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Boron pollution has a vital importance in Bigadi¢ boron mine in Turkey because the wastewaters of the mine are
stored in a soil dam that threats the underground water quality. In this study the optimization of boron removal from the
boron mine wastewater using Purolite S 108 resin was investigated by means of a 23 full factorial experimental design.
Experiments were carried out in batch mode as a function of pH, temperature and resin-to-solution ratio. The low (1)
and high (2) levels of the parameters for pH, temperature and resin-to-solution ratio were 2.5 and 10, 12 °C and 40 °C
and 1 g/50mL and 2 g/50mL respectively. Boron adsorption capacity of the resin increased with low temperature, low
resin-to-solution ratio and high pH. When the probability constants (p<0.05) at 95% confidence level were taken into
consideration, only pH was found as statistically important parameter. The optimization of the parameters to obtain
optimum conditions was done by interpretation of cube plots, Pareto chart and contour plots. A time span of 48 hours
was enough to reach the equilibrium. Adsorption data were analyzed with the Langmuir and Freundlich isotherms. Data
fitted to the Langmuir isotherm with a coefficient of determination value of 0.988. Maximum adsorption capacity was
calculated as 12.87 mg g. The fixed bed kinetics of boron adsorption onto resin could be explained by the Thomas and
Yoon-Nelson models with a coefficient of determination value of 0.938. The fixed bed capacity of the resin was
calculated as 12.71 mg g*.
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INTRODUCTION

The borate minerals identified in nature have
230 different crystal structures and it is thought that
new borates may be found in nature [1]. At nature
borates found in oxide forms together with the
structural metal cations such as potassium, calcium,
magnesium, aluminum, etc. [1,2]. Only several
borates have commercially important deposit viz.,
colemanite (Ca2B6011.5H20), ulexide
(NaCaB509.8H20), pandermit
(Ca4B10019.7H20), kernit (Na2B407.4H20) and
tinkal (Na20.2B203.10H20) [1,2]. Boron is
widely used in a variety of applications including
the nuclear, fuel, military, glass, electronic and
computer, energy devices, photography, medicine,

cosmetic, construction, communication, paper,
rubber, plastic, chemistry, surface protecting
material, machinery, metallurgy, explosive,

automotive, ceramic, agriculture, textile, space and
aviation industries [3]. Turkey has about 61% of the
World boron reserves [4]. The known borate
reserves in Turkey are located in four main
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districts, namely Emet, Bigadig, Kirka and Mustafa
Kemal Pasa [5]. One of the richest colemanite
deposits of Turkey is located in Bigadi¢ region.
After colemanite is mined in Bigadi¢ deposit, it is
subjected to washing to remove attached clay
minerals. Eventually, colemanite is dissolved with
water and washing waster is polluted with boron.
Therefore, washing waters are stored in a soil
wastewater dam that causes a great concern due to
contamination risk of underground water with
boron. Boron containing wastewaters are not
appropriate  for  irrigation  because  boron
accumulates very fast in soils as it adsorbs onto
clays [6]. Although boron is a required trace
element for plants, animals and humans, there is a
narrow concentration range between its detrimental
and toxic effects [7]. Boron also forms complexes
with heavy metals in the soil which are more toxic
than boron and heavy metals [6]. Therefore,
washing waters of Bigadi¢ colemanite mine should
be refined from boron with a suitable method.

In the last two decades, several physico-
chemical methods have been reported for removal
of boron viz., adsorption[5], ion exchange [6],
electrocoagulation [8], reverse osmosis [9],
electrodialysis [10], solvent extraction after
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complexation [11] and chemical coagulation [12].
Although boron resins are expensive, ion exchange
method is still one of the effective methods for
boron removal from wastewaters especially if the
boron should be recovered. In the literature, several
boron selective or strong base resins were reported
to remove boron from solution [6]. But the Purolite
S 108 resin is lack of any reported study showing
its exact capacity under different experimental
conditions. The cheap, easy and short-winded way
of adsorption capacity determination of adsorbents
is to design of experiments by the full factorial,
response surface or taguchi approaches. Of these
approaches, the full factorial design of experiments
requires the most few experiments [13]. Therefore,
in this study, the experiments were designed by the

full  factorial
programme.

In this study, boron removal from Bigadi¢ mine
wastewater by ion exchange method using Purolite
S 108 resin was investigated by means of 23 full
factorial experimental design. In the experiment the
effects of pH, temperature and solid-to-solution
ratio were optimized. The equilibrium data were
applied the Langmuir and Freundlich models. The
fixed bed kinetics of the resin were also
investigated.

MATERIAL AND METHOD

Material

approach using Minitab 16.0

In this study, Purolite S 108 was used as boron
resin. The characteristics of Purolite S 108 resin are
given in Table 1.

Table 1: Typical chemical and physical characteristics of Purolite S 108

Property

Description

Polymer structure

Optical appearance

Functional groups

lonic form, as shipped

Total capacity (Cl_ form) (eq L)

Total boron capacity (CI_ form) (eq L™?)
Selective boron capacity (Cl_ form) (eq L)
Moisture retention (CI_ form) (%)
Reversible swelling FB—Cl (%)
Specific gravity (Cl_ form)
Temperature limit (CI_ form) (°C) 60
pH limits (operating)

Structure

Macroporous polystyrene
cross-linked with divinylbenzene
Spherical beads
Complex amino
Cl
0.6 (min)

0.35
0.20 (min)

45-55
10 (max)

11
60
1-13

{CH-CH,In-

Strongly basic group
CH3

|
CH, - r;:: CH- [CHOH], - CH,OH
C

-[CH-CHaln-

Weakly basic group
CHa

|
CHj - N - CH, - [CHOH], - CH,OH

The resin was in the chlorine form when
purchased. The real capacity of the resin was
calculated as 0.538 meq g-1 by an ion exchange
reaction between OH- and exchangeable CI- in the
resin [14]. The theoretical capacity of the resin was
reported as 0.545 meq g-1 [14].

Experimental Method

Batch boron removal experiments were carried
out in a temperature controlled incubator shaker at

150 rpm agitation speed. The used wastewater in
the experiments was supplied from Bigadic
colemanite mine and had a 382 mg L* boron
concentration. The pHs of the solutions were
adjusted by appropriate addition of diluted HCI and
NaOH solutions. The high and low levels of the
parameters used in the experimental design are
given in Table 2.
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Table 2: The high and low levels of the parameters used in the experimental design

Parameter Abbreviation Low Level (1) High Level (2)
pH pH 25 10
Temperature (°C) T 12 40
Resin-to-solution ratio (g/50mL) M 1 2

Boron analysis was done by the titrimetric
method in which mannitol was used as a
complexing agent because boric acid is a weak
acid. The procedure of the boron analysis was as
follow: 5 mL boron solution was pipetted into 100
mL beaker and 50 mL distilled was added. Then
solution pH was adjusted to 7.6 and 5 g mannitol
was added while the solution being stirred,
thereafter the solution was titrated with 0.02 N
KOH up to solution pH became again 7.6. 1 mL
0.02 N KOH is equal to 0.6964 mg B>Os [8]. The
boron analyses were duplicated and arithmetic
average of the results was put into analysis. The
capacity of the resin was calculated using the
following equation:

_ (G, -C.)xV (1)
¢ M

Where Co (mg L) and C. (mg L) are the boron
concentration at initial and after equilibrium
respectively. V is the volume of the solution (L)
and M is the mass (g) of the resin.

The adsorption isotherm experiments were
carried out by synthetic boric acid solutions of
which concentrations changed from 100 to 700 mg
L*(Merck Product). For this purpose, the pHs of
the solutions were adjusted to 7 and 1 g resin was
added to the solutions and thereafter solutions were
treated with the resin during 48 hours at 30 °C. The
fixed bed experiments were carried out in a
jacketed glass column reactor that had 2 cm inner
diameter and 30 cm length. 10 grams of the resin
were immersed in deionized water during 30 min
and then filled to the reactor. The wastewater was
transferred to the reactor at 2.038 mL min speed.
Temperature and pH of the wastewater was 12 °C
and 10 respectively. The optimum conditions
obtained from 22 full factorial design were applied
to fixed bed experiment. Resin capacity was
calculated by the following equation.

1 (C, -C)av
w=] @

Where, qo resin capacity (mg g?), V: solution
volume passing from the fixed bed at time t, C and
Co are the concentration of an outward solution and
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its initial concentration, respectively, m is resin
amount in fixed bed (g).

RESULTS AND DISCUSSION
Statistical Design of Experiments

The application of statistical design to the
adsorption process provides the overall process
control to reach the desired response and also
requires less experimental time and cost. Statistical
design of experiment reduces the total humber of
experiments when compared with the classical
single parameter experiments. The design
determines separately the importance degrees of
each factor and their interactions on the response
[13]. In this study, the parameters such as pH,
temperature and resin-to-solution ratio were
optimized by 22 full factorial design using statistical
software MINITAB (Version 16) of Minitab, Inc.,
USA. The low (1) and high (2) levels of the
parameters were 2.5 and 10 for pH, 12 and 40 °C
for temperature and 1 and 2 g/50 mL for solid-to-
solution ratio respectively. The response used in the
statistical analysis was the adsorption capacity (Q.)
of the resin. The experimental matrix for boron
removal from the wastewater is given in Table 3.
The number of experiments in the experimental
matrix was calculated by the equation of ak = 23=8
where a is the number of levels and k is the number
of factors [13]. Boron analysis was carried out in
duplicate and the arithmetic average of the results
was used in the statistical analysis. In the statistical
analysis, the effect degrees of the parameters and
their interaction effect on the response were
investigated by taking into consideration the
regression model coefficients. The significance of
model coefficients was determined by the Student’s
t test. The P values (probability constants) were
used as control parameter to check the reliability of
the developed statistical model, individual and
interaction effects of the parameters. In general, the
larger the magnitude of t and the smaller the value
of P, the more significant is the corresponding
coefficient term [13]. Main factor, interaction
effect, coefficients of the model, standard deviation
of each coefficient, and probability for the full 23
factorial design are presented in Table 4.
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Table 3: Experimental matrix for boron removal from wastewater

Trial pH

<

Adsorption Capacity (Qe, mg g1

T (1) (2) Average
1 2 2 2 9.32171 9.32171 9.32171
2 2 2 1 12.2514 12.2514 12.2514
3 2 1 2 7.78078 7.78078 7.78078
4 2 1 1 8.14227 8.14227 8.14227
5 1 2 2 9.43586 9.37879 9.40732
6 1 2 1 13.0504 12.7080 12.8792
7 1 1 2 8.00907 7.89493 7.95200
8 1 1 1 8.14227 8.14227 8.14227
Table 4: Full factorial fit for the boron adsorption.
Term Effect Coefficient t-value p
Constant 9.4846 106.36 0.006
T -0.2212 -0.1106 -1.24 0.432
pH 2.9606 1.4803 16.60 0.038
M -1.7383 -0.8692 -9.75 0.065
TpH -0.1355 -0.0678 -0.76 0.586
™™ 0.0927 0.0464 0.52 0.695
pH M -1.4625 -0.7312 -8.20 0.077
2pH-M:-T — — —

S.E. of coefficient = 0.251023 R? = 99.76%, t-value: Student’s test value, p: probability.
aWhen the trial effect (pH-m-T) was added to the analysis, the programme gave error and therefore its statistical

results were not shown.

The analysis of variance for the full 23 factorial design is presented in Table 5.

Table 5: Analysis of variance for boron adsorption.

Degree of Sum of Adjusted Sum Adjusted
Source freedom squares of squares Mean square F-value p-value
(d.f) (seq. SS) (adj. SS) (adj. MS)
Main Effects 3 23.6716 23.6716 7.8905 124.03 0.066
2-Way Interactions 3 4.3315 4.3315 1.4438 22.70 0.153
Residual Error 1 0.0636 0.0636 0.0636
Total 7 28.0667
resin-to-solution ~ ratio  interaction  (pHm),

As can be seen in Table 4, only solution pH
effect was found as statistically important at 95%
confidence level (p<0.05) and the other parameters
were unimportant. The developed statistical model
was as follows.

Boron adsorption;

(Qe) = 9.4846-0.1106T+1.4803pH-0.8692m-
0.0678TpH+0.0464Tm-0.7312pHm (3)

This function describes how the experimental
variables and their interactions influence the boron
adsorption (the response). As can be seen both in
equation (3) and Table 4, the increasing solution
temperature and resin-to-solution ratio had negative
effect on the response; however, solution pH had
positive effect. Furthermore, while the increasing
TpH and pHm interactions had negative effect on
the response, Tm interaction had positive effect on
response. The reason of positive effect of Tm
interaction is the swelling of resin with increasing
temperature. The solution pH had the greatest effect
on response and followed by resin amount (m), pH-

temperature (T), temperature-pH interaction (TpH),
temperature-resin-to-solution  ratio  interaction
(Tm). When the trial effect (pH-m-T) was added to
the analysis, the programme gave error, therefore
its statistical results were not shown. We thought
that this error occurred due to extremely distortion
of statistical importance of p value of trial effect
(pH'-m-T) from 95%confidence level.

Cube Plots, Pareto Chart and Contour Plots

Figure 1 (Cube plot) illustrates the change of the
resin capacity based on low and high levels of
temperature, initial pH, and resin-to-solution ratio.
As can be seen in Figure 1, the resin-to-solution
ratio and temperature decreased the adsorption
capacity with increase of the low level (1) of factors
to high (2) level; however, pH increased the
capacity when low (1) level of the factor increased
to high (2) level. The relative importance of the
main effects and their interactions was also
observed on the Pareto chart (Figure 2).
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Fig. 1. Cube plots for adsorption capacity (Qe).
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12,71

I

T

W
o>
o
zo Az
&

0 2 4 6 8 10 12 14 16 18
Standardized Effect

Fig. 2. Pareto chart of the standardized effects

A limit value for statistically comparison of
importance of the factors was calculated by t-test as
12.71 (Pareto chart). According to Figure 2, as right
side of reference line (12.71) indicates statistically
importance of the factors, only pH effect was
determined as statistically important and the other
factors were statistically unimportant. Contours of
the estimated response surface are given in Figure
3.

Contour plots enable to estimate the response Q.
values and the height of the surface represents the
value of Q. in Figure 3. In principle as the contour
plots represent the interaction effect of factors, the
lines are inclined shaped [15].

Effect of Parameters

In this study the effects of pH, temperature and
solid-to-solution ratio on response (Qe) were
optimized using 2° full factorial experimental
design.

Effect of temperature

Solution temperature significantly effects the
boron removal by ion exchange method because
boron anion type changes in liquid phase based on
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Fig. 3. Contours of the estimated response surface for

Qe.

temperature. In general, lower the solution
temperature and higher the concentration, the more
high is the molar fraction of polyborate ions in
solution [16]. According to Figure 1, the decreasing
temperature increased the polyborate anion number
and thus much more boron adsorption occurred on
the resin [14, 16]. The increasing effect of lower
temperature on the capacity showed that the process
had exothermic nature.

Effect of pH

Solution pH effects boron anion type in liquid
phase and resin exchangeable anion type. Purolite S
108 resin used in this study was in the chloride
form at box form but it started to convert to the
(OH-) form at high pHs. Korkmaz (2011) reported
that when 16 grams Purolite S 108 were treated
with 100 mL 2 M NaOH solution during 24 hours,
the resin gave approximatelly 0.3 grams chlorine to
the solution [14]. This showed the ion exchange
reaction between chlorine and hydroxyl ions [14].
OH binded to the protonated amine [17]. As can be
seen in Figure 1, borate anions increased at high
pHs and this resulted in adsorption capacity
increase [14, 16]. Furthermore complexation
reaction number at the resin phase increased with
conversion of the resin to OH form [14, 16]. The
reaction mechanism between boric acid and resin is
given in Figure 4.

-[CH-CHz)n- -[CH-CHz)n-

¥ - | ’
FH O HH OR + B(OH); + OH — <O on,
CH,~N=CH,~C-C~C~C~CHOH /
VAL
H OHOHH

OH H H OH
£y

Fig. 4. The reaction mechanism between boric acid and
Purolite S 108 resin
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Effect of resin-to-solution ratio

Increasing resin-to-solution ratio decreased the
driving force of borate anions on per unit resin
particle and therefore boron adsorption capacity of
the resin decreased at high resin-to-solution ratios
[14, 18].

Adsorption Isotherms and Fixed Bed Kinetics

Adsorption isotherms are useful functions in
design of batch adsorbers and their fitness to the
equilibrium data is an important criterion. For this
purposes, the most applied procedures to the
isotherm data are linear regression and non-linear
regression analyses. While linear-regression
analysis occurs possible with the direct
linearization of isotherm model, the non-linear
analysis of the isotherm models occurs possible
with minimization of standard normalized errors of
different error functions [19]. The Langmuir and
Freundlich isotherm models were applied to the
isotherm data by the linear regression analysis. The
Langmuir isotherm is given as follows [19].

Qe = Gnk,C. /(1 +k.C,) (4)

The above equation can be rearranged to the
following linear form,

C./q. =1/a,k, +C./q, (5)

Where, Ce is the equilibrium concentration in
liquid phase (mg/L). ge is the maximum amount of
the boron adsorbed (mg/g). gm is ge for a complete
monolayer (mg/g). ka is a sorption equilibrium

constant (L/mg).
Freundlich isotherm is given as follow [19]:
qe = kFCel/n (6)

The equation is frequently used in the linear
form by taking the logarithm of the both sides of
the above equation.

Ing, =In kF+lln C. (7)
n

Where, Ce is the equilibrium concentration in
liquid phase (mg/L). ge is the maximum amount of
boron adsorbed (mg/g). ke is the Freundlich
adsorption capacity (mg/g)(L/mg)Y". 1/n is sorption

The fitness of isotherms to the data is given in
Table 6. According to Table 6, the data fitted to the
Langmuir isotherm and this showed the
homogeneously  distribution of active sites
throughout the resin particles [19]. According to
Figure 5, boron capacity of the resin at high
concentrations decreased.

Qe, (mg/g)
o 4 M w & o @ N ® ©

0 100 200 300 400 500 600
Ce, (mg/L)

Fig. 5. Adsorption isotherm plot for boron adsorption
(pH 7, temperature 30 oC, solid-to-solution ratio 1g/50
mL, agitation speed 150 rpm)

This attributed to product film outer surface of
the resin [14]. The resin performance in a fixed bed
is given in Figure 6.

1
0,9 *
*

5 081 . *
(@) *
8 0,71 *
~ *
‘5 0,6 q . *
k3] *
& 05
T *
= 044
<] *
2 *
£ 03
K *

0.2 .

*
0,1 PR 4
0 +eele . . . . . .
0 50 100 150 200 250 300 350 400
Time (min)

Fig. 6. Boron removal in the fixed bed reactor

The fixed bed Kkinetics of the resin were
analyzed with the Thomas and Yoon-Nelson
models. The linear model equation for Thomas
model is given as follows [20].

equilibrium constant (unitless). In (& _1) - Ky gom _ K:Cy V (8)
C Q Q
Table 6: The coefficient of determination values and isotherm parameters
Isotherm Value
R? 0.991
Langmuir Isotherm ka (L/mg) 3.302
gm (Mg/g) 7.776
R? 0.498
Freundlich Isotherm ke (mg/g)(L/mg)*/n 21.712
n (unitless) 7.898
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Table 7: The coefficient of determination values and model constants for kinetic models.

Model Value
R? 0.938
Thomas Kt (mL/(min mg)) -39x10
go (Mg/g) 12.71
R? 0.938
Yoon-Nelson Kyn (min) 0.015
7 (min) 163.41

Where Kr is the Thomas rate constant (mL min
mg?) and Q is the volumetric flow rate (mL min™?).
C and Co, are the concentration of an outward
solution and its initial concentration (mg L™%),
respectively. m is the weight of ion-exchange resin
(9), go is the maximum concentration of boron ion-
exchanged, and V is the volume of solution (L). The
main advantages of this model are its simplicity and
reasonable accuracy in predicting the breakthrough
curves under various operating conditions [21].

The linear model equation for Yoon-Nelson
model is given as follows [20].

C
In(CO—Cj:KYNt_ZKYN 9)

Where Kyn is the rate constant (min™); z, the
time required for 50% adsorbate breakthrough
(min). C and Co are the concentration of an outward
solution and its initial concentration (mg L™%),
respectively. t is time (min). The Yoon-Nelson
model is not only less complicated than other
models, but also requires no detailed data
concerning the characteristics of the sorbate, the
type of the sorbent, and the physical properties of
the sorption bed [20]. The coefficient of
determination values and model constant for
Thomas and Yoon-Nelson models are given in
Table 7. The coefficient of determination values for
both the models are the same (0.938). The fitness of
the kinetic models to data was given in Figure 7
and 8.

*e y=-7,3643x + 2,4511
* R®=0,938

In((Co/C)-1)

0,8

Volume (L)

Fig. 7. The fitness of fixed bed kinetic data to the
Thomas model

600

y=0,015x - 2,4511
R®=0,938

In(C/(Co-C))

350 400

Time (min.)

Fig. 8. The fitness of fixed bed kinetic data to the Yoon-
Nelson model

CONCLUSION

The optimization of boron removal from
colemanite mine wastewater using Purolite S 108
resin was performed by means of 23 full factorial
experimental design. For this purpose, the
optimization of the factors to obtain optimum
conditions was done by interpretation of cube plots,
Pareto chart and contour plots. Results showed that
the resin-to-solution ratio and temperature
decreased the adsorption capacity with increase of
the low level (1) of factors to high (2) level;
however, pH increased the capacity when low (1)
level of the factor increased to high (2) level (Cube
Plots Figure 1). The solution pH had the greatest
effect on response and followed by resin amount
(m), pH-resin-to-solution ratio interaction (pHm),
temperature (T), temperature-pH interaction (TpH),
temperature-resin-to-solution ratio interaction (Tm)
(Pareto Chart Figure 2). Solution pH was found as
statistically important based on the probability
parameter (p<0.05) at 95% confidence level. The
isotherm data fitted to the Langmuir model.
Maximum capacity of the resin in batch mode was
calculated as 12.87 mg g*. Boron removal kinetic
of the resin was fitted both to Thomas and Yoon-
Nelson models. The fixed bed capacity of the resin
was calculated as 12.71 mg g*. Due to high boron
capacity Purolite S 108 resin is an effective resin
for boron removal from waters.
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IT'bJIEH ®AKTOPEH EKCIIEPUMEHT 3A OTCTPAHABAHETO HA BOP OT
OTITAABYHUTE BOAU OT MUHATA KOJIEMAHUT C MOHOOBMEHHATA CMOIJIA
PUROLITE S 108
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Typyus

IMoctenmna Ha 11 centemBpy, 2013 r.; kopurupana Ha 13 mapt, 2014 1.

3aMbpcsiBaHEeTO ¢ OOp MMa KM3HEHO BAKHO 3Ha4YeHUe B MUHATa buraany B Typuus, Thil KaTO OTHABYHATE BOJH OT
MHHATa C€ ChXpaHsABaT B OCHT ¢ NPBCTEHO JIbHO, KOETO 3acTpalllaBa YHCTOTaTa Ha MOJII0YBEHUTE BOAN. B HacTosmara
paboTa ce ONTUMU3MpPa OTCTPAHABAHETO Ha GOp OT GOPOJOOMBHATA MHHA C TIOMOLITA HA HOHOOOMEHHA cMoJia upe3 23
bJeH (PaKTOpeH eKcrepuMeHT. M3cieaBaHusTa ca MO INEpUOJMYEH cHocod mpu pasnuuHu PH, Temneparypa u
ChOTHOWICHHUS cmona/pa3tBop. Huckure (1) m Bucokure (2) HuBa W mapamerpu 3a PH, Temmeparypara u
CBOTHOILICHUATA cMoa/pa3TBop ca cvotBeTHO 2.5 u 10, 12 °C u 40 °C u 1 g/50mL u 2 g/50mL. AncopOuHOHHUAT
KananuTeT Ha CMoJaTa 1o OOp HapacTBa MpH HUCKa TeMIlepaTypa, HUCKO ChOTHOIICHHE CMOJa/pa3TBOp M BUCOKO PH.
Korarto ce orumra BepositHocTra P<0.05 npu moBepurennu rpanuim 95% ce okaspa, ge camo PH e cratucTudecku
3HauuM mnapamersp. OnTUMH3anusTa Ha MapaMeTpuTe 3a MOCTUraHe Ha ONTHMAIIHH YCJIOBHS € H3BbpIIEHa 4pes3
MHTEpIpeTalusITa Ha KyOMYHH M KOHTYpHH Juarpamu W Tadbaunu Ha Pareto. Bpemero ot 48 uaca e moctarbyHo 3a
MOCTHUTaHe Ha paBHOCBecwe. JlaHHWTE 3a ajcopOIms ca aHaIW3WpaHu 1Mo m3otepmute Ha Langmuir u Freundlich.
JlaHHWTE Ce OmMCBAT MO-70pe ¢ m3orepmara Ha Langmuir ¢ koeduiuent Ha kopemamus 0.988. MakcumanHusT
a/IcopOIMOHEN KananuTerT € onpesenen Ha 12.87 mg gl. Kunerukara Ha ajcop6uus Ha 60p B HETIOJIBMKEH CIION MOYXKE
na ce obsicHu ¢ Monenute Ha Thomas u Yoon-Nelson ¢ koedurment Ha kopenauust 0.938. KanauurersT B T031 ciydait
0Oe uzumcien Ha 12.71 mg gt.
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