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Abstract

In this paper a new bifunctional polymeric resin (LS-2) was synthesized by introducing sulfonic groups onto the surface of the resin during
the post-crossing of chloromethyl low crosslinking macroporous poly-styrene resin, and the comparison of the adsorption properties of LS-2
with Amberlite XAD-4 toward aniline and 4-methylaniline in aqueous solutions was made. The study focuses on the static equilibrium
adsorption behaviors, the adsorption thermodynamics, and the column dynamic adsorption and desorption profiles. Freundlich model gives a
perfect fitting to the isotherm data. Although the specific surface area of LS-2 is lower than that of Amberlite XAD-4, the adsorbing capacities
for these two adsorbates on LS-2 are higher than those on Amberlite XAD-4 within the temperature range 288-318 K, which is contributed
to microporous structure and the polar groups on the network of LS-2 resins. The adsorption for aniline or 4-methylaniline on LS-2 was
proved to be an endothermic process and increasing temperature was favorable. From the studies on the adsorption thermodynamics, stati
equilibrium adsorption, and the desorption conditions, an important conclusion can be drawn that the adsorption for aniline or 4-methylaniline
on the LS-2 is a coexistence process of physical adsorption and chemical transition.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction adsorptionis proved to be one of the most attractive and effec-
tive techniques for purification and separation in wastewater
Aniline and its derivatives, as one of the most important treatment. Activated carbon, as a porous material with large
organic intermediates, are widely used for the manufacture of specific surface area and predominant proportion of microp-
pesticides, rubber, drugs, varnishes and dyestuffs; as a resultpres, has been widely used in industrial adsorptive processes
more and more aniline-containing wastewater has been intro-efficiently [8,9].
duced into water bodies. For their high toxicity, the efficient In recent years, polymeric adsorbents have increasingly
removal of these organic compounds from water has drawnbeen viewed as an alternative to activated carbon for efficient
significant concern. removal of specific organics from contaminated water due to
Presently, various methods of wastewater treatment havetheir good properties and mechanical strength. Among them
been developed such as catalytic oxidation, liquid membranethe commercially available Amberlite XAD-4 resin was re-
separation, biological degradation and adsorgtlesd]. Due ported to be an ideal adsorbent for a wide variety of organic
to the high concentrating ability of typical adsorbej@s], compounds, especially for phenols. However, the extreme
hydrophobic surface of XAD-4 lowers its adsorbing capacity
* Corresponding author. Tel.: +86 25 86087698; fax: +86 25 85572627. for. polar organic comp_o_unc[io,ll]. TO overcome the. limi-
E-mail addressesciger6267@163.com (C. Jianguo), tation, chemically modified polymeric adsorbents with func-
liaimin99@vip.sina.com (L. Aimin). tional groups such as phenolic hydroxyl, acetyl, benzoyl and
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hypercrosslinked polymers have been synthesized recently2.2. Synthesis of LS-2 adsorbent
[12—14] There are also reports that some hypercrosslinked
resins were used in sorption of aniline compounds fromaque- The synthesis of low-crosslinked macroporous styrene—
ous solutior{15]. divinylbenzene copolymer and its chloromethylation were
The purpose of present work was to prepare a new chemi-carried out as the literatufé7].
cally modified bifunctional adsorbent (LS-2) for the removal The bifunctional polymeric adsorbent LS-2 was pre-
of the two aniline compounds (aniline, 4-methylaniline) from pared through the following post-crosslinking step. In
their aqueous solutions, and to compare the adsorption prop-a 500 mL round-bottomed flask, 50g chloromethylated
erties of the adsorbent with those of the commercial Amber- styrene—divinylbenzene copolymers (the chlorine content
lite XAD-4 resin. 19.5%) were swollen in 300 g nitrobenzene. Under mechani-
cal stirring, 7.5 g zinc chloride was slowly added into the flask
at room temperature. Then, 10 mL sulfuric acid (mass per-
centage: 98%) was added. The mixture was further stirred
for 12h at 383 K. Finally, the mixture was poured into an
acetone bath containing 1% (mass percentage) hydrochloric
acid. The filtered polymers were extracted by ethanol for 8 h
in Soxhlet apparatuses and dried under vacuum at 333K for
8h.

2. Materials and synthetic methods
2.1. Chemicals

Acetone, ethanol, nitrobenzene, zinc chloride, sulfuric
acid, hydrochloric acid, dibenzoyl peroxide, aniline and 4-
methylamllne_ were used in this study. All these chemicals 2.3. Characterization of adsorbents
are of analytical grade and were purchased from Shanghai
Chemical Reagent Plant (Shanghai, China). Photographic-
grade gelatin was obtained from Yancheng Dafeng Gelatin
Plant (Yancheng, China). Styrene and divinylbenzene (pu-
rity: 50.4%) were purchased from Dongda Chemical Co. Ltd.
(Shandong province, China). Chloromethyl methylether was ;04 analysis instrument (Micromeritics Instrument, Norcros,
obtained from Langfang Chemical Co. Ltd. (Hebei province, \;ga) |nfrared spectra of the polymeric adsorbent before and
China). The spherical Amberlite XAD-4 resinwas purchased ey the post-crossing reaction were obtained from a Nicolet
from Rohm & Haas Company (Philadelphia, USA). Physic- 17q gx |R spectrometer (USA) with a pellet of powdered
_ochgmlcal properties of the adsorbates and _a_tdsorbents useBotassium bromide and resin. The chlorine content was mea-
in this study are presented Tables 1 and 2Aniline and 4- g ;101 according to the method of Volhét8]. And the strong
methylaniline were dissolved in deionized water without pH 5 i jic exchange content was measured by chemical titration.

The specific surface area and the pore distribution of the
adsorbents were calculated, respectively by BET and BJH
methods via the nitrogen adsorption and desorption curves
at 77 K using a Micromeritics ASAP-2010 automatic surface

adjustment.
3. Experimentation
Table 1 . . .
Typical properties of the studied adsorbents 3.1. Static adsorptlon experiment
PO'yrf‘e”C resins Amberiite XAD-4  LS-2 Equilibrium adsorption of two aniline compounds was
Polarity Nonpolar Moderate polar  performed at four different temperatures: 288 K (risen from
if;;g:;‘f;f:;gﬁf:t:f:m@ o 0 275K), 303, 318 and another 288 K (fallen from 318 K). Dry
Particle size (mm) 0.4-06 04-0.6 LS-2 resin (0.1 g)_was Weighed accur_ately and introdu_ced
Pore volume (mL/g) 1.05 0.57 into a 250 mL conical flask directly, while the XAD-4 resin
Micropore area (fg) 31 280.4 should be wetted in 0.5 mL methanol and rinsed with deion-
Residual chloride content (%) 0 7.78 ized water for more than three times before use. Then, 100 mL
ggg:g acidic exchange content Wh?te Dei'sgray aqueous solution of the adsorbates of certain concentration
(Co, mg/L) ranging from 200 to 1000 was added to each flask.
Table 2

Properties of the adsorbates
Adsorbates Molecular formula Molecular weight K43 Solubility (g/100 g HO)?

NH,
Aniline 93 4.58 3.7
4-Methylaniline HsCONHz 107 5.08 0.7

a Data from[16].
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The flasks were completely sealed and shaken in a G25 modeWVs is the volume of solution (mL), ands is the volume of
incubator shaker (New Brunswick Scientific Co. Inc.) atapre- wet resin (mL).

settled temperature under 130 rpm until equilibrium reached.

The concentrationGe, mg/L) of the residual agueous phase

was determined using HPLC (Nov-Pak{Ccolumn, flow 4. Result and discussion

phase: methanol:5% ammonia = 70:30, wavelength: 275 nm,

flow rate: 1 mL/min) assembled by Waters 600 controller, 4.1. Characterization of the polymeric adsorbents

Waters 600 pump and Waters 2487 Dual Absorbance De-

tector (Waters Assoc., USA). Thus, the concentration of the  The two adsorbents (Amberlite XAD-4 and LS-2) are
adsorbent-phase solut® (mmol/g), is calculated by Eq.  quite different in the BET surface area, chemical compo-

(2): sition, and the pore structures as listedable 1 The distri-
Vi(Co — Ce) bution of pore sizes of the two adsorbents is showrign 1
Qe=——F — 1) LS-2 exhibits a wider distribution (<120 nm, not shown) than

_MW . _ _ XAD-4 (<18 nm) in pore sizes. The micropore (<2 nm) dom-
whereV; is the volume of solution (L)W is the weight of  jnates the pore structure of LS-2, while mesopore (2—18 nm)
dry resin (g), and/ is the molecular weight of corresponding  plays the main role in the XAD-4 resin.

adsorbate. After the reaction, the strong band of 671.8¢m
. _ - (chloromethyl group) in LS-2 was weakened, and the bands
3.2. Selection of desorption condition of about 3420 cm? (hydroxyl group), 1680 cmt (carbonyl

_ 3 group), 1360 and 1170 cm (sulfonic groups) were strength-
100 mL aqueous solution (10.0mmol/L) of the aniline ened, as shown in the IR spectrum 2, which indicated the ex-

compounds was added to each 250 mL conical flask con-jstence of other polar groups besides sulfonic grdtigs2
taining 0.1g of dry resins. The flasks were tightly sealed
and shaken in a G25 model incubator shaker at 303K un-
der 130rpm. After adsorption equilibrium reached, all the
resins were filtered and again introduced, respectively into
the flasks. Hundred milliliters of the different desorption sol-
vents were added into the flasks at 313 K and shaken contin-

ually. Twenty-four hours later, the concentration of solution were presented iRig. 3a—d). Itis well known that increas-

was determined by HPLC, and the removal efficiency was Ing temperature was disadvantageous for a physmal adsorp-
evaluated. tion process, and the process has the reversible character

[19]. The equilibrium adsorption capacities of aniline and
4-methylaniline on Amberlite XAD-4 decrease with the in-
crease of temperature, and have no differences at the same
temperature of 288 K whether it is fallen from 318 K or risen
from 275 K, which is the characteristic of physical adsorption
process. As for LS-2, the equilibrium adsorption capacities
increase with the rise of temperature and the adsorption ca-
pacities on LS-2 at 288K fallen from 318 K are the highest,

4.2. Static equilibrium adsorption

Equilibrium data concerning the adsorption of the ad-
sorbates from aqueous solutions onto the two adsorbents

3.3. Dynamic adsorption and desorption

Dynamic adsorption was conducted using a 10¢cm
4.6 mm i.d. stainless-steel column packed with the new pre-
pared polymeric adsorbent LS-2 and connecting with a 6672
reciprocating pump (Beijing Analytical Instrument Plant)
at room temperature. Aniline solution of 14.8 mmol/L was
passed through the column at a flow rate of 6 BV/h (BV is

bed volume), and the solvent (5% hydrochloric acid) was 014} § g
used for desorbing at the temperature of 313 K. Dynamic ad- sl /\ —o—LS2
sorption capacities of resins were evaluated in two ways: (1) | O \
the breakthrough capacity, which was based upon the total "¢ 0.10F .

c

amount of adsorbed aniline until the effluent concentration

Kl

ol ol / R\

reached 5% of initial concentration, (2) the total capacity, “:’ ]\

which was based upon the total amount of adsorbed aniline 8. her ;"..\ / \

until the concentration reached 100% of the initial concentra- % 0.04 - ‘% R \

tion. The effluents from the column were analyzed quantita- 2 ol %2 l‘.

tively by HPLC in every 5 min and the adsorption capacities ?‘%JLO X_O;_JO

Qc (mmol/mL resin) were calculated with following E¢Q): R0 SRS

0c = V2(Co — Ca) @) O T T 0 15 20 2 w0
V3 D(nm)

Wh?reco is the Concentratlon_ of initial solution (mmol/mL), Fig. 1. Plotof pore size distributions vs. pore diameter for Amberlite XAD-4
Cais the average concentration of the effluents (mmol/mL), andLs-2.
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which may ascribe to the coexistence of irreversible chemical
process and the reversible physical process.

The equilibrium adsorption isotherms of aniline and 4-
methylaniline on Amberlite XAD-4 and LS-2 resins at 303 K
were shown irFig. 4a and b). The adsorbing capacities for
aniline and 4-methylanilinethe on the bifunctional polymeric
adsorbent LS-2 are significantly higher than those on Amber-
lite XAD-4, which may be contributed to its high micropore
area and sulfonic functional groups on the networks.

Freundlich model was used to fit the equilibrium adsorp-
tion data. The model was rearranged and expressed &3)Eq.
[20,21}

. . 1
Freundlich equation : 1@ = In K+ —InCe (3)
n

whereCg is the equilibrium concentration (mmol/L{e is

Fig. 2. IR spectra of the chloromethylated copolymer of styrene and di- the equilibrium adsorption Capacity (mmol/g(),; andn are

vinylbenzene before and after the reaction, 1 is the LS-2 resin and 2 is

chloromethylated macroporous copolymer of styrene-divinylbenzene.
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the characteristic constants.

The correlative parameters of Freundlich isotherm equa-
tions at 303 K are listed iable 3 The Freundlich adsorption
model can give a perfect fitting for all the correlative factors
R?>0.99.
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Fig. 3. (a) The equilibrium adsorption isotherms of aniline on Amberlite XAD-4 at different temperature. (b) The equilibrium adsorption isdthatims on
LS-2 at different temperature. (c) The equilibrium adsorption isotherms of 4-methylaniline on Amberlite XAD-4 at different temperature. (djjibheraq

adsorption isotherms of 4-methylaniline on LS-2 at different temperature.
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Fig. 4. (a) The equilibrium adsorption isotherms of aniline on Amberlite XAD-4 and LS-2 at 303 K. (b) The equilibrium adsorption isotherms ofdnitie¢hyl
on Amberlite XAD-4 and LS-2 at 303 K.

Table 3
Correlative parameters of aniline and 4-methylaniline on Amberlite XAD-4 and LS-2 resins at 303 K
Adsorbent Adsorbate Freundlich parameters
Equation Kg n R
XAD-4 Aniline In Qe = —0.736+ 0.542 In Ce 0.479 1.844 0.990
4-Methylaniline INnQe = —0.214+ 0.427 In Ce 0.807 2.341 0.996
LS-2 Aniline In Qe = 0.220+ 0.459 In Ce 1.246 2.181 0.999
4-Methylaniline INQe = 0.515+ 0.447 In Ce 1.673 2.235 0.998

The correlative parameters of Freundlich adsorption  Although XAD-4 has a high specific area, its micropore
isotherm equations for aniline and 4-methylaniline at dif- area is much lower. In contrast, the micropore area of LS-2
ferent temperatures are listedTiable 4 respectively. Based is nearly 50% of total specific surface ar8alfle 3, which
on the Freundlich theory, coefficieK§ is an indication of favors a solute—solute interaction for the adsorbates accord-
the adsorbing capacity ariR? denotes the degrees of devi- ing to the capillary condensation theory. This expression is
ation from isotherm linearity. According thg in Table 4 in good agreement with other reports, which refer that the
the obviously higher adsorbing capacities toward aniline and micropores of resins affect the sorption proceeds via pore
4-methylaniline on LS-2 can be expected. filing mechanism22,23] Moreover, the networks of LS-2

The specific surface area of LS-2 is lower than that of contain several different groups such as sulfonic groups, car-
Amberlite XAD-4, but the adsorbing capacities for these bonyl groups, hydroxyl groups and chloromethyl residues as
two adsorbates on LS-2 are higher than those on Amber-shown inFig. 2 These polar groups enhance the surface con-
lite XAD-4 within the temperature range 288—318 K, which tact with aqueous solutions. Furthermore, the acidic active
further proved that besides specific surface area, adsorptiorgroups on LS-2 will interact with the basic amino groups of
capacity will be effected by several other factors, including aniline compounds easily, which is helpful for the adsorption
adsorbent polarity, active groups and pore structures, and sand also is a factor for the increase of adsorption capacities
on. when the temperature increases. So it is quite obvious that

Table 4
Correlative parameters of Freundlich model for aniline and 4-methylaniline on the two resins at different temperatures

Adsorbent

Temperature (K) Aniline 4-Methylaniline

Freundlich parameters

Freundlich parameters

Kg n R Kg n
Amberlite 288 0.606 2.202 0.994 0.948 2.756 0.999
303 0.479 1.844 0.990 0.807 2.341 0.996
XAD-4 318 0.376 1.587 0.997 0.682 2.028 0.985
288 1172 2.078 0.986 1.482 1.946 0.995
LS-2 303 1.246 2181 0.999 1.673 2.235 0.998
318 1.422 2.384 0.999 1.784 2311 0.989

* Risen from 275K.
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Table 5a
Thermodynamic values of aniline adsorption on the two adsorbents
Adsorbent Qe (mmol/g) AH (kJ/mol) AG (kJ/mol) AS(J/mol K)
288K 303K 318K 288K 303K 318K
Amberlite 0.6 —-1941 -5.27 —4.65 —4.20 —49.10 —48.71 —47.83
0.8 —14.90 —3343 —3383 —3365
XAD-4 1.0 —-1141 —2132 —2231 —22.67
0.6 1883 —4.98 —-5.49 —6.30 8267 8026 7903
LS-2 0.8 1604 7299 7106 7025
1.0 1388 6549 6393 6346

the microporous structure and the polar groups of LS-2 are adsorbent (mol/g)x is the mole fraction of adsorbed solute

considered to be the predominant factors affecting adsorptionin solution.

capacities. The use of Freundlich isotherm model would lead to a
value of the free energy change per mole of solute adsorbed

4.3. Thermodynamics of the adsorption which is independent d@e in the following form:

o _ , , AG = —nRT (6)
Estimations of the isosteric adsorption enthalpy change,
free energy change, and entropy change were calculated usingvheren represents the Freundlich exponent.
the well fitting Freundlich equations. The isosteric adsorption ~ Entropy change values associated with adsorption can be
enthalpy change can be easily calculated with a derivative calculated using previously obtainédd and AG values by
Van't Hoff equation[24]: Gibbs—Helmholtz equation:

1 AH AH — AG
In (=) =Ink S 4 AS = —— (7
(co) = (-57) @ T

. I ) The thermodynamics values of the two adsorbates on the
where Ce is the equilibrium concentration of solute at the two adsorbents are summarizediables 5a and 5b

absolute temperatui(mol/L), AH is the isosteric enthalpy The isosteric adsorption enthalpy change of the two ad-
of adsorption wherQe is a fixed value (kJ/mol)T is the sorbates on Amberlite XAD-4 are negative and in the range
abSOIUt‘? temperature (K), afls the gas constant amd is of 10-25 kJ/mol, which indicates a physical adsorption pro-
the Van't Hoff equation constant. cess. This is in good agreement with the above conclusion,

_Ce was obtained from the Freundlich isotherms at a def- y,5; i the equilibrium adsorption capacities of aniline and
inite Q. value (0.6, 0.8 and 1.0mmol) at different temper- 4-methylaniline on Amberlite XAD-4 decrease with the in-
atures (288, 303 and 318K). AntiH was calculated from o 4qing temperature, and have no differences at the same
f[he slope of the line plotted by In (@) versus 1 if AH is temperature of 288 K fallen from 318 K or risen from 275 K.
independent of temperature. i However, the values of enthalpy change of the two aniline
The free energy change of adsorption can be calcu- o561 nds adsorption on LS-2 are positive and in the range
lated using an expression derived from the Gibbs adsorption ¢ 16_303/mol. So the processes are endothermic and the
isotherm, and the following equation was obtained at low 51 es are comparatively low, which suggests the coexistence

solute concentratiof2s]: of physical adsorption and chemical transition. The heat re-
X dy leased in the physical adsorption process is lower than the
AG = —RT/O - (5) heat needed in the chemical transition process, which results

in the endothermic character of the whole adsorption process.
whereAG is the free energy change of adsorption (kJ/mol),  The negativeAG values indicate all these adsorptions are
gis the number of moles of solute adsorbed per unit mass of spontaneous. The absoluts values of adsorption of the

Table 5b
Thermodynamic values of 4-methylaniline adsorption on the two adsorbents
Adsorbent Qe (mmol/g) AH (kd/mol) AG (kd/mol) AS(J/mol K)
288K 303K 318K 288K 303K 318K
Amberlite 0.6 —25.39 —6.60 —5.90 —5.36 —65.24 —64.32 —62.99
0.8 —20.06 —46.74 —46.73 —46.23
XAD-4 1.0 —15.94 —3243 —-3314 —-3327
0.6 1938 —4.66 —5.63 -6.11 8347 8254 8016
LS-2 0.8 1669 7413 7366 7170

1.0 1460 6688 6677 6513
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Table 6
The desorption efficiency of different solvents
Adsorbent Desorption solvent Desorption efficiency (%)
Aniline 4-Methylaniline
Acetone 88.5 88.1
XAD-4 Acetone:5% hydrochloric acid =1:1 87.8 86.9
5% hydrochloric acid 86.4 85.3
Acetone 60.6 61.5
LS-2 Acetone:5% hydrochloric acid=1:1 82.4 80.6
5% hydrochloric acid 87.1 86.4
140
1.0 "
120 -
08 100
o —~
"‘> 0.6 -TI_ 80 |
o 2
o 60
04} ©
40
0.2
20
0.0 I n PR P— " 1 " 1 " 1 " 1 0] 1 1 1
50 60 70 80 90 100 110 120 0 1 2 3 4 5
(a) Bed Volume (b) Bed Volume

Fig. 5. (a) Adsorption curve of aniline on LS-2 at room temperature. (b) Desorption curve of LS-2 adsorbed aniline at 313 K.

two adsorbates on Amberlite XAD-4 decrease with the in- cal transition when aniline or 4-methylaniline is adsorbed on

crease of temperature, which elucidates the decreasing tent.S-2.

dency of adsorption spontaneity and further confirms the

physical character of the adsorption. On the contrary, the 4.5. Dynamic adsorption and desorption

absolute AG values of adsorption of the two adsorbates

on LS-2 increase with the increasing temperature, which  Due to the satisfactory adsorption capacity for the aniline

manifests that rise of temperature is helpful for the adsorp- compounds on LS-2 in our research, it is hopeful for LS-2

tive system. And this confirms the existence of chemical to be developed as a polymeric adsorbent for the removal of

transition. organic pollutants from drinking water and for the recovery
The negativeASvalues of the two adsorbates adsorption of organics from wastewater. So it is necessary to test the dy-

on Amberlite XAD-4 indicate that more ordered arrangement namic adsorption and desorption. The results of mini-column

of solute molecules is shaped on the surface of the adsorbentdynamic adsorption of aniline by LS-2 are showifrig. 5a),

While the positiveASvalues of the two adsorbates adsorp- whereC, is the concentration at different bed volume of the

tion LS-2 indicate increased randomness at the solid/solutioneffluent (M). The breakthrough adsorption capacity and the

interface during the adsorption of the two adsorbates onto thetotal adsorption capacity, calculated by E2), were 0.96 and

adsorbent, which may attribute to the water molecules from 1.24 mmol/mL resin, respectively.

the chemical transition. Considering the results of desorption with different sol-
vents, 5% hydrochloric acid was used for desorbing aniline
4.4, Comparison of desorption conditions from LS-2. At the flow rate of 1.5 BV/h, nearly 100% regen-

eration efficiency for the adsorbent was achieved. 5b)

Different solvents were used to desorb the static equilib- shows the desorption curve.
rium adsorbents, and the results are showraible 6

The aniline compounds adsorbed on XAD-4 can be des-
orbed easily with the three different solvents, and all the des- 5. Conclusions
orption efficiencies are above 85%, while acetone could des-
orb only about 60% of adsorbed compounds from LS-2.Once A new bifunctional polymeric adsorbent (LS-2) for ad-
the solvents are acidized, the desorption efficiencies couldsorbing aniline and 4-methylaniline from their aqueous so-
be improved greatly, which is an additional proof of chemi- lutions was synthesized. The equilibrium adsorption capaci-
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ties for the two aniline compounds on LS-2 are higher than [7] G.F. Payne, M.L. Shuler, Selective adsorption of plant products,
those on XAD-4, which attributes to its microporous struc- Biotechnol. Bioeng. 31 (1998) 922. ' _
ture and the poIar functional groups. The Freundlich isotherm [8] C.J. Radke, J.M. Prausnitz, Adsorption of organic solutes from dilute

. . . aqueous solution on activated carbon, Ind. Eng. Chem. Fund. 11 (4
model can perfectly fit the experimental data in the tempera- (f;72)u4 45 u' W 9 ! @

ture range of 288—31_8 K. o _ _ [9] D.M. Nevskaia, A. Guerrero-Ruiz, Comparative study of the adsorp-

The results of static equilibrium adsorption manifest that tion from aqueous solutions and desorption of phenol and nonylphe-
the adsorption of the two aniline compounds on Amberlite nol substrates on activated carbons, Colloid Interface Sci. 234 (2001)
XAD-4 is an exothermic physical process, while the adsorp- __ 316:

tion of th dsorbat nLS-2 i xisten r '{10] R. Kunin, The use of macroreticular polymeric adsorbents for
ono € adsorbates o -4 IS a coexistence process o the treatment of waste effluents, Pure Appl. Chem. 46 (1976)

physical adsorption and chemical transition, which is further 205.
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The dynamic adsorption studies towards aniline by LS- Science and Education Press, Shanghai, 1992 (in Chinese).

2 show the breakthrough capacity and the total capacities[lz] V.A. Davankov, M.P. Tsyurupa, Structure and properties of hyper-

. . . crosslinked polystyrene—the first representative of a new class of
are 0.96 and 1.24 mmol/mL resin, respectively, which further polymer networks, React. Polym. 13 (1990) 27.

elucidates its higher adsorbing capacity, and the resin can b&;3) v.A. bavankov, M.P. Tsyurupa, Structure and properties of porous
desorbed easily by 5% hydrochloric acid. hypercrosslinked polystyrene sorbents ‘Styrosorb’, Pure Appl. Chem.
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