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Improvement of paper properties of Rice Straw Pulps by/ Microcrystalline
Cellulose/ Calcium Carbonate

Mona A. Nassar , M. H. El shakankefy
'Packaging and packing department, NRC. 61 El Bestoéet, Dokki, Egypt
“Textile Lab., NRC. 61 El Behoth street, Dokki, Egyp

ABSTRACT: Rice straw is a locally available lignocellulosmaterial .In this studyt is
rice strawwas pretreated by soakinigy in water for 48 hours at room temperature. The
pretreated straw was cookedin 5% NaOH at 100C andin atmospheric pressure. The
structure and mechanical properties of paper memta tooked pulp was investigated.
Hydrogen peroxides ableaching agent was appliedttee high yield pulp to enhancés
brightness level in a single stage process in tlesgmce of sodium hydroxide and
magnisium sulphate.  Microcrystalline cellulose (®)Cwas prepared from alpha
cellulose of rice straw pulp bleached using 2% bgeén peroxide solutiorso that it is
The MCC washaracterized by 45.5% crystallinity and namsizevide XRD and TEM
respectively Microcrystallire cellulose and/ calcium carbonate were added tteanbed
pulp as fillers. Air permeability of filled paperas improved in the presence of MCC
filler more than in the presence of calcium carlieradone. Optical properties and water
permeability resistanceof filled pulp shoved improvements in the presence of
microcrystallire cellulose filler compared to unfilled pulp.

Key words: Rice straw, microcrystalline cellulose, water permeability, air permeability)
1. INTRODUCTION

Many cereal straws, particularly rice straw, haeerb used as raw materials for paper
production. Non-wood raw materials account for 5-d¥%the total pulp and paper
production worldwide [1]Sarwar Jahan [2] studedthe effect of hot-water and alkaline
pre-extractiortreatmenfof rice straw on soda-anthraquinone pulpidg results showed
that iice strawafter with alkaline pre-extractioreatmenthad showedbetter pulp yield
and strength properties compared with the pulp frmtawater pre-extractiotreatment

In another work, the potential of using bleached wheat straw pulp 8R)\was explored
to improve the tensile strength of the high-yieldpp(HYP) while preserving its high
bulk property. The explanation was that micro fiffemm refined BWSP can act as
binders to improve the HYP inter-fiber bonding,aaesult, the HYP tensile strength can
be improved by using a small amount of BWSP, wthike HYP bulk is not significantly
affected [3]. Bleaching of pulp with alkaline hyden peroxide resulted in conversion of




34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76

conjugated chromophoric groups associated withrigtructure to carboxylic acids and
other degradation products [4]. Previous studiss e¢ported that the number of charged
groups increases in peroxide bleaching and/or iakkateatment of mechanical pulps due
to alkaline hydrolysis of ester groups in the pykls Cellulose is a classical example of
a renewable and biodegradable structural plantnpedywhich can be processed into
whisker-like micro fibrils [6,7]. Recently, reselrrs reported the extraction of cellulose
fibers from rice husk by alkali and bleaching treahts, which were subsequently
converted to nanocrystals using a sulfuric acigs@®}) hydrolysis treatment [8]. Isolation
of microcrystalline cellulose has been carried foon jute cellulose by using the same
acid hydrolysis (HSQy) approach [9] The hydrolysis of cellulose to obtMCC can be
accomplished using enzymes or microorganisms. Atthoenzymatic methods are
desirable because glucose, a useful by-productraated, these methods are more
expensive and create MCC products having a lowestadtinity. Thus, acid hydrolysis is
the conventional method of choice for manufactuN@C [10].

Microcrystallire cellulose could be produced from alpha cellulobained from wood
pulp by hydrolysis with hydrochloric or sulphuricid. Microcrystallire cellulose could
be also produced in an autoclave from ground ligholosic materials by heating with
steam at 205- 25€C for 15 minutes, followed by bleaching of cellldosith hydrogen
peroxide and finally hydrolyzing cellulose with renal acids [11].

Microcrystalline cellulose (MCC) is widely used asfiller and a binder for wet
granulation, direct compression tableting and &#em for hard gelatin capsules. It has
low chemical reactivity combined with excellent quettibility at low pressures. [12].

The choice of fillers usually takes into considenmagrimarily the desired performance in
a specific paper grade, the mill internal situatiologistical possibilities and
consequences, the general availability of the phdand the costs, including the external
and internal logistics. Optimizing one type of dillfor a specific paper grade usually
results in a compromise between the obtainablegptigis with this filler. In cases where
one single pigment does not meet all the requirésndiier combinations are applied.
There is a continuous trend towards fully or p#stiseplacing specialty pigments by
regular or modified regular fillers [13]. The brigless of the regular fillerkaolin is
distinctly lower than most CaGMased fillers. For this reason, in recent decakhesjn
has been largely globally replaced by CaGilers in wood-free uncoated papers [13].
Rice straw is an available, local fibrous matepidduced in large quantities every year.
Recently, it is used for paper making or as fillewood plastic composites industry. In
the present investigation, it is used for the pobide of micro crystalline cellulose by
hydrolysis using hydrochloric acid. The aim of firesent work is to produdesighthigh
yield pulp from rice straw at low temperature ahataospheric pressure. Improving the
properties of paper made from this pulp was achielsg adding microcrystalline
cellulose and calcium carbonate as fillers tophkp

2. EXPERIMENTAL
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2.1 Pulping

Rice straw was used as a raw material in this rekedt was cut into pieces of
approximately 3 cm length. Rice straw was pretet#teough soaking in water at room
temperature for two days [2]. Afténe soakingwater waspeeleddecantedthe thus
pretreatedstraw was cooked using 5% sodium hydroxigédtained from EI Nasr
Pharmaceutical Chemicals Co, Egypt, as analyticadie) based on oven dry weight of
raw material. The condition of pulping was as folto

Solid to Liquor ratio: 1:8, pulping time: 2 hours, pulpingmperature: 100C at
atmospheric pressure. After the required time, pugs allowed to cool, filtered, and
washed by water till neutrality. Pulp yield wasadhted using oven dry weightThis
ambiguous, what is oven dry weight? Rather, driec tconstant weight at®& in an
oven

2.2 Bleaching

Hydrogen peroxide: 40 wt%supplied by FMC Co.,Spainaqueous solution of
commercially availableourity grade All experiments on pulp bleaching were made in
plastic bags placed in a thermostatic shaker viattr.

The conditions of bleaching were as follows: pugmeentration — 10%, NaOH 2% on
o.d. pulp, HO, charges were 1, 2, 4%., temperaturé@areatment time 90 mins., and
MgSOy: 7THO (0.6% on o.d. pulpjobtained from Mallinckrodt Co,Germansgjabilizer
was dosed into an alkaline medium (pH 9). Afterableng, the pulps were washed with
water to neutral condition and dried at room terapge. Magnesium sulfate was used in
the peroxide stage in order to prevent radical atdmjion reactions of carbohydrates since
this salt is reported as extremely efficient atuedg the rate of peroxide decomposition
[14,15]. The optical properties of unbleached aantbleached and unbleached filled
pulp presented in brightness and opacity were nmmedsusing Hunterlab color difference
meter D25-2. Calcium carbonate assay 99. 5% olatafirmen SRL. CO.,Japan and the
prepared MCC were added to unbleached rice strdp gmifillers at 10% by weight
based on o.d pulp before paper making by 1 hour.

2.3 Tests

Alpha cellulose of unbleached and bleached pulp @ssnated using 17.5% sodium
hydroxide solution. Hand-made paper sheetsasis weigh80g/nf were prepared using
Tappi Standard Method 414, while T-211 method wsedufor ash estimation. Water
permeability, air permeability, bursting resistasmeeere measured using BS 6906, ASTM
D 737,andASTM D 3786(Tayousiki Japan methods) respectively.

2.4 Microcrystalline cellulose prepar ation and characterization
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2.5 g alpha cellulose of pulp (bleached using 2% was added to 50 ml 2.5 N
hydrochloric acid (34% purchased froft Nasr Pharmaceutical Chemicals Co.,Egypt)
This mixture was heated at D for 15 minutes. It was allowed to cool at°60and
centrifuged using magnetic stirrer for 10 minutése product was filtered and washed
by water until it became free from acid, atiebn air dried then, followed by thermal
treatment in th@vendried at 50C and weighed to calculatee yield. Microcrystalline
cellulose was disintegrated by mortar. Crystaliruft MCC was obtained using a Brukur
D8 Advance X-ray diffractometer (Germany). The s2éMCC was elucidated by JEOL
JEM-1230 transmission electron microscope (TEMhvatceleration voltage of 80 kV.
The microscopy probes of the MCC particles wer@ared by adding a small drop of the
water dispersions onto a Lacey carbon film-coatggper grid then allowing them to dry
in air. Recast, the underlined is very clumsy.

3. DISCUSSION
3.1 Structural and strength properties of rice straw pulp

The solidpulp yield of from rice straw pretreated with water for 48 hours antped
using 5% NaOH solution for 2 hour at atmospheriespure was 74%\Vater soaking
pretreatment was adopted in this study as agdmspopular dilute acid pretreatment
process to avoid the commonly encountered reactwrosion problem Neutral
pretreatment is necessary since neutral pH can teelpvoid the reactor corrosion
problem, which is a major problem of the diluteddapretreatment procesdlore sq
pretreatment with water improved pulping efficierafynon-wood material and produced
pulp containing 68.33% alpha-cellulose. This percevas suitable to prepare
microcrystalline cellulose. The oxidative treatmeoft lignocellulosics by hydrogen
peroxide in presence of magnesium sulphate asbdizta in an alkaline medium was
established. Table 1 indicates the effect gDHcharge on bleached rice straw pulp
properties. Pulp obtained using 2%Q4 had 72.727% alpha- cellulose content and 61.5
pulp vyield. Yield of bleached pulp using dnd 4% HO, was 67.85and 62.9%
respectively with correspondingnd had 69.33%, 69.55&lpha- cellulose content of
69.33%and 69.556 respectively at the same conditiongOdHcharge had no effect on
burst strength but tensile strength was improvedusing 4% HO, in bleaching. Air
permeability of paper sheets made from bleachepd yals greater than the unbleached
one. This may be due to increasthg porosity of bleached pulp as a resulpeftiallose
partof lignin content.
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Table 1 physical properties of unbleached and bleached rice straw pulp

pulp Air Burst,Kg\cnf Tensile
permeability, strength,Kg/mm
Cm\cn?.sec.
Unbleached 1.3 1.1 2.2
pulp
1%H,0, 2.4 1.1 2.2
bleached pulp
2% H,0O, 2.2 1 2.3
bleached pulp
4% H,0O, 1.8 1.2 3
bleached pulp

3.2 X-ray diffraction (XRD) of microcrystalline cellulose

It is widely recognized that cellulose containshbotystalline and amorphous region [16]
The X-ray diffraction (XRD) patterns of MCC obtathérom alpha cellulose of 5%
hydrogen peroxide bleached rice straw pulp coakrdtiis study was illustrated in Figure
no. 1. The crystallinity of MCC was 45.5 %uith the remainder being the amorphous
fraction. so the samples had to include cellulose in an anowg form, which indicates
that the cellulose microfibrilles did not becomegte crystals.

Kindly note that you gave no information on the XRjpantitative analysis of the
cellulose cyrstallinity nor was any comparisontoé tiffractogram made with an existing
one, Why?
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Fig.1 XRD profiles of microcrystalline cellulose

3.3 Transmission electron microscopy of MCC

TEM of the MCC prepared fronthe rice straw’salpha- cellulosef H,O, bleached low
temperature soda rice straw pwas illustrated in Figureo. 2. The actual yield of MCC
related to alpha cellulose content of rice strawppuas 77.32%. MCC having nanoscale
was obtained. The length of this micofibrill was @® and its width was 2.5 nm which
were in agreement with other studies [17]
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. Fig.2: TEM graphs of MCC
: from alpha- cellulose of
bleached (2% hydrogen
peroxide) rice straw pulp.
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3.4 Filler effect on paper properties

CaCQ is soluble under acid conditions, and thereforpiires a near-neutral or slightly
alkaline pH papermaking environment [18]. To beedbl use CaCgas a filler and/or as
a coating pigment, numerous paper and board mioisral the globe have converted their
wet end systems from acid to neutral and slighitglane pH. Since calcium carbonate is
binder-less and MCC was used as a binder and fillenany studies [19], the effect of
these two substances on hand-made paper sheeext@®pvas investigated. Table 2
illustrates this investigation. Binder-less chasacof CaCQ was shown fromthe
approximately unchangingsh content ofhe unfilled pulp in comparison to thélled
pulps paper sheets)15.1% ash of paper sheets prepared by adding 10eturoa
carbonate to beated pulp before sheet making bywoneindicated that it is not a binder
to the pulp compared to 14.4% ash content of edfipulp. 15.1% was reduced to 14.72
and 14.52% at 5%, 2.5% calcium carbond®egarding tensile strength dfe paper
sheetsthere was a registrable improvement attributabléhéot is improved inpresence

7
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of all percents otalcium carbonatendMCC which prepared in this study in nano scale.
MCC forms hydrogen bonds with cellulose, therefsteengthening the fibers. Air
permeability is a typical structural property refiag pores distribution and type and in
some way, pores dimension, representing pigmeticjgapacking ability [20[OP

Air permeability of filled paper was improved to5lcnt/cnf.sec. in the presence of
MCC as afiller, more than inwhile the presence of calcium carbonate alshewed no
improvement on this parameter when compared to uhbleached pulpl.32%
Cm3/cm2.secWater permeabilityesistanceof the paper sheets was improvagonin
the presence ofhetwo fillers; it is the water permeabilityeduced from 1.4 (for unfilled
paper) to 0.82 litre/sec on adding 7.5% MCC astiillPaper sheets filled by MCC and
calcium carbonate blend have higher water permigaliilan paper sheets filled with
calcium carbonate alone. This is attributed to dgtiilic nature of amorphous cellulose
included in MCC.

Differences in patrticle size and particle morphglad the two fillers affect paper sheet
properties. Moreover, on several occasions, qugsifecant discrepancies were found
which were attributed to differences in moleculagigit, percentage crystallinity and
polymorphism [21,2PHow is this related to your results? No connecéstablished.

Table 2 physical and mechanical properties of wdfled filled pulp

Treated pulp Air Burst, Tensile  Ash% Water
pergneability, Kg\cn strength, permeability,
Cm*ent’.sec. Kg/mm litre/ sec.

Unbleached 1.3 1.1 2.1 144 1.4

pulp(control)

10%calcium 1.3 1 4.8 151 0.6

carbonate

5%calcium 15 1 4 147 0.6

carbonate+5%MCC

2.5%calcium 15 1 3.8 145 0.8

carbonate+7.5%

MCC

3.5 Optical properties of unbleached, bleached and unbleached filled pulp

8
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All chemicals used in bleaching rice straw are emmentally friendly substances
because they contain hydrogen, oxygen, sodium aagdnesium.The bleaching is
achieved using a single stagdaOH is used to bring the pH up to 9 becaus®,H
becomes active at this pHr oxidation starts at this pHTlable 3 indicates higher
brightness of bleached pulp compared to unbleaghéaone 26.1%(control sample.
Adding calcium carbonate alone or mixed with MCIBfito unbleached pulp improves
brightness of paper by a small percent, approxiypa@ 34%. Opacity is a measure of a
material’s ability to obstruct the passage of ligBufficient opacity is important to
prevent showing printed text or figures on the regeside of paper sheet. MCC and/
calcium carbonate are efficient in terms of opaéity unbleached paper because small
internal voids do scatter the light. It is cleaorfr Table 3 that paper made from
unbleached pulp filled by 10% calcium carbonate%arélcium carbonate+5%MCC or
2.5%calcium carbonate+7.5% MCC has higher opa&®y3%0,99.5%,99.1%)more than
unbleachedample ¢ontrol, 77.7%)

Enhancement in brightness and opacity of unblehchiéeed paper sheets reflect
improved affinity of filler particles to fibers ithe aqueous papermaking wet end system
When higher opacity is required, bleaching steplmaeconomically neglected.

Table 3 Optical properties of unbleached, bleacretunbleached filled pulp

Sample Brightness,% Opacity%
Unbleachegulp (controlsample) 26.1 77.7
1%H,0, bleached pulp 48.4 96.4

2% H,O, bleached pulp 48.4 97.5

4% H,0, bleached pulp 38.4 97.95
unbleached pulp +10%calcium carbonate 28.4 99.3
unbleached pulp +(5%calcium carbonate+5%MCC) 28.9 959
unbleached pulp +(2.5%calcium carbonate+7.5% 28.8 99.1
MCC)

4. CONCLUSION
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Rice straw is a locally available waste lignoc&git non wood material and can be
converted into pulp at atmospheric pressure. Thiig pan be employed in paper making
industry andn preparing a valuable product like microcrystallogdulose. Paper sheets
filled by MCC and calcium carbonate blend have arghater permeability than paper
sheets filled with calcium carbonate alone. .THeatfof moisture on packaged products
depends on the product. For some, it is necessanaintain the moisture content at a
high level to prevent the product from drying der others the reverse may be the case,
as by absorbing moisture the product may looseitextompared with the unfilled
paper, MCC and calcium carbonate fillers gave Higiore increase in air permeability.
Burst strength was not affected by fillers. Addeagcium carbonate alone or mixed with
MCC filler to unbleached pulp improves brightnepaper by a small percent
approximately; 10.34%. Calcium carbonate and MGLediicient in terms of opacity for
unbleached papércause small internal voids do scatter lifinthancement in
brightness and opacity of filled paper sheets céflaproved affinity of filler particles to
fibers in the aqueous papermaking wet end systéhen higher opacity is required,

bleaching step can be economically neglected.
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