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Abstract

The present studies are focused on the effect of different polymer solutions, e.g. chitosan and polyvinyl alcohol (PVA) on the mechanical
properties of the paper sheets. The improvement in the mechanical properties of the treated paper sheets with chitosan is higher than that in
the other polymer solution. Moreover, the heat resistance of treated paper sheet with chitosan is more improved than with other polymer. The
activation energy of the thermal treatment of untreated and treated paper sheets with mixed polymers solution is also calculated.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction In some studies chitosan (natural polymer) and its blend

with some polymers has been used to improve the strength
A paper sheet is formed from network structure between properties of paper sheeft2,13], and also other polymer

cellulose and non cellulose (hemicelluloses and lignin). solution can be used to improve the brightness stability be-

These materials are held together with hydrogen bondsside the mechanical properties of the paper sHaéls

[1,2]. The improvement of the mechanical properties be- The aim of the work is to investigate the effect of the nat-

tween these constituents in paper sheet can be achieved byral polymer, e.g. chitosan and synthetic polymer solution

increasing the crossing between the cellulose fibers. A num-(PVA) on the physical and mechanical properties of the pa-

ber of polymer materials have been applied, which increaseper sheets (Rakta paper sheets and wood pulp paper sheets).

the interfiber bonding between the cellulose chains in the Also the effect of aging on the mechanical properties of the

formed paper sheets. These include carboxymethyl cellu- paper sheets is studied. The activation energy of the break-

lose [3], cellulose acetat¢d], phenol formaldehyde resin  ing length of untreated and treated paper sheets at different

solution [5,6], cationic starch, cationic polyacrylamides temperature for different time was also calculated.

[7] and PVA[8]. Each of these polymers must enable the

interfiber bonding areas to remain chemically linked in

the presence of water. Another way to improve the paper 5 Experimental

sheet properties is to carry out chemical modification on

the cellulose fiber, e.g. acetylatig@], carboxymethyla- In this study bleached sulfite wood pulp was used

tion and grafting[9]. Also, some polymers can be used 5 prepare paper sheets according to Swedish standard

to improve the resistance of old paper towards brittleness pethod (SCA), pulps were beaten to°&R in a Jokro

[10]. Moreover, polymer can be used to increase the elec- mj|| peater. Handsheets of basis weight of 68%Amere

trical insulating of paper, e.g. formation of cyanoethylated formed. Besides a paper sheet delivered from Rakta (paper

cellulose[11]. mill—Alexandria). Rakta paper sheets were made from
blended bleached rice straw pulp 60%, bleached bagasse
pulp 20% and bleached wood pulp 20% beaten &tSR)

* Corresponding author. Tels20-2-333-5926: fax:+20-2-337-0931. 1 he strength property of hand sheets (breaking length and
E-mail address: elsakhawy@yahoo.com (M. El-Sakhawy). tear factor) were measured according to Tappi standard.
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Paper sheets were dipped in the different concentration  soo0
of different polymer solution for 30s. These polymers are
chitosan and PVA or mixture of them. After dipping, the 5
paper sheets were pressed between two filter paper sheetsg 4%
to remove the excess polymer, and then dried on drum at %
105°C for 2h. In another trial, the wood pulp was beated
to different°SR and soaked in polymer solution. 0 o om0 o0 oo oo

Aging was carried out by heating the paper sheets at dif- PVA/Chitosan
ferent temperatures for different time.

\1
o
Tear factor

65

Fig. 2. Effect of a mixture of PVA (1%) and chitosan (0.3%) on mechanical
properties of Rakta paper.

3. Results and discussion

is attributed to the increase of the interfiber bonding and
3.1. Effect of dipping of paper sheets in different compatibility between chitosan and fiber of the paper sheets.
concentration of polymer solutions From these mentioned results, it could be seen that
treatment with 1% PVA solution or 0.3% chitosan solu-
Fig. 1(a) and (b) shows that the breaking length and tear tion gives maximum mechanical properties. So, treating
factor of the dipped Rakta paper in different concentration of Rakta paper sheet with a mixture of both two solutions
of PVA (1-5%) and chitosan solution (0.2-0.75%), respec- were evaluatedFig. 2 shows that as the PVA percentage
tively. FromFig. 1, itis seen that the breaking length of paper increase (chitosan percentage decrease) breaking length
sheet dipped in PVA increases by increasing the concentra-and tear factor slightly decreased. Treatment with PVA and
tion of PVA to 1%. This can be attributed to the increase of chitosan mixture provided paper with improved mechanical

the interfiber bonding of the paper sheets. By increasing the properties in comparison with the blank (untreated) paper.
PVA solution more than 1% the breaking length began to

decrease. This can be attributed to the increase of the vis-3.2. Effect of shopper regular (°SR)
cosity of the PVA solution, which decreased its penetration

to fiber in paper sheets, and the retained polymer was found  Taple 1shows the effect 0fSR of beated wood pulp on

on the surface of the paper SheetS, which causes a hardne&ﬁe retained p0|ymer and mechanical properties of the pro-

of paper sheet. This causes a brittleness of the paper sheetguced paper sheets. From this table it is clear that the re-

and consequently, the breaking length decreases. In case ofained polymer on paper sheets increases by increasing the

tear factor, it increases by increasing the concentration of °SR from 30 to 42. This is attributed to the decrease of the

the PVA till 2-3% then it began to decrease. In case of chi- crystallinity of the fiber which causes an increase in the ab-

tosan (Fig. 1(b)), the breaking length and tear factor increasesgrped polymef14]. By increasing théSR from 42 to 75,

by increasing the concentration of chitosan solution. This the absorbed polymer solution is decreased this is attributed
to the increase of the defibrillation of the fiber and conse-

5000 a5 guently this cause an increase in crossing between the fiber
4750 80 in paper sheets causing a decrease in the paper sheet poros-
e . . . . .
£ o0 ;i _ ity. This decrease in the porosity causes a decrease in the
2 g
2 as0 =2
§ 4000 55 1 Table 1
“ 3750 ig Effect of °SR on retained amount and mechanical properties of wood pulp
3500 + T T T T + 40 °SR Treatment Retained Breaking Tear
(@) 0 1 Ef?ect VA (;) ) 4 5 (g/m?) length (m) factor
30 Blank 0.00 2931 360
85 Chitosan (0.3%) 0.24 3170 471
oo PVA (1%) 0.69 3700 365
5 B 42 Blank 0.00 4229 304
8 Chitosan (0.3%) 0.30 4489 311
L 70 g PVA (1%) 0.80 4484 325
——BL —BTF 65 52 Blank 0.00 4520 304
Chitosan (0.3%) 0.30 5489 311
4000 i o e o 560 PVA (1%) 0.80 5484 325
() Effect of Chitosan (%) 75 Blank 0.00 5000 178
Chitosan (0.3%) 0.16 6600 224

Fig. 1. (a) Effect of PVA percentage on mechanical properties of Rakta

PVA (1% 0.58 6010 206
paper and (b) effect of chitosan on mechanical properties of Rakta paper. (1%)
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polymer solution absorption and consequently, the retained *170C M180C A190C =200 C @210 C ©220C
polymer decreases. The breaking length of the paper sheets _ 5000
increases by increasing the degree of beaten of the pulp. 4000
These is attributed to that, increase in the degree of beating
causes an increase in the defibrillation and interfiber bond-
ing between the fiber in the produced paper sheets increases. ¢ 1000
The tear factor decreases by increasiB@ from 30 to 75. 04 . ; ; ; ; ; ; =

Dipping of paper sheets in the different polymer solutions o o5 1 15 Timezlh 25 3 35 4
increases the breaking length and the tear factor of the dipped
sheet$15]. The increase of the breaking length of the treated Fig. 3. Effect of aging time on breaking length of untreated Rakta paper.
paper sheets by different polymeric materials can be due
to the increase of interfiber bonding between the fiber and . _ , . .
polymer. Also the polymeric material contains functional more compatible with cellulqse_ﬂber and also it gontal_ns
groups capable of bonding by ionic or covalent bonds with functloqal groups capable of ionic or covalent bonding with
the paper fiber surface. paper fiber surface.

Generally the polymeric materials increase the breaking
length and tear factor of the treated paper sheets. In case oB-4. Aging of paper sheets
tear factor, the effect of the polymeric material is clear and
causes an increase in tear factor due to the increase of the Untreated and treated Rakta paper sheets with mixture
interfiber bonding specially at 3®R but in case of high  of PVA (1%) and chitosan solution (0.3%) were aged at
°SR, the addition of polymeric materials causes a decreasedifferent temperature (100-22Q) for different time.
in the tear factor due to the increase of coated polymeric FromFigs. 3 and 4t is clear that the breaking length of
material on the surface of paper sheets and consequentljhe untreated paper sheets decreases by increasing the aging

3000
2000

Breaking length / m

causes a hardness of the fiber. temperature for different time. Breaking length of the treated
sheet with mixture of PVA solution and chitosan increases
3.3. Srength of wetted paper by increasing aging temperature 100—1&0for short time.

This can attributed to the increase of adhesion force between

The conventional paper fibers are held together by hydro- POlymer and fiber of paper sheets.

gen bond[1], these bonds affect the distance between the
separate crosslink fibers. Water molecules play an integral3.5. Activation energy of thermally treatment

role in the interfiber linkage. The free water causes the pa- paper sheets

per weakness, which is manifested by wet strength of pa-

per.Table 2shows that the mechanical strength of the paper As mentioned, there is a negative relation between break-
sheets is highly affected by the wetting of paper sheets with ing length and thermal treatment especially at high temper-
water. So, it is found that breaking length of the dry paper atures (Fig. 3). This is due to the degradation and oxidation
was 4038, while they decrease to 1310 in case of the wettedof the cellulose chains. Chemical treatment of paper sheet
paper. Tear factor slightly higher for wetted paper, especially by PVA, chitosan or mixture of them decreases this degra-
that treated with chitosan. Treated paper sheet with PVA, dation and hence decrease the rate of loss of mechanical
chitosan and mixture of them improved the strength of the strength (Fig. 4).

wetted paper. Each of these polymeric materials must enable Thermal treatment of paper sheets may be first ortgr

the interfiber bonding areas to remain chemically linked in that expressed as follows:

the presence of water. On the other hand, the coated paper

with chitosan has a higher improvement in the strength of _% — ke

wetted paper than the paper coated with PVA. This is at- dt

tributed to that chitosan not only increase the fiber bond,
and consequently increase the hydrogen bond between fiber,
but also is less water absorbent than PVA. The chitosan is

¢ 170C m 180C —A—190C m 200C - 210C @ 220C

5000

£ 4000
Table 2 2 3000
Effect of treatment on wet strength of paper © 2000
Treatment Breaking length (m) Tear factor § 1000
Non 1310 70.48 0
PVA 1603 70.48 Time / h
Chitosan 2595 100.95 ) ) ) .
PVA -+ chitosan 2635 85.70 Fig. 4. Effect of aging time on breaking length of treated Rakta paper

with a mixture of chitosan (0.3%) and PVA (1%) in ratio of 1:1.
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4170C M180C 4190C m200C =210C 220C

0.25
0.2
0.15

Log S0/S

0.1
0.05

1.5 2
Time /h

Fig. 5. Relation between Id&/S and time for untreated Rakta paper.

4170C M180C A190C =200C W210C @220C

Log S0/S

Time/h

Fig. 6. Relation between Id&/S and time for treated Rakta paper.

wherec is the concentration of the reactanthe time andk
the rate constant. i is replaced by the observed breaking
length value (S of the paper sheet, so

d(So— 9S)
dr

where § is the original breaking length of the untreated
paper sheets. Plotting I&/S againstt a straight line is
obtained (Figs. 5 and 6). Slope of this line determikéste

=k(So— (So— S)) =kS

constant) at different temperatures. Activation energy was

calculated by applying Arhenius equatifiv]:

E

or T 2.303RT

E
Nk =—— logk =
RT
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1000K/T
2 21 2.2 23
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Fig. 8. Relation between Idgand 1/Tfor treated Rakta paper.

the kind of the interfiber bond between the fiber in paper
sheets, kind and the retained polymer in the paper sheets.

From the presented results, it is seen that the activation

energy of the treated paper sheets with polymer solution has
a higher value than untreated one. This can be attributed to
the increase of the interfiber bonding between the fiber and
fiber as well as between the fiber and polymer in the paper
sheets.

4. Conclusions

Treatment of paper sheet with polymeric solution of chi-
tosan and PVA improves the mechanical properties of the
produced paper sheets.

Chitosan is affecting the properties of paper sheets more
than other polymer.

Wet strength of paper sheet improves by chitosan.
Activation energy of the loss in the breaking length due
to the thermal treatment above 18D was calculated for
untreated and treated paper sheets with polymer solution.
It was 52.23 and 107.47 kJ for untreated and treated paper
sheets, respectively.

A straight line was obtained also (Figs. 7 and 8) by plotting References
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