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Abstract — Adsorption equilibrium of maltooligosaccharides on activated carbon was studied as a separation and purifica-
tion method for maltooligosaccharides dissolved in aqueous solutions. Single-species isotherms were represented by the Lang-
muir, Freundlich and Sips equations and multicomponent equilibria were predicted by extended Langmuir isotherm(ELI),
extended Langmuir-Freundlich isotherm(ELFI), and ideal adsorbed solution theory(IAST).
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Fig. 1. Pore size distribution of activated carbon.
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Table 1. Physical properties of activated carbon used in this study

Physical properties Values Unit
Particle size 30/100 Mesh
Particle density 856 kg/m?
Particle porosity 045 -
Surface area 904 m¥g
Average pore radius 11.65 A
Total pore volume 0.53 ml/g
Micorpore volume 043 ml/g
Moisture content 3.1 %
CH,0H CH,0H
HO O~ OH D HO o
CH,0H OH
OH OH
B-D-Fructose B-D- Galactose o-D-Glucose
CH,OH CHy OH CH,OH CH,OH
HO o 0, OH
CH,OH
OH OH
o-D-Glucose B-D-Fructose B-D-Galactose B-D-Glucose
Sucrose Lactose
CH,OH cu,ou CHZOH CH,OH
a-D-Glucose a-D-Glucose
Maltose Maltooligosaccharides
Fig. 2. The structures of monosaccharides, disaccharides, and maltooligo-
saccharides.
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Table 2. Adsorption equilibrium isotherms of mono and disaccharides

on activated carbon at 20 °C

(A) Langmuir Equation
Species q,,[mol/kg] b[m*/mol] E[%]
Fructose 0.1462 0.8660 743
Galactose 0.1168 3.5140 13.85
Glucose 0.3179 0.4633 9.76
Sucrose 04188 47723 9.53
Maltose 0.5457 12.9687 753
Lactose 0.6630 2.0048 3.65
Maltotriose 0.1730 17.9003 3.64
Maltotetraose 0.1058 35.5198 5.40
Maltopentaose 0.0717 34169 17.55

(B) Freundlich Equation
Species k[mol/kg] nf-] E[%]
Fructose 0.0618 1.6552 3.20
Galactose 0.0844 2.2208 4.81
Glucose 0.0928 1.6910 191
Sucrose 0.3129 3.0477 11.66
Maltose 0.4874 5.0016 2.60
Lactose 04163 29113 4.11
Maltotriose 0.1560 6.9487 0.84
Maltotetraose 0.0979 7.2574 7.40
Maltopentaose 0.0512 2.5085 9.94

(C) Sips Equation
Species q,[molkg]  bm*/mol] nf-] E[%]
Fructose 15.2050 0.0041 1.6484 342
Galactose 15.2055 0.0056 22100 5.10
Glucose 15.3550 0.0061 1.6740 224
Sucrose 0.4000 4.5020 1.1135 7.19
Maltose 1.2650 0.6406 3.2398 2.21
Lactose 0.7950 1.2039 1.2871 323
Maltotriose 0.1869 8.1195 1.1928 5.89
Maltotetraose 0.1310 3.6961 2.1991 6.33
Maltopentaose 0.1118 1.0548 1.1755 17.94
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Fig. 3. Adsorption isotherm of mono and disaccharides on activated
carbon at 20 °C.
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Fig. 4. Adsorption isotherm of maltooligosaccharides on activated carbon
at 20 °C.
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Table 3. Average error for binary adsorption equilibrium data of mono and disaccharides on activated carbon at 20 °C

ELI ELF IAST

Adsorption system

paonsy EA(%) E(%) E\(%) E,(%) EL(%) E,(%)
Glucose(1)/Maltose(2) 64.428 6.166 188.409 1.742 65.747 1.788
Maltose(1)/Lactose(2) 51.427 66.702 15.796 26.665 55.563 80.547
Maltose(1)/Sucrose(2) 25.090 44.118 58.652 81.462 12.238 90.513
Lactose(1)/Sucrose(2) 41.189 62.939 43,710 76.459 27.135 31.868
Maltose(1)/Maltotriose(2) 62.885 120.980 64.730 156.992 11.121 91.506
Glucose(1)/Maltopentaose(2) 43.730 45.063 25.670 48.995 34.228 54.943
Maltotriose(1)/Maltopentaose(2) 19.625 224419 9.429 247.007 0.225 26.505

E(%) = 11(\)10 3 {(q,;exg—qi, g,e)}

k=1 qi,pre

Table 4. Binary adsorption equilibrium data of mono and disaccharides on activated carbon at 20 °C

Experimental data Predicted by IAST
Adsorption system
Cl,zzp CZ,axp ql,exp q2,exp ql,pre q2,prf
Glucose(1)/Maltose(2) 0.168 1.205 0.012 0.512 0.001 0.509
0.362 0.981 0.013 0.481 0.002 0.490
0.545 0.861 0.015 0.469 0.004 0478
0.739 0.668 0.016 0.454 0.005 0454
0.879 0.506 0.017 0.431 0.007 0.429
1.090 0.349 0.019 0.376 0.009 0.397
1.255 0.221 0.022 0.357 0.011 0.359
1452 0.105 0.030 0.313 0.016 0.302
Maltose(1)/Lactose(2) 1.148 0.204 0.371 0.057 0.499 0.011
0.971 0.311 0.386 0.193 0.480 0.019
0.819 0.456 0.353 0.230 0.459 0.030
0.642 0.591 0.282 0.210 0430 0.043
0.494 0.731 0.204 0.313 0.400 0.060
0.369 0.888 0.201 0.319 0438 0.059
0.208 1.066 0.228 0.356 0.305 0.127
Maltose(1)/Sucrose(2) 0.190 0.887 0.315 0.342 0.310 0.056
0.328 0.719 0.370 0.321 0.369 0.032
0435 0.621 0.446 0.253 0.400 0.022
0.728 0470 0.398 0.220 0.454 0.011
0.664 0.374 0.588 0.150 0.448 0.009
1.035 0.225 0.400 0.033 0.493 0.004
Lactose(1)/Sucrose(2) 0.120 1.348 0.054 0.301 0.021 0.343
0.180 1.245 0.090 0.206 0.037 0.322
0.306 1.079 0.196 0.214 0.061 0.306
0.444 0.939 0.237 0.174 0.086 0.289
0.612 0.768 0.197 0.121 0.122 0.264
0.821 0.578 0.253 0.148 0.172 0.230
0.962 0.447 0.292 0.102 0.213 0.201
1.123 0.279 0.353 0.054 0.279 0.153
1.340 0.119 0.307 0.054 0.378 0.084
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Table 5. Binary adsorption equilibrium maltooligosaccharides on activated carbon at 20 °C

. Experimental data Predicted by IAST
Adsorption system Cl,exp C2.zxp A1 exp Dexp 91 pre D2 pre
Maltose(1)/Maltotriose(2) 0.060 0.429 0.219 0.148 0.259 0.007
0.092 0.420 0.248 0.137 0.291 0.004
0.126 0.401 0.281 0.129 0.316 0.003
0.137 0.249 0.308 0.115 0.324 0.001
0.141 0.123 0319 0.011 0.327 0.001
Glucose(1)/Maltopentaose(2) 0.099 1.639 0.012 0.074 0.009 0.064
0.397 1.238 0.051 0.024 0.035 0.045
0.761 0.785 0.047 0.044 0.065 0.026
1.190 0.423 0.054 0.025 0.095 0.013
1.517 0.090 0.122 0.015 0.117 0.002
Maltotriose(1)/ Maltopentaose(2) 0.126 1.635 0.082 0.030 0.080 0.030
0.048 1.267 0.143 0.007 0.143 0.007
0.851 0.897 0.160 0.002 0.160 0.002
1.217 0.468 0.168 0.001 0.168 0.001
1.496 0.098 0.172 0.001 0.172 0.001
olx Y}, gurx oz F& 3gHo] e A A FEF A& C  :concentration in the fluid phase [mol/m’]
oA ELI, ELFI, IAST 2% A#Ao] 23 FoAA|qh, F&H< E  :average percent deviation defined in Eq. (15)
AAAN B AR AR FAEE o|EF IAST/F Edul if k  :Freundlich constant in Eq. (2)
3 YL v YR Sy md=A FYsirty dAddrt), o] m  :number of component
= ELIM ELFIZ} ZHHelR|qh o2& olA] Bala EHgAo 2w E n  :exponent in Egs. (2) and (3)
FeHA] 23 v, 1ASTE G9hs 7o g {8 o]8e)7] Wi N :number of data points
o] 7o J3Ae-S B 1 Z A9 ZoE Addy. A q  :amount adsorbed [mol/kg]
7HAle] B AT BdA 1ol (heterogeneity)o] IA] ¥ B qr :total adsorbed amount [mol/kg]
TR S & IASTE & A9 4 dox Bty JoH19]. ot q, :amount adsorbed for monolayer formation [mol/kg]
A B Aox AYE F3A F, Sl dig serzg S R :gas constant [J/mol-K]
20 FPTIF U8 YELYIFY] 288 FAHIY 38 IAST T  :temperature [K]
2 95238 43T 5 e 4 AAE o B dpoA 4% z  :mole fraction in the adsorbed phase
FHA 9 HloPHdL AslA g AoE wdE,
J2jojlA 22Xt
5.4d B2 7 :spreading pressure

2 AFofMe FUA 848L o183 B, olF X TES
a2 9 O E FEY A A¥H o8 dTE 53

I e AES 48 F U 84 i) @l ZHES
AYREX FREIAG o] YEXA FEA FITA) GAAE
SARPAAE SipsA o2 7MY F vehd £ YA AL F
HoJA} Langmuittt Freundlich 2|0 2% UePE 4 18- Uit
gl digh 0|3 & = (affinityys DELS > HES > 53
22 > UREHES, ARES SFIAXPIQN, FFEAL] 4 0
2 53 e UEL > FFRES > UEEFA > DEHEZS.
2 > HEFAE X ¢o 7 Uehgth 24% F2EY A= IASTH
ELIM ELFIET THiE FXEIBAE 2 45390t

2]

*

#d A

2 47E 05T Adu 474 (002-E00319) A9
o= FE Asoly oo ZAlE =g

A|S

b : Langmuir constant

8% 3 AR
0 : initial value
i,j :subscripts for species
o : single-species state
: total

o of

ELI :extended Langmuir isotherm

ELFI : extended Langmuir Freundlich isotherm
exp :experimental

IAST: ideal adsorbed solution theory

pre : predicted
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