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Strength properties of paper from pulp blend of kenaf bark and corn husk: A preliminary study.

ABSTRACT

This study investigates the strength propertiepagfer samples obtained from pulp blend of corn husk
and kenaf bark. Soda pulping of kenaf bark and ¢wrsk was carried out using 18 % and 7 % alkali
respectively. Handmade paper sheets were producedifleached pulp samples combined in ratios 1:1,
3:1 and 1:3. Using a universal testometric maclstrength properties of the papers such as modiilus
elasticity, tensile stiffness, tensile strengtlonglation at break, tear strength, tensile indextaadindex
were assessed. Results showed that, paper sangpie 1f00% kenaf bark has the highest tearing
strength(2.07 kN/m), while paper sample from migtof Kenaf bark and Corn husk (3:1) possess the
highest tensile strength (0.67 kN/m) and highestiuhss of elasticity (42.05 N/min Lowest tensile
strengthand modulus of elasticity values were akexbfor paper sample from kenaf bark and Corn husk
(1:1) and 100% corn husk respectively. Dependingtasgeted end use, papers of differing strength

properties can be obtained from the combinatiokeofaf bark and corn husk in varying ratios.
Keywords: agro-waste, corn husk, kenaf bark, paper, pulp, fibre.

1. Introduction

The ever-growing world demand for paper and papeth expected to reach an estimated 490 million
tonnes by 2020 [1]. This coupled with intense cotitipa for resources between corporations and
countries around the world means that alternatlwe fsources such as non-wood plants and agro-svaste
are needed. Non-wood fibres for papermaking canexteacted from non-woody cellulosic plant
materials, most of which are annual plants whickettg full fibre potential in one growing season.
Many fast growing annual and perennial plants saghktraws, bagasse, bamboo, hemp, kenaf, jutk, sisa
abaca, cotton linters, reeds have so far beettifigeln cultivated and studied for their suitalyilfior pulp

and paper manufacture [2].These non-wood fiber® ilamendous variations in chemical and physical

properties. Of particular importance for pulping &bre length, lignin content and cellulose con{&h
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With sufficient cellulose content and relativelyogofibre properties, Kenafijbiscus cannabinus) and
corn husk Zea mays) have been extensively studied and reported telitable sources of suitable fibres
for papermaking [4, 5, 6, 7, 8, 9, 10]. Corn hukke several other raw materials suitable for paper
making, is exclusively short fibered with an averdiper length <2mm. It is well known that several
properties of the paper produced from short fibgrelp are of inferior quality [11].On the other laan
pulps from kenaf have desirable properties for pap&ing and generally possess strength charadtsrist
compatible to commercial coniferous wood pulps [13]. Particularly, pulps prepared from the bark
fraction with long fibres compares favourably withftwood pulps in their general papermaking whereas
those from the woody fractions are more like hardgvpulps but drain more slowly and have lower

tearing strength [14].

Paper and paper board testing is important to tie gnd paper industry because of the demandsclace
upon it for a wide range of applications. To méws$ fncreasing demand and competition, paper makers
have continually developed and improve their proslwés-a-vis strength properties. However, to ashie
this, pulp blending plays an important role. Altgbuunderstanding the mechanical properties ofpape
fundamentalterms is a difficult task, it remainsaaea of intense study in many laboratories arabed
world[15]. Thisstudy presents a preliminary invgation into the strength properties of papers fpuip
blend of kenaf bark and corn husk. It assessesrthact of various pulp blends on the strength pribge

of papers.

2. MATERIALSAND METHODS
21 Materials

Fresh samples of corn husk were collected froml looen processing station within the vicinity ofeth
Institute while samples of kenaf were collectedhfrthe Institute of Agricultural Research and Tnagni

(IAR&T), Ibadan, South West Nigeria.
2.2 Pulping Process

Isolation of fibres from air-dried and manually pped kenaf bark and corn husk was achieved through
the soda pulping process in a 5L conventional dawec After pulping, the cooked materials were

thoroughly washed with water to remove residual keog liquor and defiberized in a laboratory

Comment [C1]: The aim of the study is not well
stated. It is well known fact that examined two
pulps can be blended, but it is not known the
optimal blending ratio.
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disintegrator.Defiberized materials were passedutiin a standard size 1 mm x 1 mm netted sieve in

)

to dry to a moisture content of 10% at room temjpeea Pulp samples were thereafter bleached in a

mixture of hydrogen peroxide and acetic acid (2Kappa numbers of bleached pulp samples were

determined according to TAPPI T236 &®9 standard procedure.Table 1 highlights the pglpin

parameters and pulp characteristic.

Table 1: Pulping parameters and pulp characteristic

Kenaf bark Corn husk

Soda Concentration (%) 18 7

Liquor : samplegation 5:1 6:1
Temperaturg°C) 121,¢ | 121 |
Pressuré) 60psi |  60psi |
Gas Down periodmin) 20-+miRstes 20

Time of pulping(min) +-hr45-misl05 105

Kappa number 30.0 11.9

119

23 Preparation and testing of laboratory paper sheets
Pulps of corn husk and kenaf bark (3 % consistem®re blended together in ratios, 1:1, 3:1 and 1:3

respectively in the presence of 0.1 % soluble btare 0.1 % kaolin.Slurry of pulp, starch and kaelas
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prepared and handmade paper sheets were obtairgmidading the slurry on a laboratory sheet former.

The paper samples were couched and then allowddytéor about 24 hours.Measurement of strength

properties of handmade paper samples such as nsoofudlasticity, tensile stiffness, elongation ek,
tensile strength, tear index, tensile index and|s&@ngth was done by testing of paper stripsgutie

universal testometric machine (M500 — 25 KN. DBBMITE 250kg, Rochdale, England) according to

TAPPI T 220 and T404 standard procedures.

3 Results and Discussion

31 Strength Properties of Paper

- Comment [C4]: The common tearing testing
device for paper is ElImendorf type device. This is
dynamic tearing device, if you use static tearing
device that must be noted. Example
http://dergipark.ulakbim.gov.tr/jffiu/article/downlo
ad/1023012618/1023011847
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Mechanical and strength properties are importantapers for printing, packaging papers, boards and
other uses. Blending of long fibered pulp with sHdsred pulp is one of the important aspects iis th

regard [16] because this is expected to have aitereffect on the quality of paper produced

L 77777777777777777777777777777777777777777777777777777777777777777 2 [ Comment [C5]: Missing row J

from both materials [17].As shown in the resultgengted inableTable2, there exists a clear distinction

in the strength properties of paper from kenaf kar#t corn husk. The tensile strength, tear streagth

tensile stiffness of paper from 100 % kenaf barkrew8.64 kN/m, 2.07 kN/m, and 34.24 kN/m

respectively. These values were much higher thah ¢h paper from 100 % corn husk with tensile

strength (0.25 kN/m), tear strength (1.22 kN/m) aemsile stiffness (10.18 kN/myhe-grammage-of { Comment [C6]: Give the index values for tensile }

and tear strengths.

nerob nediab ma however-higherthan-the-grammage of

ies of 1 comment [C7]: The high variation of handsheet
basis weights indicate poor evaluation of stock

concentration.

short fibers. Tensile strength was found to be éigh{0.67 kN/m) in paper from pulp blend (3:1) and - -

Comment [C8]: Discuss the index values, due to
the variations of grammages strength values cannot
be compared.

lowest (0.06 kN/m) in paper from pulp blend (1:The extent of interfiber bonding is considered the
most important factor contributing to tensile sgénproperties [18]. Atlew-levels-of-bending,tensile

Modulus of elasticity (MOE) is an important papeogerty which measures the resistance to deformatio
or stiffness and structural rigidity of paper armhid sheets.Pulp mixture of Kenaf bark and corrk hus
(3:1) produces paper with the highest MOE (42.d6|m12})L1:hi§ is much higher than the MOE of paper - -

from 100 % kenaf bark (41.76 N/Mjmand 100 % corn husk (12.41 N/fmOn the other hand pulp
mixture in ratio 1:3 has a lesser MOE of 34.33 N/miear strength of a paper, which is the average

when investigate the other strength properties.
Standard deviation datamust be given.

Comment [C9]: There is something unusual

force required for a cut in a sheet of paper tgpagate i.e to continue to tear was found to bedsgm

Comment [C10]: Index data must be evaluated.
According to the results the blending give the worst
results that must be explained!

to possess the lowest tearing value (1.22 N/mmaBse short fibers are obviously easier to pulltban

long fibers, papers made of long fibers show muetteb tearing resistance than those made with short
fibers [19].

The mechanical and strength properties of papkrctehe intrinsic chemistry, morphology, and stane
of the individual fibers as well as the networkusture of the paper. However, it must be noted that
residual lignin (kappa number), impurities, pulmsistency, degree of pulp beating, additives, ikedat



111 humidity of the environment are few of the factéimat could influence the properties of paper sheets
112 produce from any pulp. The dimensions and strepngtieindividual fibers, their arrangement, and the
113 extentto which they are bonded to each other a$ agepaper basis weight are allimportant factors

114  contributing to test results.

115  Table 2:Strength Properties of paper samplesfrom pulp mixture of kenaf bark and corn husk

ample [ Kenaf | Corn| MOE | Fensile | Elongation| Tensite | Fear | Tensile| Tear | {comment [C12]: Delete row )
‘ Odé B p@l:kﬁ . ,h,u,SL( (N/mmz) L §¥tﬁf}§§§ ,a,t,b,re,a,k, L W ~ M R ln,dPX, | Uld,ei( _— ~|~ | Comment [C11]: Sample code is not important
QK—N#H) (mm) GQN—:LFH) QK—N#FH) (mN/g) (mNrf?/g) data. For better expression of results arrange the
| ding to the blendi tio. Fi |
KC1  |100 [0 [4176 |[3424 |246 0-64 207 779 [2523 | | fiom 100% kenafto 0% kenaf. 100.0 75.25, 50.50,
KC2 |0 100 | 1241 |08 |3.49 0.25 122 277 | 13.09 \ o 0
\[ Comment [C13]: Delete row J
KC3 1 1 22.62 1584 5.38 6.06 A 5.49 14.03
KC4 1 3 34.33 2815 2.75 042 159 3.23 12.23
KC5 3 42.05 3448 3.35 0y 134 4.53 10.54
116
117 L 77777777777777777777777777777777777777777777777777777777777777777 _ — | Comment [C14]: For beter explanation fof
results the graph must be given. X axis — blending
118  Table 3 Grammage of paper samplesfrom pulp mixture of kenaf bark and corn|husk ratio from 100% to 0%, Y axis change ratio (in %) of
7777777777 strength properties (index).
Sample code Grammage (g/ﬁ) [Comment [C15]: Give the data in table 1. J
KC1 82.06
KC2 93.21
KC3 121.92
KC4 130
KC5 127.14
119
120 4. Conclusion

121 Strong papers are important both for traditiona as well as in new fields of application, sucHilae-

122 based packaging, furniture and light-weight buitdimaterial. This study investigated the strength
123 properties of handmade papers obtained from thp plending of long-fibered kenaf bark and short-
124  fibered corn husk in different ratios. Tear stréngnhodulus of elasticity, tensile strength and itens
125  stiffness of paper from pulp of corn husk was digantly increased when combined with pulp of kenaf
126  bark. Blending of pulps from agricultural wastestswas corn husk and pulps from other non-wood

127  materials such as kenaf contributes to the impre@rgnof the paper strength properties and has the

128  potential of producing writing papers and packagimagerials of good qualities. {Comment [C16]: Conclusion must be rewritten
””””””””” according to the stated aim of the study.
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