
Ïîë³ìåðíèé æóðíàë. - 2018. - 40, ¹ 3. - Ñ. 184-189.

© 2018 K.S. Didenko, N.V. Kozak, V.V. Klepko184

ÓÄÊ 541.64:543.51:543.544

Ñross-linked polysaccharide konjac glucomannan: synthesis,
characterization and phenol adsorption
K.S. Didenko, N.V. Kozak, V.V. Klepko

Institute of Macromolecular Chemistry NAS of Ukraine
48, Kharkivske shose, Kyiv, 02160, Ukraine; didenko.katherina@gmail.com

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 å-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 π–π interactions between aromatic rings of adsorbate and polymeric matrix during adsorption.

Keywords: phenol adsorption, glycopolymers, konjac glucomannan, blocked isocyanates, adsorption isotherm.

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 Àmorphophallus konjak root (Chengdu Root Indus-
try Co., Ltd. Sichuan, China) 120–200 mesh and å-caprol-
actam (Sigma Aldrich) were used without prior purifica-
tion. Polymethylenepolyphenyl isocyanate (Dow) was
used as supplied.

Hexamethylene-1,6-disocyanate (Sigma Aldrich) Tb=
82–85 °C/0,1 mm Hg and tolylene diisocyanate (Sigma
Aldrich) 80/20 mixture of the 2,4- and 2,6-isomer, Tb= 115–
120 °C/10 mm Hg, 4,42 -methylenebis(phenyl isocyanate)
Tb= 200 °C/5 mm Hg, Tmelt=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 å-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 1H 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 °Ñ) and
mass-spectrometer ÌÕ–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 °Ñ) at dif-
ferent pH in static conditions during 7 days with initial
defined phenol concentration Ñî (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 (A) to phenol was
calculated using following equation:

 0( )C C VA
m

− ⋅= ,

where C0 and C are the initial and equilibrium concentra-
tions of phenol, respectively, mg/l; V is the solution vol-

ume, l; m is the mass of the glycopolymer film used, g.
Results and Discussion.

Interaction of konjac glucomannan with blocked
icosyanates.

The scheme of KGM interaction with BIC is shown
below:
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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

Fig. 1. Mass-spectra of TDI-CL (a) and GP(TDI-CL)-40 (b) at 150 °C
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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-

0 100 200 300 400

0

50

100

150

200

2

1

a

I, 
a.

u.

T, °C
0 100 200 300 400

0

50

100

150

200
2

1

I, 
a.

u.

T, °C
Fig. 2. Ion current temperature dependence of pyrolytic decomposition: a – GP(TDI-CL)-40 experimental (1) and

additive (2) curves; b – KGM (1) and TDI-CL(2)

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

b

0 15 30 45 60 75 90
0

10

20

30

6

5

4

1

2

3

A,
 m

g/
g

t, h
0 25 50 75 100 125 150 175

0

10

20

30

 pH=7
 pH=4
 pH=10

A,
 m

g/
g

t, h

a b

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): 1 – 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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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:

 

max max

1

L

C C
A A K A

= + ,

 1lg lg lgFA K C
n

= + ,

where KL is the Langmuir isotherm constant related to the
energy or net enthalpy, Amax is the maximum adsorption
capacity (mg/g), and KF is the Freundlich constant related
to the adsorption capacity, and n is the constant related
to energy surface heterogeneity.

The linear plot obtained from C/A against C with cor-
relation coefficients R2 greater than 0,99, indicates that
the adsorption isotherm can be described by Langmuir
model.

Values of KF and n can be evaluated by plotting log A
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 R2. 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 ð–ð interactions. Adsorption capac-
ity of GP based on aromatic diisocyatates is higher then

of GP based on aliphatic diisocyanate that can indicate
that π-π interactions between aromatic rings of adsorbate
and polymeric matrix play an important role in adsorption
of phenolic compounds on GP [8, 9]. This correlates with
the growth of the sorption capacity of GP based on PIC-
CL and TDI-CL with increasing of the polysaccharide
hydroxyl groups substitution degree. The influence of
the hydroxyl groups substitution degree on the change
in adsorption capacity of GP(HDI-CL) and GP(MDI-CL)
requires additional investigation.

Freundlich isotherm parameters KF listed in Table stay
almost unchanged with a change in the structure of the
isocyanate and indicate that active sites for all GP have
similar strength. The decreases of 1/n for GP based on
MDI-CL and HDI-CL might be regarded as increased sur-
face heterogeneity.
Conclusion.

A study of the phenol adsorption features on GP based
on the plant polysaccharide konjac glucomannan and
blocked isocyanates of various structure showed that
cross-linked KGM demonstrates good adsorption ability
for phenol. Phenol adsorption onto GP is little affected by
pH. Adsorption equilibrium in neutral medium is achieved
in 24–48 hours; however, 75–80 % of phenol is adsorbed
during first 6–8 hours.

Both Langmuir and Freundlich adsorption isotherm
models were used to describe phenol adsorption on GP
with correlation coefficient R2values close to 1. Structure
of isocyanate and KGM group substitution degree can
influence on phenol removal efficiency. The higher ad-
sorption capacity of GP based on aromatic diisocyatates
indicates important role of ð-ð interactions between aro-
matic rings of adsorbate and polymeric matrix.

GP Langmuir Freundlich 
Аmax, mg/g KL·102, l/mol R2 1/n lgKF R2 

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 

Table. Constants and correlation coefficients of Langmuir and Freundlich equations
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àäñîðáö³ÿ ôåíîëó
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Ñèíòåçîâàíî íîâ³ ïîë³ìåðí³ àäñîðáåíòè íà îñíîâ³ âîäîðîç÷èííîãî ïîë³ñàõàðèäó êîíæàê
ãëþêîìàíàíó, çøèòîãî áëîêîâàíèìè àëê³ëüíèìè ³ àðèëüíèìè äè- àáî ïîë³³çîö³àíàòàìè, äëÿ ñîðáö³¿
ôåíîëó ç âîäíèõ ðîç÷èí³â. Ìåòîäîì ï³ðîë³òè÷íî¿ ìàñ-ñïåêòðîìåòð³¿ ï³äòâåðäæåíî âçàºìîä³þ
ïîë³ñàõàðèäó ç áëîêîâàíèìè ³çîö³àíàòàìè. Ãë³êîïîë³ìåðè íà îñíîâ³ çøèòîãî êîíæàê ãëþêîìàíàíó
ïðîÿâëÿþòü õîðîø³ ñîðáö³éí³ âëàñòèâîñò³ ùîäî ôåíîëó. Äëÿ îïèñó àäñîðáö³¿ ôåíîëó
ãë³êîïîë³ìåðàìè áóëî âèêîðèñòàíî ìîäåë³ Ëåíãìþðà ³ Ôðåéíäë³õà. Ðîçãëÿíóòî âïëèâ íà
àäñîðáö³éíó ºìí³ñòü îòðèìàíèõ ãë³êîïîë³ìåð³â ñòóïåíÿ çàì³ùåííÿ ã³äðîêñèëüíèõ ãðóï
ïîë³ñàõàðèäó, ñòðóêòóðè ³çîö³àíàòó ³ ðÍ ñåðåäîâèùà. Ãë³êîïîë³ìåðè íà îñíîâ³ àðîìàòè÷íèõ
ä³³çîö³àíàò³â ïðîÿâëÿþòü âèùó ñîðáö³éíó çäàòí³ñòü ïîð³âíÿíî ç ãë³êîïîë³ìåðàìè íà îñíîâ³
àë³ôàòè÷íèõ ä³³çîö³àíàò³â. Öå âêàçóº íà ðîëü π-π âçàºìîä³¿ ì³æ àðîìàòè÷íèìè ê³ëüöÿìè
àäñîðáàòó ³ ïîë³ìåðíîþ ìàòðèöåþ ó  ïðîöåñ³ àäñîðáö³¿.

Êëþ÷îâ³ ñëîâà: àäñîðáö³ÿ ôåíîëó, ãë³êîïîë³ìåðè, êîíæàê ãëþêîìàíàí, áëîêîâàí³ ³çîö³àíàòè, ³çîòåðìà àäñîðáö³¿.
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Ñèíòåçèðîâàíû íîâûå ïîëèìåðíûå àäñîðáåíòû íà îñíîâå âîäîðàñòâîðèìîãî ïîëèñàõàðèäà
êîíæàê ãëþêîìàííàíà, ñøèòîãî áëîêèðîâàííûìè àëêèëüíûìè è àðèëüíûìè äè- è
ïîëèèçîöèàíàòàìè, äëÿ ñîðáöèè ôåíîëà èç âîäíûõ ðàñòâîðîâ. Ìåòîäîì ïèðîëèòè÷åñêîé ìàññ-
ñïåêòðîìåòðèè ïîäòâåðæäåíî âçàèìîäåéñòâèå ïîëèñàõàðèäà ñ áëîêèðîâàííûìè
èçîöèàíàòàìè. Ãëèêîïîëèìåðû íà îñíîâå ñøèòîãî êîíæàê ãëþêîìàííàíà ïðîÿâëÿþò õîðîøèå
ñîðáöèîííûå ñâîéñòâà îòíîñèòåëüíî ôåíîëà. Äëÿ îïèñàíèÿ àäñîðáöèè ôåíîëà ãëèêîïîëèìåðàìè
èñïîëüçîâàíû ìîäåëè Ëåíãìþðà è Ôðåéíäëèõà. Ðàññìîòðåíî âëèÿíèå íà àäñîðáöèîííóþ åìêîñòü
ïîëó÷åííûõ ãëèêîïîëèìåðîâ ñòåïåíè çàìåùåíèÿ ãèäðîêñèëüíûõ ãðóïï ïîëèñàõàðèäà, ñòðóêòóðû
èçîöèàíàòà è ðÍ ñðåäû. Ãëèêîïîëèìåðû íà îñíîâå àðîìàòè÷åñêèõ äèèçîöèàíàòîâ ïðîÿâëÿþò
áîëåå âûñîêóþ àäñîðáöèîííóþ ñïîñîáíîñòü ïî ñðàâíåíèþ ñ ãëèêîïîëèìåðàìè íà îñíîâå
àëèôàòè÷åñêèõ äèèçîöèàíàòîâ. Ýòî óêàçûâàåò íà ðîëü π-π âçàèìîäåéñòâèÿ ìåæäó
àðîìàòè÷åñêèìè êîëüöàìè àäñîðáàòà è ïîëèìåðíîé ìàòðèöåé â ïðîöåññå àäñîðáöèè.

Êëþ÷åâûå ñëîâà: àäñîðáöèÿ ôåíîëà, ãëèêîïîëèìåðû, êîíæàê ãëþêîìàííàí, áëîêèðîâàííûå èçîöèàíàòû,
èçîòåðìà àäñîðáöèè.


