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ABSTRACT

Poly-3-hydroxybutyrate (PHB) was used as a new material to prepare a biomimetic adsorbent by a mod-
ified double emulsion solvent evaporation technique. The enrichment capacities of the adsorbent for the
toxicliposoluble organic compounds were evaluated by chlorobenzene (CB) and o-nitrochlorobenzene (o-
NCB) with the adsorption isotherms, enrichment factor (EF) and enrichment kinetics. The results showed
that Sips isotherm fitted the experimental data better than Langmuir and Freundlich models, as well as
the pseudo-second order kinetic model fitted better than the first order model. For CB and o-NCB, the
maximum adsorption capacity was 125.99 and 39.56 mg g~', while the maximum EF was 1204 and 1149
at 20°C for 36 h, though the specific surface area (BET) of the adsorbent was only 8.45m2 g~'. CB had a
higher EF than 0-NCB because the hydrophilic group (-NO,) decreases the liposoluble ability of o-NCB.
Kow has a positive correlation with EF, so the organochlorine compounds are liable to be adsorbed by
the adsorbent. The results indicated that PHB, even polyhydroxyalkanoates, can be a new biodegradable
adsorption material.

© 2009 Elsevier B.V. All rights reserved.

1. Introduction

The pollution of organochlorine compounds (OCICs) includ-
ing chlorinated aliphatic, alicyclic, aromatic, polycyclic aromatic
hydrocarbons and their derivatives are of great concern owing to
their carcinogenic, teratogenic and mutagenic effects [1]. OCICs
mainly have three sources: industrial and agricultural discharges,
chlorine disinfection by-products (DBPs) of drinking water and
wastewater, and incineration of wastes. The chlor-alkali industry
is a main source of chlorine, and OCICs such as chlorobenzene
(CB) and nitrochlorobenzene (NCB) [2-4]. China is a large pro-
ducer of chlorine and pesticides. The production of chlorine was
about 13.74 million tons in 2006 [2], and that of hexachloroben-
zene (HCH) and dichlorodiphenyltrichloroethane (DDT) were 4.9
and 0.4 million tons, respectively, during 1950-1983 accounting for
33% and 20% of the total production in the world [5,6]. Many OCICs
had been detected in the effluents from the municipal wastew-
ater plant and wastewater treatment factory, which were DBPs
(disinfection by-products) and industry discharge [7-11]. In incin-
eration processes, HCH and polychlorinated dibenzo-p-dioxins and
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dibenzofurans (PCDD/F) could be converted by other low toxicity
compounds [12].

Although the total amount of OCICs in the environment is large,
their concentrations in natural waters are very low. A survey on
sevenrivers in China (Songhuajiang River, Liaohe River, Haihe River,
Yellow River, Yangtze River, Huaihe River and Pearl River) showed
that the concentrations of y-HCH, p,p’-DDT and heptachlor epox-
ide were 0.17-860,0.14-368,0.11-10ng L1, respectively, and that
of NCBs were 0.01-5.072 ugL~! [13,14]. It has been reported that
many aerobic and anaerobic microorganisms can degrade OCICs
[15-18], though it is quite time-consuming. For example, it took
202-230h for biodegradation of 80-90% of 1,4-dichlorobenzene
(132mgL-1) by two pure aerobic bacterial cultures [18]. Thermo-
dynamically, biodegradation of OCICs is feasible, while due to their
low degradation rates and low aqueous concentrations, OCICs are
kinetically limited, leading to difficult applications in engineering.
An effective alternative for eliminating OCICs is the utilization of
advanced oxidation processes [19], while the equipment limita-
tion in treating large amount of wastewater at extremely low levels
of OCICs limits its engineering applications. Therefore, there is a
great demand for developing effective methods to enhance aqueous
concentration of OCICs.

Based on their hydrophobic nature, lipophilic OCICs are liable to
bioaccumulation in organisms containing abundant lipid, such as
zooplankton, fish, seal and waterbird [20-23]. The accumulation
level of a contaminant can be assessed by BCF (bioconcentra-
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Fig. 1. Structure of PHAs (PHB, while x=1 and R is methyl group).

tion factor), which is a dimensionless ratio of the concentration
of a contaminant in the organism to that in the water. BCFjpig
(based on lipid content) of 13 OCPs in 18 fish species ranged
1000-251,189, and the bioaccumulation capacity of fish organs
was in the order of brain > kidney > liver > heart > muscle [22]. All
these show that OCICs easily accumulate in lipid phase. We pre-
dict that the ester/lipid of organisms can transfer OCICs from
water, so polyhydroxyalkanoates (PHAs) may enrich OCICs. PHAs
are biodegradable polyesters [24], which contain the same func-
tional groups of the lipid, such as the ester group and hydrocarbyl.
PHAs are produced by many bacteria and other microorganisms
through degrading wastes and contaminants under unbalanced
growth conditions [25-27] and their structure is shown in Fig. 1,
where R is hydrocarbyl. Poly-3-hydroxybutyrate (PHB), a represen-
tative compound of PHAs, has been extensively studied and used
as tissue engineering materials due to its biocompatibility [24,25].
Therefore, we suppose that PHB can be used as an adsorption mate-
rial to accumulate OCICs from water by phase transfer though it has
not been reported.

Bionics is a multidisciplinary science that researches the prin-
ciples, properties and mechanisms of natural systems such as
structures, processes, functions, organizations and interrelations
to apply them in the development of new products or solving
technical problems that may arise during project-phase [28]. We
know that fish can accumulate OCICs by a balance process between
uptake and depuration [29], because OCICs are hardly degradable
and readily dissolved in lipid. According to the bionics principles,
we could prepare an adsorbent used PHB to realize the accumu-
lation process. Adsorption of OCICs on the porous adsorbent was
regarded as an uptake process of fish, and PHB was like the lipid
with strong affinity for organic pollutants. The saturated adsorbent
and adsorbed pollutants could be degraded by supercritical water
reduction/oxidation for dechlorination and hydrogen generation
[30,31].

In this study, PHB was used to prepare a biomimetic adsor-
bent named as PHBBMA. To evaluate the adsorption/enrichment
capacity of PHBBMA, CB and 0-NCB were chosen since their struc-
ture is compared conveniently and they are always released to the
environment during manufacturing and application processes as
carrier, solvent and/or intermediate [18,32]. PHBBMA was charac-
terized by the scanning electron microscopy (SEM), specific surface
area (BET) and pore size distributions, and its enrichment proper-
ties were described with adsorption isotherms, enrichment effect
and enrichment kinetics at different temperatures. The research

Table 1
The characteristics of CB and o-NCB.

conclusions provide evidence for a new safe and environment
friendly pollution control method of the toxic OCICs.

2. Experimental
2.1. Chemicals

PHB was obtained from Sigma-Aldrich Co. (St. Louis, MO,
USA), and its Ty, is 172°C. Polyvinyl alcohol (PVA) and chloro-
form were purchased from Guangdong Guanghua Chemical Factory
Co. (Guangzhou, China). Analytical standard CB and o-NCB were
purchased from Sigma-Aldrich Co., which characteristics are sum-
marized in Table 1.

2.2. PHBBMA preparation

The monomer polymerization is a common method of prepara-
tion of organic polymer adsorbent, which always includes a series
of complex process with strict reaction conditions [34-36]. The
toxicity of pore forming agents and the long preparation period
are its disadvantages. So in this paper, we used a modified double
emulsion water-in-oil-in-water (W;/0O/W,) solvent evaporation
technique to prepare PHBBMA. The solvent evaporation technique
is always used to encapsulate drugs, and W; is water solution con-
taining drug [37]. The simple and low cost method is borrowed
to prepare adsorbent, and deionized water was instead of drug
solution to be as pore forming agent. After preliminary experi-
ments, the preparation conditions were selected as follows: 12 mL
of deionized water was dropped into 30 mL of chloroform solution
containing 3% (w/w) PHB, evenly mixed with a homogenizer at a
stirring rate of 10,000 rmin~! for 2 min at 25°C to obtain the pri-
mary W7 /0 emulsion. The primary emulsion was then injected into
and mixed with 200 mL of aqueous solution containing 3% (w/w)
PVA at 800 r min~! for 4 min to form the W; /O/W, double emulsion.
The double emulsion was diluted with 200 mL of deionized water,
and stirred at 500 rmin~! for 36 h to evaporate the chloroform and
solidify PHBBMA. PHBBMA particles were filtered, washed with
deionized water and freeze-dried.

2.3. Adsorption/enrichment experiments

Adsorption/enrichment process was affected by temperature,
so according to the actual temperature of wastewater at differ-
ent conditions, the adsorption experiments were did at 20, 30
and 40°C, respectively. CB and o-NCB were adsorbed respec-
tively by PHBBMA with a batch method to reveal the effect of
hydrophilic group on adsorption/enrichment. A dose of 100 mg of
PHBBMA was added into 100 mL of CB or 0-NCB aqueous solu-
tion in a 150-mL conical flask, sealed with a stopper, and stirred
at 200rmin~! under the constant temperatures, while blank test
was arranged. All the experiments were conducted in triplicate,
and the mean values have been reported. Considered to aqueous

Chemicals (abbreviation) CAS number Structure Molecular weight Log Kow? SwPat25°C (mgL-1)
Chlorobenzene (CB) 108-90-7 112.56 2.84 498
Cl
/N\_F
—N
— \ -
o-Nitrochlorobenzene (0-NCB) 88-73-3 o 157.56 2.24 441

@ Octanol/water partition coefficient.
b Aqueous solubility, *PSource [33].
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solubility of CB and 0-NCB, and based on preliminary study, the
initial concentration ranges were set from 0.56 to 131.04 mgL!
(4.99 x 1073 to 1.16 mmol L-1) for CB and from 0.98 t0 97.55 mg L~!
(6.19x 103 to 0.62mmolL-1) for 0-NCB to determine adsorp-
tion isotherms and enrichment effect. The equilibrium time was
36h, which was determined by preliminary study. The kinetics
was studied at initial concentration of 0.56, 5.62 and 37.44mg L'
(4.99 x 103, 4.99 x 10~2 and 0.32 mmol L-!) for CB, and of 0.98,
9.76and 54.63mgL~1(6.19 x 103,6.19 x 10-2and 0.35 mmol L~ 1)
for 0-NCB. The concentration of adsorbate on PHBBMA, q (mgg~1),
was calculated by the equation:
(co—c)V

qa= m (1)
where ¢y (mgL~1) and ¢ (mgL~1) are the concentrations of adsor-
bate in the solution at time 0 and t (h), respectively. V (L) is the
solution volume, and m (g) is the dose of adsorbent.

Enrichment factor (EF) was used to evaluate the accumulation
ability of PHBBMA, which borrowed the definition from BCF [29].
EF is distinguished from BCF which illuminates the concentration
capacity of living organisms:

EF = 3P )
Ce

where ge (mgg1) and ce (mgL-1) are the concentrations of adsor-

bate on PHBBMA and in the solution at equilibrium, respectively.

p, solution density, is about 1000 g L-!. The enrichment capacity of

PHBBMA should be positively correlated with EF.

2.4. Analytical methods

The shapes and surface morphology of PHBBMA were inves-
tigated by JSM-6300F SEM of JEOL Ltd. (Tokyo, Japan). Samples
were dried overnight and sputter coated with gold prior to imag-
ing. The specific surface area and pore distribution were measured
by ASAP 2010M from Mirometitics (Norcross, GA, USA) with the
BET (Brunauer-Emmett-Teller) and BJH (Barrett-Joyner-Halenda)
methods through N, adsorption at 77 K [38].

CB and o-NCB concentrations were determined by LC-20A
high performance liquid chromatography (HPLC) purchased
from Shimadzu (Kyoto, Japan) with external standard method.
Samples were separated using an Agilent HC-C18 column
(4.6 mm x 250 mm) (Santa Clara, CA, USA) at 40°C and detected
by UV detector at 254 nm. The mobile phase was methanol/water
(70/30, v/v) at a flow rate of 1.000 mL min~!, and sample injection
volume was 10 pL for 18 min of the retention time. Samples were
filtered through a 0.45 pm syringe filter prior to injection into HPLC
column. The minimum detection limit (MDL) of HPLC as the com-
pound concentration at a signal-to-noise ratio of 3. The MDL values
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Fig. 3. Pore size distributions of PHBBMA.

of CB and 0-NCB were 0.08 and 0.06 mgL~!, respectively. The cali-
bration curves were established by injecting six standard solutions,
ranging from 0.53 to 106.6 mgL-1 (4.74 x 10~3 to 0.95 mmol L~ 1)
for CB with the linear fitting coefficient (R) of 0.9998, and ranging
from 0.52 to 1043 mgL~1(3.31 x 10~3 to 0.66 mmol L) for 0-NCB
with R of 0.9999.

3. Results and discussion
3.1. Properties of PHBBMA

The textural and surface characteristics of PHBBMA are shown
in Fig. 2. The results indicated that PHBBMA was spherical particles
with rough surface and micropores. The diameter of most PHBBMA
particles was 100-200 wm. The BET surface area, total pore vol-
ume, and average pore diameter were 8.45m2 g~1,0.0105cm3 g1,
and 4.9nm, respectively. Fig. 3 describes the cumulative and
differential pore volume of PHBBMA with the pore diameter
range of 1.9-89.7 nm. According to the definition by IUPAC, the
adsorbent pores are classified into three groups: micro-pore (diam-
eter<2nm), meso-pore (2-50 nm), and macro-pore (>50 nm), so
the main pores of PHBBMA were meso- and macro-pores. The pores
were produced by the vaporization of chloroform solvent and water
(W3), so the pore diameter was determined by the concentration
of PHB in chloroform and the diameter of water particles. In this
study, the water particle sizes were large due to the limitation of
stirring speed of homogenizer, i.e., the pore diameter was large and
the specific surface area was small.

The adsorption capacity of adsorbent is related to specific sur-
face area and affinity between the adsorbent and adsorbate. Due to
the specific surface area of PHBBMA being limited by the apparatus,

B, AAA 1pm W1 B

Fig. 2. Scanning electron micrographs of PHBBMA: (a) whole particles x 70 and (b) surface of particle x 8000.
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Fig. 4. Adsorption isotherms of CB and 0-NCB on PHBBMA: experimental data at 20°C (W), 30°C (®) and 40°C (a); isotherm models fitting (—).

the affinity plays an important role, so two adsorbates, CB and o-
NCB, were used to evaluate the adsorption ability of PHBBMA. The
meso- and macro-pores of PHBBMA were favorable for the adsorp-
tion of CB and 0-NCB, since water was easy to penetrate in these
pores, and the collision probability of chemicals with PHBBMA
increased. If the adsorption ability is proved, the further study will
be reported in other paper. For example, the preparation conditions
will be optimized, and other pore foaming agents will be tried. Acti-
vated carbon and molecular sieve may be as carriers to increase the
surface area of PHBBMA.

3.2. Adsorption isotherms

Analysis of sample blanks indicated that there was not sig-
nificant loss of CB and o-NCB over the test duration. The
adsorption tests were carried out and the adsorption isotherms
of CB and 0-NCB in aqueous solutions onto PHBBMA are shown
in Fig. 4. The experimental data were analyzed using Lang-
muir, Freundlich and Sips models, and their parameters are
presented in Table 2. The Langmuir isotherm can be represented as
[39,40]:

where g (mgg~1)and b (Lmg~!) are constants related to adsorp-
tion capacity and energy of adsorption, respectively. The Langmuir
equation is used for homogeneous surfaces. Though the values of
R? (0.967-0.999) expressed in Table 2 were high, Fig. 4 shows that
Langmuir was not available to fit the experimental data.

The Freundlich isotherm is given as [38,40-41]:

qe = Kpc/" (4)

where K¢ [mg(1=1/M L1/n g=1] and n are constants. The Freundlich
isotherm originally was an empirical equation, but has been later
interpreted in theory. Kr and n are indicators of adsorption capacity
and intensity, respectively. The Freundlich model showed a higher
extent of deviation from the data compared to the other models
in both systems since the R? values of the Freundlich model were
lower than that of the other models (Table 2). The result was also
proved in Fig. 4.

The Sips isotherm, which always describes the adsorption of
the adsorbent with heterogeneous surface, is a three-parameter
equation. Sips equation similar in form to the Freundlich equation,
but it has a finite limit when the concentration is sufficiently high
[40,42]:

Y
qmb]_Ce Je = qmbsce (5)
Qe = 7—7—— (3) €= 2
1+ byce 1+ bsce
Table 2
Adsorption isotherm parameters for CB and 0-NCB on PHBBMA.
Chemical T(°C) Langmuir model Freundlich model Sips model
Gm b x 103 R? K 1/n R? Gm bs x 103 y R?
CB 20 208.60 (19.56)? 6.52 (0.81) 0.999 2.04 (0.29) 0.82 (0.04) 0.996 125.99 (7.04) 6.07 (0.34) 1.22(0.04) 1.000
30 165.91 (29.65) 7.63(1.90) 0.995  1.99(0.48) 0.80 (0.06) 0.990 80.31 (6.03) 2.89 (1.05) 1.59(0.14) 0.999
40 140.69 (31.57) 7.31(2.31) 0.992  1.64(0.49) 0.79 (0.07) 0.984 63.20 (3.86) 1.25 (0.67) 1.85(0.18) 0.999
0- 20 63.48 (10.76) 23.28(7.32) 0.978  2.52(0.93) 0.66 (0.10) 0.950 39.56 (1.17) 5.57 (1.39) 1.81(0.11) 0.999
NCB 30 57.83(13.10) 19.59 (7.98) 0967 1.91(0.84) 0.69 (0.11) 0.938 32.89(0.74) 1.77 (0.59) 2.18(0.13) 0.999
40 53.99 (13.07) 15.39 (6.34) 0972  1.37(0.60) 0.72(0.11) 0.949 29.01 (0.80) 1.59 (0.58) 2.10(0.13) 0.999

2 The standard error of the fitting value of the parameters.
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where gm (mgg-!) is the maximum adsorption capacity, bs
(LYmg~7) is a constant related to adsorption energy, and y is the
Sips exponent. The Sips model fitted experimental data well, as
indicated in both Fig. 4 and Table 2 (R2 >0.999).

Fig. 4 shows that the adsorption amount of CB was always
greater than that of 0-NCB in the same conditions, and the adsorp-
tion capacity decreased when the temperature increased for both
CB and 0-NCB. The results were also expressed by qm values of the
Sips equation in Table 2. It was because that adsorption capacity
was positive correlation with the affinity between PHBBMA and
chemicals, and CB had more strong affinity than o-NCB due to
absence of -NO,. The adsorption capacity had a negative effect on
the temperature because the octanol-water partition coefficient
(Kow) decreased and aqueous solubility increased with the tem-
perature increasing for CB [43]. That is the affinity between CB and
PHBBMA decreased when the temperature increased. The effect of
temperature on 0-NCB could be explained with the same reason.
These meant that PHBBMA could adsorb CB and o-NCB well. The
gm was 125.99, 80.31 and 63.20mgg~! for CB, and 39.56, 32.89
and 29.01 mg g~! for 0-NCB at 20, 30 and 40 °C, respectively, under
experimental conditions.

Table 2 shows that g, of CB on PHBBMA was 165.91 mgg~!
according to Langmuir model at 30°C, but g, in unit surface area
was 19.6 mg m~2 since its surface area was only 8.45m2g-1. Sen-
nour et al. reported that g, of CB on activated montmorillonite with
BET surface area of 250 m2 g~ ! was 174.8 mg g~ ! according to Lang-
muir model at 28 °C, but g, in unit surface area was only 0.7 mg m—2
[43]. The result showed that PHBBMA had a potential advantage
and could increase adsorption capacity through increasing surface
area.

3.3. Enrichment ability of PHBBMA

Enrichment ability of PHBBMA was an important parameter,
so EF was defined as a criterion. EF of PHBBMA for CB and o-
NCB were calculated using the experimental equilibrium data and
Sips equation fitting data, respectively. The variety of EF with
equilibrium concentration is shown in Fig. 5. For both chemicals,
EF increased at first and then decreased when the equilibrium
concentration increased. Under low concentrations, PHBBMA had
enough available sites, so ge could increase faster than ce (Fig. 4),
which indicates that EF increased with the increase of c.. Under
high concentrations, adsorbent was gradually saturated, causing
ge increased slowly, even kept constant, so EF decreased with the
increase of ce. EF for CB and 0-NCB had the same trends, with EF,q-c
(EF at 20°C) > EF3g-c > EF4g-c. This was because when temperature
increased, Kow decreased and aqueous solubility increased for CB
[44]. High Kow and low aqueous solubility imply strong lipophilic
and hydrophobic properties, which causes the easy adsorption

1200 = CB
g
‘% 900
30C
g
T 600 40¢
£
=
Q
o
5 300+ =0~ based on experimental data
—— based on Sips fitting data
01— T T T T T
0 18 36 54 72 90

c, (mg/Ll)

of CB on PHBBMA. The same reason could be considered for
0-NCB. Fig. 5 also shows that EF values calculated by the Sips fit-
ting data were consistent with the experimental results at high
equilibrium concentrations, but a great difference existed at very
low concentrations. This is because the high concentration would
conceal the variety at low concentration when the simulation
data were calculated with the same equation, and the measure-
ment error was bigger at low ce than at high ce. It indicates that
the Sips model may not fit the experimental data well at low
concentrations, but it could be used to accurately predict EF at
ce>30mgL-! for CB and ce >25mg L~ for 0-NCB. This also showed
that the simulation could accurately predict EF at low concentra-
tions when the adsorption isotherm fitted the experimental data
well.

PHBBMA had higher enrichment capacity for CB than for o-NCB
because the former had higher Ko than the latter (Table 1). Though
a small aqueous solubility is always in favor of the adsorption pro-
cess, it is not suitable for CB and o-NCB. Because that 0-NCB is solid
at normal temperature, and its aqueous solubility is related to its
crystal lattice energy, while adsorption capacity is influenced by
hydrophobic property [38]. Therefore, their difference of EF cannot
be explained by the different solubility, and should be determined
by Kow. The hydrophilic group, -NO,, increases the hydrophilicity
of 0-NCB, so PHBBMA has better adsorption affinity for CB than for
0-NCB. The maximum EF were 1204, 1064 and 860 for CB, and 1149,
916 and 689 for 0-NCB at 20, 30 and 40 °C for 36 h, respectively. The
results showed that PHBBMA has a good enrichment effect for CB
and o-NCB, and PHB is a suitable adsorption material for OCICs. It
can predict that OCICs with higher Ko will have higher EF than
CB and o-NCB. In the future, the mathematical relation between
Kow and EF will be constructed to predict enrichment effect with
chemical structure.

3.4. Enrichment/adsorption kinetics

The enrichment rate is one of the key factors of the practical
application, so the kinetics was studied. The rate law is always
determined by experimentation, but it cannot be inferred by more
examination of the overall chemical reaction equation because the
solid-solution adsorption process is complex [45]. The pseudo-first
and -second order models were based on solution concentration
for the sorption of chemicals from liquid phase onto solid adsor-
bent, as a reversible reaction with an equilibrium being established
between two liquid and solid phases [45]. So the two models are
always used to express the mechanism of adsorption in liquid-solid
systems. The former is expressed as [40,45]:

dq
— =k — 6
a = k(@e —a) (6)
1200
0-NCB
L. 9004
9]
S
o
® 600
£
5 30C
= 40°C
UE.I 300
=0~ based on experimental data
based on Sips fitting data
0-— T T T T
0 20 40 60 80
c, (mgil)

Fig. 5. EF variety of PHBBMA for CB and 0-NCB with equilibrium concentrations at different temperatures.
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Fig. 6. Kinetics for CB and 0-NCB on PHBBMA: experimental data at 20°C (M), 30°C (®) and 40 °C (a); pseudo-first order model fitting (- - -), and pseudo-second order model

fitting (—).

where ki (h~1) is the rate constant of the first order sorption. Inte-
grating Eq. (6) for the boundary conditions, g=0att=0and g=q at
t=t, it gives:

q = ge[1 —exp(—kqt)] (7)
The pseudo-second order model is in the form [46]:

dg 2

ar =ka(qe — q) (8)

where k; (gmg~1 h~1)is the rate constant of the second order sorp-
tion. The integration of Eq. (8) with the boundary conditions, g=0
att=0and g=q at t=t leads to:

ho = k22 (10)
where hg (mgg~! h~1)is the initial sorption rate, which is obtained
when t approaches to zero. The adsorption kinetics of CB and o-NCB
on PHBBMA were fitted by Egs. (7) and (9) employing the non-linear
fitting method using the software Origin7.5 (Fig. 6). The parameters
of the fitted models are presented in Table 3.

Fig. 6 shows that the pseudo-second order model could fit the
experimental data better than the pseudo-first order model. The R?
values in Table 3 also confirmed this observation for all R? of the
second order model were higher than that of the first order model.
The initial rate hy decreased when temperature increased because
it was affected by the rate constant and the equilibrium capacity.

2 . e
_ kaggt When the temperature increased, the diffusion rate of the adsor-
—— 9)
q= 1 7 o . .
+ gekot bate molecules across the liquid film and in the internal pores of the
Table 3
Kinetic parameters for CB and 0-NCB on PHBBMA.
Chemical ¢p (mgL—") T(°C) Pseudo-first order model Pseudo-second order model
qe k1 R? qe ko ho R?
CB
oo 20 0.25 (0.02) 0.716 (0.200) 0.879 0.27 (0.01) 3.433(0.942) 0.25 (0.09) 0.950
) 30 0.21(0.02) 0.574(0.182) 0.852 0.23 (0.01) 3.084 (0.992) 0.16 (0.07) 0.933
40 0.17 (0.01) 0.579 (0.129) 0.926 0.19(0.01) 4,035 (0.743) 0.14 (0.03) 0.978
R 20 2.55(0.17) 0.825 (0.249) 0.856 2.76 (0.14) 0.395 (0.123) 3.01(1.25) 0.935
: 30 2.25(0.16) 0.671 (0.204) 0.860 2.46(0.13) 0.342 (0.105) 2.07 (0.86) 0.938
40 1.91(0.11) 0.680 (0.174) 0.900 2.07 (0.09) 0.419 (0.101) 1.80(0.58) 0.962
s 20 18.03 (1.08) 0.876 (0.235) 0.882 19.32 (0.83) 0.063 (0.017) 23.52(8.23) 0.953
’ 30 15.87 (1.08) 0.889 (0.272) 0.853 17.14(0.90) 0.068 (0.022) 19.98 (8.47) 0.932
40 14.21 (1.04) 0.752 (0.241) 0.840 15.40 (0.88) 0.064 (0.021) 15.18 (6.85) 0.924
0-NCB
0.98 20 0.30(0.01) 0.484 (0.072) 0.968 0.33(0.01) 1.978 (0.143) 0.22 (0.02) 0.997
30 0.23 (0.01) 0.493 (0.094) 0.948 0.25 (0.01) 2.590 (0.372) 0.16 (0.03) 0.987
40 0.22(0.01) 0.315 (0.065) 0.943 0.24(0.01) 1.741 (0.307) 0.10 (0.02) 0.983
976 20 4.33(0.19) 0.311(0.055) 0.960 476 (0.11) 0.087 (0.011) 1.97 (0.33) 0.992
) 30 3.15(0.19) 0.276 (0.066) 0.922 3.45 (0.16) 0.114 (0.026) 1.36 (0.44) 0.970
40 2.81(0.16) 0.261 (0.059) 0.932 3.08 (0.13) 0.120 (0.026) 1.14(0.35) 0.974
G 20 27.78 (1.14) 0.307 (0.050) 0.966 30.63 (0.65) 0.013 (0.001) 12.20 (1.85) 0.994
: 30 23.34(1.25) 0.254 (0.052) 0.944 25.74(0.94) 0.014 (0.002) 9.28 (2.33) 0.982
40 20.67 (1.30) 0.219(0.051) 0.927 22.88(1.15) 0.013 (0.003) 6.80 (2.40) 0.969

2 The standard error of the fitting value of the parameters.
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adsorbent particle increased, owing to the decrease in the viscosity
of the solution. In addition, changing the temperature could change
the equilibrium capacity of the adsorbent for a particular adsorbate
[47]. Fig. 6 also shows that the fitting effects of the kinetics are bet-
ter for o-NCB than for CB. This result indicates that a higher reaction
order than 2 fits the data of CB well, and the concentration has a
greater influence on the adsorption rate of CB than of 0-NCB.

4. Conclusions

This work showed that PHBBMA prepared with PHB by a modi-
fied double emulsion solvent evaporation technique is an effective
adsorbent for enrichment of liposoluble OCICs from aqueous solu-
tion. The maximum adsorption capacity and EF were 125.99 mg g~!
and 1204 for CB, 39.56 mg g~ and 1149 for 0-NCB at 20°C for 36 h,
respectively, though the specific surface area of PHBBMA was only
8.45m2 g1 at preparation conditions.

The adsorption capacity and EF have a negative correlation with
the temperature, while they have a positive correlation with Koy.
CB has higher lipid solubility, adsorption capacity and EF than o-
NCB. Sips adsorption isotherm and the pseudo-second order kinetic
model fitted the experimental data well, and EF could be predicted
accurately by the proper model.

PHBBMA can accumulate liposoluble organic compounds to
realize their degradation feasibility in kinetics. Therefore, PHB,
even other PHAs, can be a new biodegradable adsorption mate-
rial. In the future, more chemicals will be investigated to construct
mathematical relations among chemical structure, Kow and EF. The
optimization and modification of PHBBMA will be also studied,
such as activated carbon and molecular sieve are used as carriers
to increase its surface area.
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