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MTBE has emerged as an important water pollutant because of its high mobility, persistence, and toxicity.
In this study, a postcrosslinked polymeric adsorbent was prepared by postcrosslinking of a commercial
chloromethylated polymer, and a nonpolar porous polymer with comparable surface area and micropore
volume to the postcrosslinked polymer was prepared by suspended polymerization. The postcrosslinked
polymer, nonpolar porous polymer and chloromethylated polymer were characterized by N, adsorption,
FTIR and XPS analysis. Results showed that postcrosslinking reaction led to the generation of a microporous
postcrosslinked polymer with BET surface area 782 m? g-1, average pore width 3.0 nm and micropore
volume 0.33 cm? g~1. FTIR and XPS analysis indicated the formation of surface oxygen-containing groups
on the postcrosslinked polymer. The three polymers were used as adsorbents to remove aqueous methyl
tert-butyl ether (MTBE). Adsorption of MTBE over the postcrosslinked polymeric adsorbent was found to
follow the linear adsorption isotherm, whereas MTBE adsorption onto the nonpolar porous polymer and
chloromethylated polymer followed Langmuir adsorption model. Comparison of adsorption capacities of
the postcrosslinked polymer, chloromethylated polymer and nonpolar porous polymer revealed that the
adsorption of MTBE from aqueous solution is dependent on both pore structure and surface chemistry of
polymeric adsorbents, and the high adsorption efficiency of the postcrosslinked polymer towards MTBE
is attributed to its high surface area, large micropore volume and moderate hydrophility. The process of
MTBE adsorption onto the adsorbents can be well described by pseudo-second-order Kinetics, and the

Keywords:

Postcrosslinked polymeric adsorbent
Postcrosslinking

Methyl tert-butyl ether

Adsorption

rate of adsorption decreased at higher MTBE initial concentration.
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1. Introduction

Methyl tert-butyl ether (MTBE) is extensively used as a gasoline
additive to increase the octane rating and promote more complete
combustion. In recent years, however, the large-scale use of MTBE
has led to the widespread contamination of groundwater. Growing
concern has been focused on MTBE contamination control since the
U.S. Environmental Protection Agency (USEPA) classified MTBE as a
possible human carcinogen [1-4]. Nevertheless, MTBE’s high water
solubility, low Henry’s Law constant and resistance to biodegrada-
tion complicate its removal from water by conventional treatment
techniques [5,6].

Adsorption treatment using porous materials such as activated
carbon [7-12], zeolites [7,13,14] and synthetic resins [8,14-19]
has been adopted to remove aqueous MTBE. A large amount of
adsorption isotherms as well as breakthrough curves [11,12,15,17]
were compiled and used to characterize the adsorption proper-
ties. Among the potential adsorbents for the abatement of aqueous
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MTBE, synthetic resin adsorbents with high surface area and tun-
able pore structure have proved to be the promising candidates
[20]. Synthetic carbonaceous resins Ambersorb 563 and 572 were
found to have adsorption capacities three to five times greater than
activated carbon Filtrasorb 400 at an MTBE equilibrium concentra-
tion of 1 mg/1[8]. Shih etal.[17] concluded that Ambersorb 563 was
a superior adsorbent for the removal of MTBE from drinking water
in terms of adsorbent usage rate, integrated column capacity and
the cost. Synthetic polymeric resins Amberlite XAD-4, XAD-7 and
Optipore L493 were also found to be effective for the adsorption of
aqueous MTBE [15,18,19].

Polymeric resin adsorbents are usually classified into three cat-
egories: gel-type, macroporous and postcrosslinked [21]. Gel-type
resins with nonporous structure and low surface area are seldom
used as the adsorbents for organic solutes. Macroporous resins are
capable of effectively adsorbing organic pollutants, due to their
porous polymeric matrix. For small organic molecules such as
MTBE, however, adsorption generally occurs in the micropores of
the resins through van der Waals forces, dipole-dipole interactions,
and/or hydrogen bonding [22,23]. It is noteworthy that the pore
structure as well as the micropore volume of polymeric adsorbents
can be finely tuned by postcrosslinking using chloromethylated
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polymer as starting material via Friedel-Crafts reaction [21,24-26].
Furthermore, the resulting postcrosslinked polymer displays excel-
lent adsorption properties towards both polar and nonpolar organic
compounds owning to the large specific surface area and abun-
dant micropore volume [24,27-30]. In the light of previous studies,
we speculate that aqueous MTBE can be effectively adsorbed onto
postcrosslinked polymer with abundant micropores. To our best
knowledge, however, the adsorption behaviors of MTBE from aque-
ous solution onto postcrosslinked polymer sorbents have rarely
been reported in the literature, and the effects of pore structure and
surface characteristics of porous polymeric adsorbents on MTBE
adsorption remain unclear so far.

In the present study, postcrosslinked polymeric adsorbent was
prepared by postcrosslinking of a chloromethylated polymer and
adsorption of MTBE from aqueous solution onto the adsorbent was
investigated. This study aimed at the characterization of the poly-
meric adsorbents, determination of the adsorption isotherms and
kinetics, and the comparison of adsorption properties of different
polymeric adsorbents to elucidate the adsorption mechanism and
evaluate the effects of pore structure and surface chemistry of poly-
meric adsorbents on the adsorption of MTBE.

2. Experimental
2.1. Materials

Commercial coconut shell-based activated carbon Huajing GAC
was obtained from Chengde Huajing Activated Carbon Company,
China. Amberlite XAD-4 resin was obtained from Rohm & Haas
Company, US.

2.2. Preparation of polymeric adsorbents

2.2.1. Preparation of nonpolar porous polymer

Nonpolar porous polymer was prepared by the polymeriza-
tion of divinylbenzene (the monomer) with gelatin as the diluent,
toluene as the porogen and benzoyl peroxide (BPO) as the ini-
tiator. The polymerization reaction was carried out in a 500-ml
four-necked, round-bottomed flask fitted with mechanical stirrer.
Gelatin and distilled water were added to the flask to form a 0.5%
(w/w) aqueous solution. An organic phase was prepared by mixing
the monomer, the porogen and the initiator. The concentration of
initiator was 1% by weight of the monomer, and the ratio of porogen
to monomer was 2:1 (v/v). For the polymerization reaction, 120 ml
of the organic phase was slowly added to 250 ml of the previously
prepared gelatin aqueous solution under stirring at 45 °C. The mix-
ture was first slowly heated to 75 °C and held at this temperature for
2 h, then heated to 85 °C and kept for 4 h and finally heated to 95 °C
and held for 3 h. The resulting polymer beads were collected by fil-
tration, followed by washing with hot water and extracting with
acetone in a Soxhlet apparatus for 12 h before dried at 80°C for 8 h.

2.2.2. Preparation of postcrosslinked polymer

Commercial chloromethylated polymer (Chemical Plant of
Nankai University, China) with chlorine content of 19.5% was used
as the starting material for the preparation of postcrosslinked poly-
mer. Typically, 10 g of the chloromethylated polymer was swollen
overnight in 60 ml of nitrobenzene. 1g zinc chloride was added
to the suspension of polymer beads under stirring. The mixture
was slowly heated to 110°C and held at this temperature for 12 h.
Afterwards, the resulting polymer beads were recovered by filtra-
tion, washed with ethanol and distilled water, and extracted with
ethanol in a Soxhlet apparatus for 8 h. The polymer beads were
washed with 2 mol/l hydrochloric acid on a magnetic stirrer, and
finally dried in an oven for 8 h at 60°C.

2.3. Characterization of polymeric adsorbents

The Brunauer-Emmett-Teller (BET) surface areas and pore size
distributions of the polymeric adsorbents were determined by N
adsorption on a Micrometrics ASAP 2010 automatic analyser at
—196°C (77K). IR Spectra of the polymers were recorded with
Nicolet Nexus 870 Spectrometer. X-ray photoelectron spectrome-
ter (VG ESCALAB MK-II) with Mg Ka as X-ray source at a pressure
of 10-8 mbar was used to analyze the surface properties of poly-
meric adsorbents. All spectra were obtained using an anode power
of 260 W (13 kV, 20 mA) at a pass energy of 20 eV.

2.4. Adsorption isotherms

Adsorption isotherms of MTBE onto commercial chloromethy-
lated polymer, nonpolar porous polymer, and postcrosslinked
polymer were determined by batch tests. Carefully weighed
amounts of adsorbents were introduced into 50-ml glass tubes
containing 50 ml of MTBE aqueous solution with known initial con-
centrations. The tubes were Teflon sealed and placed in a constant
temperature incubating shaker, in which adsorption was allowed to
last48 h at 25 °C to reach the adsorption equilibrium. Samples were
then taken from the solution for MTBE concentration measurement
using an Agilent 6890 gas chromatograph with purge & trap Tek-
mar Dohrmann 3100 Sample Concentrator. The adsorption amount
of MTBE in the sample was calculated according to the following
equation:

where qe is the equilibrium adsorption amount (mgg-!), Gy is the
initial concentration of MTBE solution (mgl-1), Ce is the equilib-
rium concentration of MTBE (mgl-!), V is the volume of MTBE
solution (1), and M is the mass of polymeric adsorbent (g).

e =

2.5. Adsorption kinetics

For the measurement of the time-dependent uptake of MTBE
onto different polymeric adsorbents, 0.5g adsorbent was intro-
duced to a 500-ml flask with glass stopper containing 500 ml MTBE
aqueous solution with known concentration. The flask was placed
in a constant temperature incubating shaker at 25 °C. Aqueous sam-
ples were withdrawn from the flask at different time intervals. The
concentration of residual MTBE was determined and the adsorption
amount was calculated according to the following equation:

_Gocw )

where q; is the adsorption amount at time t (mgg~1), Cg is the
initial concentration of MTBE solution (mgl—1), C; (mg1-1) is MTBE
concentration at time t, Vis the volume of MTBE solution (1), and M
is the mass of polymeric adsorbent (g).

qe

3. Results and discussion
3.1. Material characterization

The BET surface areas (Sggr), pore volumes, and other structural
properties of the adsorbents are listed in Table 1. The pore size dis-
tribution of the polymers isillustrated in Fig. 1. The nonpolar porous
polymer had a specific surface area of 656.4m?2 g~1, implying that
the polymer consists of a porous network instead of a conventional
gel structure. Nyhus et al. [32] reported that polymerization of
meta-DVB and para-DVB with toluene as the porogen resulted in
a porous polymer with the specific surface area up to 1000m? g1,
N, adsorption analysis results showed that the pore volume of
the polymer was 0.94 cm? g~!, demonstrating the porosity of this
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Fig. 1. Pore size distributions of the polymeric adsorbents.

polymer. Typically, two types of porogens, good solvents and non-
solvents, are frequently used in the preparation of porous polymer
[24]. Polymers prepared in a good solvent, such as toluene, are usu-
ally found to be more microporous. Investigation of the morphology
and pore size distribution of poly(meta-DVB) and poly(para-DVB)
prepared in the presence of toluene indicated that the resulting
porous polymers were mainly composed of micropores [32]. In the
presence of a good solvent the generation of micropores is gener-
ally associated with the effective solvating of the growing polymer
chains, which consequently delays the precipitation of the polymer.
The retarded phase separation leads to an enhanced crosslinking
between polymer chains and eventually to an increased microp-
orosity.

The polymer with abundant micropores was also prepared via
postcrosslinking of the chloromethylated polymer. The specific
surface area of the commercial chloromethylated polymer was
determined to be 35.8m2g~!. After postcrosslinking process, the
specific surface area increased up to 782.0m2 g~!. Jerabek et al. [ 28]
studied postcrosslinking of chloromethylated copolymer and found
that polymers with specific surface areas of 940 and 720 m2 g~!
could be obtained by postcrosslinking process using gel-type
chloromethylated polymer and macroreticular chloromethylated

Table 1
Structural properties of the adsorbents

Chloromethylated polymer

Nonpolar porous polymer

Absorbance (a.u.)

Postcrosslinked p”'ymw
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Fig. 2. IR spectra of the polymeric adsorbents.

polymer as the precursors, respectively. This clearly demonstrates
that the surface area of the chloromethylated polymer can be
markedly enhanced via the postcrosslinking process.

Postcrosslinking procedure also led to changes in the pore struc-
ture of the resulting polymer. N, adsorption results showed that the
chloromethylated polymer had an average pore width of 16.7 nm
and pore volume of 0.30cm?3 g~!. In contrast, the postcrosslinked
polymer was characteristic of an average pore width of 3.0nm
and pore volume of 0.55cm3 g~!. The postcrosslinked polymer
exhibited a similar pore size distribution to the chloromethylated
polymer in pore diameter between 2 and 150 nm. It is worthy
to note that the postcrosslinked polymer displayed an extremely
sharp and narrow pore size distribution in pore diameter between
1 and 2nm, in which the maximum dV/dD value was observed
at pore diameter of 1.5 nm. In comparison, the chloromethylated
polymer gave a very low dV/dD value at pore diameter lower than
2 nm. In parallel, the micropore volume of the postcrosslinked poly-
mer was 0.33cm3 g~1, which is markedly higher than that of the
chloromethylated polymer (see Table 1). This clearly points out that
the postcrosslinked polymer possessed abundant micropores and
the increased pore volume and narrowed pore width are mainly
attributed to the new generated micropores.

The structural changes in the chloromethylated polymer after
postcrosslinking can be followed using IR spectrometer and IR
spectra of the polymers are compared in Fig. 2. For the IR spec-
trum of the chloromethylated polymer, IR bands at 3104, 3060
and 3027 cm~! are characteristic of C-H stretching vibration from
aromatic rings. IR bands at 2924 and 2875cm™! are assigned to
the C-H stretching vibration from alkyl groups. IR bands at 1512,
1448, 1423 and 1382cm™!, characteristic of aromatic C-C and
alkyl C-H vibration, were also visible. The aromatic C-H vibra-
tions were evidenced by IR bands at 831, 754 and 704cm~!. Note
that a strong IR band at 675cm™!, characteristic of C-Cl vibra-
tion, was observed. In parallel, a strong IR band at 1265cm™!
characteristic of C-H vibration from chloromethyl groups was
also observed, reflecting the presence of benzyl chloride in the
polymer. After postcrosslinking, the strength of IR bands at 1265

Sample BET surface area (m2g~') Average pore width (nm) Pore volume (cm?g—1) Micropore volume (cm3 g-1)
Chloromethylated polymer 35.8 16.7 0.30 -

Nonpolar porous polymer 656.4 6.7 0.94 0.28

Postcrosslinked polymer 782.0 3.0 0.55 0.33

Amberlite XAD-42 750.0 5.0 - -

Huajing GAC 661.3 1.9 0.32 0.27

2 From Ref. [31].
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Table 2
Compositions of surface elements on the polymeric adsorbents derived from XPS
analysis

Sample C(wt.%) O (wt.%) Cl (wt.%)
Chloromethylated polymer 83.9 2.6 13.5
Nonpolar porous polymer 100 0 0
Postcrosslinked polymer 92.3 4.3 3.4

and 675 cm~! markedly reduced, indicative of the decreased con-
tent of chloromethyl groups in the postcrosslinked polymer. The
decrease in the content of chloromethyl groups can be ascribed
to Friedel-Crafts reaction between chloromethyl groups and vici-
nal aromatic rings. In addition, a strong IR band at 1704 cm~! was
observed, reflecting the presence of carbonyl groups in the poly-
mer. Xu et al. [33] studied the postcrosslinking of chloromethylated
polymers with nitrobenzene as the solvent and found that at reac-
tion temperature higher than 120°C benzyl chloride groups could
be oxidized into carbonyl groups. Similar results were also obtained
by Meng et al. [34].

XPS analysis results are listed in Table 2. The surface chlorine
content of the nonpolar porous polymer was not determinable due
to the absence of chloric reagent used in the preparation process.
Postcrosslinking of the chloromethylated polymer led to a decrease
of the surface chlorine content from 13.5 to 3.4 wt.%, indicating that
approximate 75% of the surface chlorine was consumed during the
postcrosslinking process. Fontanals et al. [26] studied the synthesis
of postcrosslinked polymers and observed substantial decrease in
chlorine content during the reaction course, which is associated
with conversion of the chloromethyl groups into the methylene
bridges.

XPS results further showed that the surface oxygen contents of
the nonpolar porous polymer, the chloromethylated polymer and
the postcrosslinked polymer were 0, 2.6 and 4.3 wt.%, respectively.
In fact, surface oxygen with markedly high content was also identi-
fied in commercial postcrosslinked polymers Purolite MN-200 and
MN-600 [35,36], which is consistent with the observations of Xu et
al. [33] and Meng et al. [34]. Note that the surface oxygen content is
related to the hydrophilicity of the polymeric resins [26,33-36].
Therefore, the higher surface oxygen content suggests the par-
tial hydrophilicity of the postcrosslinked polymer compared to the
hydrophobic nonpolar porous polymer and the chloromethylated
polymer.

3.2. Adsorption isotherms

The adsorption isotherms of MTBE over the different adsorbents
at 25°Care compared in Fig. 3. Among the adsorbents investigated,
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Fig. 3. Adsorption isotherms of MTBE over the polymeric adsorbents at 298 K.

the postcrosslinked polymer has the highest adsorption capac-
ity towards aqueous MTBE. Note that Huajing GAC used in this
study had a BET surface area of 661.3m? g~!, whereas commer-
cial activated carbons with surface area more than 800 or even
1000m2 g~ demonstrated much higher adsorption capacity for
MTBE [11,12]. Taking the manufacturing costs into consideration,
the postcrosslinked polymer is not yet cost competitive relative to
activated carbon. Further work is in progress to improve the adsorp-
tion capacity of postcrosslinked polymer at reduced cost, and the
results of investigation will be reported in the future.

For MTBE adsorption onto the chloromethylated polymer and
the nonpolar porous polymer, typical L-type isotherms were
observed. In contrast, a linear adsorption isotherm was observed
for MTBE adsorption over the postcrosslinked polymer.

To elucidate the mechanism of MTBE adsorption onto the poly-
meric adsorbents, simulation of the adsorption isotherms was con-
ducted. Simulation results showed that the adsorption isotherms
of MTBE over the chloromethylated polymer and nonpolar porous
polymer could be well described by Langmuir adsorption model,

_ GoobCe
e = 17bCe

where g is the equilibrium adsorption capacity of polymeric adsor-
bents (mgg~1), Ce is the equilibrium MTBE concentration in the
aqueous solution (mg1-1), g, is the maximum adsorption capacity
(mgg~1), and b is the isotherm parameter (Img-1), respectively.

The adsorption of MTBE over the postcrosslinked polymer fol-
lowed the linear adsorption isotherm:

de = KpCe

where ¢e is the equilibrium adsorption capacity (mgg=1), Ce is the
equilibrium MTBE concentration (mgl~1), and Kp (1g~1) is the par-
tition coefficient, respectively.

The isotherm parameters obtained are summarized in Table 3.
The adsorption behaviors of MTBE onto the postcrosslinked poly-
mer are different from those of the chloromethylated polymer
and nonpolar porous polymer. The kinetic diameter of MTBE is
reported to be 0.62nm [37]. Li et al. studied the adsorption of
aqueous MTBE onto activated carbon fibers (ACFs) and proposed
that the adsorption capacity of ACFs for MTBE was correlated to
the pore volume of micropores with pore widths of 0.8-1.1 nm,
which was corresponding to 1.3-1.8 times as wide as the kinetic
diameter of MTBE molecule [9]. N, adsorption results showed that
the chloromethylated polymer contained a small BET surface area
of 35.8m?2g~! without any micropore volume detected. In addi-
tion, the average pore width of the chloromethylated polymer is
16.7 nm, approximately 25 times larger than the kinetic diameter
of MTBE. This suggests that the chloromethylated polymer is not an
appropriate adsorbent for MTBE, evidenced by the fact that MTBE
adsorption capacity was markedly lower compared to the other
two polymers. In contrast, the postcrosslinking reaction led to the
generation of a micropore-dominant structure as well as signifi-
cantly increased specific surface area. Note that micropore width
of the postcrosslinked polymer is concentrated in the range from 1
to 2 nm. This clearly points out that MTBE molecules can be feasibly
adsorbed in the micropores of the postcrosslinked polymer, which
is in good agreement with the adsorption data.

The nonpolar porous polymer has the micropore volume of
0.28 cm3 g1 and surface area of 656.4 m? g1, which is comparable
to the postcrosslinked polymer. Nevertheless, the former showed
markedly lower adsorption capability towards MTBE compared to
the latter, implying the uptake of aqueous MTBE is not only domi-
nated by the surface area and micropore volumes. In general, MTBE
is considered as a hydrophilic compound with high water solu-
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Table 3
Isotherm parameters for MTBE adsorption at 298 K
Sample Model Parameter R?

4o (mgg™") b(Img™) Ko (lg™)
Chloromethylated polymer Langmuir 2.18 0.118 - 0.977
Nonpolar porous polymer Langmuir 14.8 0.076 - 0.985
Postcrosslinked polymer Linear - - 1.962 0.979

bility due to the high concentration of polar oxygen atom in the
molecule. It is a general consensus that the hydrophilic surface is
prerequisite for the effective adsorption of hydrophilic adsorbate. Li
et al. compared MTBE adsorption onto ACFs with different surface
properties and concluded that the ACFs with oxygen and nitro-
gen content of 2-3 mmol g~! are most effective for the adsorption
of hydrophilic MTBE [9]. XPS results showed that surface oxygen
content of the postcrosslinked polymer was 4.3 wt.%, correspond-
ing to 2.7mmolg-!. In contrast, the surface oxygen content of
the nonpolar porous polymer was not determinable. Therefore,
it can be concluded that the higher MTBE adsorption capability
of the postcrosslinked polymer is attributed to its higher surface
hydrophilicity compared to the hydrophobic nonpolar porous poly-
mer. This conclusion is further supported by the results of MTBE
adsorption over the chloromethylated polymer. For the nonpolar
porous polymer and chloromethylated polymer, MTBE adsorption
over the adsorbents followed Langmuir adsorption model and the
adsorption parameter b in Langmuir adsorption model is char-
acteristic of the affinity of the adsorbate to the adsorption sites
on the surface of the adsorbent. The adsorption parameter b of
the chloromethylated polymer and nonpolar porous polymer were
0.118 and 0.076, respectively, indicative of the stronger adsorption
of MTBE onto the chloromethylated polymer although the adsorp-
tion capacity of the chloromethylated polymer is lower than the
nonpolar porous polymer. It is noteworthy that the surface oxygen
content of the chloromethylated polymer was 2.6 wt.%, higher than
that of the nonpolar porous polymer. This also clearly points out
that MTBE tends to be adsorbed by more hydrophilic surface.

3.3. Adsorption kinetics of MTBE over polymeric adsorbents

The time courses of MTBE adsorption over polymeric adsorbents
at 25°C are presented in Fig. 4. For the chloromethylated polymer
and nonpolar porous polymer, MTBE adsorption was very fast dur-
ing the initial 60 min and reached the adsorption equilibrium after
adsorption for 140 and 240 min, respectively. In contrast, adsorp-
tion of MTBE over the postcrosslinked polymer was relatively slow
and did not reach equilibrium after adsorption for 1500 min.

20
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Fig. 4. Adsorption kinetics of MTBE onto the polymeric adsorbents at 298 K.

Among the kinetic models, pseudo-first-order or pseudo-
second-order kinetics is the most widely used model to describe
the adsorption process [38,39].

The pseudo-first-order kinetics:

_ _ 1
log(ge — q¢) = logqe 5303"

The pseudo-second-order kinetics:

t 1 t

— — +
qt ko q% Je

where qe is the equilibrium adsorption amount (mgg=1), g¢ is the
adsorption amount at time t (mgg~1), k; is the pseudo-first-order
rate constant (min~!) and k; is the pseudo-second-order rate con-
stant (gmg~! min—1).

For three polymeric adsorbents, the plot of log(ge — ;) versus
t based on pseudo-first-order kinetics and the plot of t/q; versus t
based on pseudo-second-order kinetics are illustrated in Fig. 5. The
correlation of pseudo-first-order kinetics (Fig. 5a) did not give a
good regression. On the contrary, the good linear plot of t/q; versus
t in Fig. 5b with correlation coefficient (R?) higher than 0.99 sug-
gests that MTBE adsorption onto the polymeric adsorbents follows
the pseudo-second-order kinetic model. The kinetic model param-
eters are listed in Table 4. For all the three polymeric adsorbents,
the ge values calculated from the slopes of the t/q; versus t plots
were found to be in good agreement with the experimental g. val-
ues, further indicating that the adsorption of aqueous MTBE onto
polymeric adsorbents perfectly obey pseudo-second-order kinet-
ics. The adsorption rate constants were calculated to be 4.33 x 1072,
6.21 x 10-3 and 3.07 x 10~* gmg~! min~—! for the chloromethylated
polymer, nonpolar porous polymer and postcrosslinked polymer,
respectively. Note that the average pore widths of the three poly-
meric adsorbents are 16.7, 6.7 and 3.0 nm, respectively. The lower
rate constant of MTBE adsorption onto the postcrosslinked polymer
is tentatively attributed to MTBE diffusion into the micropores of
the postcrosslinked polymer.

To evaluate the effect of initial concentrations on the adsorp-
tion kinetics of MTBE onto the postcrosslinked polymer, the time
courses of MTBE adsorption with different initial concentrations
are presented in Fig. 6. Fitting results showed that the adsorption
of MTBE with different initial concentrations followed pseudo-
second-order kinetic model and the adsorption parameters are
listed in Table 5. The adsorption rate constants were found to
be 3.07 x 1074, 2.95 x 10~ and 1.89 x 10~% gmg~! min~! at MTBE
initial concentrations of 26.5, 47.0 and 85.8mgl-!, respectively,
indicating a decreased adsorption rate at higher initial concen-
tration or MTBE adsorption amount. At low adsorption amounts,
MTBE molecules tend to be quickly adsorbed into the open pores of
polymeric adsorbents. At high adsorption amounts, however, MTBE
molecules have to penetrate into the pores via a longer diffusion
length, which eventually results in a decreased adsorption rate at
high adsorption amount or initial concentration.

In well-stirred batch adsorption systems the intraparticle dif-
fusion model has been used to describe the adsorption process
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Table 4
Pseudo-second-order adsorption rate constants and the calculated and experimental ge values for adsorption of MTBE on the polymeric adsorbents
Sample ge (experimental) (mgg~') ko (gmg ! min~') e (calculated) (mgg1) R?
Chloromethylated polymer 2.28 433 %1072 2.28 0.999
Nonpolar porous polymer 8.28 6.21 x 103 8.38 1
Postcrosslinked polymer 19.62 3.07 x 104 20.66 0.998
Table 5
Kinetic model parameters for the adsorption of MTBE at different initial concentrations on the postcrosslinked polymer
Co (mgl-1) ge (experimental) (mgg—1) k, (gmg ! min-1) ge (calculated) (mgg1) R?
26.5 19.62 3.07 x 104 20.66 0.998
47.0 31.81 2.95x 104 32.68 0.999
85.8 54.74 1.89 x 104 55.87 0.999
occurring on porous adsorbent [40,41]: 60
172 i u
qe = kit'/? + x; . . u n =
. . . . o=
where g, is the adsorption amount at time t (mgg~1), k; is rate con- o) [ ]
stant for the intraparticle diffusion (mgg~" min—1/2) and x; is the E w0t -
intercept of the line (mg g~1) which is proportional to the boundary = u .
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200 to fast uptake of MTBE [42]. It is noteworthy that each line in the first
stage passes through the origin, indicating that MTBE adsorption in
100 the initial stage is dominated by the intraparticle diffusion instead

1 1
0 500 1000 1500 2000
Time (min)

Fig. 5. Simulation of MTBE adsorption onto the polymeric adsorbents using (a)
pseudo-first-order kinetics and (b) pseudo-second-order kinetics.

of film diffusion process. This can be attributed to the diffusion of
MTBE molecules into the micropores of the postcrosslinked poly-
mer, which is relatively slow due to the narrow pore width of the
micropores. MTBE adsorption slows down in later stages, reflecting
the consecutive diffusion of MTBE molecules into the micropores
with narrower pore widths in the postcrosslinked polymer.
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Table 6
Intraparticle diffusion constants for adsorption of MTBE on the postcrosslinked poly-
mer at different initial concentrations

Co (mgl-1) ki (mgg~! min=1/2) R?

265 0.80 0.999
47.0 1.73 0.999
85.8 3.43 0.990

4. Conclusions

In this study, the postcrosslinked polymer and nonpolar porous
polymer were prepared and MTBE adsorption onto the non-
polar porous, chloromethylated and postcrosslinked polymeric
adsorbents was investigated. The postcrosslinking reaction of
the chloromethylated polymer results in increased surface area,
abundant micropores and partial surface hydrophilicity in the
postcrosslinked polymer, which leads to the markedly higher
adsorption capacity for aqueous MTBE compared to nonpolar
porous and chloromethylated polymers. Based on the correlation
of the structural properties to the adsorption behaviors of the poly-
mers, MTBE adsorption is concluded to be dominated by the pore
structure and surface chemistry of the polymeric adsorbents. The
abundant micropores as well as moderate surface hydrophilicity
are favorable for MTBE adsorption onto the polymer. For adsorp-
tion kinetics, MTBE adsorption onto the polymers follows the
pseudo-second-order model. In addition, MTBE diffusion into the
postcrosslinked polymer is controlled by the intraparticle diffusion
due to the preferential adsorption of MTBE in the micropores.
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