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Abstract

This study addresses the removal of crystal violet (CV) from aqueous solutions using solidified land-
filled sewage sludge and its modified products as adsorbents. After the sludge was characterized using
instrumental techniques (SEM, FTIR, and TG-DTA), adsorption studies were performed in a batch system,
and the effects of various experimental parameters were evaluated upon CV adsorption. The results revealed
that more irregular pores, higher surface roughness, and a greater content of oxygen functional groups
formed in adsorbents derived from direct incineration (SC). Batch experiments revealed that stirring inten-
sion had the least effect on CV adsorption. With increasing adsorbent dosage, the CV removal efficiency
increased, but the opposite result was observed for the effect of particle size. CV adsorption onto the three
adsorbents was a rapid adsorption process and that onto SC was the most rapid, with the first-order kinetic
model best describing the adsorption. The equilibrium data fit the Landgmiur isotherm models best, whereas
much higher CV adsorption capacity and better adsorption strength onto SC were found. Desorption stud-
ies showed that acid solution was beneficial to the desorption process and the desorption rate of acetic acid
reached up to about 55%. Those results proved that the solidified landfilled sewage sludge previously modi-

fied by incineration treatment was an effective adsorbent for CV removal from aqueous solution.
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Introduction

As a result of rapid industrialization, especially
the printing and dyeing industries. The treatment of
wastewater containing some toxic organic compounds has
been an urgent matter in China [1]. Crystal violet (CV) is
a well-known toxic cationic dye and belongs to the class
of triarylmethane dyes widely used for textile dying, food
additives, pharmaceutical industries, cosmetic, plastic, and
paper printing [2]. The presence of dyes even in a very low
concentration in water (less than 1 ppm for some) is highly
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visible and undesirable [3]. In extreme cases, it may cause
vomiting, shock, jaundice, and tissue necrosis and may
lead to respiratory and kidney failure [4]. Therefore, it is
necessary to eliminate CV from wastewater in order to at
protect both water resources and human health.

The various treatment methods include adsorption [5],
electrochemical oxidation [6], and biological treatment
[7] which, are available for the removal of dye from
wastewater. Among these methods, the adsorption process
iswidely used in wastewater treatments with the advantages
of simplicity in operation and good removal efficiency.
However, the relatively expensive cost has hindered the
development of activated carbon for wastewater treatment
[8]. Exploitation of affordable and efficient adsorbent
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Table 1. The basic physical and chemical properties of natural
solidifying landfilled sludge.

pH 9.18 ALO, (%) | 6.58
EC (ms/cm) 1.79 SiO, (%) 223
Organic matters (%) 19.2 CaO (%) 26.9
Total nitrogen (%) 1.10 TiO, (%) 0.36
Total phosphorus (%) 0.71 MnO (%) 0.04
Total potassium (%) 1.17 Fe,0, (%) | 2.89
Cation ‘(”c‘i’i’/‘ﬁeg;apamy 0.17 S0 (%) | 0.03
MgO (%) 17.7

has gradually entered the people’s vision and become a
research focus. Currently, many investigators have focus
on the feasibility of the low-cost adsorbents prepared from
cheap materials such as waste apricot [9], tomato paste
waste [10], red mud [11], etc. Solidified landfilled sewage
sludge is produced from landfilling [12], resulting from
being solidified before landfill due to its high moisture
content and poor mechanics [13]. Since solidified landfilled
sludges are abundant, low-cost and occupying spaces [14],
recent reports have concentrated on utilization of solidified
landfilled sewage sludge as adsorbents for wastewater
treatment [15] and for oil production by pyrolysis [16].
The main objective of this investigation was to explore
the potential of solidified landfilled sludge as a low-
cost adsorbent for the treatment of dye wastewater. The
effects of modification method, adsorbent dosage, stirring
intension, and particle size on CV adsorption rate has been
investigated. Adsorption kinetics, isotherms, and potential
desorption efficiency also were evaluated.

Materials and Methods

Preparation and Characterization
of Adsorbent Material

The solidified landfilled sewage sludge (SA) was
obtained from the Laogang landfill in Shanghai, China, a

"SA

sample first collected as original sludge from Bailonggang
wastewater plant in Shanghai, China, solidified by M,
solidifier (Shanghai Tongji Construction Co., Ltd and
Tongji University), and then processed through the landfill.
It was sampled from 20-30 cm deep under the mud surface
one year after the landfill was closed, taken back to the lab
in a plastic bag, and finally dried, crushed, and sieved to
obtain particles size of less than 2 mm. The basic physical
and chemical properties of SA are as seen in Table 1.

Modified adsorbents of solidified landfilled sewage
sludge include previously ZnCl- and H, SO, -activated
adsorbents (SB), and directly incinerated adsorbent (SC)
SB was produced by mixing SA with activation solution
containing 5 mol/L H,SO, and 5 mol/L ZnCl, with volume
ratio being 2:1, and the impregnation ratio of solidified
landfilled sewage sludge and the activation solution being
1:2.5, then stood quiescently for 24 hr, dried in a drying
oven at 100°C for 24 hr, and pyrolyzed in the muffle furnace
at 550°C for 1 hr. SC was made from direct pyrolysis of SA
in a muffle furnace at 550°C for 1 hr. The production rate of
SB and SC was similar, being about 75%. All the prepared
modified adsorbents were cooled, ground, and sieved in
order to obtain particle size of <0.15 mm, <0.25 mm,
<1 mm, <2 mm, and the pH value of the prepared SB and
SCwas 5.94 and 11.76, respectively.

Scanning electron microscopy (SEM) (SU1210;
Hitachi Limited, Japan) analysis was carried out to disclose
the surface texture and morphology of SA, SB, and SC.
Fourier transform infrared spectroscopy (FTIR) spectra
SA, SB, and SC were obtained to determine the surface
functional groups by using Nicolet Magna-380 FIIR
spectrophotometer (Thermo Nicolet, USA) in the range
of 3200-400cm™. Thermogravimetric analysis at 900°C
was achieved in a thermogravimetric equipment DTG-
60 thermal analyzer (Shimadzu, Japan) under nitrogen
atmosphere. 10 mg samples were heated at 10°C/min up
to 900°C using a nitrogen flow rate of 50 mL/min. Two
replicates of thermogravimetric analysis were performed.

Batch Adsorption Studies
Crystal violet (CV, analytically pure) with relative

molecular mass being 407.99 was obtained from Hunan
Chemical Reagent Factory, China. The stock solutions

Fig. 1. Micromorphological characteristics of natural solidifying landfilled sludge (SA) and its modified contents (SB, SC).
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of CV was prepared by appropriate dilution with
deionized water to a final concentration of 2000 mg/L, and
the desired experimental concentrations were prepared
by diluting the stock solution. The concentration of
CV was measured using UV spectrophotometry (UV-
1100; Mapada, China) at 586 nm wavelength [1], the
change in the concentration of the dye before and
after adsorption gave the dye uptake. Each experiment
was duplicated under identical conditions.

Effect of Adsorbent Dosage

In order to evaluate the effect of adsorbent dosage
on CV uptake, this parameter was performed at 0.5, 1,
2, 3, 4 g/L. Adsorbent was mixed with 1 L CV solution
(200 mg/L) in a 1 L beaker and was stirred at 100 r/min
for 1 hr.

Effect of Stirring Intension

To check the effect of stirring intension on CV
adsorption, 1 L samples consisting of a portion (2 g) of
adsorbents and initial CV concentration of 200 mg/L were
poured into 1 L beaker stirred at various stirring rates of
50, 100, 150, 200, 250 r/min respectively for 1 hr.

Effect of Particle Size

Aimed at determining the effect of particle size, 2 g of
adsorbent dosage at various particle sizes 0.15, 0.25, 1.0,
and 2.0 mm were poured into 1 L CV solution (200 mg/L),
and stirred at 100 r/min for 1 hr.

Equilibrium and Kinetics Studies

The equilibrium adsorption isotherm was determined
using batch studies. 1000 mL samples consisting of a
portion (1.0 g) of the adsorbent and various initial dye
concentrations 10-480 mg/L were poured into the 1L
reaction beakers and stirred at 100 r/min for 1 hr. Kinetics
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Fig. 2. The FIRT spectra of experimental sludges (SA, SB, and
SC).

measurements were conducted by analyzing the different
CV concentrations to determine the CV uptake at various
time intervals (1, 3, 5, 10, 20, 30, 60, 120 min). For the
kinetic studies two different adsorbent dosages, i.c., 0.5
and 3.0 g, and two initial CV concentrations, i.e., 100 and
200 mg/L, were taken into consideration.

Desorption Studies

The CV-loaded biomass of SA, SB, or SC, which was
initially exposed to 200 mg/L of CV at pH 6.0 and dosage
0.1g, was contacted with 50 mL samples consisting of
distilled water, 0.10 mol/L NaOH, 0.1 mol/L HAc, or 1.0
mol/L HAc as the dye-desorbing agent for 60 min on a
rotary shaker at 100 r/min. Then the adsorbent SA, SB
or SC was removed by centrifuge and the quantity of CV
recovered was determined. The CV concentrations were
measured using UV absorption.

Calculation Method

The amount of CV adsorbed onto various adsorbents,
ge (mg/g), its desorption amount, X (mg/g), and removal
efficiency (%) were calculated using the following
equations, respectively:

q=(c,—¢c)Viw )
X=c V/w 2)
Removal efficiency = 100*(c -¢ )/c,  (3)

..where q_is the adsorption capacity, ¢, and c_ are,
respectively, the initial and equilibrium liquid-phase
concentrations of CV (mg/L), V is the volume of CV
solution (L), and w is the weight of adsorbents (g).

Results and Discussions
Characterization of Adsorbents
Surface Morphology Analysis

Fig. 1 shows the SEM photographs of SA, SB, and
SC at 5,000 x magnification. It can be found that SA
possessed a rough surface and smaller pores, but SB and
SC had more irregular pores, and their surface roughness
increased obviously, which suggests erosion occurring
on the surface of SB and SC, and it was likely that these
larger and rough pores were produced due to activating
agent or incineration. Moreover, much more lamellar
and crystal pieces were shown in a SEM photograph
of SB which could be assigned to much more inner
clay particles or metal compounds, while the surface of
SC presented much bigger irregular pores. The difference
in the surface of various adsorbents would lead to the
different adsorption capacity of crystal violet.
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FTIR Analysis

The FTIR spectra of SA, SB, and SC were shown in
Fig. 2. Based on related reports and map analysis [1, 17],
peaks at 3,650-3,200 cm™!' of wavenumber corresponded
to the O-H stretching vibration of bound hydroxyl groups,
the bands of 1,670-1,650 cm™ and 1,460-1,400 cm™' were
normally related to the C=0O stretching, which can be
attributed to the hydroxyl group from primary alcohol and
secondary alcohol [18]. As shown in Fig. 2, many more
peaks at 3,650-3,200 cm were found in spectra of SB,
which signified that many more bound hydroxyl groups
originated from previous ZnCl, activation or acidity of
H,SO, [19]. However, bands at both 1,670-1,650 cm™ and
1,460-1,400 cm™ only existed obviously in SC followed
by SA, which suggests more presence of basic oxygen-
containing functionalities such as carboxyl groups,
aliphatic hydrocarbons, and aromatic hydrocarbons [20]

100
SA

90 r

80

TG (%)

70 r

60 C 1 1 1 1
200 400 600 800

Temperature (°C)

100
SB

8

TG (%)

80

75 1 1
200 400 600 800

Temperature (°C)

100
SC

TG (%)

200 400 600 800

Temperature (°C)

Fig. 3. TG, DTG curves of experimental sludges (SA, SB, and SC).

in SC followed by SA. Moreover, the absorption band
of 1,200-1,020 cm™, which were assigned to either Si-
O-Si or Si-O-C structures, indicates the association of
silicon content, and the C-H bending vibration in the
region of 1,000-670 cm™ was obviously observed in all
three adsorbents. It could be obtained that the difference
in bound hydroxyl groups and oxygen-containing
functionalities may contribute to CV adsorption.

Thermal Analysis

Fig. 3 shows the thermogravimetric (TG) and derivate
thermogravimetric (DTG) thermograms of SA, SB, and
SC. According to the TG curves, the total mass loss of
SA was 38.48%; however, the total weight loss of SB and
SC were approximately 9.81% and 10.21%, respectively,
which might be caused by their pyrolysis at 550°C for
1 hr during preparation. As shown in Fig. 3, the weight
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loss of different adsorbents mainly concentrated at four
stages: 1) The moisture evaporation stage happened at
approximately 90°C; 2) The second stage happened in the
region of 200-400°C, which was ascribed to the breakage of
C-C from a carbon-containing compound [21], suggesting
the decomposition of a thermolabile component such
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Fig. 4. Effect of sludge dosage on the adsorption of crystal violet.
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Fig. 6. Effect of sludge particle size on the adsorption of crystal
violet.

as carboxyl groups of the organic matter with complex
structures [22]; 3) The third fraction decomposed at 400-
600°C, which might be evidence for the decomposition
of high thermostability oxygen functional groups such as
quinines and phenolic hydroxyl group [23]; 4) The weight
loss in the region of 600-900°C might be caused by the
decomposition of some inorganic substance or the breakage
of residual C-C [22]. Further comparison of different
thermograms showed that the weight loss of both SA and
SC concentrated at temperatures of 80, 200-400 and 600-
900°C, while rapid weight loss of SB was mostly found at
80 and 400-600°C, which showed the existing evidence
of some carboxyl groups and inorganic substances in SA
and SC, while much more high thermostability oxygen
functional groups such as phenolic hydroxyl group exists
in SB, which was consistent with the FTIR analysis and
may contribute to CV adsorption.

Adsorption Studies
Effect of Adsorbent Dosage

The effect of adsorbent dosage on the removal of
CV is shown in Fig. 4. The removal efficiency of CV
increased with the inceasing adsorbent dosage over the
range of 0.5-4.0 g/L, and the removal efficiency of CV
increased from 22.35 t0 92.5%, 7.17 to 54.82%, and 37.17
to 99.27% for SA, SB and SC, respectively, which could
be ascribed to the increase of available surface area and
adsorption sites accompanied by the increasing adsorbent
dosage [1]. Moreover, the differences of CV adsorption
were obviously followed by SC>SA>SB, and the highest
removal efficiency for SC could reach up to 99% when
the adsorbent dose of 4.0 g/L was used. Recent reports
showed that the amount of dye sorbed by dairy sludges
approached 99% when sorbent dose of 7.0 g/L was used
[24]. Thus, we concluded that adsorbents from SC gave
better adsorption capacity and much higher removal
efficiency for CV in solution.

Effect of Stirring Intension

As shown in Fig. 5, it was clearly observed that stirring
intension indicated an unobvious effect on CV adsorption.
The removal efficiency of CV by SC mainly kept around
95% at the experimental condition. However, the removal
efficiency of CV by SA and SB was subtle and varied from
55-65% and 15-25%, respectively. The results explained
that stirring intension had little effect on CV removal
in solution, and a similar observation was obtained for
crystal violet adsorption on activated sludge [25].

Effect of Particle Size

A recent article reported that particle size played an
important role in the amount of dye adsorbed [17]. The
adsorption experiments were carried out using various
particle sizes from 0.15 to 2 mm and the results were
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Table 2. Correlative coefficients of four kinetics equations for crystal violet by different sludge.

Sludge | Crystal violet | Elovich equation | Langmuir kinetic equation | First order equation | Two-constant equation
Sludge | quality | concentration
() (mg/L) Y=a+blnt vY=tY,__+1/k Y=a-bln(t+c) InY = a + blnt
100 0.9851%%* 0.8747%* 0.9851%%* 0.9843%%*
02 200 0.9704%** 0.8133%* 0.9768%* 0.9770%*
A 100 0.9553%%* 0.9748%* 0.9968%* 0.8392%%*
: 200 0.8938%%* 0.9908** 0.9974%* 0.8708%%*
100 0.9134%* 0.8241* 0.9249%* 0.9232%%*
02 200 0.8608%** 0.4148 0.8158* 0.8290*
P 100 0.9921%*%* 0.9101%*%* 0.9948%*%* 0.9917%*
: 200 0.9918%%* 0.7944* 0.9940%** 0.9919%%*
100 0.8554%%* 0.8974* 0.8903** 0.8577**
03 200 0.8380%*%* 0.9357%*%* 0.9142%* 0.8348%*%*
3¢ 100 0.8762* 0.8561%%* 0.8112%* 0.8892*
: 200 0.8255%%* 0.9704%* 0.9846** 0.8254*

Y represents adsorption capacity (mg/g); t represents contact time (min); a, b, ¢ all represents the model parameter; R represents
correlation coefficient, the larger R value, the better the model; * represents p<0.05, significance level; ** represents p<0.01, very
significance level.

W 350 |-
— =
160 —8 W 300 5
) )
= £
il ~ 250 |
Z120 Z
= X
g E‘ 200 -
Bt 30 Initial CV concent'ratlon = 100 mg/L g Initial CV concentration = 200 mg/L
g Sludge concentration = 0.5 g/L —{—SA g 150 - Sludge concentration = 0.5 g/L
£ —A—SB 2 100 SA
g 40 - sc s —<—SB
8 S —/—SC
< W < 50 |-
0 1 1 1 1 1 1 0 W 1 1 1 1 1
0 20 40 60 80 100 120 0 20 40 60 80 100 120
Time (min) Time (min)
30 - o
—_ —~ 64
20 20
eh e
c ) g —+
- N’
& &
S 20 ‘g 60
] s
(=2 =3
< s
) b
S e . S
] Initial CV concentration = 100 mg/L °
= . S 56 e .
2 10 Sludge concentration = 3.0 g/L ——SA e Initial CV concentration = 200 mg/L SA
2 —<—SB 2 Sludge concentration = 3.0 g/L .
g ——SC z =SB
< < ——8C
52
0 1 1 1 1 1 1 1 1 1 1 1 1
0 20 40 60 80 100 120 0 20 40 60 80 100 120

Time (min)

Fig. 7. Dynamic curves of crystal violet adsorption on experimental sludges.

Time (min)



Removal of Crystal Violet Dye... 783
Table 3. Isotherm model parameters for CV adsorption onto adsorbents.
Henry model Freundlich model Langmuir model
Adsorbents G=A+K,C, G=KC/"™ G=GK C/(l+KC)
A K, R K, I/n R G, K, R

A 11.75 0.083 0.9602** 4.56 0.315 0.9745%** 26.75 9.64 0.9770**

B 12.18 0.036 0.8259* 4.39 0.316 0.9692%%* 22.94 11.98 0.9934**

C 16.92 0.973 0.9515%* 3.12 0.793 0.9422%* 124.37 50.50 0.9702%*

R represents correlation coefficient, the larger R value, the better the model. * represents p<0.05, significance level; ** represents

p<0.01, very significance level.

presented in Fig. 6, and the removal efficiency of CV
increased with decreasing particle size of adsorbents. Chu
and Chen [26] indicated that the decrease in particle size
caused an increase in the sludge surface area, and Mittal et
al. [17] suggested that the decrease in particle size would
promote the accessibility of the adsorbent pores for the
dye. Moreover, other investigators [27] indicated that
such similar results show that external transport limited
the rate of adsorption, and that powdered adsorbent would
be advantageous over granular particles and may produce
a shorter time to equilibrate. Furthermore, as shown in
Fig. 6, a much bigger effect on CV adsorption was caused
by particle size of SA than that of SB and SC. And particle
sizes of 0.15-1.00 mm were found to yield much higher
removal efficiency for CV in solution.

Adsorption Kinetics

The CV uptake by SA, SB, and SC as a function
of time was depicted in Fig. 7. It was clear that the
adsorption capacity of CV increased rapidly at first, and
then the process slowed down and approached a balance
with a lapse of time. This result revealed the availability
of readily accessible surface sites at the initial stage, and
gradually decreased when reaching equilibrium [28]. From
the Fig. 7 it can be seen that the uptake of CV rapidly
increased in the first 20 min. of the adsorption process
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Fig. 8. Adsorption isotherms of crystal violet adsorption onto
experimental adsorbents.

and reached equilibrium with dosage of 0.5 g/L for all
three adsorbents. Then, with increasing contact time, the
adsorption capacity would keep balance and the dynamic
curve became flat gradually. However, under the adsorbent
dosage of 3 g/L, it can be seen that the uptake of CV by SC
reached equilibrium at the first five min. while the uptake
of CV reached equilibrium at the first 60 min. both for SA
and SB, regardless of the initial CV concentration. Thus
it could be concluded that the CV adsorption onto all the
three adsorbents is a rapid adsorption process and that CV
adsorption onto SC was the most rapid.

The kinetics provide valuable insights of the adsorption
reaction mechanisms [29]. And many attempts have been
made to formulate a general expression describing the
kinetics of adsorption reaction [30]. In order to characterize
the adsorption process of the dyes onto solidified landfilled
sludges and its modified product, four different kinetic
models were investigated, namely the Elovich equation,
Langmuir kinetic equation, first- order equation, and two-
constant equation. The calculated parameters were listed in
Table 3. The correlation coefficient, R? value, was used to
evaluate the applicability of the kinetics equation, the better
fitting result, the larger the correlation coefficient R?. The
R? values in Table 2 suggested that the first-order equation
best described the kinetics of CV adsorption irresponsible
of adsorbent dosages and initial CV concentrations. In
addition, further investigations showed that not only the
initial CV concentration (Fig. 7), but also the adsorbent
dosage could affect the CV adsorption rate, indicating that
the mass transfer of adsorbate molecules from the bulk
solutions to the adsorbent surface may govern the rate-
controlling step during the CV adsorption process.

Adsorption Isotherms

The equilibrium isotherm is important for model
building in the design of adsorption systems [2]. As
presented in Fig. 8. The CV adsorption capacity increased
with increasing initial CV concentration, and the CV
adsorption capacity of SC increased sharply and was
much higher than that of others under high initial CV
concentration. Three models, including Henry, Langmuir,
and Freundlich were employed to fit the data and describe
the adsorption equilibrium. They were expressed in Eqgs.
(4), (5) and (6), respectively.
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G=A+KC, )
G=GK,C/1+KC) (5)
G=KC1 (6)

...where G is the amount of CV adsorbed at equilibrium,
C, is the adsorbate equilibrium concentration, G, is the
maximum adsorption capacity according to the Langmuir
model, K, K and K, signals the constants for Henry
Langmuir and Freundlich models, respectively, and n is
the reciprocal reaction order for Frundlich models.

As shown in Table 3, both Henry and Langmuir
isotherm models provided reasonable fits to analyze
the characteristics of CV adsorption onto experimental
adsorbents. However, Freundlich models couldn’t fit very
well based on present reports that only the value of n >1
represents a favorable adsorption condition [31]. The
applicability of the models was also established from
the correlation coefficient, R. The results showed that
the correlation coefficient for the Langmuir models were
between 0.9770 and 0.9934, while those of the Henry
models were between 0.8259 and 0.9602, Compared
with the R value, it could be concluded that the Langmiur
model best describes CV adsorption. This could speculate
that the homogeneity model was more favorable for CV
adsorption onto the surface of SA, SB, and SC. Moreover,
the maximum adsorption capacities (G, ) were about 26.75,
22.94, and 124.37 mg/g for SA, SB and SC, respectively.
These results predicted that the conventional modification
of solidified landfilled sludge by ZnCl, and H,SO, might
be not efficacious for improving the removal efficiency of
CV in solution. On the contrary, the removal efficiency
of CV in wastewater could be developed by directly
incineration of solidified landfilled sludges.

Desorption Studies of CV Adsorbed

Recovery of CV from exhausted biomass of SA, SB,
and SC was tested using aqueous solutions of distilled
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Fig. 9. Desorption efficiency of crystal violet from
solidifyinglandfilled sludge and its modified products.

water, 0.10 mol/L NaOH, 0.1 mol/L HAc or 1.0 mol/L
HAc. Fig. 9 revealed that the desorption efficiency of CV
was followed by acetic acid > distilled water > sodium
hydroxide, which indicated that the alkaline solution
restrained while the acetic acid promoted CV desorption
from the three adsorbents. Moreover, the desorption rate
increased obviously for SA and SC while decreasing for
SB when the concentration of acetic acid increased from
0.1 mol/L to 1.0 mol/L, and the desorption rate of CV
from SC reached up to about 55% with 1.0 mol/L acetic
acid used as desorption solution. Since the desorption rate
represents the rapidity of active surface sites contacted
with the dye [12, 32], the highest desorption efficiency
of CV from SC in solution of 1.0 mol/L acetic acid may
be explained by its rapid adsorption kinetics (Fig. 7) and
its much more carboxyl groups or its higher inorganic
contents (Fig. 2 and Fig. 3), such as oxides, which can be
dissolved by acid.

Conclusion

As a by-product of wastewater treatment, sewage
sludge is commonly treated with the landfilling method.
However, the problems encountered with landfilling are
its high moisture content, poor mechanics, and space
limitations. Since sewage sludge is often solidified with a
dehydrating agent before landfilling, the development of a
method to recycle the solidified landfilled sewage sludge
(SA) to conserve space and reduce costs is very important.
It was revealed that the treatment of solidified landfilled
sewage sludge with ZnCl, and H,SO, activation (SB) or
direct incineration (SC) resulted in the formation of more
irregular pores and higher surface roughness, especially
on the surface of SC. Compared with SA, SB possessed
more high thermostability bounded hydroxyl groups
while SC had more oxygen-containing functionalities.
CV adsorption was considerably affected by the initial
adsorbent dosage and particle size, but not the stirring
intension. And CV adsorption onto the three adsorbents
was a rapid adsorption process, with CV adsorption onto
SC being the most rapid and the first-order kinetic model
provided the best fit. Moreover, the Langmuir isotherm
model fit the experimental data best, based on Langmiur
model, the practical limiting adsorption capacities (Q,) of
SA, SB, and SC were found to be 26.75, 22.94 and 124.37
mg/g, respectively, exhibiting much higher CV adsorption
capacity and better adsorption conditions for SC. the
desorption rate of CV adsorbed onto SC by acetic acid
was the highest, which reached up to about 55% and may
be explained by its rapid adsorption kinetics and its much
more carboxyl groups or its higher inorganic contents
such as oxides, which can be dissolved by acid.

In summary, solidified landfilled sewage sludge and
its modified products have the potential for CV removal.
In particular, the direct incinerated sludges can achieve
greater CV adsorption capacities. However, further study is
still needed to determine the ability of solidified landfilled
sewage sludge to act as an adsorbent for other pollutants.
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