
On the other hand, due to the interaction of chitosan with
solids, chitosan in solution not only made solids flocculating
but also enhanced sorption capacity of chitosan.

(4) The occurrence of Ca(Il) in the solution had little influence
on the adsorption of chitosan for Mn(Il). The decrease rate
of g(pr) was about 0.0023 mmol g~! permmol L~! Ca(Il)
and was very small.
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