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Cross-linked polysaccharide konjac glucomannan: synthesis,
characterization and phenol adsorption
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New polymeric adsorbents based on water soluble polysaccharide konjac glucomannan cross-linked
with blocked alkyl- and aryl-, di- or polyisocyanate were synthesized and used for phenol adsorption
from aqueous solutions. The interaction of polysaccharide with e-caprolactam blocked isocyanates
was confirmed by pyrolysis mass-spectrometry. Glycopolymers based on cross-linked konjac
glucomannan demonstrate good phenol sorption ability. To describe phenol adsorption on
glycopolymers Langmuir and Freundlich models were used. The influence on phenol adsorption
capacity of polysaccharide hydroxyl group substitution degree, isocyanate structure as well as pH
value was analyzed. Adsorption equilibrium had been reached after 24 hours contact with phenol,
nevertheless, 75—80% of phenol is adsorbed during first 6—8 hours. The highest phenol adsorption
capacity onto GP had been reached at neutral medium whereas adsorption capacities at acid and
alkali media are slightly lower. In contrast to glycopolymers based on aliphatic diisocyatate
glycopolymers based on aromatic ones show higher adsorption capacity. This indicates the important
role of TE-Tlinteractions between aromatic rings of adsorbate and polymeric matrix during adsorption.
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Introduction.

Water pollutant due to organic compounds, in partic-
ular phenol, remains a serious environmental problem.
Among the different organic pollutants in wastewater,
phenols are considered as priority pollutants since they
are harmful to plants, animals and human, even at low
concentrations.

A number of methods such as coagulation, filtration
with coagulation, precipitation, ozonation, adsorption, ion
exchange, reverse osmosis and advanced oxidation proc-
esses have been used for the removal of organic pollut-
ants from polluted water and wastewater. Among the pos-
sible techniques for water treatments, the adsorption proc-
ess by solid adsorbents shows potential as one of the
most efficient methods for the treatment and removal of
organic contaminants in wastewater treatment. Adsorp-
tion has advantages over the other methods because of
simple design and can involve low investment in term of
both initial cost and land required [1-3].

Natural materials, in many instances are relatively
cheap, abundant in supply and have significant potential
for modification and ultimately enhancement of their ad-
sorption capabilities [4, 5].

In this paper, adsorbents, glycopolymers (GP) based
on plant polysaccharide konjac glucomannan cross-linked
with blocked alkyl- or aryl-,di- or polyisocyanate were
synthesized and used for phenol adsorption from water

solutions. The influence of isocyanate structure and func-
tionality, hydroxyl group substitution degree, phenol con-
centration and solution pH on the GP adsorption capaci-
ty was investigated.

Materials and methods.

Materials.

Plant polysaccharide konjac glucomannan produced
from Amorphophallus konjak root (Chengdu Root Indus-
try Co., Ltd. Sichuan, China) 120-200 mesh and e-caprol-
actam (Sigma Aldrich) were used without prior purifica-
tion. Polymethylenepolyphenyl isocyanate (Dow) was
used as supplied.

Hexamethylene-1,6-disocyanate (Sigma Aldrich) T,=
82-85 °C/0,1 mm Hg and tolylene diisocyanate (Sigma
Aldrich) 80/20 mixture of the 2,4- and 2,6-isomer, 7,= 115—
120 °C/10 mm Hg, 4,42 -methylenebis(phenyl isocyanate)
T,=200°C/5mmHg, T  =42-45°C, were distilled under
vacuum

The blocked di- and polyisocyanates (BIC): tolylene
diisocyanate (TDI), hexamethylene-1,6-diisocyanate
(HDI), 4,42 -methylenebis (phenyl isocyanate) (MDI) and
polyisocyanate(PIC) blocked by e-caprolactam (CL) fur-
ther referred to as TDI-CL, HDI-CL, MDI-CL, and PIC-CL,
respectively, were synthesized to cross-link the konjac
glucomannan.BIC can release reactive NCO-group under
heating [6].
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The structure of obtained BIC was identified by FTIR
and "H NMR spectroscopy. Their deblocking temperature
was determined using thermogravimetry and pyrolytic
mass-spectrometry methods [6].

Sample preparation.

Glycopolymers based on polysaccharide KGM and
various BIC with hydroxyl group substitution degree of
40 and 80%were obtained via the interaction of KGM with
BIC at 150 °C. The obtained glycopolymers are further
referred to as GP(TDI-CL), GP(HDI-CL), GP(MDI-CL), and
GP(PIC-CL).The reaction was carried out during 30 min-
utes in heterogeneous condition in the melt of BIC on
polysaccharide surface. The powdered polymer systems
were obtained.

Methods.

Pyrolysis mass-spectrometry method was used to con-
firm the interaction of KGM with BIC. The mass-spectra
were recorded on MS-instrument that consists of linear
pyrolysis cell (temperature range from 25 to 400 °C) and
mass-spectrometer MX—1321 allowing determination of
the components of gas mixture in the mass number range
of 1-4000.

Phenol adsorption from aqueous solution on GP sam-
ples was carried out at room temperature (20+2 °C) at dif-
ferent pH in static conditions during 7 days with initial
defined phenol concentration C, (from 0,6 to 50 mg/l).
The adsorption process was controlled by electron spec-
troscopy in UV region following of characteristic phenol
band intensity at 260 nm. Alteration of phenol concentra-
tion in solution during the adsorption process was deter-
mined according to calibration plot.

Glycopolymer adsorption capacity (4) to phenol was
calculated using following equation:

A:(CO—C)U*’, 1)

m
where C and C are the initial and equilibrium concentra-
tions of phenol, respectively, mg/l; V is the solution vol-
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Results and Discussion.

Interaction of konjac glucomannan with blocked
icosyanates.

The scheme of KGM interaction with BIC is shown
below:

where R - @ m . . SOT SN

Figure 1 represents mass-spectra of TDI-CL and
GP(TDI-CL). Figure 2 demonstrates significant difference
between experimental temperature dependence GP(TDI-
CL) and additive ion current curve of initial reagents tak-
en in the same ratio as in GP(TDI-CL).

According to Figure 1 the reduction of number and
types of pyrolytic decomposition fragments on mass-spec-
tra of GP(TDI-CL) compared with TDI-CL at the same tem-
perature are observed. For example, the number of de-
composition fragments at 150 °C reduces from 58 for TDI-
CL to 29 for GP(TDI-CL). That indicates the binding of
TDI to the polysaccharide. According to our previous
research [6] this temperature (150 °C) relates to releasing
of reactive NCO-group in thermal dissociation process.

As it can be seen the significant difference between
additive and experimental curves indicates chemical in-
teraction of KGM and TDI. In particular temperature de-
pendence of ion current intensity of GP(TDI-CL) has two
well-divided maxima at 185 °C and 240 °C whereas addi-
tive curve possesses four maxima at 115, 180, 265, and 350
°C.

The maximum of ion current intensity at 240 °C for
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Fig. 1. Mass-spectra of TDI-CL (@) and GP(TDI-CL)-40 (b) at 150 °C
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Fig. 2. Ton current temperature dependence of pyrolytic decomposition: a — GP(TDI-CL)-40 experimental (/) and

additive (2) curves; b — KGM (/) and TDI-CL(2)

GP(TDI-CL) as well as qualitative and quantitative com-
position of fragments is typical for KGM decomposition.
The maximum contribution to the intensity of the ion cur-
rent GP at this temperature are fragments with mass num-
bers 18 and 44, corresponding to water and carbon diox-
ide. However the appearance at this temperature of some
additional fragments characteristic for TDI-CL pyrolysis
may indicate a decomposition of urethane component in
GP formed due to interaction of KGM with TDI. The max-
imum of ion current for GP at 150 °C can be related with
presence of TDI in the polymer system. However the
number and types of pyrolytic decomposition fragments
at this maximum for GP has a significant difference com-
pared with TDI.

In addition, it was shown earlier for GP(PIC-CL) that
relative intensity of such two maxima correlates with cal-
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culated substitution degree of KGM hydroxyl group [7].

Adsorption of phenol on GP based on various isocy-
anates.

The kinetic curves of phenol adsorption onto glyco-
polymers based on different BIC at various medium pH
are shown at Figure3.

Glycopolymers based on cross-linked konjac gluco-
mannan demonstrate good adsorption ability for phenol.
According to kinetic data (Figure 3a) adsorption equilib-
rium had been reached after 24 hours contact with phenol
solution for GP based on PIC-CL, HDI-CL, and MDI-CL.
For GP(TDI-CL) adsorption equilibrium remained un-
changed after 48 hours. However, most part of phenol
(75-80 %) is adsorbed during first 6—8 hours.

The highest phenol adsorption capacity onto GP had
been reached at neutral medium whereas adsorption at
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Fig. 3. The kinetic curves of phenol adsorption onto glycopolymers based on different BIC (a) and at various pH
medium on GP(TDI-CL)-40 (b): I — GP(PIC-CL)-40; 2 - GP(PIC-CL)-40; 3 -GP(TDI-CL)-40; 4 — GP(TDI-CL)-80; 5 —

GP(HDI-CL)-40; 6— GP(MDI-CL)-40
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Table. Constants and correlation coefficients of Langmuir and Freundlich equations

GP Langmuir Freundlich
Apax, M2/ K107, I/mol R’ 1/n 1gKy R’
GP(PIC-CL)-40 17,90 1,9 0,999 1,05 -0,42 0,999
GP(PIC-CL)-80 25,44 1,7 0,999 1,02 -0,32 0,995
GP(TDI-CL)-40 23,26 9,0 0,999 1,05 -0,30 0,998
GP(TDI-CL)-80 27,70 3,5 0,999 1,06 -0,35 0,998
GP(MDI-CL)-40 31,17 1,2 0,999 0,91 -0,36 0,999
GP(MDI-CL)-80 29,80 1,4 0,999 0,95 -0.37 0.997
GP(HDI-CL)-40 15,20 1,9 0,999 0,98 -0,49 0,998
GP(HDI-CL)-80 18,52 1,3 0,999 1,03 -0,59 0,998

acid and alkali media slightly decreased (Figure 3b). Thus,
further experiments conducts at neutral medium.

In this study, adsorption of phenol onto GP based on
KGM cross-linked with different BIC was described with
both Langmuir and Freundlich models according to equa-
tion (2) and equation (3), respectively:

£= ¢ +L )
A AmaxKL Amax ’
lgA=1gkK, +llgC, ©)
n

where K| is the Langmuir isotherm constant related to the
energy or net enthalpy, 4_is the maximum adsorption
capacity (mg/g), and K, is the Freundlich constant related
to the adsorption capacity, and # is the constant related
to energy surface heterogeneity.

The linear plot obtained from C/4 against C with cor-
relation coefficients R? greater than 0,99, indicates that
the adsorption isotherm can be described by Langmuir
model.

Values of K_and n can be evaluated by plotting log 4
against log C. The calculated Langmuir and Freundlich
parameters are shown in Table.

According to data presented in Table both Langmuir
and Freundlich adsorption isotherm models can be used
to describe phenol adsorption onto GP. This is evidenced
by close to 1 values of the correlation coefficient R?. The
highest adsorption capacity is observed for GP(MDI-CL)-
40 and GP(HDI-CL)-40 has the lowest value.

In general, phenol adsorption onto sorbents based on
polysaccharides occurs by hydrophobic interaction, hy-
drogen bonding and p—p interactions. Adsorption capac-
ity of GP based on aromatic diisocyatates is higher then
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3muTH nmoJicaxapul KOHKaK INNIIOKOMAaHaH: CHHTE3, XapAKTEePUCTHUKH W
aacopouis genoay

K.C. Jlioenko, H.B. Ko3ak, B.B. Knenko

[HCcTHTYT XiMiT BUCOKOMONEKysipHUX crionyk HAH Yipainu
48, XapkiBcbke moce, Kuis, 02160, Ykpaina; didenko.katherina@gmail.com

Cunmeszo6ano Ho6i noaimepHi a0copbOenmu Ha O0CHO8I 8000PO3UUHHO2O NOLICAXAPUOY KOHICAK
2NIIOKOMAHAHY, 3UUMO20 DIOKOSAHUMU QAIKIIbHUMU [ APUILHUMU OU- AOO0 NOALI30YIaHamamu, ois copoyii
@enony 3 600HUX po3uunis. Memooom niporimuunoi Mac-cnekmpomempii ni0meepOICeHo 83AEMOOII0
nonicaxapudy 3 OI0KOBAHUMU [30yianamamu. I 1iKononimepu Ha OCHOBE 3UUMO20 KOHINCAK 2TIIOKOMAHAHY
nposeasoms Xopowi copoyitni eracmugocmi wooo genony. [lns onucy aocopbyii ¢penony
enikononimepamu Oyno suxopucmano mooeni Jlenemwopa i @peiinonixa. Pozenanymo ennue Ha
aocopoOyitiny EMHICMb OMPUMAHUX 2NIKONOAIMEPI8 CMYNeHs 3aMieHHs 2i0POKCULbHUX 2PV
noaicaxapudy, cmpykmypu izoyianamy i pH cepeoosuwa. Iiikononimepu Ha OCHO8I apoMamuyHux
oiizoyianamie nposeIsAIOMs GUWY COPOYIUHY 30AMHICMb NOPIGHAHO 3 2NIKONONIMEPAMU HA OCHOSI
anigpamuunux diizoyianamis. Lle exasye na ponv TETT 83a€MOOIL MIdNC APOMAMUYHUMYU KiTbYIMU
aocopbamy i noaimepHoo mampuyero y npoyeci adcopoyii.

Kurouosi citoBa: aycopOuist peHoITy, ITIKONONIMEpH, KOHXKAaK [IOKOMaHaH, OJI0OKOBaHi i301iaHaTy, i30TepMa aIcopolii.

CmuThlii moiMcaxapu] KOHKAK IIIOKOMAHHAH: CHUHTE3, XapaKTEePUCTHKH U
axcopouus ¢genosaa

K.C. Jluoenxo, H.B. Kozaxk, B.B. Knenko

WHCTUTYT XMMUHN BBICOKOMOJIEKYIISIpHBIX coennnenunil HAH Yikpannbt
48, XapsroBckoe mocce, Kues, 02160, Ykpanna; didenko.katherina@gmail.com

Cunmesuposanvl HOBble NOTUMEPHBIE AOCOPOEHMbL HA OCHOBE 8000PACMBOPUMO20 NOTUCAXAPUOA
KOHMCAK 2NIOKOMAHHAHA, CUUMO020 OI0OKUPOBAHHLIMU ANKUALHBIMU U APUTLHLIMU OU- U
nonUU3OYUaAHamamu, 0na copoyuu ghenona us 600HbIX pacmeopos. Memooom nuponumuieckou macc-
cnekmpomempuyu nOOMEepHOeHO 83aumoodelticmeue NOAUCAXAPUOA C ONOKUPOBAHHBIMU
uzoyuanamamu. [IuKoOnonuMepsl Ha OCHOBE CUUMO20 KOHMCAK 2IOKOMAHHAHA NPOABIAIOM XOpoulue
copOyUOHHbIE CBOUCTNBA OMHOCUMENbHO (henona. [{ns onucanusa adcopoyuu ghenona enukonoaumepami
ucnowb308anvl modenu Jlenemopa u Opeinonuxa. Paccmompeno snuanue Ha adcopoyuoHHYO eMKOCmb
NONYYEHHBIX 2IUKONOTUMEP OB CIENEHU 3aMeeHUs 2UOPOKCUTLHBIX SPYIN HOAUCAXAPUIA, CIPYKIYDb
uzoyuanama u pH cpedvl. [iuxononrumepvl Ha 0OCHO8e APOMAMUYECKUX OUUIOYUAHAMOE NPOSAGIAIOM
boee 8bICOKYI0 AOCOPOYUOHHYIO CHOCOOHOCHb NO CPABHEHUIO ¢ AUKONONUMEPAMU HA OCHOGE
arugamuyeckux ouusoyuaHamos. Imo yxkazvieaem HA poib TETT 83aUMO0eUCEU MeHCOY
apomamuyeckuMu Koabyamu aocopbama u noIuUMepHoll mampuyell 8 npoyecce adcopoyuu.

Kawuesble ciioBa: ancopOuust GpeHosa, IMKOMOIUMEPbl, KOHKaK TITFOKOMaHHaH, OJIOKUPOBAHHBIC W30LMAHATHI,
H30TepMa aICOPOITHH.
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