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Abgtract. In this study, the performance of two polymer
resins was evauated, one composed of methyl
methacrylate-divinylbenzene (MMA-DVB) and the other
of only divinylbenzene (DVB), for adsorption of oil in
synthetic oily wastewater. The tests were carried out using
two processes: (i) continuous flow, to assess the quantity
of oily water that can be eluted until reaching the saturation
point of resins; and (ii) batch, to obtain information about
the begt-fitting kinetic and isotherm models for the two
resins. The results for both resins showed better fits to the
Freundlich isotherm model and the pseudo-second-order
kinetic model. The low activation energy values found
suggest physical adsorption between the resins and ail.
Although DVB resin has presented dightly better oil
removal efficiency than the MMA-DVB one, the results
showed that DVB resin can be industrialy replaced by
MMA-DVB resin, dueto the latter advantages. |ower codt,
lower toxicity and easy regeneration, as indicated by the
kinetic and isotherm studies.

Keywords oily water treatment, adsorption, porous
polymer resins, isotherm model, kinetic model.

1. Introduction

The process of petroleum production is
accompanied by continuous production of water. This
produced water is a byproduct, the complex composition
of which depends on the type of ail, age of the field and
extraction procedure. In genera, this water contains high
concentrations of different salts, a large quantity of
dispersed and emulsified oil, solids from the rock
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formation and chemical products added to improve the
extraction process, such as biocides, antifoam agents and
corrosion inhibitors [1-6]. Therefore, the produced water
needs to be treated before being discharged in the
environment because toxic properties or used for other
purposes [7]. The treatment method depends on this final
destination: discharge or reuse in other activities, such as
irrigation, steam generation for tertiary oil recovery or
power generation [8-10], and reinjection in producing
wells[11-12]. For discharge, in Brazil the concentration of
oil must be reduced to 0.029 kg/m®, according to the rules
issued by the National Environmental Council [13]. For
reuse and reinjection, the leves of contaminants must be
smaller than for discharge, making it necessary to use more
complex trestment methods, such as nanofiltration and
reverse osmosis membranes.

Produced water trestment by physico-chemical
processes, involving gravitational separation, hydro-
cyconing and/or ultrefiltration, is very common, but in
some cases these methods are unable to reduce the
concentrations of contaminants to acceptable levels, even
for discharge. Various aternatives have been studied to
“polish” this water, with processes involving adsorption
being the most suitable and widely studied [14-15].
Among filtering methods, the use of crushed walnut shells
and other plant materials can be mentioned. In adsorption
processes, materials like charcoal, organic clays and
polymer resins are being used [16-19]. Polymer resins
have several advantages, such as thermal, mechanical and
chemical stability and reusability. They can aso betailored
to the type of contaminant to be removed [20-22]. In
adsorption processes in general, polymer resins have
presented satisfactory results, and athough they can be
obtained with varied compositions [23-26], those based on
divinylbenzene (DVB) and styrene (STY) having the
greatest application. Severa studies of the use of STY-
DVB resins to treat produced water have been published
[27-29]. Since crude oil is a complex mixture of
compounds with different characteristics, some studies
have been published investigating the efficiency of resns
made from methyl methacrylate (MMA) and DVB
[30-32]. These resins show as advantages the lower
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toxicity of MMA inrelationto STY and dightly more polar
character of MMA [33], inducing more effective adsorption
of other types of molecules that compose crude ail. In
previous studies, preliminary tests of continuous flow
treatment of oily water allowed establishing parameters to
obtain the best efficiency of this type of resin to remove oil
from synthetic wastewater samples [34-35]. However, to
the best of our knowledge, no studies have been published
involving the physico-chemical adsorption of oil by MMA-
DVB resin, to shed more light on the interaction aspects.
Therefore, this paper presents the results of tests to evaluate
the removal of oil from synthetic oily water (oil-in-water
emulsion) with an MMA-DVB polymer resn in
comparison witha DVB resin, through continuous flow and
batch processes, indicating the isothermal and kinetic
parameters that best fit the systems. The study of these
aspects is of great importance for more effective treatment
of produced water so that it can be discharged or reused.

2. Experimental

2.1. Chemicals

The crude oil sample was donated by the Petrobras
Research Center (CENPES), Rio de Janeiro, Bra2|I andis
identified as“ Petroleum B” (density 927 kg/m® and °API =
=20.35, a 293 K). Hexane, sodium chloride and calcium
chloride (P.A. purity grade) were supplied by Vetec
Quimica Fina Ltda, Duque de Caxias, Brazil, and used as
received. Two kinds of mesoporous polymer resins,
previoudy synthesized and characterized, were used as
a:isorbents (i) polydivinylbenzene (DVB) (surface area
567-10° m?/kg; pore volume 1.28:10* m¥/kg; pore diameter
795A); and (i) poly(methyl methacrylate-divinyl
benzene) (MMA-DVB) (molar ratio 77-23; surface area
72:10°mf/kg; pore volume 3.910*m%kg; pore diameter
218.9 A). Distilled and deionized water was produced with
aGehaka OS10LX reverse osmosis system.

2.2. Preparation of the Water
Contaminated with Crude Oil

Firdly, synthetic sdine water was prepared
containing NaCl and CaCl, in the ratio of 10: 1
respectively, with the total salt concentration of 55 kg/m?.
The salts were dissolved in half the total volume of water,
by magnetic stirring, and after their total dissolution the rest
of the water was added to the system [31, 35]. This
concentration of salts was chosen because it is near the
sdinity of the water typicaly found in oil fields [36]. The
crude oil was then dowly added to half the volume of the
saltwater, under stirring at 13,000 rpm with an Ultra-Turrax
T-25. Findly, the remaining saltwater was poured into the
system and stirred for 900 s at 15,000 rpm [31, 35].
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2.3. Determination of Total Oil and Grease
(TOG) by Fluorescence Spectroscopy

Fluorescence spectroscopy was used to analyze the
total oil and grease (TOG) concentration, using a Turner
Designs TD-3100 bench top fluorometer [31, 34, 36].
Allquots of 4510°m® of oily water were collected in
5107 m graduated cylinder tubes, followed by addition of
510°m?® of hexane. The tubes were shaken vigorously for
about 300 sto extract the maximum of the oil phase by the
hexane.

After complete separation of the phases, the organic
phase (containing oil and grease) was isolated for
subseguent analysis. The excitation wavelength was set at
350 nm and the emission spectra were obtained in the
range of 360-600 nm, in line with the data obtained in a
previous study [34]. The fluorescence emission of the
mono and polyaromatic hydrocarbons contained in crude
oil typically occurs in the region of (430+ 30) nm. The
device was cdlibrated using the reading for pure hexane
and a solution of oil in hexane at the concentration of
0.025 kg/m®, as specified in the instruction manual.

2.4. Batch Adsorption Experiments

In these experiments, we evaluated the following
factors that influence the adsorption process: contact time,
adsorbent mass, and temperature. The equilibrium data
were fitted in two isotheem models. Langmuir and
Freundlich [39], in ther linearized versons. The kinetic
data were fitted in the pseudo-fird-order and pseudo-
second-order models[40, 41].

The analysis was carried out by immersing the
adsorbent in the oily water and mechanicaly shaking the
solution in a Haake SWB25 shaker, at 100 rpm. The
temperature was thermostatically controlled using a bath
coupled to the shaker (Thermo Haake C25P). All analyzes
were done in duplicates for the two systems studied.

2.4.1. Equilibrium adsorption studies

For this study, five test tubes were prepared each
containing 501L of oily water a 0.030 kg/m® and a
different mess of resin (510° 110* 310" 710*
1-10°kg). The tubes were agitated at 298, 308, 318 and
323 K. The aily concentration in solution, C, (kg/m®) was
quantified by fluorescence.

2.4.2. Adsorption kinetics studies

To analyze the adsorption klnetlcs Six test tubes
were prepared each contal ning 510° m® of the oily water
at 0.15kg/m® and 310*kg of resin. The tubes were
agitated at 298, 308, 318 and 323 K, with different contact
times: 900, 1800, 3600, 5400, 7200 and 14400 s. The ail
concentration in solution, C. (kg/m®), was quantified by
fluorescence.
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2.5. Data Analysis

For both the equilibrium and kinetics studies, the
concentration of adsorbed solute per mass unit (ge) was
calculated by Eq. (1):

- (Ci - nC,]E) » (1)
Where C; istheinitial solute concentration in the solution,
kg/m Ceisthe sol ute concentration in the sol ut| on under
equilibrium, kg/m® V is the solution volume, m and mis
the adsorbent mass, kg.

2.5.1. Isotherm models

The Langmuir and Freundlich isotherm models
were adopted to andyze the equilibrium data. The
Langmuir isotherm is valid for monolayer adsorption and
serves as the sarting point for many adsorption studies in
catalytic applications [39]. The Langmuir mode is
described by Eq. (2):

11, 1
bQuCe

)
Qe QO
where ge is the mass of adsorbate per unit mass of
adsorbent, kg/kg; Qo indicates the maximum adsorbate
mass that can be retained in the adsorbent; b is the
Langmuir constant, which isrelated to the bonding energy;
and G, is the sol ute concentration in equilibrium, kg/m®.
Eq. (3) describes the equilibrium of heterogeneous
adsorption systems proposed by the Freundlich isotherm
model [39]:

1
logge. =logKg +FlogCe 3

where ge is the mass of adsorbate per unit mass of
adsorbent, kg/kg; Kg isa constant that indicates the relative
adsorption capacity of the adsorbent, kg/kg; n is a dimen-
sonless congtant that indicates the adsorption intendty;
and G, is the sol ute concentration in equilibrium, kg/m®).

2.5.2. Kinetic models

The pseudo-first-order model follows Eq. (4):

In (de - 0) =Inqge - Kyt 4)
where g is the mass solute adsorbed per unit of adsorbent
mass in equilibrium, kg/kg; g isthe concentration of solute
adsorbed per unit of adsorbent mass (kg/kq) atimet (9);
and K isthe adsorption velocity constant, s ™.

The angular coefficient of In(ge — ¢) versus time
plot provides the first-order velocity congtant (Kj). The
values of In(ge— ¢) were calculated from the linear portion
of the graph of ¢, vs. t. The activation energy of the process
was obtained by plotting the graph of InK, as a function of
1T from the Arrhenius equation (Eg. (5)) [42, 43].

E
InK,; =-=2+InA 5
= Lo ©

where K; is the adsorption velocity constant, st E,isthe
activation energy, kJ/ymol; R is the universal gas constant
(8.314 Jmal-K); and A isthe pre-exponentia factor.
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The pseudo-second-order model follows Eq. (6):

l: 1 +it (6)
q Kqu Qe
where g is the concentration of solute adsorbed per unit of
adsorbent mass in equilibrium, kgkg, q is the
concentration of solute adsorbed per unit of adsorbent
mass at time t, kg/kg; and K, is the pseudo-second-order
velocity constant, kgrkgs™.

2.6. Retention Experiments Under
Continuous Flow

The resins were first placed in water to swell for
24 h at room temperature. Then with the aid of a packing
tool, stainless sted columns (11 mm inner dlameter !
30 mm height — bed volume equal to 2.85:10° m) were
packed with resins at the water flow rate of 1.67-10%m®s
for 3600 s, using a Jasco PU-1580 chromatographic Eump.
At each hour, the flow rate was increased by 8.3-10™ until
reeching 1.67-10'm’s. The system was kept a this
condition for 1 hand then1 h moreat 1 ml/min.

Oily water at concentrations of about 0.2 kg/m®
(previoudy quantified) was eluted through the col umn at
the flow rate of 1.17-10" m¥/s. After each 2.0-10™*m® of
solution, aliquots were collected to determine TOG by
fluorimetry.

3. Results and Discussion

3.1. Studies of Oil Retention by Batch
Adsorption

The batch experiments had the objective of
obtaining the parameters for fitting an isotherm model, for
efficient interpretation of the equilibrium and kinetics of
theresins. Thereative errors were of the order of 5 %.

3.1.1. Adsorption equilibrium

To assess the influence of resin mass on the
adsorption efficiency, experiments were performed in
which the mass and temperature were varied, maintaining
theinitial adsorbate concentration and adsorbate-adsorbent
contact time constant. This experiment allowed obtaining
information on the minimum quantity of adsorbent needed
to achieve maximum adsorption.

With respect to the efficiency in removing each
mass of adsorbent at a given temperature (Fig. 1), theDVB
resin was more eff|C|ent than the MMA-DVB resin. At
298K, with 510°kg of DVB (Fig. 1a), the ajsorptlon
efficiency reached 50%, while with 7:10°kg the
efficiency was 80 %. For masses above this value, no
substantial increase in efficiency was observed. In the case
of MMA-DVB (Fig. 1b), there was a greater dependence
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between the mass and adsorption effluenw The initid
effidency was 23% with 510°kg of resin, which
increased to the maximum of 58 % with resin mass of
1-10°kg. The performance profile was the same for all the
other temperatures tested, where larger resn masses produced
higher adsorption effidendies. This behavior can be attributed
tothe larger surface areas due totheincreasein mess

The better efficiency of DVB resin versus MMA-
DVB resin can be explained by the higher specific surface
area of DVB in rdation to MMA-DVB. This is an
important factor for a material to be a good adsorbent. The
DVB resin has a specific surface area about eightfold that
of MMA-DVB. However, the adsorption results for
MMA-DVB were not proportionally lower inrdation to its
smaller surface area, showing that the adsorption depends
not only on specific surface area, but also on other factors,
such as pore size and volume, particle size and type of

)
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adsorbent-adsorbate interaction in terms of polarity,
hydrophobicity and crosslinking degree, among other
factors[44, 45].

With respect to the effect of temperature on the ail
adsorption capacity of the resins, this capecity for both
resins declined with rising temperature (Fig. 1). This can
be attributed to the fact that adsorption is exothermal [46].

These data were used to plot the adsorption
isotherms, providing information on how effectivdy the
resins adsorb the oil present in the water, by estimating the
quantity adsorbed in function of concentration in
equilibrium (Cg). For both adsorbents, the concentration of
solute adsorbed per unit of mass (g was initidly
calculated according to Eq. (1), and these values were used
to plot graphs of qe versus C, (Fig. 2), which depict the
adsorption isotherms of oil in the DVB and MMA-DVB
resinsat all studied temperatures.

+005x10" kg
m01x107 " kg
A 03x107 kg
X0.7x 107 l-cg
o ¢ 1x107 kg o
A o= Fig. 1 Effect of temperature on the oil
— ,__j:h_:_: adsorption efficiency of DVB (a) and

MMA- DVB(b) usmgresmma&esof
0.0510°, 0110 0.310° 0.7-10° and

Temperature (K)

308 313 318 323 1010° kgand0|lconcentrat|on
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Fig. 2. Adsorption isotherms of DVB
(8 and MMA-DVB (b). Initid ail
concentration of 0.03 kg/m®,
temperature range of 298-323 K,
contact time
of 18000 s, g isthe mass of ail
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Table1

Parameter s of the Langmuir and Freundllch models of adsoré)tlon of 0|I by the DVB and MM A-DVB resins,

at initial oil concentration of 0.03 kg/m®, masses of 510

and 1-10° kg and contact time of 18000 s

Mode
Adsorbent Temperature, K Langmuir Freundlich
b Qo kglkg R Ke n R

298 -62.35 -0.0022 0.8390 104.71 0.45 0.9211

DVB 308 -59.81 -0.0022 0.8110 1348.96 0.36 0.8982
318 -51.66 -0.0022 0.7920 2511.89 0.34 0.8684

323 -31.02 -0.0030 0.7530 112.20 0.40 0.7902

298 -33.62 -0.00094 0.9020 6309.60 0.26 0.8870

MMA-DVB 308 -31.81 -0.0010 0.9542 1995.30 0.28 0.9204
318 -31.91 -0.0010 0.9526 501.20 0.31 0.9042

323 -25.98 -0.0012 0.8289 199.50 0.33 0.7825
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As previoudy mentioned, the profile of the
isotherms shows that the quantity of oil adsorbed was
inversely proportional to the increase in temperature,
explained by the exotherma nature of the adsorption
processes, and the difference in the isotherm profiles of the
two resins is probably due to factors like porosity and
chemical gtructure of the adsorbents [47]. The data from the
isotherms were fitted to the Langmuir and Freundlich
models to identify the one that best represented the
adsorption process of the systems studied. We employed
the eguations of Langmuir (2) and Freundlich (3) in their
linearized forms to obtain the parameters of each isotherm
model (Table 1).

For the Langmuir model, the MMA-DVB resin
presented the highest correlation values, but they were not
very cdoseto 1. Besides this, for both resins the cal culated
values for the parameters b and Qu were negative,
suggesting that the systems studied cannot be represented
well by this model. In turn, for the Freundlich model, the
resins presented correlation coefficient values that were not
very high (<0.95), indicating that the isotherms were
unfavorable and revealing a weak interaction between the
resins and ail. Of the parameters obtained, n is related with
the interaction of the adsorbate and adsorbent and Kg is
related with the adsorption capacity. We also observed that
the temperature has a stronger influence on the adsorption
of MMA-DVB, because with increasing temperature, the
values of Kg decreased.

0.030

(A)
0.025 T ———o—
7
5 00207 / r,—:—f-_,k i e
3 n
& 0015 [ H—x .
&
0.010 2208 K
| 4308K
0.005 m3I8K
i X323 K
0 3000 6000 9000 12000 15000

Contact time (s)
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3.1.2. Adsorption kinetics

Figs. 3a and 3b show the results of the mass of ail
adsorbed per mass of adsorbent (ge) in function of contact
time, for DVB and MMA-DVB resins, respectively. From
these data on adsorption efficiency in function of contact
time it is possible to predict the behavior of the adsorbents
through kinetic models.

Initial analysis of the graphs allows noting that the
largest removal occurred in the initial contact periods. The
adsorption took place quickly at first and then gradually
dowed until reaching the equilibrium, at about 60 min for
DVB and 30min for MMA-DVB. The latter resin,
although less efficient in adsorbing oil, reached equi-
librium in less time. This can be explained by the porosity
characterigtics, where athough MMA-DVB has smaller
surface area than DVB, the average pore diameter islarger,
allowing easier access of the ail particlesto the pores.

By applying the kinetic pseudo-first-order model
[48] (EQ. (4)), in its linearized form (Eq. (5)), it was
possible to obtain graphics (Fig. 4) with good corrdation
coefficients. For DVB, the values were nearer to 1, while
for MMA-DVB they varied from 0.92 to 0.98. These
results indicate that the oil adsorption process of the
adsorbents evaluated can be represented by the Lagergren
model. Based on the data from the graphs in Fig. 4, we
calculated the congtant K; (adsorption velocity constant)
and Oecaq (concentration of solute adsorbed per unit of
adsorbent mass in equilibrium), presented in Table 2.

0.030

(B)
0.025

~ w1 — o —{- o]
B 0.020 ch 2 2
£ 0015 . - -
© | X R X

[=al /
0.0101 | G298 K
4308K
0.005 m318K

X323 K
12000 15000

0
0 3000 6000 9000

Contact time (s)

Fig. 3. Adsorption kinetics of DVB (a) and MMA-DVB (b). Initial oil concentration of 0.15 kg/m?®,
resin mass of 3-10"kg and temperature range of 298-323 K;;
0. isthe mass of oil adsorbed per adsorbent mass
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Fig. 4. Linearization of the pseudo-first-order adsorption kinetics of DVB (a) and MMA-DVB (b).
Initial oil concentration of 0.15 kg/m®, resin mass of 310 kg and temperature range of 298-323 K
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Comparison of the values of R? and Ocale) Of the
two kinetic models studied indicates that the pseudo-
second-order better describes the kinetic behavior of the
systems evaluated than the pseudo-first-order model.
According to the literature, the pseudo-second-order model
is able to describe the adsorption kinetics in a wide time
range, but only for low solute concentrations, unlike the
other mode [40, 49, 50].

The initial adsorption velocity values (h) indicate
that in general the veocity increased with risng tem-
perature and that MMA-DVB adsorbed the oil molecules
inwater faster than DVB at al temperatures studied.

Carla Silva et al.
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_65 X
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Fig. 5. Determination of the activation energy

for adsorption of ail inthe DVB and MMA-DVB resins

Table 2
Pseudo-fir st-order kinetic constantsfor adsor ption of oil by the adsorbents DVB and MMA-DVB
Adsorbent Temperature, K K; Oeeq) KOk Qecalyy KI/Kg R
298 0.0015 0.02415 0.02545 0.9964
DVB 308 0.0020 0.01937 0.01791 0.9942
318 0.0021 0.01637 0.01801 0.9921
323 0.0022 0.01492 0.01668 0.9909
298 0.0016 0.01992 0.01825 0.9899
308 0.0020 0.01818 0.01348 0.9221
MMA-DVB 318 0.0023 0.01410 0.01199 0.9820
323 0.0028 0.01314 0.01026 0.9712
Table3
Activation ener gy values (E,) for the adsorbents DVB and MMA-DVB
Adsorbent Equation —-EJ/R E., kJmol R
DVB y=-1403.2x + 1.7475 -1403.2 11.67 0.8791
MMA-DVB y=-2101.1x + 0.5858 2101 17.47 0.9131
12.5_ ) 12.5
o 10.0{ SHBK x = 100
= 4
=) &l
4 2075
S S 50
b bt
[ =
= = 25
0.0

Fig. 6. Linearization of the pseudo-second-order adsorption kinetics of DVB (8) and MMA-DVB (b).
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Initial oil concentration of 0.15 kg/m®, resin mass of 3-10*kg, temperature range of 298-323 K, and contact time of 14400 s

Table4
Pseudo-fir st-order kinetics congtant for adsor ption of oil by the adsorbents DVB and MMA-DVB
Adsorbent Temperature, K K, kgs* Oxop) KIKY | Ogeaicyy KI/K h, kgkg™s” R

298 0.3464 0.024 0.024 0.00021 0.9992

DVB 308 0.5650 0.019 0.020 0.00022 0.9989
318 0.5575 0.016 0.017 0.00016 0.9988

323 1.5767 0.015 0.015 0.00035 0.9997

298 0.5031 0.019 0.020 0.00020 0.9999

308 1.2686 0.018 0.18 0.00042 0.9998

MMA-DVB 318 0.9469 0.014 0.014 0.00019 0.9997
323 11.0777 0.013 0.013 0.00187 1.0000
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Fig. 7. Oil removal profile of DVB () and MMA-DVB (b) by the continuous flow process

3.2. Studies of Oil Retention Under
Continuous Flow

The objective of this investigation of adsorption
under continuous flow was to determine the saturation
point of the adsorbents. Although this point is normally
defined as the point where the quantity of ail in the water
after trestment is the same as before trestment, here we
congdered the saturation point to be that where the
concentration of oil |n the eluted water was greater than or
equal to 0.029 kg/m®.

The tests were conducted using synthetic oily water
at 02kg/m’, where the total oil and grease (TOG)
concentration was measured before and after elution,
allowing plotting C/Cy versus volume duted graphs. C/Cg
corresponds to the ratio between the TOG in the euted
water (C) and the water before elutlon (Co) Aliquots of
eluted water were collected each 2.0-10 m®,

Both resins showed high efficiency in removing ail
from the water. In the system composed of the MMA-
DVB resin (Fig. 7b), the remova efficiency was 100 %
after dution of the fird 301 of water (10,316 bed
volumes). After this volume, oil started to be detected in
the eluted water, but the TOG value higher than
0029 kg/m® was only detected after eution of
approximately 4.2:102 m® of water, corresponding to
14,700 bed volumes.

In turn, for the system formed by DVB, 100 %
adsorption efficiency was achieved after elution of 471 of
oily water, corresponding to approximately 16,500 bed
volumes. As of that point, the TOG concentration of the
eduted water increased, with subsequent return to
concentrations near zero, as shown in Fg. 7a.

The differences in the elution profiles of the two
resins can be associated with their structuress MMA-DVB,
because it contains ester groups, has higher polarity than
DVB, which is basically composed of aromatic rings.
These are probably capable of establishing more favored
interactions with the compounds present in the ail,
allowing better adsorption. The tests Wlth both resins were
conducted until elution of 8.0-102 m® of cily water, the

volume at which a sharp saturation peak was observed for
MMA-DVB.

4. Conclusions

Both sysems, DVB and MMA-DVB (70:30),
adsorb ail in multilayers through physisorption, since their
behaviors better fit the isotheem model proposed by
Freundlich than that proposed by Langmuir. The
adsorption occurring by physica interactions was
confirmed by the kinetic study, whose results better fitted
to the pseudo-second-order model, and low activation
energy values for the adsorbate-resin interactions were
obtained. For both resins, the adsorption process was fad,
allowing their industrial application through the continuous
flow process. The DVB resin presented dlightly better oil
removal efficiency than the MMA-DVB resin, probably
because the larger surface area presented by the former: the
water duted through the columns contained 5% of the
origina quantlty of 0|I in eluted volumes of 4.8:10% m?® for
DVB and 3.2:10% m® for MMA-DVB. Such difference can
be counterbalance by using dlightly larger amount of the
MMA-DVB in the column. Therefore, DVB resin can be
industrially replaced by MMA-DVB resin to remove ail
from oily water, due to the follwoing advantages. lower
cost, lower toxicity and easy regeneration, as indicated by
the kinetic and isotherm studies.
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BUJAJIEHHSI HA®TH 3 BOJHUX CUCTEM
MOJIIABIHLIBEH3EHOBUMH
TA HOJIMETHJIMETAKPUJIAT-
JABIHLIBEH3EHOBUMH CMOJIAMU:
IBOTEPMAJIbHI TA KIHETHYHI JTOCJIIKEHHS

Anomauia. Jocniooceni  memuwimemakpunam-ougininioen-
senosa (MMA-/JBB) ma Ousininbenszenoséa ([JBB) cmonu Ons
aocopbyii  Hagpmu 6 wmyuHOMy —cepedosuwi  HagmMa-60oa.
Jocnioocennst nposodunu onst 06ox npoyecis. (1) 6esnepepsnuii
npoyec Osl OYIHIOBAHHA KibKOCHE 600U 3 HAQMOIO, AKY MOJMCHA
emorogamu 00 0ocsieHenns  mexci  nacuuenns  cmon, i (i)
nepioouynuti npoyec Osi 00ePAHCAHHsL KIHeMUYHOI ma i30MepMiyHOT
Modeni 080x cmoil., Bemanoesneno, wo ons 0b6ox cmon pesynvmamu
Hatikpawe gionosioaioms i3omepmi Ppounonixa ma KiHemuyHiti
MoOdeii nces0oopy2020 nopsioKy. 3HatioeHi 3HauenHst HU3bKoI enepeil
akmusayii ceiouame npo izuuHy aocopoyilio Mixic cMonamu ma
Hagmoro. Tlokasano, wo He368ax*CaArOUU HA HENO2AHY eQeKmUBHICMb
JIBE cmonu wodo eudanennsi nagmu, iU MOJCHA 3aMiHUMU
npomuciogoio cmonoio MMA/IBE, 3aedsiku maxkum nepesazam sk
MEHWA 6apmicms, MOKCUYHICMb MA N1€2KICMb peeeHepauyii.

Knrouosi cnosa. obpobnenns naghmosmicnoi 600u, aocopo-
yist, NOPUCTE NOTIMEPHI CMOTIU, I30MEPMA, KIHEMUUHA MOOEb.



