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Abstract: In this work, the electrokinetic properties of alkali and oxidatively
modified jute fabrics were studied. In contrast to the control fabric, chemically
modified jute fabrics had a small positive zeta potential in the basic pH range,
which could be attributed to the presence of sodium cations (originating from
the undertaken chemical modifications) on their surfaces. At lower pH values,
the samples modified under milder alkali and oxidative conditions had about
2.2-3.5 times lower zeta potential since the protonation process led to the
formation of a higher positive charge in the electrochemical double layer, caus-
ing higher adsorption of CI- (originating from the electrolyte). On the other
hand, more intensive chemical modifications increased the zeta potential at
lower pH values due to the increased amount of carboxyl groups and the ability
of the fibres for water retention and hence swelling. The isoelectric point of the
fabrics, having lower zeta potentials than that of the control fabric, was shifted
towards higher pH values, indicating to a lower contribution of surface acidic
groups of the fabrics. In the case of extensive oxidation conditions (60 and 90
min), the isoelectric point was shifted toward lower pH values because of lig-
nin removal and the mentioned higher availability of newly formed carboxyl
groups.
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INTRODUCTION

In the past, jute fibres were considered as a source of raw material for the
packaging industry but nowadays, they have emerged as a versatile raw material
for diverse applications, such as household textiles, floor coverings, biobased
composites, etc. To meet the worldwide demand for jute fibres, their production,
processing and quality should be improved.
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1 622 IVANOVSKA and KOSTIC

Jute fibres are recognized by their complex structure and very heterogeneous
chemical composition comprising of cellulose, hemicelluloses, lignin and other
minor components. The main steps for the purification of jute fibres (i.e., rem-
oval of non-cellulosic components) include the simplest, most direct, economical
and efficient alkali and oxidative modifications. During these modifications, the
selective removal of hemicelluloses and lignin in parallel with cellulose lateral
swelling contributed to the liberation of elementary fibres, resulting in increased
availability of surface functional groups.! The dissociation ability of these groups
affects the distribution of the surface charge, as well as the thickness and distri-
bution of the electrochemical double layer, altogether resulting in changed zeta
potential and isoelectric point.2 Accordingly, it could be stated that the alkali and
oxidative modifications of raw jute fabric change its electrokinetic properties and
alter its interaction with the components of the liquid phase. An extensive under-
standing of the electrokinetic properties of jute fabrics is still required to optimize
the chemical modification processes, which might increase the utilization of such
modified fabrics.

EXPERIMENTAL
Material

A raw jute fabric (in further text: control fabric or sample C) purchased from a com-
mercial supplier was chemically modified with sodium hydroxide or sodium chlorite, as given
in Fig. 1.

Chemically modified jute fabrics’ sample codes

Alkali modifications with Oxidative modifications with
NaOH at room temperature 0.7 % NaClO, at boiling temperature
AS5/5 Aé/] 7.5  A30/17.5 A45/17.5 Ol5 030 060 090
X \
5 min 5 min 45 min 30min 60 min 90 min
17.5 % NaOH 5 % NaOH 17.5 % NaOH !
30 min 15 min
17.5 % NaOH

Fig. 1. Conditions for the chemical modifications of jute fabrics and
the designation of the samples.

Characterization of the materials

Chemical composition of the jute fabrics. The chemical composition of the jute fabrics
was determined according to a modified procedure described in the literature.>

Determination of the electrokinetic properties of the jute fabrics. The jute fabrics’ elec-
trokinetic properties, i.e., the zeta potential ({) as a function of pH, were determined by a
streaming potential method using a SurPASS electrokinetic analyzer (Anton Paar GmbH,
Austria), according to the procedure described by Lazi¢ et al.* Before the measurements, the
samples were pre-swelled in distilled water to avoid the influence of fibre swelling on the zeta
potential. Since the isoelectric point (IEP, the pH value where the value of {"is 0) of jute fab-
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rics is in the low pH region (i.e., pH < 3), it was extrapolated from the experimental curve.
Two measurements were performed for each sample, whereby the standard deviation was
below 5 %.

RESULTS AND DISCUSSION
Chemical modification of jute fabric

The modification conditions shown in Fig. 1 were selected to obtain jute fab-
rics with different chemical compositions and to study their influence on the elec-
trokinetic properties of the resulting fabrics.
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Fig. 2. Chemical composition of the jute
Jute fabric samples fabrics.

By increasing the modification intensity (duration and/or concentration of
the chemical agent), jute fabrics with gradually decreasing hemicellulose or lig-
nin contents as well as increased cellulose content were obtained, Fig. 2. Namely,
the alkali modifications decreased the hemicellulose content by 2547 %, com-
pared to the control jute fabric. Moreover, depending on the duration of the oxid-
ative modification (15-90 min), jute fabrics with 38-79 % lower lignin content
were obtained. A detailed discussion regarding the influence of the chemical
modification conditions on the chemical composition and structure of jute fabrics
is given in the literature.3-3

Electrokinetic properties of chemically modified jute fabrics

The chemical modifications of the fabrics not only lead to changes in their
chemical composition, structure, sorption, mechanical and electro-physical pro-
perties,3-> but also change their electrokinetic properties, i.e., surface charge of
the fabrics. In this investigation, the measurement of the zeta potential was
chosen to give valuable insight into the surface charge of the fabrics. In order to
monitor the changes occurring on the surface of the fabrics (i.e., the presence,
availability and nature of surface groups) caused by chemical modifications, the
zeta potential is measured over a wide pH range, Fig. 3. Furthermore, the pH
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1 624 IVANOVSKA and KOSTIC

value where the smallest zeta potential was detected (pH ), the minimum value
of zeta potential ({,,;,) and the isoelectric point (IEP) determined by extrapolation
are given in Table I.

| )i —=C | = C
» “ ASl5 2 . 015
304 4 A AS/175 30 —+—030
v AISNTS v 060
37 A30/17.5 =351 —+— 090
40 T T T T T T T T T 1 40 T T T T T 1
2 3 4 5 6 7 8 o 10 1 12 2 7 8 9 10 11 12
pH (in 0.001 M KCI) pH (in 0.001 M KCl)

Fig. 3. Zeta potential ({) as a function of pH for control (C), alkali (a) and oxidatively
modified jute fabrics (b).

TABLE 1. pH Value where the smallest zeta potential was detected (pH; min), zeta potential
minimum value ({,;,) and isoelectric point (IEP)

Sample code PHemin Cin / MV 1IEP
C 3.82 -11.17 2.52
A5/5 3.32 -25.16 2.84
A5/17.5 3.19 -28.93 2.83
Al15/17.5 3.37 -9.60 2.44
A30/17.5 4.11 -4.61 2.67
015 3.51 -28.11 2.98
030 3.39 -38.79 2.74
060 3.49 -10.76 2.46
090 3.49 -8.34 2.24

The control jute fabric as other cellulosic materials has a negative zeta pot-
ential in the basic pH range (pH > 7, (,jaean) due to the presence of anionic func-
tional groups (i.e., hydroxyl and carboxyl) on its surface,® Fig. 3. According to
Hubbe et al.,” these groups are prone to dissociation in the high pH range. In
contrast, the chemically modified jute fabrics have a small positive zeta potential
value in the mentioned region ({pjaean)> Which is probably caused by the presence
of “strongly” adsorbed sodium cations (originating from the chemical modific-
ations with NaOH or NaClO,) on their surfaces.8

The applied chemical modifications increase the active surfaces of fabrics
and the availability of their surface groups, which is characterized by a sudden
change in the zeta potential of the fabrics at lower pH values (Fig. 3) and the
pHimin values are shifted towards lower pH values (excluding sample A30/17.5,
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Table 1), which may be a consequence of the protonation of acetyl or ether link-
ages in cellulose or lignin residues.” Most remarkable decreases in the ¢, values
(by 2.2-3.5 times) at lower pH values and in shifts in the pH,;, values toward
lower pH values were noticed for the samples from which up to 36.6 % of the
hemicelluloses (samples AS5/5 and A5/17.5) and up to 38.8 % of the lignin
(samples O15 and O30) had been removed, Figs. 2 and 3 and Table 1. For these
samples, protonation contributed to the formation of a higher positive charge in
the electrochemical double layer, causing higher adsorption of CI~ (originating
from electrolyte), and therefore, resulting in a significant decrease in {;, values
at lower pH values.” Change of the experimental curve shape in parallel with the
decrease in (,;, value and simultaneously increased {jjyean Were also reported for
alkali modified jute8 and sisal® fibres, as well as oxidized cotton? and flax# fibres.

On the other hand, the removal of more than 36.6 % of the hemicelluloses
(samples A15/17.5 and A30/17.5) and more than 38.8 % of the lignin (samples
060 and 0O90) increase the (;, value by 4-59 % compared to that of the control
sample. The alkali and oxidative chemical modifications increase the amount of
carboxyl groups and the fibre ability for water retention and hence swelling,d
which together increase the (., value of the fabrics. The results are in accordance
with the data reported for mercerized cotton in which the {;, value increased due
to the considerable increase in the available surface of the fibres caused by the
intensive interfibrillar and intrafibrillar swelling of the fibres. It should be men-
tion that in the case of sample A30/17.5 (the most intensive alkali modification
conditions), the pH,,;, was shifted toward higher values (pH;, 4.11) compared
to that of control fabric (pH; ., 3.82), indicating that the protonation process
became more difficult.

The IEP, as an indicator for the nature of functional groups and surface
charge of fabrics, was determined by extrapolation, Table I. The IEP shifted
towards higher pH values for fabrics with a lower {;;, value than that of the con-
trol fabric (samples A5/5, A5/17.5, O15 and 030) as well as for sample A30/
/17.5, indicating to a lower contribution of the surface acidic groups of the fab-
rics. In the case of intensive oxidation conditions, the IEP was shifted towards
lower pH values (from pH 2.52 for the control fabric to 2.46 and 2.24 for fabrics
060 and 090, respectively), which could be ascribed to selective lignin removal,
i.e., the formation of dicarboxylic groups and conversion of aldehyde to carboxyl
groups during oxidations followed by the simultaneous increase in their availabil-
ity.> The IEP at pH 2.46 and 2.44 extrapolated for the samples O60 and A15/
/17.5, respectively, indicate that these samples had very similar surface chem-
istry, while the lower (in/Cyiatean Value of fabric A15/17.5 reflects its higher swell-
ling ability.
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1 626 [VANOVSKA and KOSTIC

CONCLUSIONS

In this investigation, the effects of alkali and oxidative chemical modific-
ations on the electrokinetic properties of jute fabrics were studied. The control
fabric had a negative zeta potential in the basic pH range due to the presence of
anionic functional groups on its surface, while the chemically modified fabrics
has a small positive zeta potential in that region caused by the presence of
sodium cations on their surfaces. The samples modified under milder conditions
(5 % NaOH for 5 min, 17.5 % NaOH for 5 min and 0.7 % NaClO; for 15 and 30
min) had 2.2-3.5 times lower zeta potential at lower pH values; their isoelectric
points were shifted toward higher pH values indicating a lower contribution of
the surface acidic groups of the fabrics. In contrast, intensive oxidation con-
ditions (0.7 % NaClO, for 60 and 90 min) increased the availability of newly
formed carboxyl groups, which contributed to increased zeta potential at lower
pH values and shifted the isoelectric point towards lower pH values.
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Technological Development of the Republic of Serbia (Contract No. 451-03-68/2020-14/
/200135). The authors thank Matea Korica (Innovation Center of the Faculty of Technology
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U3BOJ
EJTEKTPOKMHETHUYKA CBOJCTBA XEMUJCKU MOJU®UKOBAHE TKAHUHE O JYTE
AJIEKCAHIIPA M. UBAHOBCKA' 1 MUPJAHA M. KOCTUR
1Yuueep3uweu7 y Beoipagy, Hnosavuonu uyeniiap Texnonowrxo—memianypwkol paxynitiemia, Kapueiujesa 4,
11000 Beoipag Ynueepsuinewi y beoipagy u ZYHueep3uL_ueu7. y Beoipagy, TexHonowxo—memanypuKu
paxynitewi, Kapueiujesa 4, 11000 Beoipag

Y 0oBOM pamy HCIMTHBAHA Cy €IeKTPOKMHETHYKA CBOjCTBA alKaJIHO MOJU(UKOBaHE U
OKCHIWCaHe TKaHWHe of jyTe. CympOTHO CUPOBOj TKAaHWHM, XeMHjCKM MOZU(UKOBAHE TKa-
HUHE MMajy MaJly IO3UTUBHY BDEJHOCT 3€Ta NOTeHNIMjana y basHoM noppydjy pH BpemHoCTH,
IITO MOKe DUTH MPOYy3POKOBAHO MPUCYCTBOM HATPHUjyMOBHX jOHA (KOjU MOTUUYY U3 TOMEHYTE
XeMHjcke MopuduKalyje) Ha MOBPLIMHU TkaHMHe. [Ipu HWwKuM pH BpemHOCTMMa, TKaHUHE
mopuduKoBaHe NpU OaKUM aKaTHUM M OCKHIATHBHHUM yCIOBUMa MMajy OKo 2,2-3,5 myTa
MamM 3eTa NOTEHLWjasll LITO CEé MOXKE O0jaCHUTH YMIBEHHUIIOM Jia MPOLEeC NPOTOHU3aLuje
nosogyu 1o dopmupama Beher NMO3UTHBHOI HaeleKTpUCama Yy €JIEKTPOXEMHjCKOM IBOJHOM
Cy0jy, WITo MoXe Ja u3a3oBe mosehany ancopnuujy Cl” (koju motuuy u3 enextponuta). C
Ipyre cTpaHe, MHTEH3UBHUjU YCJIOBH XeMHjCKOr MoaudHKoBama f0BoAe Oo nosehama 3eTa
NOTeHLHjasa Ipy HWKUM pH BpepHoCTHMa Kao pe3ynTar nosehaHor cagpkaja KapdoKCHITHUX
rpyna 4 nosehaHe CIoCODHOCTH BjlakaHa 3a 3afp)KaBame BOE, a CAMUM TUM U OyOpeme.
[ToMepamwe U30eIeKTpHYHe Tauke Ka BUIIMM pH BpeoHOCTHMA je 3anakeHO KOJ TKaHWHA KOJ
KOjHUX je 3amakeH MamwH 3eTa MOoTeHLHjan y nopehemy ca CHPOBOM TKAaHHHOM, LITO yKa3yje Ha
TO I je JONMPUHOC KUCENUX Ipyla Ha NOBPLUIMHU TKAHWHA HWKU. KoJ MHTEeH3UBHHUjUX YCJIOBA
oxcupanyje (y Toky 60 u 90 min), youeHo je noMepame U30eleKTPUYHe Tauke Ka HWKOj pH
BPEJHOCTH 300T CEJIEKTUBHOT YKiIawamwa JIMTHUHA, ald U (opMHpama HOBUX KapOOKCHUIHUX
rpyna y3 UCTOBpeMeHO nosehamwe BUXO0BE JOCTYITHOCTH.

(ITpumsmeno 13. okrodpa, peBunupaHo 2. HoBemdpa, npuxsaheHo 3. HoBemdpa 2020)
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