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Table 1. Properties of cation-exchange resins in sodium-ion
form

DVB content [%)] 4 6 8

Particle diameter [um] 320 220 220
Apparent density [g/mL] 1.123 1.180 1.217
Porosity 0.774 0.699 0.619

Exchange capacity [equiv./L] 1.175 1.769 1.984

3.2 BEOEILKE
FAEARUN—ABIOHED Cg & Cyy DBIRE Fig. 1
W7,

56

Pentoses
54

Cuw' [MoliL]

Disaccharides
50 |-

0 0.2 0.4 0.6
Cs' [mol/L]

Fig. 1. Estimation of molar volumes of pentoses and
disaccharides at 25°C. Pentoses used were D-xylose, D
-arabinose, D-ribose, D-lyxose, L-xylose, L-arabinose, L-ribose
and L-lyxose, and disaccharides used were maltose, trehalose,
cellobiose, isomaltose, gentiobiose, sucrose, lactose, palatinose,
luecrose and turanose.
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Fig. 2. Plots of normalized first-order absolute moment p,’
versus superficial residence time Z/u, for some solutes. The bed

was packed with the cation-exchange resin which had the DVB
content of 4% and conditioned in sodium-ion form.
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Fig. 3. lllustration of a model for explaining the apparent
distribution coefficient of a solute to a cation-exchange resin

- 218 -



Table 2. Apparent distribution coefficients K, and intrinsic distributions coefficient K of various saccharides to
cation-exchange resins in sodium-ion form, and binding constants B of various saccharides to sodium ion

Saccharides K « B 3X 10°
DVB 4% DVB6% DVB 8% DVB 4% DVB6% DVB 8% [m*/mol]
D-Xylose 0.574 0.362 0.282 0.90
D-Arabinose 0.662 0.457 0.356 2.06
D-Ribose 0.773 0.603 0.512 3.95
Pentose D-Xylose 0.606 0.389 0.304 0.505 0.303 0211 1.27
L-Xylose 0.571 0.362 0.276 0.86
L-Arabinose 0.666 0.448 0.394 2.23
L-Ribose 0.801 0.604 0.517 4.10
L-Lyxose 0.615 0.391 0.304 1.32
D-Glucose 0.514 0.310 0.220 0.69
D-Mannose 0.583 0.364 0.279 1.63
Hexose D-Fructose 0.610 0.402 0.310 0,470 0.264 0.177 212
D-Galactose 0.582 0.366 0.273 1.60
L-Sorbose 0.519 0.310 0.237 0.81
L-Gulose 0.586 0.359 0.272 1.57
Maltose 0.394 0.178 0.093 2.32
Trehalose 0.361 0.139 0.060 0.97
Isomaltose 0.396 0.180 0.091 2.32
Cellobiose 0.351 0.143 0.072 117
Gentiobiose 0.353 0.134 0.068 1.00
Neotrehalose 0.349 0.139 0.068 1.03
Kojibiose 0.386 0.160 0.086 191
Disaccharide Nigerose 0385 0159 0.089 0.296 0.107 0.055 194
Sucrose 0.375 0.151 0.085 1.69
Lactose 0.400 0.168 0.086 2.11
Palatinose 0.357 0.153 0.079 1.47
Turanose 0.377 0.161 0.085 1.83
Leucrose 0.421 0.199 0.115 3.19
Maltulose 0.398 0.184 0.109 2.72
Lacturose 0.459 0.230 0.146 4.44
Melibiose 0.391 0.172 0.104 2.43
Isomaltotriose 0.331 0.108 0.027 0.182 0.041 0.016 4.66
Maltotriose 0.337 0.116 0.032 0.177 0.039 0.015 5.76
Trisaccharide  Melezitose 0.267 0.079 0.016 0.182 0.041 0.016 2.25
Panose 0.308 0.101 0.021 0.182 0.041 0.016 3.77
Raffinose 0.283 0.079 0.020 0.187 0.044 0.017 2.35
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Summary

Chromatographic separation of saccharides using cation-exchange resin has been widely used in food industry
as well as for analytical purpose. The separation is based on a ligand-exchange reaction between a solute and a
counter-ion of cation-exchange resin. The adsorption isotherm of a solute onto a resin has been assumed to be
linear in a wide concentration range of the solute. The linear isotherm is true at low solute concentrations, but
usually not at high concentrations. The linear isotherm is characterized by the apparent distribution coefficient of
the solute onto the resin.  The coefficient is defined as the ratio of the solute concentration in resin phase to that in
external solution phase. We have proposed an expression for describing the apparent distribution coefficient of the
solute to the resin.  The coefficient contains the swelling pressure of the resin IT and the binding constant between
the solute and the counter-ion B as parameters. The IT value depends on the resin type but does not on the solute
type. On the other hand, each solute has an intrinsic value to a specific ion and the value is common for the resins
with various cross-linkages, which are usually expressed by the divinylbenzene (DVB) contents.

In this study, a method was proposed for estimating the IT and B values simultaneously from the apparent
distribution coefficients of some solute onto cation-exchange resins with different DVB contents. In the method,
swelling pressures of resins are assumed at approximate values, which might be obtained from the distribution
coefficients of glucose because of its low affinity to sodium ion, and the B values of the solutes are estimated from
the apparent distribution coefficients and the assumed IT values. Then, the TT values are optimized to minimize the
relative standard deviations for the B values using Solver of Microsoft Excel®. The optimization enables us to get
best estimates for both the IT and B values. The method was successfully applied to estimation of the IT of
cation-exchange resins in sodium-ion form with the DVB contents of 4, 6 and 8%, and the B values of 8 pentoses, 6
hexoses, 16 disaccharides and 5 trisaccharides.
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