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Abstract: Cellulosic superabsorbents (SAP) are produced by using cellulose and cellulose derivative blends with different binding
methods, generally. But cellulose in SAP leads decrease in water absorption and water bonding ability because of nonreactive character of
cellulose based on its chemical structure. The oxidative pretreatments of cellulose were attempted for the resolve of disadvantage of cellulose in
SAP, in this study. Hydrogen peroxide and TEMPO (2,2,6,6- tetramethylpiperidine-1-oxyl) were used for oxidative pretreatments of cellulose.
Oxidized cellulose and carboxymethylcellulose (CMC) blended and cross-linked by epicholohydrin for cellulosic SAP production. Water
absorption capacity of cellulosic SAP were determined in pH:2, 7 and 10. The results show that the oxidative pretreatments of cellulose had
affirmative effect of water absorption capacity of cellulosic SAP according to control samples.

Keywords: Cellulose, carboxymethylcellulose, crosslinking, epicholohydrin, superabsorbents.

Seliilozik Siiperabsorbent Uretiminde Oksidatif On Islemler

Oz: Seliilozik superabsorbent (SAP) iiretiminde genelde seliiloz ve selilloz tiirevi farkli oranlarda karstirilarak kullanilmaktadir.
Ancak kullanilan seliiloz orani arttik¢a selillozun kimyasal yapisina bagli olarak siiperabsorbentlerin su alma ve absorplama kapasitesi
azalmaktadir. Bu calismada seliiloza uygulanan oksidatif 6n islemlerle bu olumsuz etkinin azaltilmasi amaglanmustir. Seliilozun oksidasyon
reksiyonlari i¢in hidrojen peroxide ve TEMPO (2,2,6,6- tetramethylpiperidine-1-oxyl) kullanilmistir. Okside seliiloz ile karboksimetil seliiloz
epiklorohidrin gapraz baglama yontemi ile isleme tabi tutularak siiperabsorbentler iiretilmistir. Uretilen seliilozik SAP’larm su alma ve
absorplama kapasiteleri pH:2,7 ve 10 kosullarinda test edilistir. Kontrol drnekleriyle yapilan karsilastirmalarda selilloza uygulanan oksidatif 6n
islemlerin SAP’larin su alma kapasitelerinde olumlu etki gosterdigi tespit edilmistir.

Anahtar sozciikler: Capraz baglama, epiklorohidrin, karboksimetil seliiloz, seliiloz, Stiperabsorbent.
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INTRODUCTION

Superabsorbent  hydrogels (SAP) are three-
dimensional cross-linked hydrophilic polymers with the
ability to absorb large quantities of water, saline or
physiological saline solutions compared to ordinary
absorbing materials (Chang et al., 2010). They are able to
absorb water and other liquids tens to thousands times their
own weight in a relatively short time. They can also retain a
swollen state even under some pressure. They have
superabsorbent properties conferred by their hydrophilic
groups or domains. Given all these advantages,
superabsorbent polymers are widely applied in various fields,
such as in hygiene, medicine, nutrition, petrochemistry,
agriculture, and horticulture (Sannino, 2009; Wu et al.,
2012).

Most of the current SAPs available commercially
are synthetic polymers based on acrylic acid or acrylamide,
which are expensive, poorly degradable and harmful to the
environment (Khoo et al., 2014). Some natural resources
such as polysaccharides and inorganic clay minerals have
also been used to produce superabsorbent polymers (Li et al.,
2012). Cellulose and its derivatives is often used in the
biomedical field, and cellulose-based superabsorbents (cel-
SAP) have been prepared using radiation-induced and
chemical crosslinking. (Rémond et al., 2010). In previous
studies, it was determined that the main drawback of cel-
SAPs is the decrease in swelling rate depend on cellulose
content increases in cel-SAP (Bao et al., 2011; Chang et al.,
2010; Hubbe, 2013).

In this study, it was aimed to be minimize the
negative effect of high cellulose content in cel-SAP on
swelling rate by using hydrogen peroxide and TEMPO
(2,2,6,6- tetramethylpiperidine-1-oxyl) oxidative
pretreatments of cellulose.

MATERIAL and METHODS

Materials: Spruce dissolving pulp was used as
cellulose resource. Alpha cellulose content, Kappa no and DP
of spruce dissolving pulp were determined 95.2%, <1 and
1406, respectively. Carboxymethylcellulose (CMC) was used
as Mw: 700000. Epichlorohydrin (ECH), NaOH, urea,
hydrogen peroxide and TEMPO (2,2,6,6-
tetramethylpiperidine-1-oxyl) were obtained as analytical-
grade.

Methods

Oxidative Pretreatments of Cellulose: Hydrogen
peroxide and TEMPO were used for oxidative pretreatments
of cellulose (spruce dissolving pulp). Hydrogen peroxide,
NaOH (o.d. dry pulp) and pulp consistency were selected as
10%, 3% and 10%, respectively. Temperature and
pretreatment time were applied with 80 °C and 180 min,
respectively.
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Cellulose sample (5 g) was dispersed in water (375
mL), containing TEMPO (0.0625 g) and sodium bromide
(0.625 g). TEMPO mediated oxidation was applied by adding
NaClO solution containing 5 mmol NaCIO to the cellulose
suspension at room temperature. The cellulose suspension
was stirred at pH 10 by continuous addition of 0.5 M NaOH.
The TEMPO-oxidized cellulose thus obtained was washed
thoroughly with ethanol by filtration (Puangsin et al., 2013).

Preparation of cel-SAP: Untreated cellulose (UC)
and oxidative pretreated cellulose (OPC) solutions were
prepared as follows: 5 g spruce dissolving pulp cellulose
samples (UC and OPC) were suspended into 195 g of 6 wt%
NaOH/4 wt% urea/90 wt% water mixture with stirring and
then was stored under refrigeration (-20 °C) for 12 h. The
frozen solid was thawed and stirred with IKA Ultraturrax at
10000 rpm at room temperature to obtain a transparent
cellulose solution. CMC was dissolved in the same solvent to
obtain a polymer concentration. ECH and NH4OH (25 ml)
was added to the mixture as cross-linker, stirred at 40 °C for
4 h to obtain a homogeneous solution, and to prepare
hydrogels. Cellulosic hydrogels were washed with ethanol
and water to obtain hydrogels (Chang, 2010). The conditions
of cel-SAP preparation are presented in Table 1.

Table 1. Cel-SAP preparation conditions.

Cellulose ~ CMC  Suspension ECH  NHiOH Temperature Time
(%) (%) (mh) (m) (mh) q®) (hour)
10 90 200 25 25 40 4
30 70 200 25 25 40 4
50 50 200 25 25 40 4

Determination of Water Absorption Capacity: The
synthesized cel-SAPs were immersed in water at constant
room temperature (25 ° C) for 12 h. Water absorption
capacity and swelling in acidic, alkaline and neutral
conditions of cel-SAPs was determined by adjusting the
water to pH 2, 7 and 10. Cel-SAPs were filtrated to remove
excess distilled water. Water absorption capacity was
calculated by the following equation:

WAC =(M2-My) / Mz 1)

Where, My and M; are the mass of the dried and
swollen sample, respectively. The WAC value was calculated
as grams of water per gram of sample.

SEM Analysis: Surface properties of
superabsorbents were investigated by scanning electron
microscopy images (Jeol JSM-6060- Zeiss Evo LS-10). Cel-
SAP sample were coated with Au before SEM observation.

RESULTS and DISCUSSION
Water Absorption Capacity of Cel-SAPs: Cel-SAPs

were prepared cellulose and CMC at different ratios (10/90,
30/70 and 50/50) by using ECH crosslinking method, as can
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be seen in Table 1. HCI (pH:2) and NaOH (pH:10) were used
for acidic and basic adjustment, before water absorption
capacity determination. The results of water absorption
capacity in distilled water at 25 °C for cel-SAPs which were
prepared with untreated cellulose (UC) and CMC mixture are
presented in Figure 1.
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Figure 1. Water Absorption Capacity of Cel-SAPs which were
prepared UC and CMC mixture.

It was determined that water absorption capacity of
cel-SAPs increased evidently with an increase CMC content
in cel-SAPs. CMC has highly hydrophilic carboxyl group.
These groups could absorb to enhance WAC of cel-SAPs
(Wiistenberg, 2015). As can be seen in Fig 1, high UC
content in cel-SAPs had negative effect on WAC of
hydrogels. Chang et al., (2010) studied on water absorption
capacity of cellulose/CMC hydrogel. They found that the
highest WAC for cellulose /CMC (90/10) hydrogel was
1000% after immersing in distilled water for a week at 25 °C.
CMC is a polyelectrolyte, which shows sensitivity to pH and
ionic strength variations. Indeed the presence of CMC in a
cellulose-based hydrogel provides the hydrogel itself with
electrostatic charges anchored to the network, which have a
double effect on the swelling capability. On one side, the
electrostatic repulsion established between charges of the
same sign forces the polymer chains to a more elongated
state than that found in a neutral network, thus increasing the
swelling. On the other, the counterions that are present in the
gel to ensure macroscopic electrical neutrality induce more
water to enter the network (Sannino, 2009).

WAC ratios of cel-SAPs which were prepared with
hydrogen peroxide treated cellulose (HP-PC) and CMC
mixture are presented in Fig 2. The results showed WAC in
distilled water at 25 °C of cel-SAPs increased for pH:2 and
pH:7, when it decreased for pH:10. Wu et al., (2012)
investigated the absorption capacity of cellulosic
superabsorbent composites in various solutions between pH:1
and pH:13. They found that absorption capacity of SAP
composite was lower at pH:1 and pH:13 than neutral pH.
They explained this finding that the screening effect of the
Na+ counterions in the swelling medium led to decreased
water absorption in highly alkaline solutions. WAC ratio
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found higher at 30% HP-PC content in cel-SAP than other
HP-PC contents for pH:2 and pH:10, in this study.

TEMPO oxidative pretreatment applied to spruce
dissolving pulp samples (T-PC), after blended with CMC at
different ratios. Cel-SAPs formed T-PC and CMC mixture
produced with epicholohydrin crosslinking method. WAC of
cel-SAPs which formed T-PC and CMC mixture are
presented in Fig 3.
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Figure 2. Water Absorption Capacity of Cel-SAPs which were
prepared HP-PC and CMC mixture.
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Figure 3. Water Absorption Capacity of Cel-SAPs which were
prepared T-PC and CMC mixture.

As can be seen in Fig 3, It was determined TEMPO
oxidation pretreatment had more effective on WAC of cel-
SAPs than hydrogen peroxide pretreatment. Saito & Isogai,
(2004) found that crystallinities and crystal sizes of cellulose
I were nearly unchanged during the oxidation, and thus,
carboxylate and aldehyde groups were introduced selectively
on crystal surfaces and in disordered regions of the water-
insoluble fractions. Water retention values of cotton linter
could be increased from 60% to about 280% through the
introduction of hydrophilic carboxylate groups and
morphological changes from fibrous forms to short fragments
by the TEMPO-mediated oxidation.

SEM Analysis: SEM photos of cel-SAPs which
were formed UC, HP-PC and T-PC, and CMC are presented
in Fig 4. SEM photos showed that its surface were uneven
and wide surface area. It was determined that surface SEM
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photos of cel-SAPs were changed with oxidative cellulose and CMC changes according to oxidative
pretreatments (hydrogen peroxide and TEMPO) of cellulose. pretreatments.
It can be said that the ECH crosslinking mechanism between
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Figure 4. SEM photos of cel-SAPs (A)which were prepared UC and CMC mixture, (B) which prepared HP-PC and CMC mixture, (C) which
were prepared T-PC and CMC mixture.
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CONCLUSION

It was determined that spruce dissolving pulp had
affirmative effect on cel-SAPs compared to previous studies.
TEMPO pretreatment had more effective on WAC at pH:7 of
cel-SAPs than hydrogen peroxide pretreatment, but not at
acidic medium (pH:2). It was found that WAC at basic
medium (pH:10) of cel-SAP decreased with TEMPO and
hydrogen peroxide pretreatments of cellulose.
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