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ABSTRACT

Activated carbon fiber (ACF) was modified by sulfuric acid impregnation method and used as an
adsorbent for terramycini hydrochloride (TH). The structural and chemical properties of modified
activated carbon fiber were characterized by SEM, FTIR, EDS and BET analysis methods. Six factors
(namely, modification time, dosage of ACF, initial concentration of TH, adsorption time, pH value
and interfering ion) were screened to study their effects on the adsorption of TH onto modified ACF.
A 16 full factorial design was employed for optimizing the adsorption condition. The removal of TH
reached 93% under the optimal condition: modification time of 45 min, solution pH of 6, adsorbent
dose of 0.6 g L™, 3 h of reaction time and 15 mg L™ of initial concentration of TH. The dosage of adsor-
bent had the most positive effect on the removal of TH. The adsorption kinetic data were fitted well
by pseudo-second order model. The adsorption isotherm data were favored to Langmuir model with
the maximum adsorption capacity of 99.3 mg g™'. The regeneration of saturated modified ACF was
studied using NaOH as the regeneration reagent. The present work shows that the modified ACF was
a good adsorbent for TH removal from aquaculture wastewater.
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1. Introduction

Antibiotics are medicines used extensively in the fields
of veterinary and aquaculture to enhance growth and con-
trol disease [1,2]. With increasing attention to environmental
protection, antibiotics have become emergent global envi-
ronment concern. So far, a variety of antibiotics and their
metabolites had been detected in seawater [3,4]. The misuse
of antibiotics generated bacterial resistance to the antibiotics,
even posed a potential threat to human and animal health
[5,6]. Therefore, it is necessary to take some effective mea-
sures to remove antibiotics from contaminated water. In
terms of the quantity of production and use, tetracycline (TC)
is the second most popular antibiotic for several decades.

* Corresponding author.

Terramycini hydrochloride (TH), whose structure is shown
as Fig. 1 studied in this paper is one kind of tetracycline.

The mainstream methods, including adsorption [7,8],
Fenton oxidation [9,10], electrochemical oxidation [11,12],
biological degradation [13] and photocatalysis oxidation
[6,14] have been employed for TH removal. Nowadays,
(chemical or physical) adsorption has been considered as the
most effective and facile technique for antibiotics removal
from wastewater [15]. Up to now, various kinds of adsor-
bents, including graphene oxide [16], natural zeolite [17],
activated carbon [18] and so on, have been developed for this
purpose.

Activated carbon fiber (ACF) is a novel and efficient
adsorbent. Compared with the traditional granular activated
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carbon, ACF has a more large specific surface area and rich
micropores. So far, it has been widely used in chemical indus-
try, environmental protection, catalysis, medicine, electronic
industry, food hygiene and other fields [19-22]. Many studies
indicated that ACF is an effective adsorbent for many pollut-
ants, several studies have been performed aiming to investi-
gate the adsorption of organic compounds and heavy metals
on ACF [23-26]. Meanwhile, many researches also indicated
that the adsorption ability of ACF can be enhanced evidently
by several methods of modification, including microwave
modification, acid modification and metal modification
[27-29]. In this paper, ACF was modified using sulfuric acid
impregnation method.

The aims of this study were to (1) investigate the char-
acterization of modified ACF by BET, EDS, FTIR and SEM
analysis methods; (2) evaluate the effects of six factors on the
removal rate of TH from aquaculture wastewater by batch
experiments; (3) study the optimal experiment condition
using orthogonal test; (4) explore the adsorption isotherm
and kinetics to determine the adsorption mechanism; (5) test
the reusability of modified ACF using NaOH as regeneration
reagent.

2. Experimental setup
2.1. Materials and instruments

ACF (ST-1300) was provided by Jiangsu Nantong Fiber
Industry Co., China. All reagents employed include: terramy-
cini hydrochloride, NaOH, H,SO,, NaCl, (NH,),5O,, NaNO,
and KH,PO,. The stock solution to TH was configured using
seawater from aquaculture area in Dalian Ocean University,
China.
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Fig. 1. Molecular structure of TH.

Table 1
Experimental conditions

The spectrophotometric measurements were made with
UV-Vis spectrometer (SP-752). Surface area analysis and dis-
tribution of pore size analysis were performed on high speed
automatic specific surface area instrument (Quantachrome
3.0, America). The SEM and FTIR analysis were performed
using field emission scanning electron microscope (SU 1510)
and FTIR spectrometer (FTIR-650), respectively. Furthermore,
shaker (XB SHA-CA) and pH meter (Starter 3100, made in
China) were used.

2.2. Pre-treating and modification of ACF

Pre-treatment: prior to the experiments, the ACF was
sheared into fraction with size of 5mm x 5 mm and then boiled
in beaker using ultrapure water at 450°C for 1 h to remove
organics and soluble salts on the surface of ACFE. Then, the
washed ACF was dried in oven at 100°C for 24 h [30].

Modification: the treated ACF was modified using 10%
H,SO, (50 mL/1 g ACF) on shaker (100 rpm, 70°C) for 15, 30,
45, 60, 75 and 90 min, respectively, then the modified ACF
was washed using ultrapure water and dried in oven at
100°C for 24 h.

2.3. Batch experiments and orthogonal test

The batch experiments all were carried out in 250 mL
flasks containing 50 mL of simulated solution. pH was
adjusted using H,SO, and NaOH. The flask was shaken in
shaker at 150 rpm and 298 K. Aqueous samples were filtrated
using filter paper and the concentrations of TH in the solu-
tion were analyzed after reaction. The details of the exper-
imental conditions are presented in Table 1. In addition, an
orthogonal test with five factors and four levels was carried
out. The determination of experimental conditions refers to
the previous literature [31,32].

2.4. Adsorption kinetics

Adsorption kinetics study was carried out by shaking
0.12 g of the adsorbents in flask containing 200 mL of TH solu-
tions with an initial concentration of 20, 30, 40 mg L™ (at pH
8, 25°C). After pre-determined reaction time (10; 20; 30; 40; 50;
60; 120; 240; 300; 360; 1,440; 2,880; 5,760 min), the aqueous sam-
ples were filtered, and the concentration of TH in the solution
was determined. Pseudo-first-order, pseudo-second-order,
Elovich and intra-particle diffusivity equations [33-36] were
used for modeling the adsorption kinetics (Egs. (1)—(4)).

Set Aim of experiment Modification time TH concentration ~ Adsorbent Reaction pH
of ACF (min) (mg L) dosage (g) time (min)

1 Effect of modification time 0-75 20 0.02 360 8

2 Effect of adsorbent dosage 45 20 0.01-0.06 360 8

3 Effect of TH concentration 45 5-30 0.03 360 8

4 Effect of reaction time 45 20 0.03 60-360 8

5 Effect of pH 45 20 0.03 360 5-10
6 Effects of presence of Na‘, NH, 45 20 0.03 360 8

NO,, and H,PO," ion
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Among the constants, ¢ is the reaction time (min), g, is the
amount of TH adsorbed on ACF (mg-g™) at equilibrium and g,
is the amount of TH adsorbed at given time f (mg-g™). k, is the
pseudo-first-order constant, k, is the pseudo-second-order
constant. a and B are Elovich constants, k and b are
intra-particle diffusivity constants.

2.5. Adsorption isotherms

The adsorption isotherms were investigated by shaking
0.03 g of the adsorbents in flask containing 50 mL of TH solu-
tions with varying initial concentration from 5 to 200 mg L
(25°C, pH 8, shaking 24 h and 150 rpm). The equilibrium data
were fitted by Langmuir and Freundlich isotherm models
[37,38] (Egs. (5) and (6)).

A ©)

q.=ke, (6)

The constant g, is the maximum adsorption capacity
(mg g™). The constants k, and k, are Langmuir and Freundlich
constants, respectively, and calculated from the intercept and
slope of equations.

2.6. Determination of TH concentration

The concentration of TH was determined by ultraviolet
spectrometer at A__ value of TH (275 nm wavelength). The
amount of TH adsorbed (mg g™) was calculated based on a
mass balance equation as given in Eq. (7) and the degradation
rate was calculated as given in Eq. (8):

_ (Cu - Ce ) V (7)
q9.= 7
. C,—C
Degradation rate = £x100 (8)
c

0

Among the constants, g, is the amount of TH adsorbed on
ACF (mg g™); c, is the initial concentration of TH in the solu-
tion (mg L™); c, is the concentration of TH in the solution at
equilibrium (mg L™); V is the volume of the solution (L) and
W is the dosage of the ACF (g).

2.7. Regeneration of saturated modified ACF

The regeneration of saturated modified ACF was stud-
ied using solvent regeneration method. 1 mol L™ NaOH was
employed as the regeneration agent to regenerate the satu-
rated ACF. The regeneration was performed by shaking 1 g
saturated ACF in flask containing 100 mL of NaOH solutions
(25°C, shaking 1 h and 150 rpm). The calculation of regen-
eration rate was based on the equation as given in Eq. (9) as
follows:

In

Regeneration rate = = )
qm

where 7 is the times of use and g, is the adsorption capacity
(mg L) at the n times. g, is the maximum adsorption
capacity, 99 mg g

3. Results and discussion
3.1. Characterization of ACF

The characterized samples were ACF modified for
45 min and origin ACF.

FTIR spectrum is employed to define the active chemi-
cal groups present on the ACF surfaces. The FTIR spectra of
tested ACF ranged from 400 to 4,000 cm™ are illustrated in
Fig. 2, a broad band at 3,428 cm™ which was assigned to the
O-H stretching vibrations, indicating the presence of surface
hydroxylic groups and chemisorbed water. After modifica-
tion, a peak at 2,922 cm™ which was ascribed to C-H stretch-
ing vibrations appeared, indicating the presence of alkane/
alkene groups on the surface of ACF.

The micrographs are used to reveal fractures in the solid
surface. The surface micrographs of ACF obtained by SEM at
x1,000 magnification are given in Fig. 3. Compared with the
original ACF, the surface of the modified ACF had no evident
difference. This could conclude that the acid modification
almost did not affect the surface structure of ACF. Both ACF
and modified ACF show homogeneous surface morphology
with presence of pitch on their surface.

\/\{\(\K/N\/mod ified ACF
|

2922

origin ACF

3428
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wavenumber (cm'1)

Fig. 2. FTIR spectrum of ACF (original and modified).
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The nitrogen adsorption isotherms of ACF were studied
and the results were shown in Fig. 4. The BET surface area,
micro-pore volume and average diameter of samples were
summarized in Table 2. Based on the guidelines reported for
BDDT classification [39], the nitrogen adsorption isotherms
of ACF and modified ACF both belong to the BDDT type
I classification, corresponding to the typical microporous
material. Fig. 4(a) indicates the N, adsorption capacity of
modified ACF was greater than ACF. Fig. 4(b) shows the pore
size distribution of modified ACF and ACF both were dom-
inated by micropores. Table 2 shows ACF’s surface area and
micro pore volume increased after modification, since pores
were partially unfolded by sulfuric acid modification, result-
ing in the increase of surface pore and specific area.

Table 3 shows the proximate analysis of ACF. The results
indicate that modified ACF has higher amount of fixed car-
bon, indicating the higher adsorption capacity. Fig. 5 shows
the EDS analysis of ACF, the results reveal: (i) O and C were
the major element and P and Na were minor element for the
composition of ACF; (ii) after modification, the content per-
centage of C increased and that of other elements decreased,
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indicating the increase in the carbon-containing functional
groups and decrease in the oxygen-containing functional
groups on the surfaces of the ACF.

Table 2

Surface properties of ACF (original, modified)
Samples Sper (M?g7™) V. (ccg™) Daverggg (nm)
ACF 848.012 0.347 3.829
Modified ACF ~ 1,227.218 0.43 3.413

Table 3

Proximate analysis of ACF (original, modified)
Samples Ash  Moisture Volatile Fix carbon

(%) (%) matter (%) (%)

ACF 1.5 <0.1 3.4 95.0
Modified ACF 0.4 <0.1 0.9 98.6

5.00kV %1.00k 1/1: 50.0um

Fig. 3. SEM characterization of ACF (original (a) and modified (b)).
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Fig. 4. N, adsorption isotherms (a) and distribution of pore size (b) of ACF (original, modified).
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Fig. 5. EDS characterization of ACF (original (a), modified (b)).

3.2. Batch experiments and orthogonal test

Fig. 6(a) indicates the effect of modification time on TH
adsorption when the modification time varied from 0 to
90 min. The results show: (i) the adsorption capacity of TH
was 21.3 mg g using unmodified ACF and the adsorption
capacity of ACF for TH was enhanced by sulfuric acid modi-
fication, since modification unfolded the pore on the surface
of ACF, which enhanced the adsorption capacity of ACF; (ii)
the degradation rate and unit adsorption quantity reached
the peak, 63% and 31 mg g™, respectively, when modifica-
tion time was 45 min; (iii) overtime modification was not
conducive to the adsorption of TH, since overtime modifi-
cation may be harmful to the surface of ACF, resulting in the
decrease of adsorption capacity. Therefore, modification time
of 45 min was selected as experimental parameter for the rest
of the experiments.

Fig. 6(b) indicates the effect of dosage of modified ACF
on TH adsorption when the dosage varied from 0.01 to 0.06 g.
The results show: (i) the unit adsorption quantity increased
and decreased consequently with the increase of dosage since
saturation of sites and solid aggregation due to particle—
particle interaction; (ii) the degradation rate increased with
the increase of dosage; (iii) the degradation rate reached the
peak, 97%, when the dosage was 0.04 g. This behavior was
attributed to the availability of more number of vacant sur-
face sites and large surface area with the increasing dosage,
which resulted in the increase in the degradation rate of TH
[40]. Therefore, dosage of 0.03 g was selected as experimental
parameter for the rest of the experiments.

Fig. 6(c) indicates the effect of initial concentration of
TH on TH removal when the initial concentration of TH
was 5-30 mg L. The results show: (i) the unit adsorption
quantity increased with the increase of dosage; (ii) the deg-
radation rate increased and decreased consequently with
the increase of dosage; (iii) the degradation rate reached the
peak, 94%, when the concentration of TH was 15 mg L. To
the best of our knowledge, the unit adsorption quantity of TH
depends upon the ratio of the number of adsorbate moiety

to the available active sites of modified ACF. The larger
value of this ratio corresponds to the higher unit adsorption
quantity of TH, which was consistent with other literature
[41]. However, at low concentration, the degradation rate
increased with increasing concentration, which was not con-
sistent with relative literature [42]. This may be attributed
to the low driving force and concentration gradient at low
concentration, resulting in a low degradation rate. Therefore,
concentration of 20 mg L™ was selected as the experimental
parameter for the rest of the experiments.

Fig. 6(d) indicates the effect of reaction time on TH
removal when reaction time was 1-6 h. As a result, the deg-
radation rate and unit adsorption quantity increased with
the increase in reaction time and reached maximum, 92%
and 30.7 mg g, respectively, after 6 h of reaction. The details
could be discussed later in kinetics. Therefore, reaction time
of 6 h was selected as experimental parameter for the rest of
the experiments.

Fig. 6(e) indicates the effect of pH on TH adsorption
when pH was 5-10. The results show the degradation
rate and unit adsorption quantity both decreased with the
increase of pH and reached peak, 96% and 32.1 mg g7,
respectively, when pH was 5. The adsorption of TH is gener-
ally recognized to be favored at lower acidic pH values due
to two factors: (i) TH possesses multiple ionizable functional
groups, mainly corresponding to three acid dissociation
constants (pK a =3.6, 7.5 and 9.4), respectively. Therefore,
TH exists as a cationic (pH < 3.6), zwitterionic (3.6 < pH <
7.5), and anionic (pH > 7.5) species under varied pH value.
(ii) Many studies indicate the surface of modified ACF may
carry negative charge, which increases with the increase of
pH value. Therefore, the adsorption of TH on modified ACF
was driven mainly by electrostatic attraction when pH < 3.6
and driven mainly by electrostatic repulsion when pH >7.5.
In addition, given the objective studied in this paper is TH
from aquaculture wastewater, in which common pH value is
8. Good efficiency of removal still was obtained at pH 8, indi-
cating the modified ACF could be employed to the practical
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Fig. 6. Effects of different factors on the adsorption of TH (modification time (a), dosage (b), initial concentration (c),
reaction time (d), pH (e), additional ions (f)).
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treatment of TH in aquaculture wastewater. Therefore, pH
at 8 was selected as the experimental parameter for the rest
of the experiments.

Fig. 6(g) indicates the effect of interfering ion, including
extra Na*, NH,", NO,, H,PO," ions, on the TH removal. The
results show: (i) the presence of common non-metallic sub-
stances from aquaculture wastewater, such as NH,, NO3’,
H,PO,, have no evident effect on the adsorption of TH; (ii)
the presence of Na* ion has the certain negative effect on the
adsorption of TH. This trend may be attributed to two factors:
(i) the presence of Na' ion had the competitive adsorption
effect on TH; (ii) the Na" ion may form a complex with TH,
which was more difficult to be adsorbed on ACF than TH,
resulting in the decrease of degradation rate.

Table 4 shows the orthogonal experiment table. The opti-
mal conditions for TH removal were determined by orthogo-
nal experiment and shown as following: 45 min of modified
time, 0.03 g of dosage, 15 mg L™ of initial concentration of
TH, 3 h of reaction time and pH value at 6. Under the optimal
condition, the removal rate and unit adsorption quantity of
TH reached 93%, 23.35 mg g, respectively. In addition, the
influence order for the each factors was obtained as follow-
ing: ACF dosage > initial concentration of TH > pH~ modifi-
cation time of ACF > reaction time.

3.3. Adsorption kinetics

Fig. 7 shows the  pseudo-first-order (a),
pseudo-second-order (b), Elovich (c) and intraparticle diffu-
sivity (d) kinetic models plots, respectively. Table 5 provides
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the evaluated parameters of all kinetic models. The experi-
mental data fitted well with pseudo-second-order (b), Elovich
(c) and intraparticle diffusivity (d) models.

As shown in Table 5, all correlation coefficients R* of
first-order kinetic model were low and the theoretical
g, values calculated are not consistent with the experimental
values g, indicating the adsorption process did not follow
the pseudo-first-order model.

The pseudo-second-order kinetic model has been
employed to explain the kinetic adsorption of the
antibiotics onto the carbon material [40]. Fig. 7(b) shows the
pseudo-second-order kinetic fitting line. The experimental
data g, was consistent well with the calculated values and
the correlation coefficients R? of pseudo-second-order fitting
are all close to 1 as shown in Table 5, which indicates the
adsorption process can described by pseudo-second-order
model.

The Elovich model has been employed to assume the
heterogeneous distribution of surface adsorption energy and
reflect the existence of different active adsorption sites on
irregular surfaces. The fitting correlation coefficients R* are
close to 1 at the first phase as shown in Table 5, indicating
the adsorption behavior of TH on modified ACF is consistent
with Elovich model.

The intraparticle diffusivity model is used to analyze
the adsorption mechanism, including the adsorption rate
and possible rate-limiting steps of the reaction process [43].
Fig. 7(d) shows the plot of intraparticle diffusivity model,
indicating that the adsorption behavior was controlled by
two phases [44]. In the first phase, the plots are close to the

Table 4
Orthogonal test table
Order  Modification —Dosage of Initial concentration =~ Adsorption =~ pHvalue  Degradation  Unit adsorption
time (min) ACF (g) of TH (mg L) time (h) rate (%) quantity (mg g™)

1 15 0.01 10 3 6 16.49 8.25
2 30 0.01 15 4 7 30.24 22.68
3 45 0.01 20 5 8 20.29 20.29
4 60 0.01 25 6 9 19.86 24.82
5 45 0.02 10 4 9 63.69 15.92
6 60 0.02 15 3 8 4191 15.71
7 15 0.02 20 6 7 50.65 25.33
8 30 0.02 25 5 6 34.64 21.65
9 60 0.03 10 5 7 82.84 13.81

10 45 0.03 15 3 6 93.40 23.35

11 30 0.03 20 6 9 76.56 25.52

12 15 0.03 25 4 8 60.52 25.22

13 30 0.04 10 6 8 91.75 11.47

14 15 0.04 15 5 9 91.86 17.22

15 60 0.04 20 4 6 88.45 22.11

16 45 0.04 25 3 7 79.80 24.94

K1 219.52 86.87 254.76 219.52 232.98

K2 233.20 190.89 257.40 242.90 243.53

K3 257.17 313.32 235.95 229.62 214.46

K4 233.04 351.85 194.82 238.82 251.97

R 37.65 264.97 62.58 23.38 37.50
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Fig. 7. Pseudo-first-order (a), pseudo-second-order (b), Elovich (c) and intraparticle diffusivity (d) model plots for TH (20, 30, 40 mg L)
adsorption onto modified ACF.

Table 5

Kinetic model parameters for TH adsorption onto modified ACF
Kinetic parameters 20 mg L™ 30 mg L™ 40 mg L™
Pseudo-first-order model
k, (min™) 0.043 0.027 0.32
q,(mgg™) 28.85 39.77 42.79
R? 0.8996 0.7790 0.6971
Pseudo-second-order model
g, (mg g™ 30.91 47.80 53.76
k,(g mg™? min™) 1.0 x 107 2.3x10* 1.9 x10*
R? 0.9999 0.9993 0.9984
Elovich model
B (gmg™) 0.17 2.08 0.14 0.21 0.15 0.16
A (g min"'mg™) 0.07 0 0.063 1.26 0.10 0.20
R? 0.9765 0.7348 0.9734 0.9036 0.9716 0.9196
Intraparticle diffusivity model
k, (min™) 1.24 0.020 1.45 0.21 1.44 0.28
b 7.44 29.34 8.74 33.13 11.75 33.87

R? 0.9659 0.4757 0.9773 0.7059 0.9814 0.7801
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origin, which indicated that the adsorption rate was faster
and the rate step was controlled mainly by intraparticle dif-
fusion. In the later stage, the fitting line segment is deviated
from the origin and the linear intercept b is larger, which indi-
cated the step of the adsorption rate was controlled by mem-
brane diffusion. This behavior may be due to three factors:
(i) the diffusion pores of modified ACF became saturated
with the process of adsorption; (ii) the electrostatic repulsion
of the modified ACF increased and (iii) the TH concentration
reduced during the adsorption process.

3.4. Isotherms

Fig. 8 shows the Langmuir (a) and Freundlich (b) mod-
els plots for the adsorption of TH onto modified ACF. The
adsorption isotherm parameters obtained from the models
were given in Table 6.

Langmuir model assumes the homogeneous adsorption
and monolayer adsorption on the surface of adsorbent. As
shown in Table 6, Langmuir model exhibits a stronger fit-
ness (R*>0.998), which indicates the adsorption process well
follows the Langmuir model. In addition, the parameter k
obtained indicates the adsorption process belongs to favor-
able adsorption (when k, is between 0 and 1). The maxi-
mum adsorption capacity q,, 99.3 mg g, is calculated from
Langmuir equation. The Freundlich model assumes hetero-
geneous adsorption on the surface of adsorbent. As shown
in Table 4, the correlation coefficients R* is lower compared
with Langmuir model, which suggested the inapplicability
of Freundlich model to describe the adsorption behavior of
TH on modified ACF.

Furthermore, a comparison has been employed for the
adsorption capacities of different adsorbents for TH as pre-
sented in Table 7. The table shows the g obtained using
modified ACF was not very high compared with other
adsorbents. This is due to that the configured solution of TH
in this paper was derived directly from aquaculture waste-
water, in which many interfering ions exist and 99.3 mg g
of g, was achieved. This could indicate the modified ACF
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— T T T T T 1
40 60 80 100 120 140 160 180

c, (mg/L)

359

is a promising adsorbent for TH removal from aquaculture
wastewater.

3.5. Regeneration of ACF

Compared with traditional activated carbon, the cost
using ACF as adsorbent is more expensive. Therefore, it is
necessary to regenerate the depleted ACF using an appropri-
ate method. In this paper, the solvent regeneration method
was employed to activate saturated ACF, which is a common
method of carbon material regeneration. Herein, the regen-
eration of saturated ACF was investigated using NaOH as
regeneration agent. Fig. 9 shows the regeneration effect of
saturated modified ACF. The results reveal that the regenera-
tion rate decreased with increasing regeneration times and it
reached 58% after six times regeneration. In addition, though
certain effects have been obtained using NaOH as regenera-
tion agent, the better method of regeneration remains to be
developed.

Table 6
Isotherm parameters for TH adsorption on modified ACF

Freundlich Langmuir

k. (mg g™) 23.92 k (Lmg™) 0.11

n 0.28 q, (mgg") 99.30

R? 0.9354 R? 0.9833
Table 7

Maximum adsorption capacity (g,) of various adsorbents for TH

Adsorbent q, (mgg™) Reference
Modified ACF 99.3 This study
Activated charcoal 518 [45]
Hydroxyapatite 291 [46]
Wetland substrates 280 [47]
Activated sludge 90.9 [48]
70
60
50
o
i)
£ 40
o
30
n
204 (b)
n
10 T T T T T T T T T T T T T T T T 1
0 20 40 60 80 100 120 140 160
c, (mg/L)

Fig. 8. Langmuir (a) and Freundlich (b) model plots for TH adsorption onto modified ACF.
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Fig. 9. Regeneration rate of saturated modified ACF.

4. Conclusion

After modified by sulfuric acid impregnation method, the
specific area and micro volume of ACF were improved from
848 m?g™!, 0.347 cc g! to 1,227 m? g™, 0.43 cc g7, respectively.
Meanwhile, the results of SEM and EDS indicate by modifi-
cation the surface of ACF had no obvious difference and the
carbon-including function group increased relatively.

The single factors and orthogonal experiment for the
adsorption of TH on ACF were tested. Under optimal condi-
tions: modification of ACF at 45 min, dosage of ACF at 0.03 g,
initial concentration of TH at 15 mg L, reaction time at 3 h
and pH value 6, the removal rate and unit adsorption quan-
tity of TH reached 93%, 23.35 mg L, respectively. In addi-
tion, the influence order for the each factors was obtained as
follows: ACF dosage > initial concentration of TH > modifica-
tion time of ACF = pH value > reaction time.

The study of adsorption kinetics reveals that the
pseudo-second-order kinetics accords with the adsorption
behavior of TH on modified ACF. The study of adsorption
isotherm shows that the adsorption behavior of TH on mod-
ified ACF is most fitted with Langmuir model with the max-
imum adsorption capacity at 99.3 mg g™, which indicates the
adsorption behavior belongs to the monolayer adsorption. In
addition, the regeneration of saturated ACF was tested. After
six times of regeneration using NaOH as the regeneration
agent, the regeneration rate still reached 58%.
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