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ABSTRACT

The advanced treatment of printing and dyeing wastewater by adsorption using activated coke
was studied. Specifically, the effects of adsorption conditions on wastewater treatment were exam-
ined by adsorption experiments. Meanwhile, the adsorption behaviors of organic pollutants by
activated coke were investigated by the adsorption kinetics and isotherms. The chemical oxygen
demand (COD) removal met the printing and dyeing wastewater discharge requirement under the
conditions of initial COD concentration 158 mg/L, adsorption time 360 min, activated coke concen-
tration 30 g/L and adsorption temperature 308 K. After adsorption, 53.86% of COD was removed.
The adsorption kinetics of COD by activated coke followed the pseudo-second-order model and the
adsorption isotherms could be expressed by the Freundlich model. Moreover, thermal regeneration
of spent activated coke was studied. Specifically, the effects of regeneration conditions on the ther-
mal regeneration efficiency of spent activated coke were examined by thermal regeneration exper-
iments. Meanwhile, the reusability of activated coke for organic pollutants removal was evaluated
by the successive adsorption-regeneration cycles. 98.13% of thermal regeneration efficiency could
be achieved under the conditions of regeneration temperature 1,073 K, regeneration time 30 min
and CO, flow rate 150 mL/min, and activated coke still maintained 92.54% of regeneration efficiency
after ten adsorption-regeneration cycles.
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1. Introduction

The printing and dyeing industry is one of the most
water pollution-intensive industries in China [1]. The print-
ing and dyeing wastewater contains a large number of
organic pollutants that must be treated prior to discharge
into the aquatic environments to prevent serious ecological
and health risks [2,3]. After the conventional biochemical
treatment, degradable organic pollutants can be removed
from wastewater, however, non-degradable organic pollut-
ants remain in wastewater [4,5]. As the stringency of efflu-
ent discharge standard for printing and dyeing industry,

* Corresponding author.

it is necessary to remove these refractory compounds to
meet more stringent discharge standards. Adsorption is an
effective technology for refractory compound removal with
economic viability, easy operation and versatility for a wide
range of chemical compounds [6,7].

A suitable and economical adsorbent is the prerequisite
for the application of adsorption technologies to advanced
treatment of wastewater [8,9]. Activated carbon is often
used to remove different organic compounds from waste-
water [10,11]. However, activated carbon with abundant
micropores has low adsorption capacity for non-degrad-
able organic pollutants which are characterized by high
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molecular weight, due to the mismatch between microp-
ore size and molecular size of pollutants [12]. Based on the
molecular sieve effects, big molecular pollutants are mostly
well adsorbed on the surface of the mesopore [13,14].
Therefore, activated coke with high mesopore volumes has
become an alternative to activated carbon in the treatment
of refractory organic pollutants.

Recently, activated coke has begun to be applied to
remove refractory organic pollutants from wastewa-
ter [15,16]. Tong et al. [17] investigated the adsorption
of refractory organic pollutants from super heavy oil
wastewater by activated coke and examined the effects
of activated coke adsorption on pH, biodegradabil-
ity and main pollutants of wastewater. Zheng et al. [18]
used activated coke to remove typical cyclic organics
from coal pyrolysis wastewater and analyzed the mech-
anisms for selective adsorption of typical cyclic organ-
ics by activated coke. They found that the selectivity of
activated coke was dominated by chemical interaction
and its mesoporous, and was enhanced by the hydro-
phobicity effect. However, compared with the exten-
sive application of activated coke in flue gas treatment
[19-21], the application of activated coke in wastewater
treatment is just in its infancy and the types of waste-
water treated by activated coke are also very limited
[22,23]. In order to extend the application of activated
coke in wastewater treatment, it is necessary to carry out
the research on the treatment of various organic waste-
water by activated coke. To the best of our knowledge,
few studies on the treatment of printing and dyeing
wastewater by activated coke were reported before.

In addition, activated coke is saturated after sustained
use in wastewater and becomes the waste called spent
activated coke [24,25]. Subsequently, spent activated coke
must be replaced by fresh or regenerated activated coke
in order to achieve effective adsorption [26]. The second
option is preferred taking economic costs and environ-
mental benefits into consideration [27]. Meanwhile, the
extensive application of activated coke in wastewater treat-
ment greatly depends on the reuse of spent activated coke
[28,29]. Therefore, it is important to reuse spent activated
coke using the regeneration techniques. Thermal regenera-
tion is considered as one of the most effective methods for
regeneration of spent adsorbent because of its some excit-
ing advantages such as high regeneration efficiency, short
regeneration time and wide application range [30-32].
Recently, thermal regeneration has been applied to reuse
activated carbon saturated with wastewater [33,34] and
activated coke saturated with flue gas [35,36]. However, as
the application of activated coke in wastewater treatment
is just in its infancy, the subsequent thermal regeneration
of spent activated coke is rarely studied.

Therefore, activated coke is used to remove organic
pollutants from printing and dyeing wastewater and spent
activated coke is reused by thermal regeneration in this
study. Firstly, static adsorption experiments are carried
out to study the effects of adsorption time, activated coke
concentration and adsorption temperature on printing
and dyeing wastewater treatment. Meanwhile, the adsorp-
tion kinetics and adsorption isotherms theories are used
to study the adsorption behaviors of organic pollutants

from printing and dyeing wastewater by activated coke.
Then, thermal regeneration experiments are conducted to
study the effects of regeneration temperature, regeneration
time and flow rate of activation agent (CO,) on the thermal
regeneration efficiency of spent activated coke. Finally, the
successive adsorption-regeneration cycles are carried out
to evaluate the reusability of activated coke for organic
pollutants removal from printing and dyeing wastewater.
It is expected that this study can provide technical support
and theoretical basis for full-scale usage of activated coke
in advanced treatment of printing and dyeing wastewater
and thermal regeneration in reuse of spent activated coke.

2. Materials and methods
2.1. Experiment materials

The printing and dyeing wastewater used in this
study was obtained from a printing and dyeing plant in
Liaoyang, Liaoning Province, China, which had already
been treated by the traditional secondary wastewater treat-
ment methods. The wastewater was a brown liquid with
peculiar smell. And the general characteristics of the waste-
water were as following: chemical oxygen demand (COD)
(158 mg/L), pH (8.0), total salt (500 mg/L) and Chroma
(350 times).

Activated coke was purchased from the Henan Bafang
Water Purification Material Co., Ltd., and its main technical
indexes are shown in Table 1. Before the experiments, acti-
vated coke was sieved into a uniform size of 0.60-0.85 mm.
Then, activated coke was washed with distilled water in
order to remove fine particles and organics attached to it.
Finally, activated coke was dried in an oven at 378 K for 12 h.
The activated coke after pretreatment was stored in an air-
tight glass bottle until needed.

The spent activated coke used in thermal regenera-
tion experiments was prepared from fresh activated coke
and real printing and dyeing wastewater. Firstly, 1.5 g of
activated coke was added into 200 mL triangular flask
with a stopper, which contained 50 mL of printing and
dyeing wastewater. Then, this flask was placed in a water-
bath shaker at 150 rpm and 308 K for 360 min. Finally, the
spent activated coke was filtered and dried at 378 K for
12 h. These experimental conditions were chosen based on
adsorption experiments, which could guarantee the satura-
tion and adsorption equilibrium.

Table 1
Technical indexes of activated coke

Parameter

Particle diameter (mm) 0.60-0.85
Pore volume (mL/g) 0.28
Surface area (m*/g) 468
Iodine value (mg/g) 427
Methylene blue value (mg/g) 96

Fixed carbon (%) >67

Ash content (%) <20
Water content (%) <4
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2.2. Adsorption experiments

The same dose of activated coke was added into eight
200 mL triangular flasks with stoppers, respectively,
which contained 50 mL of printing and dyeing wastewa-
ter. Then these flasks were placed in a water-bath shaker
at 150 rpm and 308 K for different times (60, 120, 180, 240,
300, 360, 420 and 480 min). The activated coke was subse-
quently filtered and the resulting filtrate was analyzed.

Different doses of activated coke (0.5, 0.75, 1, 1.25, 1.5
and 1.75 g) were added to six 200 mL triangular flasks with
stoppers, respectively, which contained 50 mL of printing
and dyeing wastewater. Then these flasks were placed in a
water-bath shaker at 150 rpm and different temperatures
(308, 318, 328 and 338 K) for 360 min. The activated coke
was subsequently filtered and the resulting filtrate was
analyzed.

2.3. Thermal regeneration experiments

According to the desorption of different substances,
thermal regeneration generally involves three processing
steps: evaporation, pyrolysis and activation. The first step
is drying, resulting in the elimination of residual mois-
ture. The second step is the thermal decomposition of
organic pollutants under an inert atmosphere, producing
gas products that can be desorbed and charred residues
that remain in the adsorbent. The third step is the con-
trolled activation of the adsorbent under a mildly oxidiz-
ing atmosphere, resulting in the elimination of the charred
residues. Based on this regeneration mechanism, thermal
regeneration experiments were conducted in the laborato-
ry-scale apparatus consisting of a horizontal tube furnace,
temperature controller, and gas-flow devices (Fig. 1).

The dried spent activated coke (5 g) was loaded into
the furnace as the precursor sample of thermal regenera-
tion experiments. And the system was heated from room
temperature to different target temperatures (773-1,273 K)
at a rate of 10 K/min under 150 mL/min nitrogen flow.
Upon reaching the target temperature, CO, was injected
into the system at the different flow rates (50-250 mL/min).
And the system was held at target temperature for dif-
ferent reaction times (10-50 min) under CO, atmosphere.
After that, injection of CO, was halted and the treated
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sample was allowed to cool down under flowing nitro-
gen to obtain activated coke regenerated under differ-
ent regeneration conditions (regeneration temperature,
regeneration duration and flow rate of activation agent
(CO,)). Finally, regenerated sample was used to carry
out readsorption experiment under the same condi-
tions as the adsorption experiment.

2.4. Evaluation methods

In this study, the COD is used as the index for explor-
ing the wastewater treatment efficiency by activated coke
and the thermal regeneration efficiency of spent acti-
vated coke. The COD is determined according to the
Chinese standard method (Water Quality-Determination
of the Chemical Oxygen Demand-Dichromate method,
GB11914-89). Meanwhile, in order to avoid experimental
errors, all of the experiments are repeated three times and
the average values of COD are used in the analysis.

The wastewater treatment efficiency by activated coke
can be evaluated by the removal rate of COD, which can
be calculated according to the following formula:

(CO _Ct)
¢:C7x100% 1)

0

where ¢ (%) is the removal rate of COD by activated coke,
C, (mg/L) is the COD concentration in the raw printing and
dyeing wastewater, and C, (mg/L) is the COD concentra-
tion of wastewater after adsorption.

The thermal regeneration efficiency of spent activated
coke can be assessed by the ratio of the COD adsorp-
tion capacity of regenerated activated coke to that of fresh
activated coke at equilibrium, which can be calculated
according to the following formula:

RP = Ter 100% @)
qef

where RP is the thermal regeneration efficiency of spent
activated coke, g, (mg/g) is the COD adsorption capac-
ity of fresh activated coke at equilibrium, that is, the equi-
librium amount of COD adsorbed per unit mass of fresh
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Fig. 1. Thermal regeneration apparatus for the reuse of spent activated coke.
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activated coke, and g, (mg/g) is the COD adsorption
capacity of regenerated activated coke after the readsorp-
tion equilibrium, that is, the equilibrium amount of COD
adsorbed per unit mass of regenerated activated coke.

Both g, and g, can be calculated according to the
following formula:

(CO e

q, = ©)

where g, (mg/g) is the adsorption capacity of activated
coke for COD at equilibrium, C, (mg/L) is the COD concen-
tration of wastewater after adsorption equilibrium, V' (L)
is the volume of the printing and dyeing wastewater, and
W (g) is the activated coke weight.

3. Results and discussion
3.1. Effects of the absorption conditions

The effects of adsorption time, activated coke concen-
tration and adsorption temperature on printing and dye-
ing wastewater treatment are studied to determine suit-
able adsorption conditions and to demonstrate the feasi-
bility of activated coke removing organic pollutants from
printing and dyeing wastewater.

3.1.1. Effect of the adsorption time

Adsorption time is one of the most important factors
influencing the wastewater treatment efficiency by acti-
vated coke. The effect of adsorption time can provide
important information for measuring the adsorption equi-
librium of activated coke. The effect of adsorption time on
the treatment of printing and dyeing wastewater by acti-
vated coke at temperature 308 K is shown in Fig. 2.

It can be seen that the COD concentration of print-
ing and dyeing wastewater decreases gradually from
158 mg/L initially to 69.74-110.95 mg/L with increasing

activated coke dosage
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Fig. 2. The effect of adsorption time on the treatment of printing
and dyeing wastewater by activated coke.

adsorption time up to 360 min and then is not changed
by further increase in adsorption time. Accordingly, the
removal efficiency of COD increases gradually from 0 ini-
tially to 29.78%-55.86% with increasing adsorption time
up to 360 min and then is not changed by further increase
in adsorption time. It is readily understood that at the ini-
tial stage of adsorption, there are a large number of sorp-
tion sites of organic pollutants on activated coke and there
is a high concentration difference of organic pollutants
between wastewater and activated coke, which promotes
the rapid adsorption of organic pollutants on activated
coke. As adsorption continues, the sorption sites are grad-
ually occupied by organic pollutants and the concentra-
tion difference between wastewater and activated coke
decreases gradually and it, therefore eventually results in
adsorption equilibrium. Therefore, it can be inferred that
the adsorption system reaches equilibrium after contact
between activated coke and printing and dyeing wastewa-
ter for 360 min. And contact time of 360 min is used in the
subsequent adsorption experiments.

3.1.2. Effect of the activated coke concentration

The activated coke concentration is one of the most
important factors influencing the treatment of print-
ing and dyeing wastewater. The effect of activated coke
concentration can provide theoretical support for the
design and operation of printing and dyeing wastewa-
ter treatment system. The effect of activated coke dos-
age on the treatment of printing and dyeing wastewater
by activated coke at 360 min is shown in Fig. 3. It can be
seen that the COD concentration of printing and dye-
ing wastewater decreases gradually from 104.61-110.95
to 64.99-69.74 mg/L. when the activated coke dosage is
increased from 10 to 35 g/L. Accordingly, the removal effi-
ciency of COD increases gradually from 29.78%-33.79%
to 55.86%-58.87% with increasing the activated coke dos-
age from 10 to 35 g/L. This can be explained that the sorp-
tion sites of organic pollutants increase with an increase
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Fig. 3. The effect of activated coke dosage on the treatment of
printing and dyeing wastewater by activated coke.
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in activated coke dosage and it, therefore results in the
decrease of COD concentration and the increase of COD
removal efficiency. In addition, it is worth noting that the
COD concentration of printing and dyeing wastewater at
adsorption equilibrium is less than 80 mg/L at activated
coke dosage of 30 g/L, which meets the direct discharge
requirement for printing and dyeing wastewater.

3.1.3. Effect of the adsorption temperature

The effect of adsorption temperature on the treatment of
printingand dyeing wastewaterby activated cokeat360minis
shown in Fig. 4. It can be seen that the COD concentration
of printing and dyeing wastewater decreases slightly from
69.74-110.95 to 64.99-104.61 mg/L when the adsorption tem-
perature is increased from 308 K to 338 K. Accordingly, the
removal efficiency of COD increases slightly from 29.78%—
55.86% to 33.79%-58.87% with the increasing of adsorption
temperature from 308 K to 338 K. This can be explained
that molecular thermal motion increases with an increase
in adsorption temperature, which accelerates the collision
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Fig. 4. The effect of adsorption temperature on the treatment of
printing and dyeing wastewater by activated coke.
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between organic pollutants in printing and dyeing waste-
water and activated coke. However, an adsorption process
involving low adsorption temperature may be suggested in
practical application since adsorption temperature has weak
effect on printing and dyeing wastewater treatment and low
economic cost is obtained at low adsorption temperature.

In summary, considering the direct discharge require-
ment for printing and dyeing wastewater and economic
cost, the absorption conditions for printing and dyeing
wastewater treatment by activated coke are identified to be
absorption time of 360 min, activated coke concentration
of 30 g/L and absorption temperature of 308 K. And these
absorption conditions can be used as the experiment condi-
tions for the subsequent adsorption kinetics and isotherms
experiments.

In addition, as mentioned earlier, the regeneration
of spent activated coke can be evaluated via equilibrium
adsorption test followed by regeneration and readsorption.
Therefore, the absorption conditions determined in this
section can also be used as the experiment conditions for
reabsorption of regenerated activated coke.

3.2. Adsorption behaviors

The adsorption kinetics and adsorption isotherms
theories are used to study the adsorption behaviors of
organic pollutants from printing and dyeing wastewater
by activated coke.

3.2.1. Adsorption kinetics

Adsorption kinetics is a theory for studying adsorp-
tion rate, which can be used to evaluate adsorption process
(including boundary layer diffusion, intraparticle diffusion
and adsorption reaction). In order to evaluate the adsorp-
tion kinetics, the experimental data is fitted by two typi-
cal models: pseudo-first-order and pseudo-second-order
kinetic models. The readership can refer to [37,38] to learn
the specific theoretical methods of these models.

The linear fitting of adsorption kinetics data using
two types of kinetic models is shown in Fig. 5. It can be
found that the R? value for pseudo-first-order model is
0.9333, while the R? value for pseudo-second-order model
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Fig. 5. The linear fitting of adsorption kinetics data using pseudo-first-order (a) and pseudo-second-order (b) kinetic models.
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is 0.9952. The latter is significantly higher than the former
and closer to unity. Moreover, the adsorption capacity of
activated coke for COD determined by experiment (4, ., )
is 2.8 mg/g, while the values calculated by pseudo-first-or-
der (g,.,,) and pseudo-second-order (g, ,) kinetic models
are 4.4 and 3.5 mg/g, respectively, indicating the agree-
ment between calculated and experimental values in the
pseudo-second-order kinetic model is better than that in
the pseudo-first-order kinetic model. Therefore, it can be
inferred that the adsorption process of organic pollutants
in printing and dyeing wastewater by activated coke might
follow the pseudo-second-order kinetic model, which indi-
rectly indicates that the whole adsorption process is con-
trolled by multiple steps.

3.2.2. Adsorption isotherms

The adsorption isotherm is a theory for studying
adsorption equilibrium, which can be used to describe
equilibrium relationships between adsorbent and adsor-
bate in the system. In order to evaluate the adsorption
isotherms, the experimental data is fitted by two typical
models: Langmuir and Freundlich models. The reader-
ship can refer to [39,40] to learn the specific theoretical
methods of these models.

The linear fitting of adsorption isotherms data using
two types of isotherms models is shown in Fig. 6. It can
be found that the R? value for Langmuir model is 0.7014,
while the R? value for Freundlich model is 0.9776. The latter
is significantly higher than the former and closer to unity,
which indicates the applicability of Freundlich model to
adsorption of organic pollutants in printing and dyeing
wastewater by activated coke.

3.3. Effects of the thermal regeneration conditions

The effects of regeneration temperature, regeneration
time and flow rate of activation agent (CO,) on the thermal
regeneration efficiency of spent activated coke are studied
to determine suitable thermal regeneration conditions and
to demonstrate the feasibility of reusing spent activated coke
by thermal regeneration.

3.3.1. Effect of the regeneration temperature

The effect of regeneration temperature on the ther-
mal regeneration efficiency of spent activated coke under
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experiment conditions of regeneration time 30 min and flow
rate of CO, 150 mL/min is shown in Fig. 7. It can be found
that the thermal regeneration efficiency of spent activated
coke increases rapidly from 66.32% to 98.13% as the regener-
ation temperature increases from 773 K to 1073 K, and then
the regeneration efficiency decreases with increasing tem-
perature. This observation indicates that higher tempera-
ture has a negative effect on regeneration of spent activated
coke. Because higher regeneration temperature can lead to
the collapse of the original carbon pore structure, which
reduces the adsorption capacity of the activated coke regen-
erated. Therefore, the regeneration temperature of spent
activated coke is identified to be 1,073 K, which is selected
in the subsequent thermal regeneration experiments.

3.3.2. Effect of the regeneration time

The effect of regeneration time on the thermal regener-
ation efficiency of spent activated coke under experiment
conditions of regeneration temperature 1,073 K and flow
rate of CO, 150 mL/min is shown in Fig. 8. It can be found
that at the regeneration time below 30 min, the thermal
regeneration efficiency of spent activated coke increases
from 77.64% to 98.13% with increasing regeneration time.
It is readily understood that CO, is used to eliminate the
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Fig. 7. The effect of regeneration temperature on the thermal
regeneration efficiency of spent activated coke.
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Fig. 6. The linear fitting of adsorption isotherms data using Langmuir (a) and Freundlich (b) models.
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charred residues derived from the adsorbed organic mat-
ter so that the original carbon pore is exposed. The charred
residues removed by CO, increase with an increase in regen-
eration time, which eventually results in maximum recov-
ery of original carbon pore. However, the thermal regen-
eration efficiency of spent activated coke decreases from
98.13% to 86.26% with increasing regeneration time from
30 min to 50 min. This can be explained that if the thermal
regeneration time is too long, the activation agent CO, will
react with the carbon-based material of the activated coke
itself, thus damaging the original carbon pore structure.
Therefore, the regeneration time of spent activated coke is
identified to be 30 min, which is selected in the subsequent
thermal regeneration experiments.

3.3.3. Effect of the flow rate of CO,

The effect of flow rate of CO, on the thermal regener-
ation efficiency of spent activated coke under experiment
conditions of regeneration temperature 1,073 K and regen-
eration time 30 min is shown in Fig. 9. It can be found that
with the increase of flow rate, the thermal regeneration
efficiency of spent activated coke increases and reaches
the maximum value at flow rate of CO, 150 mL/min, and
then the thermal regeneration efficiency decreases with
increasing flow rate of CO,. Similar to the effect of regen-
eration time, the use of less CO, results in the incomplete
elimination of accumulated charred residues and recov-
ery of original carbon pore cannot be maximized. On the
contrary, the use of more CO, leads to damage to the orig-
inal carbon pore structure. Therefore, it is important to
identify the flow rate of CO, for the thermal regeneration.
And the flow rate of CO, is set at 150 mL/min in thermal
regeneration experiments.

In summary, in order to achieve the maximum regen-
eration of spent activated coke, the thermal regeneration
conditions are identified to be regeneration temperature
of 1,073 K, regeneration time of 30 min and flow rate of CO,
of 150 mL/min.
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Fig. 8. The effect of regeneration time on the thermal regenera-
tion efficiency of spent activated coke.
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3.4. Adsorption-regeneration cycles of activated coke

As it is well known, the cyclic reusability of acti-
vated coke plays a key role in its practical application.
Thus, based on the previously determined absorption con-
ditions (absorption time of 360 min, activated coke concen-
tration of 30 g/L and absorption temperature of 308 K) and
thermal regeneration conditions (regeneration tempera-
ture of 1,073 K, regeneration time of 30 min and flow rate
of CO, of 150 mL/min), the successive adsorption-regen-
eration cycles are carried out to evaluate the reusability of
activated coke for organic pollutants removal from print-
ing and dyeing wastewater. The regeneration efficiency of
activated coke in ten successive adsorption-regeneration
cycles is shown in Fig. 10. It can be found that the regener-
ation efficiency of activated coke decreases slightly with the
increasing of cycle time, however, it remains very high in ten
successive adsorption-regeneration cycles. The regeneration
efficiency after the tenth cycle is 92.54%, which is only
5.7% lower than that of the first cycle. The results indicate
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Fig. 9. The effect of flow rate of CO, on the thermal regeneration
efficiency of spent activated coke.
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that activated coke exhibits high reusability for organic
pollutants removal in the successive adsorption-regener-
ation cycles and thermal regeneration is a feasible way for
reusing the spent activated coke.

4. Conclusions

In this study, activated coke is used to remove organic
pollutants from printing and dyeing wastewater and spent
activated coke is reused by thermal regeneration. The fol-
lowing conclusions can be drawn from the present work:

Activated coke is effective for the removal of organic
pollutants from printing and dyeing wastewater (initial
COD concentration 158 mg/L). The absorption conditions
for printing and dyeing wastewater treatment by activated
coke are identified to be absorption time of 360 min, acti-
vated coke concentration of 30 g/L and absorption tempera-
ture of 308 K. And the COD removal can meet the printing
and dyeing wastewater discharge requirement under these
absorption conditions. After absorption, the COD concentra-
tion is 72.9 mg/L and 53.86% of COD can be removed.

The adsorption kinetics analysis indicates that the
pseudo-second-order kinetic model describes the adsorption
process of organic pollutants in printing and dyeing waste-
water by activated coke with a good fitting. The adsorp-
tion isotherms analysis discloses that the absorption data
of organic pollutants in printing and dyeing wastewater by
activated coke fits well to Freundlich isotherm model.

The thermal regeneration is a feasible way for reusing
the spent activated coke. The thermal regeneration condi-
tions for spent activated coke are identified to be regenera-
tion temperature of 1,073 K, regeneration time of 30 min and
flow rate of CO, of 150 mL/min, under which the highest
thermal regeneration efficiency (98.13%) of spent activated
coke is obtained. In addition, activated coke exhibits high
reusability for organic pollutants removal in the succes-
sive adsorption-regeneration cycles and the regeneration
efficiency after the tenth cycle is 92.54%.
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