BORON 1 (1), 40 - 44, 2016

BOR DERaisi PRy
JOURNAL oF BORON

bOf en Journal homepage: www.journal.boren.gov.tr b

Resin type and resin diameter effect on the adsorption of boron isotopes

Gonca Saglam", Zeynep Aktosun', Giilsah Ozgelik!, Ahmet R. Ozdural?
National Boron Research Institute, 06520 Ankara Turkey

2Hacettepe University, Department of Chemical Engineering, 06800 Ankara, Turkey

ARTICLE INFO ABSTRACT

Artlice history:

Received 29 January 2016

Received in revised form 14 March 2016
Accepted 14 March 2016

Available online 24 March 2016

Chromatography is a technique for molecular partition in which a fluid
(mobile phase) carries the material containing the mixture to be separat-
ed (sample) past or through a solid or gel (stationary phase) contained in
a vessel. The stationary phase has characteristics that delay the passage
of some molecular components of the sample more than the passage of
others causing them to separate in the mobile phase emerging from the
column. The selection of stationary phase is one of the key factors for
reaching an optimum separation in chromatographic applications. The
scope of this work is to investigate the effect of resin type and diameter
from the point of Langmuir adsorption isotherm parameters of °B and "'B
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isotopes for chelating resin and weak base anion exchange resin.

1. Introduction

Chromatography is a widely used and highly selective
process of separation, employed in the separation of
complex mixtures of which the overall product yield of
sugars, proteins, pharmaceuticals, fine chemicals, fla-
vorings, foods, enantiomers and isomers....etc. is gov-
erned by the individual yields of discrete operations. It
is admitted by several researchers that no other sepa-
ration method is as powerful and generally applicable
as is chromatography [1-4].

The successful design and the operation of chromato-
graphic separations require the optimization of a large
number of parameters which affect the separation in
interacting fashion. Resin which is used as stationary
phase in chromatographic separations plays a key role
in order to increase resolution as well as productivity
of the chromatographic system.Adsorption isotherm-
expressions give the relationship between the station-
ary phase and liquid phase concentrations of compo-
nents. In other words, adsorption isotherms relates the
stationary phase concentration that is in equilibrium
with the liquid phase concentration. Thus the easiest
and accurate way to select stationary phase is to de-
termine the suitable adsorption isotherm expression
as well as the adsorption isotherm constants that be-

longs to that expression. Several types of adsorption
isotherm models have been introduced to describe
the adsorption behavior of chromatography columns
such ascompetitive Langmuir isotherm, bi-Langmuir
isotherm, Freundlich isotherm and linear adsorption
isotherm [5-11]. Among these isotherms, competitive
Langmuir adsorption isotherm is the commonly used
one that express the equilibrium stationary phase and
liquid phase concentrations for most enantiomer, pro-
tein and concentrated sugar mixtures [11-14].

The competitive Langmuir isotherm model assumes
monolayer coverage of the adsorbate molecules over
a homogeneous adsorbent surface [15-16] and the
rate of adsorption and desorption are equal for each
component in the case of equilibrium. The Competitive
Langmuir adsorption isotherm equationsfor '°B and"'B
isotopes are given in Eq. (1).
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In Eq. (1) am. g (mg1OB/0m3resin) and qm11B(mg11B/
cm®__ ) are the maximum "B and "B isotope adsorp-
tion capacities of the resin respectively, whereas K, .
(mg,,; /cm®) and K, ; (mg,,, /cm?) are the adsorption
isotherm constants, that states the affinity of '°B and
"B isotopes to the resin phase.

There are several types of resins for boron isotope
enrichment with ion exchange principle such as weak
base anion exchange resin, strong base anion ex-
change resin and chelating resins. Weak or strong
base anion exchange mechanism is depends on anion
exchange between the anions in the liquid phase and
the functional groups in the resin phase whereas che-
lating mechanism is much more complicated such that
functional groups in the resin phase is specialized only
specific anion in the liquid phase. Thus resin selection
is one of the most important parameter for optimum
separation of components. Not only the resin type
but also resin particle diameter affects the resolution
of components to be separated. It is well known that
as the resin particle diameter decreases, the surface
area of resin increases so that H.E.T.P. of chromato-
graphic column increases. Briefly, decrease in particle
diameter, increases the resolution of chromatographic
application [16-19] but while decreasing particle diam-
eter, the pressure drop along the column should be
considered.

In this study, chelating and weak base ion exchange
resin types are compared for the adsorption of '°B and
"B isotopes. In addition to that the effect of resin par-
ticle diameter is investigated in terms of competitive
Langmuir adsorption isotherm parameters of boron
isotopes.

2. Materials and methods

In the experimental part of this study, batch uptake
experiment are performed for 100, 500, 1000, 2000,
3000, 4000, 5000, 6000, 7000 and 8000 mg/L boric
acid (Eti Mine Works General Directorate) initial con-
centrations. Equilibrium time is 3 hours and 400 rpm
rotational speed is applied for ten different, 50 mL bo-
ric acid solution at room temperature.

Relite CRB03 (Mitsubishi Chemical, Japan) chelating
resin and Diaion WA21 (Mitsubishi Chemical, Japan)
weak base anion exchange resin is investigated for
boron isotope adsorption mechanism. In addition to
that particle diameter effect of chelating resin, Relite
CRBO3 is studied. The average particle diameter of
Relite CRBO03 resin is 580 ym and 270 ym and aver-
age particle diameter of Diaion WA21 is 580 um. The
particle size distribution of resins are given is Fig. (1).
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Figure 1. The particle size distribution curves of chelating resin, Re-
lite CRBO3, (a) Dp =580 um, (b) Dp =270 uym

average average

In batch uptake experiments, 1 g resin that is regener-
ated with 0.025 M HCI (Merck, U.S.A.) solution and
distillate water, is used for each boric acid solution.
Initial and equilibrium boron isotope concentrations
are analyzed with ICP-MS (Perkin ElImer ELAN 9000,
U.S.A.). The analysis results of bulk liquid boron iso-
tope concentration show that after 4 hours the equi-
librium is reached between the stationary and liquid
phase as the boron isotope concentrations in liquid
phase remain constant after 20 hours.

3. Results and discussions

The equilibrium resin phase concentration is calcu-
lated from the difference between the initial and equi-
librium concentrations of "°B and "'B isotopes, given in
Eq. (2a) and (2b) respectively.

_ (CquOB - CO]OB)'V\‘Ulution

. = (2a)
q o mresin /presin
(Ce - COI 1B )‘I/solution
Gopis = 9118 (2b)
mresin /presin
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In equation qeq1OB (mg1OBlcm3resin) and q(-)q‘11B (mg11B/
cm®__ ) are the equilibrium stationary phase concen-
trations of B and "B isotopes respectively, C, .
(mg,gfcm®, ) and Cg .o (mg, Jem?, ) are the initial
concentrations of "B and "B isotopes respectively,
Ceq1OB (mg1OBlcm3quuid) and Ceq11B (mg11Blcm3|iquid) are the
equilibrium concentrations of °B and "B isotopes in
the liquid phase respectively, V_ .. (mL) is the solution
volume, m__ (mg) is the weight of resin and p__, (mg/

mL) is the density of the resin.

resin

The competitive Langmuir adsorption isotherm of che-
lating resins 580 um average particle diameter Re-
lite CRB03, 270 ym average particle diameter Relite
CRBO03 and weak base anion exchange resin 580 pm
average particle diameter Diaion WA21 for °B and ''B
isotopes are given in Fig.(2), (3) and (4).
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Figure 2. Competitive Langmuir adsorption isotherm of Relite
CRBO03 chelating resin of 580 ym average particle diameter for (a)
B isotope and (b) "B isotope.
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Figure 3. Competitive Langmuir adsorption isotherm of Relite
CRBO03 chelating resin of 270 um average particle diameter for (a)
'°B isotope and (b) "B isotope.
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Figure 4. Competitive Langmuir adsorption isotherm of Diaion
WA21 weak base anion exchange resin of 580 um average particle
diameter for (a) '°B isotope and (b) "B isotope.

The competitive Langmuir adsorption isotherm con-
stants are calculated from the linearization of competi-
tive Langmuir adsorption isotherm expression. The
y-intercept of the linearized '°B isotherm curve cor-
responds to K, ./qm, .and the slope of the linearized
curveequal to 1/gm, , value of °B isotope whereas the
y-intercept of the linearized "B isotherm curve corre-
sponds to K, ../am .. and the slope of the linearized
curve equal to 1/gm,, value of "B isotope for the se-
lected resin. In Tables 1 and 2 the adsorption isotherm
parameters are given for chelating and weak base an-
ion exchange resins.
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Table 1. Competitive Langmuir Adsorption Isotherm Parameters of
°B Isotope

RELITE CRB03 RELITE CRB03 DIAION WA21
Resin Resin Resin
Average Resin 580 270 580
Diameter (um)
qmjop(mg/mL) 2.73 451 16.31
Kios(mg/mL) 487x107 1.09x107 1.70
R?of Linearized
Isotherm Curve 0.944 0.937 0.988

Table 2. Competitive Langmuir Adsorption Isotherm Parameters of
"B Isotope

RELITE CRB03 RELITE CRB03 DIAION WA21

Resin Resin Resin
Average Resin 580 270 580
Diameter (um)
qmyp(mg/mL) 2,65 3.86 6.11

Kip(mg/mL) 5.00x10” 9.23x10° 6.67 x10"

R*of Linearized
Isotherm Curve 0.961 0.957 0.974

From Table 1 and 2 it is clearly realized that three of
all of the resins are higher affinity to °B isotope as the
three of the resins have higher '°B maximum adsorp-
tion capacity values (gm) than the that of "'B whereas
the constant isotherm parameter, K that is inversely
proportional with particle affinity is higher for '°B iso-
tope at Relite CRB03 with small particle diameter and
Diaion WA21. On the other hand, this value is higher
for "B isotope at large particle diameter Relite CRB03.
In addition to that as the particle diameter decreases,
the adsorption capacity of the resin increases because
of increasing resin surface area.

Researchers suggest that the difference between the
tetrahedral coordinational geometry of boron complex
of '°B isotope in the resin and the planar trigonal co-
ordinational geometry of boron complex in solution
phase result in fractionation of boron isotopes. With N-
methyl glucamine type resins, it is observed that when
pH < 7, adsorption of '°B isotope to the resin phase is
greater than that of "B and for the case of pH values
greater than 11, no enrichment in boron isotopes oc-
cur [20, 21]. After regeneration with dilute HCL solu-
tion, the pH of N-methyl glucamine type resin, Relite
CRBO03 is 3.03 whereas the pH of weak base anion
exhange resin, Diaion WA21 is 5.25. When chelating
and weak base anion exchange resins are compared
from the viewpoint of boron adsorption capacity Diaion
WA21 is superior than Relite CRB03 since the maxi-
mum adsorption capacity, qm of Diaion WA21 is the
highest among that of other resins, for both '°B and "B
isotopes. On the other hand, as the medium pH of Re-
lite CRBO03 is more acidic the enrichment of boron iso-
topes in other words resolution parameter for this resin
is greater than the that of Diaion WA21. Thereby, '°B
isotope enrichment in stationary phase meanwhile "B
isotope enrichment in liquid phase is greater for Relite
CRBO03. Sonoda et. al [22, 23] revealed the effective-
ness of N-methyl glucamine type resins in the scope
of boron isotope enrichment with column chromatog-
raphy whereas weak base anion exchange resins are

preferred by several researchers for boron isotope en-
richment [21, 24].

4. Concluding remarks

In this study the effect of resin type and resin parti-
cle diameter is investigated for '°B and "B isotopes
in terms of competitive Langmuir adsorption isotherm
constants. It is concluded that the best resin from the
point of isotope productivity is weak base anion ex-
change resin as it has the highest maximum adsorp-
tion capacity. But with regard to boron isotope selectiv-
ity it is logical to choose chelating resin, Relite CRB03
with small particle diameter since it has the lowest
constant isotherm parameter, K and pH value in the
adsorption medium.
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