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CHAPTER 1

INTRODUCTION
1.1 Scientific Rationale
Normally fibrous mate '. “ apermaking are from wood. The use of
nonwood fibers to replace w \;}"ﬂ ' more popularity. Nonwood fibers
are widely available at low.€OSt, especis from agricultural industries. The

——
use of nonwood fibers cas uc dl: tieii. Even in the case of farmed trees,

cutting down the tre / // ( 3\\ ;._ . e nonwood fibers such as

rice straw have sho per properties by increasing

apparent density of the for nonwood pulping and new
fibrous raw materials foFpulping have bee; '-\‘
J‘ﬁ::f £ \ \\

Kapok trees are ghiltivated in all'a of hailand. The plant species is Ceiba

pentandra. The kapok fihér i ' E orks as a tissue to cover the tree

seeds. The kapok fiber 16 g0 «d &8 stuffing for bed, pillow and cushion.

I S ; .
Recently, the use of kapok-fibér decreased se it was replaced by the synthetic
fiber. :
Yoo ]
Many types of paper are produced from mixcd|pulp which s softwood and

hardwood. Softwood gpulp has long fibegs which provide paper stn:ngth while

s ] B Y B B e v

IR TR T S Tefey -

The objectives of this research were as follows:
1.2.1 To find an optimum condition for pulping the kapok fiber

1.2.2 To investigate the roles of kapok fibers in improving paper



properties made from commercial pulps, namely softwood and hardwood pulps mixed
with the kapok pulp.

1.3 Scope of the Research Work

Kapok fiber for papermaking was studied. Kapok fiber was pulped by a soda
process with varying amounts of sodium hydroxide and mixed with various ratios of a

This th Sl ' ding’ introduction, theoretical
background and thre i€w, cxperimental, ﬂsulu and discussion, and
conclusions and suggeStions. Chapter 1 ig.an introduction of this thesis. Chapter 2

T

the blﬂnhln process, and the ﬂmrl hteralure review of sm'm'. previous reports.

A T T

discussion on optimal refining and pulping conditions, and the influences of kapok
pulp on paper properties made from commercial pulps mixed with the kapok pulp.
The final chapter presents the conclusion of results obtained from the current
experimental work and some suggestions for future study.



CHAPTER I

THEORETICAL BACKGROUND AND LITERATURE REVIEWS

2.1 Theoretical Background

2.1.1 Fiber

l es the character of the fiber and
permits its use in pape ‘ carbohydrate, meaning that it is
composed of carbon, hyéiro " : .iﬂ 0, Wwith the latter two elements in the same
proportion as in water. Cgl };fs-’? olysagcharide, indicating that it contains
many Sugar units.

BB
r Cebl{50s5)n, where n is the number
Y]
zation (DP). Cellulose has an
avmgeﬂPufaltcﬂﬂ—' 0,000 anc 11yu&hul5mﬂ An average DP

of 10,000 would correspend to a linear chain length of approximately 5 micrometers

mﬁ*ﬂﬂﬁ%&l W&%Wﬁﬂﬁfﬁ
0 W IR

of repeating sug; ‘5"

Figure 2-1 Partial structure of cellulose [2].



The properties of cellulosic materials are related to the DP of the
constituent cellulose molecules. Decreasing the average chain length or molecular
weight (e.g., by chemical action) below a certain level will cause deterioration in fiber
strength. One of the main objectives during pulping and bleaching operations is to
minimize peeling reactions (in which individual glucose unit is split off at the end of
the cellulose chain) and chain cleavage reactions (in which the chain is broken

somewhere along its length). ’ ,
e ///
- wlymchﬂidﬁ polymer with a
P "f;ﬁn‘!-.-

nd contains mainly the sugars D-

2.1.1.2 Hemic

In general,
lower DP than cellulos
glucose, D-mannose, Dea) L-ars abinose (see Figure 2-2) [3].

Like cellulose, hemicellulos Hohs s ppC erial in the cell walls.

ﬂumwswmm
QW?&NﬂiﬂJ 191INAY

Figure 2-2 The sugar moieties nf wood hemicelluloses [2].

During chemical treatment to produce pulp, the amounts, locations, and
structures of the various hemicelluloses usually change dramatically. Generally,
hemicellulose is more easily degraded and dissolved than cellulose. The detailed
structures of hemicelluloses have not been determined. Only the ratios of sugars that
these polysaccharides contain have been studied.



2.1.1.3 Lignin

Lignin is amorphous, highly complex, and mainly composed of aromatic
polymers of phenyl propane units that are considered to be an encrusting substance.
The chemistry of lignin is extremely complex [4], as shown in Figure 2-3. The
structure consists primarily of phenyl propane units linked together in three
dimensions. The three linkages between the propane side chains and the benzene rings
are broken during chemical pulping opégations to free the cellulosic fibers.

Aueremingens

AR IANTINANINRY., ...

using solvents. In some cases, the extractives are classified by solvent used to extract
them; such as, water-soluble or ethanol-soluble extractives. The extractives are a
group of cell wall chemicals mainly consisting of fats, fatty acids, phenols, terpenes,
resin, waxes, and many other minor organic compounds. The composition of
extractives varies widely from species to species, and the total amount of extractives
in a given species depends on growth conditions [2].



2.1.2 Kapok Fibers

The Kapok f be Phtaine T i kapok tree (see Figure 2-4)

which is cultivated in 8 alandd : classified as follows:

.........

O/  C. pentandra

‘UEJ'J‘VIEJW‘JWEJ’]ﬂ'ﬁ

Kifree can produce lts fruit at the age of about 2 - 4 years. The kapok

A N T

fruits per annual. One kilogram of fibers can be obtained from 120 - 150 fruits. One
fruit is composed of 44% peel, 32% seed, 7% spin and 17% fiber [8].

The kapok fiber is fluffy, light-weighted and inelastic to be spun. It’s typically
composed of 64% cellulose, 13% lignin and 23% pentosan [9]. Besides these
constituents, they also contain waxy cutin on the fiber surface which makes them



water repellency. Except stuffing bed pillow and cushion, the kapok fiber can be used
as a fuel and oil absorption.

10pm
e

9i mictoSeopic image of kapok fiber [10).
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: lIDfM stiticture (sée Figure 2-5) with thin fiber wall.
\afﬁlh;-; Hh: é_i ;_1‘4 micrometers. The lumen is 14.5 + 2.4
nF}?Ejg.ES . }llmﬂtrs [10]. This structure is good for
papermaking to improve pnpcr SEngth Mps:ty

The diameter including

micrometers and the fiber

..
.-.,a_'_.,.-_____

b ' £
2.1.3 Pulping- —
Wy A

Pulping reprg}nts the process by which wood q?f_nthcr lignocellulosic material
is reduced to fibrousgymass, denoted asgpulp. The process of defibration can be
accomplishéd mechanically, ¢hemically, of by 'a Gombinatibn of both treatments. The
corresponding ‘commercial processes are then classified as mechanical, chemical and
semi=ghtmiical pripiogsRulps Produceddin diffeneny/ways hiw:"-d.i_ﬁgrcnt properties
that miake them suited'to particuldr products.

2.1.3.1 Mechanical Pulping

The oldest and still a major method of mechanical pulping is the
groundwood process, where a block of wood is pressed lengthwise against a wetted,
roughened grinding stone. Fibers are removed from the wood, abraded and washed
away from the stone surface with water [11].



A more highly developed technique in mechanical pulping then
groundwood process involves shredding and defibering chips of wood between the
rotating discs of a device called a refiner; the product is known as refiner mechanical
pulp (RMP). RMP typically retains more long fibers than stone groundwood and
yields stronger paper. However, if refining is done at high temperature, the pulp is
then called thermomechanical pulp (TMP).

t require prodigious amounts of
e amount of short fibers, the
mechanical pulp forn
sheet is weak. In additi®
high lignin content.

printing properties but the
it is exposed to light due to its

2.1.3.2°Chg

In chemic ps are cooked with appropriate

chemicals in an aqueous ; it perature and pressure. The objective
is to degrade and dissolve avEHiE aa\cave behind most of the cellulose and
hemicellulose in the fo ' In practice, chemical pulping methods are
successful in remgvi howeyer, thew dlso degrade and dissolve a

lat the yield of pulp is low

relative to mechani --. pulping methods, usually be 40% and 50% of the original
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Kraft Process
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hydroaulf'de anions which are present in the kraft cooking liquor, an aqueous solution
of caustic sodium hydroxide and sodium sulfide, denoted as white liquor. The
hydrosulfide ion plays an important role in kraft pulping by accelerating
delignification and rendering nonselective soda cooking into a selective delignifying
process. Delignification can be divided into three phase, namely the initial, bulk, and
residual. In the initial phase, delignification is caused by the cleavage of alpha-aryl
and beta-aryl ether bonds in the phenolic units of lignin which account for



approximately 15-25% of native lignin. In this stage, the predominant part of the total
carbohydrate loss can be observed. In the bulk delignification phase, the main part of
the lignin is removed while at the same time only minor carbohydrate loss occurs. The
cleavage of beta-aryl bonds in nonphenolic units of lignin is assumed to be the main
delignification reaction. In the residual delignification phase, only approximately 10-
15% of the native lignin is removed. However, with continuous delignification, the

dissolution of carbohydrates extensi increases. In order to maintain high yields
and to preserve a sufficientls ’ pulp, delignification is limited to a
certain degree of delignificat

The followifiz_berefits over the sullitép ss can be claimed that all
wood species can be The ss is relatively insensitive to
bark. The pulp is m e main advantage of kraft

pulping is chemica pulping caused emissions of

malodorous gases. Thefpulp . piich darker than sulfite pulp but it can be

f gaft process. Only sodium hydmxide
tissolve the lignin. Although the soda process
d s itis. [12].

(NaOH) musedasamokmg e
__..r-- .."‘5‘1"

was replaced by kﬁ’l

Alkaline darkening is occursiduring kraft delignification. The color of

e s oy LV Y it ).

addition, leudée hromophores, wh‘ch can be mnvcﬂed into ¢1E9mophom by air

dqum m W‘W’Fﬁj PPN frosumed to be

Peeling reaction removes the terminal anhydro-sugar unit, generating a
new reducing end group until a competitive stopping reaction sets in, forming a stable
saccharinic acid end group. The elimination of the cellulose chain in B-position to the
anionic intermediate leads to a dicarbonyl structure in the leaving unit, which is
extremely unstable under alkaline condition and undergoes various degradation



10

reactions. Depending on the reaction condition, about 50-60 glucose units are peeled
off. If keto or aldehyde groups are present along the cellulose chain, they generally
cause cleavage of the glycosidic bond in alkaline media by P-alkoxy elimination.
Therefore, oxidized groups (C2, C3 and C6 position) are considered as “weak links”
along the chain. Keto groups at C2 or an aldehyde at C6 and the anomeric carbon are
referred to as “active carbonyls”, leading to a new reducing end group, which might
undergo further dcgm:tatmn reacti

“inactive carbonyl”, since

and a stable acid [12].
& ; .....----llIIIr

2.1.4 Reﬂn17

modification of fibers 36 thét Ahéy cariie fo ‘.-\n » paper or board of the desired

’ - e Mhbonding ability of the fibers
o : _ ith good printing properties.
Sometimes the purpose i ng fibers for a good sheet formation or to
develop other pulp prop lﬁoﬁﬁr e porosity, or optical properties

A keto group at C3 is considered as an
T’ ]E_',r forms a non-reducing end group

TeNo N9

Conical ref'm:r

Disc refiner

Figure 2-6 Two types of refiner [11].



The most commonly used refining or beating method is to treat fibers in the
presence of water with metallic bars. The plates are grooved so that the bars that treat
fibers and the grooves between bars allow transportation through the refining machine.
The initial action is to partially remove the thin primary wall. Although the primary
wall is permeable to water, it does not swell and prevents the fiber from swelling.
Removal of the primary wall exposes the secondary wall and allows water to be
absorbed into the molecular structyr
structure promotes fiber swelli s and e fibers soft and flexible. This so-

The consequent loosening of the internal

called “internal fibrillation®™.is genc : as the most importance primary
effect of refining fow»\r of m wall. The further action of
fibrillation involves loosgang.of the fibrils and i of the finer microfibrils on the
surfaces of the fibers, rg o \ i C m surface area for the beaten
fibers. As the fiber$ be g more ﬂ ¢! I \\ alls collapse into the lumens,
thus creating ribbonglike ¢ ils 1

1'!? L J

Fiber shorten ‘ ing) always oc 10 some extent during refining,
mainly due to the decrefise 3 . aften considered undesirable because
it contributes to slower draiuage a » ol strength. But, in some applications, a
cutting action may be pmm‘g@g’ " ood sheet formation from a long-fibered

pulp furnish or ta control sheet dra aghine. Refining also produces
fines consisting of , agments of bro ficles removed from the fiber
walls. One nbviouﬂﬂ‘m of ref Sthe dre @ change in the drainage or
dewatering properties of the pulp. Pulp drainability is rapidly reduced as refining

o440 B A AGWEARD:
a‘ﬁ’ﬂ“ﬁﬁmm URIINYIA Y

9 Cellulose and hemicellulose are inherently white and do not contribute to pulp
color. It is generally agreed that “chromophoric groups™ on the lignin are principally
responsible for color; oxidative mechanisms are believed to convert part of the
phenolic groups in lignin to quinone-like substances that are known to absorb light.
Heavy metal ions (e.g., iron and copper) are also known to form colored complexes
with the phenolic groups.
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Bleaching is defined as a chemical process aimed to remove color in pulps
derived from residual lignin or other colored impurities while maintains cellulose
chain length and brightens the fibers. Two approaches are used in the chemical
bleaching of pulps. One approach is to utilize chemicals that selectively destroy some
of the chromophoric groups, but do not materially attack lignin. The other approach is
to almost totally remove residual lignin.

Peroxide is used in the b

N "\\

f both mechanical and chemical pulps.
°C, pemmdc is an effective lignin-
lghﬂy higher temperature (i.e.,
il pulp full bleach sequence to
ightness stability. Peroxide
bleaching is strongly djusted and buffered at about
10.5 for best results. ition from undesirable side
reactions detracts from i hi -‘ o The' \ usually controlled by addition

70-80 °C), peroxide 4

provide increments

of sodium silicate. The silicate %0th a stabilizer and a buffering agent in the
peroxide bleaching sy ' hig g \perature accelerates peroxide
bleaching reactions,
stability of the peroxide is a_!_sgmm;
the presence ofh@jw_m Che
cumr.l:lnnljr used if w "
and iron from de@mposm g pera
bI-chmg without the yse.of any chlorine;containing chemicals is a desirable optlon

oS4 ORI b o it i

apparent sucdgss. The chemical mst is genmlly higher, but ﬂmse ‘environmentally
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2 1.6 Pulp and Paper Properties

gain greater momentum. The

ed at higher temperature, especially in

g agents (usually EDTA or DTPA) are
4

18 stich as manganese, copper

rom a environmental standpoint,

S

2.1.6.1 Dewatering Properties of Pulps

Characterization of pulp slurries often involves measuring the drainage
resistance. The most common methods are the Canadian Standard Freeness (CSF) and
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Schopper-Riegler (SR). Both methods are a relative measure of the drainability of a
pulp suspension.

CSF measurement involves filtering | L of diluted pulp suspension with a
consistency of 3 g/L freely through the screen plate of the testing device in Figure 2-7.
Faster slowing of draining due to fiber mat accumulation on the screen plate gives a
smaller CSF number. CSF is the amount of water passing through the side orifice of

1 L of pulp suspension wi filters through the wire of the
apparatus. More rapid slé r SR number. This means that

SR number is dire: he Irainage resistance of the stock but

inversely proportiona . - "\\
e AN

VERINEINN S
) B AR

Various optical methods are presently available for measurement of fiber
length. The primary principle is to allow a dilute pulp suspension flow through a
cuvette. A light source illuminates the flow for detection of fibers with a camera. The
image analysis technique provides the characteristic values for the fibers.
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Fiber quality analyzer (FQA) shown in Figure 2-8 detects fiber
deformation. The patented flow cell orients the fibers in the middle of the flow to
prevent the fibers from blocking the flow cell. The unit uses a charge-coupled device
(CCD) camera and a polarized light source. The measurement gives fiber length
distribution, fiber curl, mean kink angle, and kink index.

2.1.6.3 Basis
To determine :hg’ 4 a sample, one can measure its weight in

grams and its 8 etriCiciltter are not available, one

- i
can convert from poupds and in Yeters, Dividing weight by area
gives grammage. Singe there is basis weight variatio : ithin paper, using a small

sample for this test shodlde avoided.

‘iJEJ’WlEJ"r‘]‘ﬁWEJ’]ﬂ‘ﬁ

21.6.4 Thickness

o WniGdal b S0 UBATIUDEL e

is always specified for a grade of paper. It is defined as the perpendicular distance
between the two principal surface of paper and paperboard under specified conditions.
The millimeter is the standard thickness unit in the rest of the world. In the SI unit

thickness is presented in micrometers.
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Figure 2-9 A typical mic 1 :

#/ uring the thickness of paper [17].

Many type§™6f Hiicro en used for measuring paper
thickness, with the mos / /I ‘{\\ y_probably being the instrument
shown in Figure 2-9. Ig Ct tmuuusl:,r cycle between their
separated and closed posi : j—. \\\ er sample between the jaws
while they are separaéd afid fheh readis ‘}“\ n the dial when the jaws are

closed. \\

2.1.6.5 Apps

Dividing the gra -n y thickness in micrometers gives the
apparent density of pap g/em*[18]. Typi s of apparent density range from
0.5 in bulky papef 50 175 tor hig iyt :* papers such as glassine

have densities of 1.07 nsity of 1.5, this means that

mOost papers are more than Sﬂ% air. Apparem density is one of the most significant

el mmﬂm )anik i
Q mmﬁw SJ'WI’J e a ¢l

There are various methods to testing smoothness such as optical method,
friction method, profile measurement, optical contact area, ink contact area and air
flow measurement. The air flow method has been the most popular, especially for
quality control. These instruments either measure the time required for a given
volume of air to flow between the paper surface and an optically flat surface pressed

against it, or they measure the flow rate of the same air.
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ure 2-10. In this instrument,

the time is measured fi W16 dechease fron Eog:: Hg to 360 mm Hg due to
the passage of 10 ¢ Jthe ‘rogm past the int e between the lower paper
surface and polished . vents the flow of air through the

paper specimen [20].

used to characterize the
brightness because-dhis is f the mq : optic] properties of paper. The
brightness is b as| of the reﬂ&jance by paper at a single
wavelength, 457 nm. The=brightness test was designed primarily as a test to measure

S T EF SpT—.

percentage of the brightness of a Wbltﬁ standard [2 1].

awmmjmwnwmaa

Opacity is determined by the amount of light transmitted by a paper. If
all of the light is transmitted and none is reflected or absorbed, the opacity will be
zero. If no light is transmitted and all of it is reflected or absorbed, the opacity will be
100%. Although opacity can be measured by the amount of transmitted light, it is
usually measured as a contrast ratio. This is the ratio of the diffused reflectance from a
single sheet of paper backed by a black body to the reflectance of that same spot
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backed by an opaque [22]. It might seem incorrect to measure opacity by measuring
reflectance, when opacity is determined by transmitted light. However, contrast ratio
is an indirect measurement of light transmission. If light which has been transmitted
through a sheet of paper strikes a white body on the other side of the sheet, it will be
reflected back into the sheet and part of it will emerge as additional reflected light.
However, if the transmitted light strikes a black body, it will be absorbed and there
will be no addition to the refl beam. The difference between these two

reflectances is dependent upo , /ﬁn transmitted through the sheet.

performance of a nu o ~1 ensile stresses in use, such as
wrapping, bag and Priniing/papers. In genéral, 4 certain minimum tensile strength is
required of any pap ergoes a W b converting operating where it is subjected

to tensile stresses whi pujle | ss. Printing papers are a

rupture occurs. Th aximum tensile force that the test piece can withstand before it

- m@ﬂﬁﬁwﬁwﬁﬁm i
AR e

conditions. An increase in the rate of loading will increase the tensile strength. An
increase in moisture content of the paper will decrease the tensile strength while
increasing elongation. In addition, it is highly dependent on directionality of the paper.
The tensile strength measured in different directions of the sheet is often used as an
indicator of fiber orientation [20].



2.1.6.10 Stretch or Elongation

The elongation or stretch at break is the increase in length of the strip to
its breaking point expressed in percentage of the original length. The tensile testers are
designed to measure the stretch of a test specimen in the course of measuring tensile
breaking strength [15].

Surve [15].

'\Jﬂ i | \

The maximugl lozd 2ud cloiga n walues are plotted and then calls

. i"-a-n-d -
stress-strain curve (see Figuré2=F1) 1%

named tensile energy absory

under the stress-strain curve which is
tional to the energy that the paper

can absorb up to th : ""'""‘"""""”Ei breaking strength, then,
increasing the st f.i:*l‘ : -f'*' its TEA. In fact, in certain

cases it may be adva mgeous to increase the stretch even if the tensile strength falls
" ﬂyqqnngWﬂﬂﬂﬁ

A WARD e bl CLQ DEIAALL e,

inmmr.ways,u reflects the general mature of the fibers present in the paper. The
internal tearing resistance or tearing strength is the mean force required to continue
the tearing of paper from an initial cut in a single sheet. If this cut is in the machine
direction, the result is machine direction tearing resistance. Correspondingly, the cross
direction tearing resistance is the result of a test in the cross direction. The tearing
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strength is highly dependent on the fiber orientation of the sheet. Figure 2-12 shows
the principle of tear testing.

tearing resistance is irof ysical pendulum that applies
the tearing force by maginglihe | ¢od lum . Merpendicular to the initial plane
of the test piece. The '
potential energy of the
millinewton ( 20

The teling de o ber length, fiber strength,
degru of bonding b I een fibers, degree of orientatio ffbers in the paper. Longer
ow levels of bonding, the
ﬁﬂﬁﬁ‘m{ﬂﬂ’iﬁ ﬁvﬂs of bonding degree,

lhl: fiber stn:n determines the leyel of tearing strength

R U NN Y

Bursting strength is an old test for paper strength. It is a rapid and easy
test to perform and does not require test pieces cut exactly. Furthermore, it cannot be
measured as a function of the directionality of the paper. The burst test has been
developed empirically. It is not clearly defined in physical terms. Bursting strength
somehow relates mathematically and physically to the tensile strength of paper.

piece is measured by the loss in
or tearing strength is Newton (N) or
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Bursting strength is the maximum pressure that the paper can resist
without breaking with pressure applied perpendicular to the plane of the test piece.
The most common tester used for bursting strength measurements is the Mullen tester.
A test piece placed over a circular elastic diaphragm is rigidly clamped at the
periphery but free to bulge with the diaphragm. The hydraulic fluid pressure increases
by pumping at a constant rate to bulge the diaphragm until the test piece ruptures. The
bursting strength of the test piece is the muimum value of the applied hydraulic

close to zero as poss of the individual fibers [23]
rather than the streng tensile testing indicates the
combined effect of't bonding, and variation in the
structure of paper. sibility to measure the fiber
strength separated fro

a tensile tester equipped with special
clamps to bring the s possible. Special testers built
specifically for he such instrument is the

with zero-span testing are very
sensitive to variatio Wi in lhe 0 - 1 mm span length. The'#ssumption of the influence of

-y ﬁﬁ?ﬁwﬁ W%‘WET"] A
w RO LD PV TIAT s o

pulping processes, beating, etc., on the fiber strength. Differences between fibers from
different wood species are also detectable. The test therefore has primary use for pulp
testing. In this context, the test often uses both dry and rewetted laboratory sheets that
rewetting eliminates the effect of fiber bonding on the results.
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2.1.6.14 Contact Angle Analysis

The hydrophobicity/hydrophilicity of the sheet is defined by contact
angle of the sheet. There are two approaches for contact angle analysis: static and
dynamic contact angle measurement. In static method, the liquid-solid angle of a
sessile drop of liquid on the surface of a specimen is observed and measured by means

of contact angle meter. The contact angle (0) of a drop of liquid on the surface of a

the surface energy of the s .@w

= \
&‘;ﬁ" r;* \'
Figure 2-13 Schematig'diggram of the €ontact angle at the solid-liquid interface.
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P ieress

For paper testing, stafic “meisi
contact angle due to the
method is general y-hsed.

nt 1s not an accurate way to measure

ich is porous and rough. Dynamic
hod. the contact angle is measured from the

A
‘bertveen contact angles versus

times. m
¢ o
g i let method, the image
of the fluid @Hm ; as : n:]tl lid surface. Various
recoding techniques can be employed, including=high framing rate’ photography and
AL YRR I lak (L Tfat e

High—s%eed movies or photos can be analyzed by hand or automatically analyzed by

time of contact unti‘specifi

computer. Different types of analysis have been employed, from measuring the
contact angle and volume of droplets deposited with near zero momenta, to
measurements of the maximum spreading of droplets impinging on surfaces with
well-controlled momenta. The particular advantage of this type of measurement is that
the dynamic interactions (wetting, imbibition, elastic deformation) between fluids and
surfaces can be characterized on time scales.



2.2 Literature Reviews

Wongsaisuwan ef al. [24] studied the pulpability of kapok using a soda
pulping process. Kapok fibers were pulped using a liquor-to-wood ratio (L: W) equals
to 29:1 for 2 h with the pulping temperature of 100 °C. Then, the pulp was shredded
by a blender before being bleached with hydrogen peroxide. The variables in this
study were sodium hydroxide dosage (10% and 15% based on oven-dried pulp
weight), pulp shredding time (10 and 15 and hydrogen peroxide dosage (1% and

3% based on oven-dried polp weight), #5s€ résults showed that higher dosage of
sodium hydroxide providés streng vﬁbﬁgbmﬁ but lower freeness as
compared to lower ¢ : higher dosage of hydrogen
pulp with lower freeness.

peroxide while longg

Malab et al. [23
treated the

|th 25 % bamboo pulp, then
de to produce paper that was

light, pleasingly warp' & of. The combination of the two
non-wood species woilll & '%f:‘“ f bamboo pulp, chemical and
energy uses without advergely, .-_-n‘ 1€ Sttength properties.

Hori et al. ‘%] mﬁﬁﬁi&ﬁ’ BeratiGmability of kapok fiber. It was found
that kapok fiber i§ Significant =.-—_":.x4— ...... DIC ar o get wet with water. Thus,
the absorptivity of o W € bsorbed significant amounts

of oil (40 g/g of fibe ?um oil suspension in freshwater:

Lim&iiuﬂﬂ [§] uﬂ mg maﬂm:jbwrb oil. It was found

that kapok has a hollow structure with.large lumen. They compared the
A Y AL P ) et o
spill cleanup. The oils investigated were diesel, hydraulic oil (AWS46), and engine oil
(HD40). The result showed that the kapok fiber had significantly higher sorption
capacities for the three oils than PP. The hydrophobic—oleophilic characteristics of the
kapok fiber could be attributed to its waxy surface, while its large lumen contributed
to its excellent oil absorbency and retention capacity.



CHAPTER III

EXPERIMENTAL

: W pure pellets from Merck KGaA

3.12 @slm, laboratory grade from
313 \ nalytical grade from POCH
3.14 iquid, analytical grade from
3.1.5 cal } om Merck KGaA Corporation,
3.1.6 203 , liquid, analytical grade from

| nfﬂn-'iq.'.'.- A — "
3.1.7 s ( W Thatland

1

3.1.8 | pulp (Crofton Pulp & Paper Mill, Canada)

nﬂﬂumm Polp BPiger bl Go. L, Thailand
”ﬁ“ﬁﬂﬂﬂﬂ‘im UAIAINYIAY

9321 Autoclave digester: UEC-2017A (Universal Engineering Corporation,
India)

3.2.2 Moisture balance: FD-600 (Kett Electric Laboratory Corporation,
Japan)

3.2.3 Disc refiner : Sprout-Waldron Bulletin 1480 (Koppers Company, USA)

3.24 Valley beater: UEC-2018A (Universal Engineering Corporation, India)
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3.2.5 Disintegrator: Formax T-100 (Adirondack Machine Corporation, USA)
3.2.6 Freeness tester: Regmed CF/A (Regmed Corporation, Brazil)

3.2.7 Fiber Length Measurement: Fiber Quality Analyzer (Optest Equipment
Inc., Canada)

3.2.8 Sheet former: RK-2A KWT (Paper Testing Instruments, Austria)

oyo Seiki Co., Ltd, Japan)

ldyne Corporation, USA)

3.2.11 Tensile sizengthitster: car _ 1‘ oyo Seiki Co., Ltd, Japan)

329 Smoothness testers ,
3.2.10 Optical

3.2.12 TearnesfSianéerster: Prote: ‘ Albert Instrument Company,
3.2.13 Bursigfregfihfedier+SEQ02P (Lorehtzeni& Wettre Corporation,
3.2.14 Contact gl edsucameit’ Pockethoniometer PG-3 (Fibro System

3.2.15 Zero span tensile sirengthifestén.: Pendulum Tensile Strength Tester
it i ofo,Seiki Co., Ltd, Japan)
. . )
3.2.16 Scanzing SEM)” : JSM-5410LN  (JOEL
tiun Ltd., Japan)

mmﬂ-wqwﬂmwmm
) mmﬁiﬁmmﬁﬂm ot

upnmum dosage was determined to be used in phase Il which concerned with the
influence of refining in terms of disc gap and number of passes on the strength
properties of paper; and phase Il involved the potential use of kapok pulp mixed with
the commercial softwood and hardwood pulp as a new type of paper. The flow charts
in Figures 3-1, 3-2, and 3-3 demonstrate the experimental plan for phase I, phase II,
and phase 11, respectively.
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Immersing kapok fiber in water —h ple “”’I,

10%, 15%, 20% and 25% NaOH Pulping - | black liquor
based on oven-dried pulp weight - 003 proé: ]
with 120 °C for 2 h. Chemical testing
1. Residual alkali
10/1000 inch disc gap
for two passes
Pulp testing
V»”é"
i st —— - g PR
,.____ 4 -r 3. Fiber length
Structural properties Optical | u_,_: C 3 B ties Surface property
1. Caliper 1. Brightness 1. Tear resistarice 1. Contact angle
2. Apparent density 2. Opacity ¢a
3. Smoothness

e s ﬂwfmaw_: |
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Figure 391 Phase I - Effects of sodium hydroxide dosages employed in pulping.

26

4


chula
Typewritten Text
26


Immersing the kapok fiber in water ——| S .‘:‘“””;: v
Optimum pulping condition /
o
from phase 1 f/l}'ﬂ l\\\'{\

Disc gap*number of passes
1. 7/1000 inch*1 pass
2. 10/1000 inch + 10/1000 inch*2 passes

3. 10/1000 inch*1 pass and 7/1000 inch*1 pass IE@ n\\\
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Pulp Testing
60 g/m* handsheet ——» l: F apeeesting | 1. Canadian Standard Freeness
_ 2. Fiber length
| . A |
Structural properties Optical properties || Surface property

1. Caliper 1. Bright !I 1. Tear resistanice
2. Apparent density 2. Opacity ‘a 2. Tensile strength
3. Smoothness

s mmwmﬁ%’;‘mh

1. Contact angle
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Figure 3-2 Phase 11 - Effects of disc gaps and numbers of passes during refining.
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Immerse the kapok fiber in water —— E\ "::‘“” /r’.'«’

Optimum pulping condition
from phase 1

Optimum refining condition
from phase 1

Hydrogen peroxide 3% based on
oven-dried pulp weight at 80 °C for 2 h.

1. Hardwood pulp (HW)
2. Softwood pulp (SW)
3. Mixed pulp (SW: HW = 25:75)

60 g/m’ handsheet
| |
Structural properties Optical propegties i Morphological/surface properties
1. Caliper , | ! 1. Contact angle
2. Apparent density 2 Qbamty 2 Tcnsulr. su'engﬂa 2. SEM Micrograph
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Figure 3-3 Phase Il - Effect of kapok pulp mixed with the commercial pulps on paper properties.

*The kapok pulp was added to the commercial pulps in the ratios of 0:100, 25:75, 50:50, 75:25, and 100:0 (kapok pulp: commercial pulp)
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3.4 Procedure
3.4.1 Sample Preparation

The kapok fibers were immersed in water for 3 weeks. It was then squeezed
out the excess water and cut to 3-5 cm long pieces. The moisture content of the pulp
was determined using the moisture balance (FD-600).

The kapok fibers seté pulped usir g/@mss in which sodium hydroxide

(NaOH) was used as a pulping-chem the fibers. The amounts of
sodium hydroxide used '. ¥ \\.\\ 5%, 20% and 25% based on
the oven-dried pulp wei 00¢ e experiment was 17:1. The
kapok fibers were packg I ﬂ- % \ s along with the cooking liquor.

The pulping was dfne #isifg fap autoglaye digester (UEC-2017A) that an initial
temperature was set af*40 £C fThenshe digester was heated to 120 °C within 30 min
fEfopera or another 120 min. When the
shed with water. The moisture

and the pulping was pg
pulping was completed,

content of the pulp was determified-to caleulate. the pulp yield.
343F
The pulp fi - m:ﬂby the disc refiner (Sprout-

Waldron Bulletin 1480) using 12 inch dl ize at 1500 rpm. The refining conditions

used in tlns Wﬁ mwm fining, 10/1000 inch
disc gap for apie pass refining fol 7 inch disc gap for one pass refining
ﬁﬂ‘: at about 5%
wmimmnmwl removed for
storngc:

3.4.4 Bleaching Process

The pulp was bleached using hydrogen peroxide at the dosage of 3% based on
the oven-dried pulp weight at 1.5% pulp consistency (only the pulp for phase III was
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bleached). The bleaching temperature was 80 °C at 2 h. Sodium silicate was used as
the buffer and stabilizer.

3.4.5 Stock Preparation

The kapok pulp was disintegrated using a disintegrator (Formax T-100) for
100,000 revolutions in hot water (80 °C) to do latency removal. In phases I and 11, the
unbleached kapok pulp was used as it Was while in phase 11 the bleached kapok pulp
was mixed with a '
(consisted of 25% softwes
added to the commercial pul

pulp). The kapok pulp was
25:75, 50:50, 75:25, and 100:0.
Each commercial pulp ;aler(LUIEC-2018A) in which 360 g of
the oven-dried pulp i : modated according to TAPPI
Standard method T-200#Thé b fiwood: ‘\ ood pulp were beaten to meet
the Canadian Standard Fgeepess of : \ spectively.
\
3.4.6 Papermaking

"""J""J’

Al
The pll]ps from m. Drep i
material for making harﬁshnWL ght of 60 g/m’. The handsheets were
K8 X ! nstruments) according to

1S05269-2. The ds7ing time for the ols i€hine was 8 min. The total of

6 handsheets per twtjo ditio T 1! vw@ting the optical and physical

,Aﬁuummmwmm
9 RSN INYIA Y

The Kappa number of pulp is the volume (in milliliters) of 0.1N

e weighed to obtain adequate

potassium permanganate solution consumed by one gram of moisture-free pulp
(TAPPI T-236). The pulp was weighed and disintegrated in distilled water at 25 °C.
During the disintegration, 100 mL of 0.1N potassium permanganate solution and 100
mL of 4.0N sulfuric acid solution were added to the disintegrated specimens and a
stopwatch was started. At the end of the exact 10.0 min, the reaction was stopped by
adding 20 mL of 16.6% potassium iodide solution. After the mixing, the free iodine
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was titrated with the 0.1N sodium thiosulfate solution and starch solution was used as
an indicator. To determine the Kappa number, the blank test using exactly the same
method but omitting the pulp was done.

3.4.7.2 Residual Alkali

The residual alkali in the black liquor is an excess alkali that the pulp

could not be used to react with | d extractives. The method determined a
residual alkali by taking 50 ml

\“ from the pulping process and 100
mL of 20% barium chlori rr Then, distilled water was added

until the total solution was 300.mi.. set aside until precipitation took
place and then the precipitaic, ' mL of the transparent liquid was
then extracted with 100mL of di; cdwater. Th acted solution was titrated with

0.IN hydrochloric acidint e residual alkali was then

calculated.

3.4.7.3 Canadlis

Canadian standa : detér inés the rate of drainage of a dilute
pulp suspension and expresses r“'-—" keeness. According to TAPPI T-227,3 g

__.p- ‘..-‘Ji ,&1_
_ . Fo calculate the freeness, the
stock tﬂmpﬂl’ﬂ!‘lﬂ'ﬂ d- f th irately measured to obtain the

— G
AHEME0ns

ore testing paper properties, the handsheet was conditioned in a room

{fnrm aﬁm m TN "mw - il

3.4.7.5 Apparent Density

oven-dried pulp s amg

The apparent density was calculated from caliper and basis weight of the
sheet. The caliper was determined using a micrometer. The results were from the
average of ten measurements. The caliper in micrometer was divided by grammage to
give the apparent density.
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3.4.7.6 Smoothness (Bekk method)

The Bekk smoothness was measured by following TAPPI T-479. The
specimen was clamped under a clamping pressure of approximately 100 kPa. The
vacuum pump raised the column to 380 mm in a mercury scale. As soon as the
mercury dropped to 380 mm, the stopwatch was started to run until the mercury
passed through 360 mm and the smpwatch was stopped. The smoothness was

measured according to ISO
2470 and 1SO 2471 s done under the light source
of CIE Illuminance . The' s an gyerage of ten areas per handsheet.

: d following TAPPI T-414. The
handsheet weighing 200 jg wat “used ,--' sendulum instrument. The unit was
reported in millinewton. For th €%, tear resistance was divided by the basis

T-494. The clamy -- NSt ﬂ cimens having 1.5 cm
wide were prepared from't ‘ mﬂﬂﬁmmwmmns were
measured for mh le by lofding each ofithem to the cl elongate. To
AY ol RN AL I TioK TN

5|a=¢mu:n strip. For the tensile index, tensile strength was divided by its basis
weight.

3.4.7.10 Burst Strength

The burst strength was measured by following TAPPI T-403. The result
was an average of the burst strength in kPa from two sides of the handsheet. For
calculation of the burst index, the burst strength was divided by its basis weight.
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3.4.7.11 Contact Angle

The contact angle of the materials was measured in a dynamic mode.
The initial contact angle of the first drop of water was measured after placing it on the
substrate for 10 s. Both the top and bottom sides of the sheet were measured.

3.4.7.12 Fiber Iangth Distribution

The fiber length Jist uu;'/-‘ measured by using Fiber Quality
Analyzer (FQA) accordiag to 1.' D 16065¥HE iatal number of fibers counted was
5000 fibers

3.4.7.13

The zegj g d according to TAPPI T-231.
The pendulum tensil S ' amps adjusted to the zero-span.

The specimen strip n width was measured. To get
by 1.5 cm (the width of the

he zero-span tensile strength was

zero-span tensile stre
specimen strip). For the
divided by its basis weight, .-

..y
ﬂ‘lJEI’J‘VIEWIﬁWEI'm‘i
’Q‘mﬁﬂﬂ‘im 1NIINYIAY



CHAPTER1V

RESULTS AND DISCUSSION

Phase 1: Effects of Sodium Hydroxide Dosages Employed in Pulping

4.1 Effects of Sodium Hydroxide D /n Pulp Properties

The effects of di ' hydroxide used in pulping on
properties of kapok w ual alkali and pulp yield were
studied. The results were ng th a.ualysm of variance (ANOVA) to

ive P-value, F calcu itics he P-value is less than 0.05 and if F
: T NN
calculated is highe {Farih, the effect ¢

at 95% level of con

red is statistically significant

The Kappa numbe¥ is/@méasure ¢ ignin content of pulp. The kappa test
is an indirect method of dcm 2nin by.the consumption of permanganate ion
by lignin [28]. The ke r of ka _ : ;' ed in this experimnt is
shown in Table 4= .
the pulp, kappa nmgct decre lgnmgmd extractives removal. The
results from this expegiment; however, did not abide by this rule. It is pﬂ-ﬂSlhlc that

o 2 4 4 VA et i

of the pulpifig process due to other subsumces present in the pulp which m:ght

TS s

kappa result might be error. As shown in Table 4-2 (the ANOVA of Kappa m.u'nber),
the P-value was higher than (.05 and the F calculated was lower than F;. This means
that in this experiment, the effect of sodium hydroxide dosages on pulp kappa number
is not statistically significant.
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4.1.2 Residual Alkali

Residual alkali indicates the amount of excess sodium hydroxide present in the
system after pulping. A high amount of residual alkali ensures complete chemical
reactions. Excessive alkali usage; however, means a higher production cost. In this
experiment, when the concentration of sodium hydroxide in cooking liquor was
increased, the amount of excess sodimn hydroxide reacting with lignin was also

different sodium hyd

The suitable amo

ali was statistically significant.
than 5 g/L to prevent lignin

wdroxide concentration in this

In general, ‘ chemical pulping process is
approximately 50% by ‘rial. The results from Table 4-1 show
that a high sodium h ) could also result in carbohydrate
degradation due - ed 1o a low overall pulp yield. The
ANOVA of pulp ¥itld as illu : k 5"that the P-value was lower

tjumIIHZ*Su.nvdtl.-m:FIL as higher than Fg. Thus, the e ‘:l of different sodium dosages

on pulp yield mtlftﬂlﬁmlf icant. &/

mwmm

el

Table 4-1 Pulp properties

Kappa number 72.74 86.25 99.83 81.08
Residual alkali (g/L) 2.294 3.177 5.054 6.152
Pulp yield (%) 62.40 31.25 44.69 40.46
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Table 4-2 ANOVA of kappa number

Source of Variation SS df MS F P-value Ferit
Between Groups 7744037 3 258.1346 2.204321 0.230073 6.591392
Within Groups 468.4157 4 117.1039

Total 1242.819

Table 4-3 ANOVA of

Source of Variation . 17 - 1 ON ‘ F P-value Foi
Between Groups A/ H 3089 8. 048478 0.036026 6.591392
Within Groups : 2473 0763373

Total

Source of Variation
Between Groups. -
Within Groups

P-value Ferit

0.002229 6.591392

Total 68 7 @

4.1.4 ’.Jlutdiln Standard Freeness (CSE)

LRI DAIALANANL, s o

sudmm hydroxide is shown in Figure 4-1. The results indicate that increasing sodium
hydroxide concentration provided lower pulp freeness because sodium hydroxide
probably removed hydrophobic lignin, thus increased the hydrophilic cellulose
contact area to absorb water and slowed the drainage. More fines generated due to
more severe pulping condition could also result in lower freeness due to their much
higher surface area (5-10 times that of fibers). It was found from the ANOVA of
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Canadian standard freeness in Table 4-5 that the P-value was lower than 0.05 and the
F was higher than F.y, so the effect of sodium hydroxide dosages on pulp freeness
was statistically significant.

Freeness (CSF, mL)
SRR EEEER

N\
\ p from different NaOH dosages.

F
.y

Figure 4-1 Canadian

(P
Table 4-5 ANOVA of Canadias :

Sourunf\faﬁ y  SS T EZ.)  P-value Ferit
Between Groups' 525128 0.000432 6.591392
Within Groups m 309.75 U

o FUEENENITNEINS
RIREAIRRNIING1A Y

The fiber length distribution of kapok pulp from different pulping conditions
is shown in Figure 4-2. The results show that various sodium hydroxide dosages had
little effect on fiber length distribution. However, it was found that 25% NaOH
dosage produced more short fibers than other conditions. When NaOH dosage was
increased, the numerical average fiber length was also decreased (see Table 4-6). This
might be because the fibers were damaged by a peeling reaction under the strong

sa
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alkali condition and this led to carbohydrate degradation. This severe condition also
resulted in more fines produced which well corresponded to the freeness results
obtained (Figure 4-1).

450

= 400
g 350
E 300 ~—10% NaOH
2 250 ~== 15% NaOH
T e 20% NaOH
=) = 25% NaOH
E 150
g 100
Z %

0

Figure 4-2 Fiber length disufibutigin 6Fkapok rom different NaOH dosages.

Table 4-6 Average fiber leng from different NaOH dosages

aOH) concentration (%)

20 25

a
Jes

Numerical averags
m 0.827 0.807
fiber length (mm
g
Fi 3 2 23.688
e RN AR

= 111V

TVt

4.2.1.1 Caliper and Apparent Density

The caliper and the apparent density of handsheets from different sodium
hydroxide dosages used in pulping are shown in Figures 4-3 and 4-4, respectively.
The results show that increasing concentration of sodium hydroxide offered lower
caliper and higher apparent density maybe because higher lignin removal due to
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higher sodium hydroxide dosage liberated more fibers and rendered these free fibers
to collapse and become more conformable. So, the denser sheet was obtained. In
addition to that, shorter fibers and more fines generated by higher dosage of sodium
hydroxide also filled in voids and pores in the sheet structure, resulting in thinner and
denser sheets. However, the results illustrated in Figure 4-3 and 4-4 do not agree well
with the statistic results. Tables 4-7 and 4-8 show the ANOVA of caliper and apparent
density, respectively. It could be surprisipgly seen that the P-values in both cases were
higher than 0.05 and the F values were Ferir Thus, it can be concluded that
the sheet caliper and density wer ly affected by various sodium

Caliper (mm)

W e A

3,

o)
Apparent dcﬂ{gfm

NaOH dosage (%)

Figure 4-4 Apparent density of the sheets from different NaOH dosages.
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Table 4-7 ANOVA of caliper

Source of Variation SsS df MS F P-value Feit
Between Groups 0.000707 3 0.000236 4.2774 0.097084 6.591392
Within Groups 0.00022 4 5.51E-05

Total 0.000928 7

Table 4-8 ANOVA of appar "";-..

Source of Variation F P-value Ferit

Between Groups 13654 0.12639 6.591392
Within Groups
Total

42.12

The result in Fig i5%-4-5 shows.that higher sodium hydroxide dosages

increased Bekk smgothness po: rollapse and conformability
which caused 1;-; ' Fthe sheets o b ipagct. Shorter fibers and fines
also contributed to tfié smoe e i and voids in the sheet. The

top side of the sheets =4ad th‘J'lﬂ' Bekk smmthm:ss than the bottom side because the
PR 17138 (1314171 A1 A oY
AL R R GIEIY gtat Tl o1 I

Bekk smooﬂ'mm was statistically significant.
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20.00
18.00
16.00
14.00
12.00
10.00
8.00
6.00

T 4.00
2.00
0.00

| | . O Bottom
: 1+ W Top

Bekk smoothness (s)

. :T
N5
it

ﬂ__ﬁi:

Figure 4-5 B /
Table 4-9 ANOV A t 1ES§ ¢ \

200 WA\
Source of Variatio i _7 ﬂ\\ F P-value Ferit
Between Groups 29. 53&{_—_ L1 “ 2.93984 0.015843 6.591392
Within Groups 405395°<4 -~
f.;:‘w' !r

!' L7

|ffmnt MNaOH dosages.

om side

Total

Bﬁhmﬂﬁm 723-”3 2#.25043 3538991 0.0323 6.591392

W’aﬂﬂ‘muﬁ’ﬁwmaa

84.149
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4.2.2 Optical Properties
Brightness and Opacity

The results in Figure 4-6 show that the sodium hydroxide dosage seemed
to have a small impact on brightness and opacity. Tables 4-11 and 4-12 show the
ANOVA of brightness and opacity, respectively. For the brightness, the P-value was

higher than 0.05 and the F was low n Ferr. Consequently, the effect of sodium

hydroxide dosages on pulp brig istically insignificant. This finding is
quite surprising since . 5. higher when a higher amount of
sodium hydroxide is W i yved. However, it was criticized
that higher concentratigans™ Qi 50 _ y cause the alkali darkening
reaction which results instruetural 5 of the chromophoric groups in the residual

lignin. These chromophafic£rdups ci absorb light ¢ us cause brightness of the

pulp to decrease. F 0.05 and the F was higher
than Fgi. So, the e on opacity was statistically
significant. This could effect of sodium hydroxide on
lignin removal leading to/ eet <G . ich reduced light scattering of the
sheet. Also, increasing mdit#é‘gﬁ;ﬂ caused more fines content which

might ]Mwmcﬁmmf &
: -

D Brightness
| | mOpacity

10 5 20 25
NaOH dosage (%)

Figure 4-6 Brightness and opacity of the sheets from different NaOH dosages.
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Table 4-11 ANOVA of brightness
Source of Variation SS df MS F P-value Feit
Between Groups 11.85174 3 3.950579 2.572473 0.191782 6.591392
Within Groups 6.14285 4 1.535713
Total 17.99459 7
Table 4-12 ANOVA ut‘@w//’
L
Source of Variation ﬁ-" df M F P-value Ferit

Between Groups “‘%SE 0.33041 0.023547 6.591392
Within Groups VR \
Total
4.2.3 Strength oy

4.2.3.1 Tear Resistan

Tear tesistance is | oty such as intrinsic fiber
strength, fiber lengtlf, and fiber bone b important one is the fiber
strength. The tear ll'lgl which is equal to tea lstam@ivid:dbygmmmg: defines

tear resistance of the paper. The results in, Figure 4-7 indicate that when the sodium

hydroxide cﬁw{gaﬁﬂﬁw ﬁ;ﬂj’m may be caused by

the peeling réaction which destroys endwise chains of cellulose and hemicellulose;
i ysi ¢ i i : _ﬁﬂiﬂtion of the
. mm a ml:] er fiber length
and higher amount of fines present. Nonetheless, the effect of various sodium
hydroxide dosages was statistically insignificant as proven by ANOVA of tear index
(Table 4-13). The P-value was higher than 0.05 and the F was lower than F. This
statistically insignificant effect of sodium hydroxide dosages on tear index might

possibly be caused by the poor formation and irregular surface of the sheet which
affects tear resistance of the sheet.




43

150 &

Tear index (mN m/g)

ﬂ..m 1%

%
f’ NaOH dos: 1“,'_"-! %)
& the \\Q\\R NaOH dosages.

Figure 4- i et
Table 4-13 ANOVA of tc I A ’.\\

Source of Variation, i 5" ‘FB; Wx\\\ P-value  Fei

Between Groups ).0439 r 31 --.1‘ 258781 0.400481 6.591392
Within Groups i @ ‘

—
LTRIN

Total

R
mmmmm “""‘
“mmmmmﬂﬁ airery

snd:um hydroxide concentration. This might probably be due to more lignin removal
and better separation of individual fiber at higher sodium hydroxide concentration.
This then contributed to higher numbers of cellulose contact areas for better bonding.
Nevertheless, the tensile index reached a maximum at 20% sodium hydroxide. When
using 25% sodium hydroxide, the tensile index tended to drop, possibly because of
the peeling reaction which cleaves the end of cellulose chains resulting in loss of fiber
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strength. The ANOVA of tensile index in Table 4-14 shows that P-value was lower
than 0.05 while the F was higher than F;. Thus, the effect of sodium hydroxide
dosages on the tensile strength was statistically significant.

140.00

Tensile index (Nm/g)

P-value Fer

Between Group: V_"‘“"_ “ 86993 0.000169 6.591392

2
o ﬂummliﬂﬂ‘i
Qﬁﬁﬁ’\‘fﬂ"ﬁ'ﬁ'ﬂilﬂ’]’mmﬂﬂ

The factors affecting burst strength are similar to the case of tensile
strength. Fiber bonding is also the most important factor that affects burst strength.
The burst index is another indicator for burst strength of paper and it is defined by the
burst strength divided by the grammage of the paper. From Figure 4-9, it was found
that the burst index increased with higher amount of sodium hydroxide dosage
because fiber bonding had been improved. Like the tensile index, the burst index
reached its maximum at 20% sodium hydroxide dosage. Table 4-15 showing the
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ANOVA results of the burst index reveals that the P-value was lower than 0.05 and
the F was higher than Fg;. Consequently, the effect of sodium hydroxide dosages on
burst strength was statistically significant.

7.00

o R
5.00 (R pat

400 F— | ‘ /
3.00 £ _
2.00 | - -

100 ol ot

oon Lt \\\\ -
" \

Figure 4-9Bugst igd \ erent NaOH dosages.

Mr 44
Table 4-15 ANOVA of burstindes - -a-

Burst index (kPa m”/g)

Source of Variatig 38 ﬂ;ﬁ’ﬂﬂf 7 P-value  Fery
Between Groups - 3 :7',?.: 0.034853 6.591392
Within Groups Iﬂ

awﬁ‘&ﬁ"ﬁ"'ﬁu URIINYIAY

The elongation of the sheets is a sheet properties related to tensile
strcngtl'; of the sheet. Thus, the results obtained from elongation should have the same
trend as in the case of tensile strength. It is clear from Figure 4-10 that sheet was more
elongated when increasing the concentration of sodium hydroxide because individual
fiber became free and more conformable at higher sodium hydroxide concentrations.
As shown in Table 4-16 for the ANOVA of elongation, the P-value was lower than
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0.05 and the F was higher than F. So, the effect of sodium hydroxide concentration
on the sheet elongation was statistically significant.

250 p==m

200

1.50

1.00

Elongation (%)

0.50

0.00

Fig‘"‘-ln Lo Ao e "!!v 3 .---‘!-- el '—\i Cl nt NaDH. dﬁﬂgﬂ.

Table 4-16 ANOVA of'e

F P-value Ferit
04959 0.033501 6.591392
1..‘

Source of Variation
Between Gro Ps ™)

ﬂ 17675 7

Fl ﬂ:wiﬂ?iﬁ‘iﬁﬂ’iﬂ‘i

4.2.3.5 Zero-Span Tgnsile Strengtl:

Q T NPT ek 1T TieF X TR

by intrinsic fiber strength rather than fiber bonding and has closer
relationship to tear resistance. The zero-span tensile index which explains zero-span
tensile strength of paper is equal to zero-span tensile strength divided by grammage.
The results as indicated by Figure 4-11 show similar trend to those of tear resistance
(Figure 4-7). It was found that higher sodium hydroxide dosages slightly decreased
zero-span tensile strength. The statistical results of zero-span tensile index were also
similar to those of tear index. Table 4-17 illustrating the ANOVA of the zero-span
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tensile index provides that the P-value was higher than 0.05 and the F was lower than
Ferit Hence, the effect of sodium hydroxide concentration on zero-span tensile index

was statistically insignificant.

80.00
70.00
60.00
50.00
40.00
30.00
20,00
10.00

0.00

Zero-span tensile index (Nm/g)

Figure 4-11 Zero-spafl tefisiledndéx of fhé sheets from different NaOH dosages.

Table 4-17 ANOVA of zero-sgii fensile

Source of Variatiop P-value Ferit
Between Groups. /. 15..

Within Groups m 364.08

-

156385 0.980066 6.591392

z
Mw&m*swmm

QWW UAIAINYAY

Water Contact Angle

Figures 4-12 and 4-13 show the change of water contact angle over time
of the sheets prepared from the kapok pulp which was cooked at various sodium
hydroxide concentrations. It was found that higher concentration of sodium hydroxide
gave lower water contact angle possibly due to higher waxes removal to give a more
hydrophilic surface. Normally, the kapok fiber has cutin wax coated on the surface.
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When kapok fibers were pulped, the heat and the chemical reaction from sodium
hydroxide might cause waxes to soften and to be easily released from the fiber surface.

75.0
- 700
5 65.0
- = 10% NaOH
=~ 15% NaOH
60.0 === 2% NaOH
——25% NaOH
§ 55.0
© 500
45.0
10
Figure 4-12 Water contacfangleof the sheets from different NaOH dosages (Top side).
75.0
~ 700
E 650
= == 10% NaOH
o~ 5% NaOH
60.0 - 20% NaOH
—— 25% NsOH
é 550
O s00

QW'WNT]‘?WWW’JWEH&IEI

Figure 4-13 Water contact angle of the sheets from different NaOH dosages
(Bottom side).

As discussed earlier, it can be concluded from phase | that the optimum
sodium hydroxide dosage for kapok cooking was 20% based on oven-dried pulp
weight, because it provided optimum paper strength properties. So, this condition was
further used for the pulping in phase Il. To make the picture of the overall statistical
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analysis results from Phase | clearer, all ANOVA results were summarized in
Table 4-18.

Table 4-18 Summarized statistical analysis results from Phase |

Properties P-value  Statistical analysis result
Kappa number 0.230073 insignificant
Residual alkali significant

Pulp Yield significant

significant

insignificant
insignificant
Smoothness ‘ significant
Smoothness ; :'; 0.0323 significant
' insignificant
significant
400 \ insignificant
Zero-span tensile sirength i‘-: 14 insignificant
- X significant
significant
.t‘“ ignificant

Note: if P-value whs lower than sSull was not statistically insignificant.

LA

4.3 Effects n,'blsc Refining Gaps'on Pulp Properties

A B bl AN e e

bemim fibrillated. These fibrillated fibers increase the surface areas for fiber bonding
and then lead to better strength of sheet. However, if the pulp has been severely or
intensively refined, pulp is then damaged since more fibers are cut instead of
fibrillated and more fines content is produced. This can deteriorate overall paper
strength. The factors affecting refining include disc rotation speed, disc design, disc

diameter, disc gap and so on [31].
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4.3.1 Canadian Standard Freeness (CSF)

The Canadian standard freeness of the pulp with varying disc gaps during the
refining processes was shown in Table 4-19. The pulp that was refined once by the
7/1000 inch disc gap gave the lower freeness than that was refined twice by the
10/1000 inch disc gap because 'Hlﬁ'llﬂ' inch disc gap provided a narrower gap than
10/1000 inch gap. This narrower gap encouraged more fiber cutting mechanism

amount of short fibers and fin ent/ Ueefiases pulp freeness due to higher surface
areas for water holding, 1t Should be mnoted that the pulp which was refined by the
10/1000 inch disc gapd

had too low freeness o ! :
cutting and damage | /1,- i

inch disc gap for one pass
dsheets due to more fiber

Table 4-19 Canadian stahdar: pul ifferent disc refining gaps

Property

Freeness (CSF, mL) 284636  24447. ND

ﬂ i T o e Wl

Figure 4- I4J1cws fiber length distribution nm.he pulp from different disc

refining m 7/1000 inch disc gap
had a sllsaﬁ mmmﬁ\ﬁi and a slightly lower
amount of medlum fibers (1.3-2.8 mm long) than those were refined twice by the
IR P i TSN Y M PG ot
7/1000 inch disc gap. This finding agrees well with the results from Table 4-20 which
shows the average fiber length and fines content. It can be seen that pulp refined twice
by the 10/1000 inch disc gap had the lower fines content and the higher average fiber
length as compared to the pulp refined once by 7/1000 inch disc gap. This discovery
also supports the reason why the 7/1000 inch disc gap rendered the pulp with the
lower freeness than the 10/1000 inch disc gap.
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Table 4-20 Average fiber length of the pulp from different disc refining gaps

Disc inch)*number of passes
Properties 40 (i)
10/1000*2 7/1000%1
Numerical average fiber length (mm) 0.883 0.803
Fines (%) 22.94 23.58
450
— 400
g %0
= 300
é 250 - 7/1000%1
-= | (V1000*2
‘E 200
_E 150
E 100
Z 50

4.4.1 Structural Properties o/

The ﬂjﬁ{ﬁn}m’;nﬂ ﬂmmmﬂ:rmgm are shown in Table
e s N R A

pulp refined once by 7/1000 inch disc gap was much higher than refined twice by
10/1000 inch disc gap because the 7/1000 inch disc gap was narrower, thus it could
shorten more fibers. When the content of short fibers increased, it caused compaction
of the paper structure. In addition to that, short fibers could fill in pores and voids on

the surface of the sheet and then give the higher sheet smoothness.
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Table 4-21 Structural properties from different disc refining gaps

Disc gap (inch) *number of passes

Properties
10/1000*2 7/1000*1
Caliper (mm) 0.073+0.0011 0.074+0.0009
Apparent Density (g/cm”) 0.79+0.03 0.80+0.02
Bottom Smoothness (s) 5.2240.46 9.00+0.55
Top Smoothness (s) 33+0. 13.08+1.13

The optical g0 i the sheet from different disc refining gaps are shown
in Table 4-22. The regults indicate that \ not have a strong impact on
brightness and opacitysof hg' sheeis. Pul %1‘\\ once by 7/1000 inch disc gap
seemed to offer shight G han pulp refined twice by 10/1000 inch

disc gap. This mighi'be Be 0, inch dis \_- provided higher content of
shorter fibers and fines
pulp. However, in the casé f

pht scattering coefficient of the
E f different disc gaps used seemed
to be faded away. Generally, o should be higher with higher amount of short

fibers due to more,surfice areas for light sca gvertheless, if the amount of

refractive index and f:IPE;I‘ refractive index is decreased and this could lead to lower

oot A N N TNYNT

Table 4-22 Optical properties frony different discrefining gap o ,
1A ~iNFa AIRENL vl A

10/1000*2 7/1000*%1

Brightness (%) 18.51+0.07 19.41+0.30
Opacity (%) 96.661+0.22 96.61+0.31
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4.4.3 Strength Properties

As previously explained, the aim of pulp refining is to fibrillate pulp fibers so
that the bonding areas are increased and strength properties will become higher. If;
however, pulp is refined too long or pulp is intensively refined, pulp fibers are then
cut and become shorten instead of fibrillated. This will instead damage the strength
properties of the pulp. It can be seen from the Table 4-23 that tear index and zero-

gap of the 7/1000 inch disc
gap generated hig jines. Also, 7/1000 inch disc gap
rendered more fiber & \ s, less bonding areas obtained
from the case of using"7/ in¢h disc gap as eompared to 10/1000 inch disc gap.
This caused lower tensile ifigk biirst ind “ gation of handsheets.

Table 4-23 Strength ing gaps

gap (inch) *number of passes
71000*2 7/1000*%1

1.50£0.10
H8FeRiz s | 95.0244.85

5.5040.33
2141035 1.9740.20

7.69+10.86

U
AT N INenae
q Water Contact Angle
When the pulp was refined twice through the 10/1000 inch disc gap, the
water contact angle measured was slightly higher than those refined once through the
7/1000 inch disc gap (Figure 4-15). This is possibly caused by the irregular surface of
the sheet.
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ﬁ 500 :
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£ 200
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0.0
Figure 4-15 Wate rom different disc refining gaps.
o
Therefore, if"could oncludec phase 11 that the optimum refining

condition was to refi

optimum strength propgrtics ;
phase 111 P ‘.%,‘_ _

h disc gap because it provided
\ 18 further used for the refining in

t‘n'\
\

ZTHN I

Phase I11: Effe l' ymmercial Pulps

. . . )
Fiber vh J

J

The fiber length isuihuﬁons of ﬂE’kapok pulp and the commercial pulps are

shown in Fﬁﬁmm Ip had lower amount
of short fibers than pulp while the so pulp had the lowest content
of Ipi 1S i ﬁ medium and
Mo TSQVa 10N A D IL 14 e

amount of long fibers. Table 4-24 reveals that numerical average fiber length of the
kapok pulp was between those of the softwood and hardwood pulps. The kapok pulp
had the lowest fines followed by the hardwood pulp and softwood pulp, respectively.
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g
.E =+ Kapok pulp
= = Hardwood pulp
s - Softwood pulp
=z
Figure 4-16 Fiber le dwood and softwood pulps
Table 4-24 Averag ercial pulps
_ Hardwood
EEZR Rl 1.253 0.496
- " 43.188 33.976
X
4.5 Effects of the : h\ﬁ:ial Pulps on Paper Properties
¢
e TITENINYINT
4&1.1 Caliper and Apparent Dengity o/

RIAVIIHATI AN Y e e

ratios of the kapok pulp to the commercial pulps which were the softwood pulp,
hardwood pulp and mixed pulp between the hardwood and softwood pulps are shown
in Figures 4-17 and 4-18, respectively. The sheets made from the 100% hardwood
pulp had a lower caliper and higher apparent density than the sheets containing the
100% softwood pulp and 100% kapok pulp because the shorter fibers of the hardwood
pulp could fill in voids and pores in the sheet structure and the sheets became more
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compact. The results also show that the kapok pulp seemed to decrease the caliper and
increase apparent density of the sheets in all pulp mixtures. Since the kapok fibers
have the thinner cell wall, thus they are easily collapsed and make more compact
sheets. However, the sheets containing the 100% kapok pulp did not produce sheets
with the lowest caliper or the highest apparent density. This might be probably due to
the fact that kapok fibers tended to become easily entangled when the fibers stayed

alone. Thus, the pure kapok sheets d to provide a poor sheet formation and

irregular sheet surface. Howevyer, the / results as indicated in Tables 4-25 to
4-30 show that the effect e on caliper and a nt density were
% §"Pe ppare ty

statistically significant-onty=in-th @ixmrﬁ prepared by the kapok
pulp mixed with the softwaed pflg. This is basec hat the P-values were lower than

0.10
0.09
0.08
007
0.06
0.05
0.04
0.03
0.02
0.01
0.00

OKapok ~ HW Pulp
W Kapok - SW Pulp
W Kapok + Mixed Pulp

Caliper (mm)

o —
-
I

UL RN N S
re rs of the sheets madefrom ka ixed with

VL RESPRRE LY iTiay

q
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1.00
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0.70
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0.50
0.40
0.30
0.20
0.10
0.00 +

OKapok + HW pulp
W Kapok + SW pulp
W Kapok + Mixed pulp

Apparent density {gfcm*"}

Figure 4-18 Appareni ity ofthesheets r from the kapok pulp mixed with

atios.

Table 4-25 ANOVA of callips '.“ apok pulp ith the hardwood pulp)
& L )kl

Source of Variation 3 “‘;-jij’-‘l" MS F P-value

Between Groups 5 -%_4 A3E.05° 2.314516 0.191039 5.192163
Within Groups 3.1 E,-_q;f; 5 7 62E-0f

.~

Ferit

Total

Table 4-26 ﬁ“ VA of nt densi kapok pulp mixed with the hardwood pulp)

Source of Viriation P-value
&ﬂm 3 mau mﬁ‘ ﬂ;m ﬁn 5.192163

Total 0.007162 9
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Table 4-27 ANOVA of caliper (the kapok pulp mixed with the softwood pulp)

Source of Variation SS df MS F P-value Ferit
Between Groups 9.14E-05 4 229E-05 10.38636 0.012222 5.192163
Within Groups 1.IE-05 5  2.2E-06

Total 0.000102 9

I)/w&( pulp mixed with the softwood pulp)

Table 4-28 ANOVA of a
| m—— e —
Source of Variation %& F P-value Ferit
Between Groups 0. 00461 /4 \\ 30345 0.01573 5.192163
Within Groups | 00028
Total
ooy ¥
Table 4-29 ANOVA of caliper (the kapakipulp blended with the mixed pulp)
‘4! .#,1-' o :‘ = r
Source of Variation  SS.. df  MS F Pvalue  Fon

e ..l"‘f..'-‘a" el

Between Groups ) ¢ “‘@"’ ' _{r 0.131953 5.192163
X' )

Within Groups
Iy

Btl';aen Groups 0.006496 4 0.001624 3.881974 0.084649 5.192163
Within Groups 0.002092 5 0.000418

Total 0.008587 9
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4.5.1.2 Bekk Smoothness

Figures 4-19 and 4-20 show Bekk smoothness of the sheets made from
the kapok pulp mixed with the commercial pulps at different ratios. Figure 4-19
illustrates Bekk smoothness of the sheet bottom side while Figure 4-20 reveals Bekk
smoothness of the sheet top side, respectively. The sheets with the 100% hardwood
pulp had the higher smoothness than the sheets with the 100% softwood pulp and

100% kapok pulp because the hard Ip had the shorter fibers than the softwood
pulp that could fill in voids and p : wpaper structure leading to smoother
surface. The sheets wi ) :d smoothness close to the sheets

made from the so ‘ AUS _' wapok fibers were quite l-:mg and
became entangled 4 \ _
surface of the sheet. a8 les lso-Hustra at kapok pulp decreased smoothness

the blend of kapo
4-31 to 4-36 show th

case of the kapok pulpdmiged wilh-the sofiwood pulp are statistically significant on

sults as appeared in Tables
i all pulp mixtures except the

£ £r -
and the 100% softwood pulp—@z ad low

# smoothness on the top side
¢ top side had more short

% Kapok pulp

Figure 4-19 Bekk smoothness of the sheets made from the kapok pulp mixed with the
commercial pulps at different ratios (the sheet bottom side).



35.00
3000 &
25,00

20.00

15.00

10.00

Bekk smoothness (s)

5.00
0.00

"'WmmmWﬁWﬁ gk e i

Source of Variation Ss F P-value Feait
Between Groups 466.781 4 116.6953 44.83571 0.000416 5.192163
Within Groups 13.01365 5  2.60273

Total 479.7947 9
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Table 4-33 ANOVA of Bekk smoothness on the sheet bottom side (the kapok pulp

mixed with the softwood pulp)
Source of Variation SS df MS F P-value Fesit
Between Groups 427806 4 1.069515 4.596901 0.06267 5.192163
Within Groups 1.1633 5 0.23266
Total
Table 4-34 ANOVA of 0 &u‘m side (the kapok pulp mixed

with the sg

Source of Variatio P-value Fesit

556 0.168347 5.192163

Between Groups

Within Groups
Total
Table 4-35 ANOVA of B kk ..... sheet bottom side (the kapok pulp
Source of Variatioh 99 _ P-value  Fey
Between Groups J 102.986 652 2032935 0.00271 5.192163

Within Groups ‘-ﬁ 33235

. ﬂuﬂmﬂmwmm
T.amammm’n SAELIA Bl

the mixed pulps)
Source of Variation S8 df MS F P-value Feit
Between Groups 171.2751 4 4281878 23.45438 0.001943 5.192163
Within Groups 0,1281 5 1.82562

Total 180.4032 9
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4.5.2 Optical Properties
4.5.2.1 Brightness

As illustrated in Figure 4-21, the sheets made from the 100%
commercial pulps (hardwood and softwood) had higher brightness than those made
from the 100% kapok pulp. The yellowness of the kapok pulp decreased brightness of
the sheets obtained from all pulp This was also confirmed by the statistical
results as shown in the ANOVA bles 4-37 to 4-39. All P-values were
much lower than 0.05

¢

70.00

60.00

50.00

40.00 O Kapok ~ HW pulp
B Kapok = 5W pulp

30.00

Brightness (%)

20.00
10.00

0.00

e PR BRI B i

the r.'umml:m:al pulps at d:fﬁ:rent ratios.

QBRI NN, e

Source of Variation SS df MS F P-value Feit
Between Groups 1715546 4 428.8864 239.6589 6.76E-06 5.192163
Within Groups 8.94785 5 1.78957

Total 1724.493 9
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Table 4-38 ANOVA of brightness (the kapok pulp mixed with the softwood pulp)

Source of Variation SS df MS F P-value Feria
Between Groups 1110.179 4 277.5447 87.92243 B8.06E-05 5.192163
Within Groups 15.7835 5  3.1567

Total

Table 4-39 ANOVA of he ended with the mixed pulp)

¥ —

Source of Variation F P-value Fit
Between Groups 72.1528 1.22E-05 5.192163
Within Groups
Total

4.5.2.2 Op

The upamt}! vali _ from kapok pulp mixed with the
commercial pulps & pusk, 4-22. It is discovered that
the opacity was slightly - | ,"-.‘ of kapok pulp because
the kapok fiber tendefl to collapse'naTes am@awmmmmm

opacity of the sheets However, Figureq4-22 does not show the explicit result.

i B 015 2 AR

Those ANOVA tables indicate at the P-values were lower than 0.05 and the F

b\ ¢ e



120.00

100.00 +

OKapok - HW pulp
| | WKapok + SW pulp
B Kapok + Mixed pulp

60.00

40.00

Opacity (%)

ie kapok pulp mixed with

nt.ratios.

d with the hardwood pulp)

F P-value Fis

Between Groups
Within Groups

15 36.66105 0.000675 5.192163

Total

Table 4-41 ANOVA ‘if tgcity (the kapul%’lulp mixed with the softwood pulp)
CaXaT

Source of d |F| ¢ P-value Ferk

B:hveenGmups 6.20746 @ 1.551865, 14.06949 04006268 5.192163

RN PEREEN MR I VIETR

Total 6.75896 9
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Table 442 ANOVA of opacity (the kapok pulp blended with the mixed pulp)

Source of Variation sS df MS F P-value Ferit
Between Groups 1064174 4 2.660435 25.06298 0.001663 5.192163
Within Groups 0.53075 5 0.10615

Total 11.17249 9

The tear resisfnce. of the sheet can e defined by tear index which
is equal to tear resi - ' . Sini e one of the key characteristics
of kapok fiber is its brifle it sheets made from the 100% kapok pulp had the

lowest tear index s afed tp the sheets made by the 100% commercial pulps.

Figure 4-23 Tear index of the sheets made from the kapok pulp mixed with the
commercial pulps at different ratios.



Table 4-43 ANOVA of tear index (the kapok pulp mixed with the hardwood pulp)

Source of Variation SS df MS F P-value Ferit
Between Groups 21.49936 4  5.37484 320.5033 3.28E-06 5.192163
Within Groups 0.08385 5 0.01677
Total 21.58321 9

Table 4-44 ANOVA of tear in % mixed with the softwood pulp)

__;

Source of Variation F dt’j t I F P-value Fesit
Between Groups 37 688 "-“?Wt‘l 3.534 8.81E-07 5.192163
Within Groups

Total

Table 4-45 ANOVA oftear ded with the mixed pulp)
Source of Variation  SS_ 4 ' i —Ws F Pvalie  Fen
Between Groups ) mm 4 19.2¢ §§6396 0.00012 5.192163
Within Groups k ' 84

Total 784849 9 o,

41532 Tensile Strength

A VAR TN, PAIILEIAR e s e

tensile su-tmgth divided by grammage. As indicated in Figure 4-24, the sheets with the
100% kapok pulp had the highest tensile index. This might be because the kapok
fibers are long and the lumens are easily collapsed when forming paper. This caused
higher bonded areas and denser sheet which led to superior tensile index of the sheet.
The sheets with the 100% hardwood pulp produced the lowest tensile index. The
sheets made from the pulp blended between 75% hardwood and 25% softwood pulps
had the medium tensile index while the sheets with the pure softwood pulp gave the
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highest tensile index. When the ratios of kapok pulp increased, the tensile index also
increased as shown in Figure 4-24. However, the results are more prominent when the
kapok pulp was mixed with the hardwood pulp. The ANOVA results in Tables 4-46
to 4-48 show that all the kapok pulp ratios in all pulp mixtures were significantly
different. Therefore, the effect of kapok pulp on tensile index of all pulp mixtures was
statistically significant since all P-values were lower than 0.05 and all F-values were

higher than Fes.

120.00

100.00 +—

g

Z 8000 +

5 1 O Kapok + HW pulp

2 60.00 + B Kapok ~ SW pulp

= ! B Kapok - Mixed pulp
= 4000 £

E 20.00 4

Table mﬂqw ?ﬂWWﬂ‘Tﬁ ‘T the hardwood pulp)

Source of Vyxatmn F Pij.aluc Ferit

2 |75| RW 5.192163

Wltlﬂn Groups 8. '?363 5 L.74726

Total 2058.183 9
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Table 4-47 ANOVA of tensile index (the kapok pulp mixed with the softwood pulp)

Source of Variation S5 df MS F P-value Ferit
Between Groups 4241867 4 106.0467 1898511 0.003173 5.192163
Within Groups 279289 5 5.58578
Total 452.1156 9

Table 448 ANOVA of tensile index ( /&'p blended with the mixed pulp)
Source of Variation e F P-value Ferit

Between Groups
Within Groups

0730298 6.28E-05  5.192163

Total
tength of the paper. It is equal to burst
strength divided bhgmmnm m*' h i % kapok pulp had the highest
burst index similarto -t - SHEEts contaiming the | U0 twood pu]P (F|gum 4-25]
since both the ; and have high contact areas

available for fiber bundmg This was also confirmed by the ANOVA of tensile index

(the kapok le 4-49 that the results
were ummmwmn?m strength when it
wu mixed w:ﬂ'l the so was not statistically significint. The sheets with
e o] bl ik fbheale Yo harawood put
contathed a htghcr amount of short fibers that caused poor bonding. When the ratios
of the kapok pulp were increased, the burst indexes of the pulp mixtures between the
kapok and the hardwood pulps and those between the kapok and the mixed pulps
(75% hardwood: 25% softwood) also increased because fiber bonding was drastically
improved. Tables 4-49 and 4-51 show the ANOVA results of the burst indexes of the
kapok pulp mixed with the hardwood pulp and the kapok pulp blended with the mixed
pulp, respectively. The results were significantly different. The effect of the kapok
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pulp on burst index in both cases was statistically significant since the P-values were
lower than 0.05 and F-values were higher than F; (see Tables 4-48 and 4-50).

=
E
i OKapok + HW pulp
e B Kapok + SW pulp
% M Kapok + Mixed pulp
m
Figure 4-25 Bu e kapok pulp mixed with
Table 4-49 ANOVA of burst ulp mixed with the hardwood pulp)
Source of Variati P-value Feri
Between Groups 7 8.11E-05 5.192163
Within Groups U 0.0877 5  0.01754

w AUBIRENTNENT
Tl 4 A o U i B B

Source of Variation SS df MS F P-value Ferit
Between Groups 0.01936 4 0.00484 0.161333 0.949223 5.192163
Within Groups 0.15 5 0.03

Total 0.16936 9
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Table 4-51 ANOVA of burst index (the kapok pulp blended with the mixed pulp)

Source of Variation SS df MS F P-value Fesit
Between Groups 230504 4 0.57626 8.51448 0.018646 5.192163
Within Groups 03384 5 0.06768
Total 2.64344

4.5.3.4 Elon %‘V///

The elongs different ratios of the kapok pulp is

shown in Figure 4-26 pulp had the lowest elongation
because the key charag its brittleness and inelasticity
which reduced the elongatig ]p{d was applied. Thus, when the
ratios of kapok pulp’ . de .&m in all pulp mixtures. The

results were also confirmec i Tables 4-52 to 4-54 showing

that the results were sighifieanitly _ =quently, the effects of kapok pulp
on elongation for all pulg Hg?&,- were staistically significant as indicated by the
.a-:‘;'“ 4 e

P-values higher than 0.05 and values hi
s

'-f
_.-.a-__, .--'::.f, f{ ¥

S

& OKapok ~ HW pulp
b= W Kapok + SW pulp
)

3

R
0 25 50 75 100
% Kapok pulp

Figure 4-26 Elongation of the sheets made from kapok pulp mixed with

the commercial pulps at different ratios.
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Table 4-52 ANOVA of elongation (the kapok pulp mixed with the hardwood pulp)

Source of Variation SS df MS F P-value Ferit
Between Groups 391726 4 0979315 37.05316 0.000658 5.192163
Within Groups 0.13215 5 0.02643

Total 404941 9

Table 4-53 ANOVA of e ixed with the softwood pulp)

i F P-value Ferit
'?333 0.001099 5.192163

Source of Variation

; ':{'
| :-:.‘g;ﬂ #

Between Groups
Within Groups

Total

;',szfff
'\ -'1JI

ion “:, ) pu b nded with the mixed pulp)

Table 4-54 ANOVA of elg

Source of Variation S € F P-value Fesit
Between Groups ) 275126 4 57072 0001126 5.192163
Within Groups L7 0.1163 . )
Total (286756 9

4.5.35/Zero-Span Tensile Strength j

q WARIATA UBATIRHIE L ot e

itis equa[ to the zero-span tensile strength divided by grammage. It was found that the
sheets made from the 100% softwood pulp had the highest zero-span tensile index
while the sheets made from the 100% hardwood pulp had the lowest zero-span tensile
index, as shown in Table 4-55. The zero-span tensile index of the sheet made from the
100% kapok pulp fell in between them. The reason for this was probably that the
measurement was done in a dry state where the effect of fiber bonding was still
continued. The zero-span tensile strength observed was, therefore; a function of both
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intrinsic fiber strength and fiber bonding. If the measurement had done in a wet state,
the effect of fiber bonding would have been eliminated which would have resulted in

the brittle kapok pulp having a lower zero-span tensile index.

Table 4-55 Zero-span tensile index of kapok pulp and commercial pulp

Pulp types
Softwood Hardwood

Property

#2.5716.68 44.2119.27

eets prepared from different
pulps at an initial confact fime mnl" are shown in Figure 4-27. The
result illustrates that the .' m the kapok pulp had a higher water contact

......

unique charac k
Although the ka _ pulpe: ies' were still present.

@mmm'lmm 1
L Ll

Figure 4-27 First water droplet on the sheets made from (a) the kapok pulp,
(b) the softwood pulp, and (¢) the hardwood pulp.



73

Figures 4-28 to 4-33 present the water contact angles of the sheets made from
the kapok pulp mixed with the commercial pulps. The handsheets from the 100%
kapok pulp had the highest water contact angles. When the ratios of the kapok pulps
increased, the water contact angles also increased. The results from both the sheet top
side and the sheet bottom side were similar. When time of contact has passed, the
water contact angles decreased because of absorption and penetration of the water
droplets into the sheet.

B0.0
0.0
60.0 & -
50.0

=t [ | 00
-a=KT75 - HW23

Contact angle (degree)

40.0 K30 - HW50
——K2§ - HW7$
30.0 = W 100
20.0
10.0
0.0
Figure 4-28 Water conta ts made from the kapok pulp mixed
with the compiiggci d pulp 8 iog (the sheet bottom side).
[ X |
80.0
- T00
b ol
ﬁ ' ——K100
o T, - K75 + HW2$
‘ﬂ K50 + HW30
K25 + HWTS
e
q m " ]
10.0
0.0
0 2 4 6 8 10
Time (s)

Figure 4-29 Water contact angles of the sheets made from the kapok pulp mixed
with the commercial hardwood pulp at different ratios (the sheet top side).
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Y e
Figure 4-30 Water contact ang] kapok pulp mixed

with the commercial seftwG. ’ ifferent catios (the sheet bottom side).

Time (s)

Figure 4-32 Water contact angles of the sheets made from the kapok pulp mixed
with the mixed softwood and hardwood pulps (SW: HW = 25:75)
at different ratios (the sheet bottom side).
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Figure 4-33 Water co

with the mixed

Table 4-56 to 488 gt | analysis results from Phase

I11. Table 4-56 is for the n af th pulp. mixed with the hardwood pulp.
Table 4-57 is the casé that 1 - ka zu' ,r v\ \ ith the softwood pulp while
table 4-58 reveals the cae \ e# -? +pak pu p s blended with the mixed softwood
and hardwood pulps. g:r .i.-

eI
Table 4-56 Summarizec tical analys m the kapok pulp mixed with

Y]
P-value Smﬁﬁul analysis result

I‘mﬂﬁu
jﬂﬂ anetiae e
(bottom side) ¢ 0.000769 significant
N Wt M 3AA ) 11 Ela il
Brightness 6.76E-06 significant
Opacity 0.000675 significant
Tear resistance 3.28E-06 significant
Tensile strength 4.1E-06 significant
Elongation 0.000658 significant
Burst strength 8.11E-05 significant

Note: if P-value was lower than 0.05, then the result was not statistically insignificant.



Table 4-57 Summarized statistical analysis results from the kapok pulp mixed
with the softwood pulp

Properties P-value Statistical analysis result
Caliper 0.012222 significant
Apparent density 0.01573 significant
Smoothness (bottom side) 267 insignificant
Smoothness (top si r insignificant
significant
significant
significant
significant
significant
insignificant
Note: if P-valuc vaé lower fhan 0.05, R the relltlyat Bot statistically insignificant.
Table 4-58 Summarized s the kapok pulp blended

with the mixed

cal analysis result

¥ linsignificant

Smoothness (blpuc'm side) 7 m i:?:i‘:'::?
Nt P £ 7] s
AN 0l AR AN i
Tensile strength 6.28E-05 significant
e iorsls il

Note: if P-value was lower than 0.05, then the result was not statistically insignificant.

76
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4.5.4.2 SEM Micrograph

The SEM micrographs of the sheets made from the kapok pulp,
hardwood pulp and softwood pulp are shown in Figures 4-34. The kapok fibers
appeared to be long and quite uniform and contained high contact areas for bonding.
The fibers were also collapsed and more conformable. The hardwood pulp had short
fibers providing poorer bonding while the softwood pulp had long and irregular fibers
offering high contact areas for hamﬁn-g' )Iﬁ( the kapok pulp. It can be observed that
increases in the kapok pulp ratios in the' /“gz-d pulp resulted in improved fiber
bonding as illustrated ifi Figures 435. For"fhe softwood pulp, the effect was

unnoticeable as showﬁut -36 3

Figure 4-34 SEM micrograph of the sheet made from (a) the kapok pulp, (b) the
hardwood pulp, and (c) the softwood pulp.
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Figure 4-35 SE i ¢ i
g M micrographs of thé sheets made from the kapok pulp mixed with the commercial hardwood pulp at different ratios,
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Figure 4-36 SEM micrographs of the sheets made from the kapok pulp mixed with the commercial softwood pulp at different ratios.
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CHAPTER V

CONCLUSIONS AND SUGGESTIONS

5.1 Conclusions

In this work, the kapok, fi ere pulped using soda process. After

evaluating the effects of sodium hy _ ‘ ﬁ IEing, it can be concluded that when
the sodium hydroxide dosage Was inc dreeness (Canadian standard method)
was decreased. The numeneal ayerag engih decreased and the fines content
increased by using h ¢ er sodium hydroxide dosage
also led to lower ¢ and Bekk smoothness. The
sodium hydroxide do *\ opacity. The increasing of
sodium hydroxide € b | lower tear index but higher tensile and burst
strengths. The tensilgfinds d iis Maximt N using 20% sodium hydroxide

i m% condition in this experiment. However, the tensile

B et Fid
strength tended to drop when usSing exces hydroxide. The sodium hydroxide
dosage had little effect on _ : gth. Generally, kapok fibers are
f the sheets. However, the

et
contact angle of the kapok sheet ¢ aging the sodium hydroxide

y
(515X 1133 o 11014 v e

into handsheets. When pulp was énce refined at=7/1000 inch di p, the numerical
s e G o o e s w0
caused higher smoothness of handsheets. The caliper, apparent density, brightness,
and opacity were not different when using different disc gaps and numbers of refining
pass. For strength properties, the sheets made from the pulp refined twice through the
10/1000 inch disc gap gave the higher water contact angle and strength properties,

namely tear resistance, tensile strength, burst strength, and zero-span tensile strength.
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The fiber length distribution and the numerical average fiber length of the
kapok pulps were between the softwood and hardwood pulps but the kapok pulps had
the lowest fines content. The zero-span tensile strength of the sheets made from kapok
pulp was between the hardwood and softwood pulp. When kapok pulp was mixed
with commercial pulps and the ratio of kapok pulp increased, Bekk smoothness and
caliper of the sheets made from the mixed pulps were decreased but the apparent
density was increased. The kapok | in this experiment was bleached through only

single-stage so it had lower bii st mmercial pulps that were bleached
through multi-stage. 2 nt _ ulp was increased in the mixed

lower tear resistari shoulc .
provide good printability and good quality for oil-bas ed | nting inks.

B HEANYNTNYNT
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treating the fibers with some type of surfactants or detergent to increase their
hydrophilicity.

In this research, kappa number of the kapok pulp was not found to be an
indication for the degree of delignification of the pulping process. Other methods such
as chlorine consumption according to 1SO 3260 may be used.
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Measurement of the formation of the sheets may be beneficial in order to
confirm the poor formation of sheets containing kapok fibers.

The contact angle measurement using a non-polar solvent should be performed
if the kapok pulp is applied to be used in packaging.
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APPENDIX A

1. SEM micrographs of kapok fiber with different magnification

100X

200X

500X
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2. SEM micrographs of softwood fiber with different magnification
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200X

500X
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3. SEM micrographs of hardwood fiber with different magnification
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200X
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APPENDIX B

Phase 1 : Effects of sodium hydroxide dosages on kapok pulp and paper properties

(1¥ replicate)
NaOH Dosage (%)
Properties
Kappa Number 7 91.81 69.90
Residual Alkali 5439 | =306 5.4 6.18
Pulp Yield (% 62 g‘} 46.23 41.05
Freeness (CSF, 302 285
Caliper (mi 115 Ja\ 0: 0.08 0.08
Apparent Density , 6t - 0. 0.80 0.86
Bottom Smoothnesglls) /| /' 2.83 7.51 8.04
Top Smoothness (s 25139/ " 10.59 12.28
Brightness (%) 306y Adlajg 19.40 18.42
Opacity (%) “ogi3 9947 | 9748 | 9691
Tear Resistance (mN) {16591, | 10003 | 9937
Tear index (mNIiar—t—tt: 58 1.55
Tensile Strength (N/m) ﬁlss.u 6577.76
Tensile index ) 79.43 99.52 112.89 | 102.48
= 382.58
. 5.96
_ 09 o 212
(N 072 8 _ﬁﬂ 7295935
Zcra Span Index (Nm/g) |  55.45 48.10 52.05 49.32




Phase 1 : Effects of sodium hydroxide dosages on kapok pulp and paper properties

(2™ replicate)
NaOH Dosage (%)
Properties

Kappa Number 73.36 92.93 107.85 92.25
Residual Alkali (g/L) 4.97 6.12
Pulp Yield (%) 43.14 39.87
Freeness (CSF, mL --... 396 290 269
Caliper (mm 0.08 0.07
0.85 0.90

Apparent Density (g 7ﬂ \\
Bottom Smooth Ad’// ,'Ih\\\\
Top Smoothness 1 ;Ii“_%ﬁ A\\\

Brightness (

Opacity (%
Tear Resistance (m} 10264 | 10591
Tear index (mN m’/g 1.62 1.63
Tensile Strength (N/m 538836, | /6504, 699222 | 6491.11
Tensile index (Nat/®) | 8124 | 101300 30.17 | 100.07
Burst Strengt 138137 | 389.05
Burst index . . 6.01 6.00

Elongation (%) & | 183 |as 2.04 2.13 1.98

Zero $paniQW/im) ] [ 3809.5 "'_ | Eg@s 3744.15
Zero Span Hhdex (Nm/g) | 6349 68.26 61.31 62.40
ﬂwqﬂﬂﬂiml BI1INe1ae



Phase I : Effects of sodium hydroxide dosages on kapok pulp and paper properties

(Average result)
NaOH Dosage (%)
Properties
Kappa Number 72.74 86.25 099.83 81.08
Residual Alkali (g/L) 3.18 5.05 6.15
Pulp Yield (%) "’ / ol 5 44.69 40.46
Freeness (CSF, .__--LJ. ; 296 277
Caliper (mm __—-MIF 0.08 0.07

Apparent Density _ﬂ‘/ﬂ‘“\\mx
Bottom Smoothneas(s) Al /457 [\ 614 i3
Top Smoothness @' A £ 505" \90b 4
Brightness (%0) 4 4 IM‘&“‘“

0.82 0.88
8.27 9.10
11.85 14.17
18.60 18.05

Opacity (% ‘Vm “?L\ 9744 | 9696
Tear Resistance (md 6.9 7 10134 | 102.64
Tear index (mN m*/g A8 - 1.60 1.59
Tensile Strength (N/m) 17537583 | 165 7072.78 | 6534.44
Tensile index (N/g) | 8033 | \ 101.27
Burst Strength{ | 385.81
Burst index (kPa’/g) | 444 73 U 596 5.98

Elongation (%) & | 175 |av 2,01 2.10 2.05

ﬁnﬂ/ 368.39] 2 36%.73 || doaso | 335175
Zero Span Mdex [Nnu"g) 5947 | 5818 | sees | 5586

ARIANNIUARIINE IR Y
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Phase II : Effects of refining disc gaps and numbers of refining passes on kapok pulp

and paper properties
Disc gap (inch)
Properties
Freeness (CSF, mL) 284 244
Caliper (mm) | 0.074
Apparent Density (g/cm™) {‘}\Wﬁ 0.80
Bnm S ESS (S m— _ﬂ 9.‘Dﬂ

oty | 9gae 13.08
W, ’7/“}_\\\\ . 1941

Omc-ty 9 I/}!ﬂ?&“\\\\\ 96.61
Tear Resistance SN 4 4~ =93 \k\\\k 88.91
Tear index (mN 1 /IJ!@’\\\ 150
Tensile Strengt ,;f A7 ﬂ\\\ 5627.23
Tensile index (N @ m\ 95.02
Burst Strength (kP

Tu-ps wiigl

Zero Span Ind

ﬂﬁﬁl?ﬂﬂﬂﬁﬂﬂﬂﬂ‘i
Q‘W’W&Nﬂiﬁu NN Y




Phase II1 : Effects of the kapok pulp when mixed with the commercial hardwood

pulp on paper properties (1% replicate)

Ratio of Kapok pulp (%)
Properties
Caliper (mm) 0.085 | 0.073 0.079 0.080 0.081
Apparent Density (g/cm’) 0.82 0.8
Bottom Smoothness (s) 18.22 18.74
Top Smoothness (s 26.28 26.55
Brightness (%) 3¢ X 56.98 65.38
Opacity (% Jr‘;,\u’ 20.00%, | i 99.38 99.52
Tear Resistance (g _,’ / l lu "{} 2 306.89 | 360.88
Tear index (mN \ 4.68 5.61
Tensile Strengt 5589.45 | 4311.11
Tensile index (N 85.37 67.11
Burst Strength 29424 | 248.29
Burst index (kPa m%/ ‘ 4.49 3.87
Elongation (%) 3.43 3.84

ﬂumwﬂmwmm
Q‘W’W&Nﬂim AN Y
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Phase I11 : Effects of the kapok pulp when mixed with the commercial hardwood
pulp on paper properties (2™ replicate)

Ratio of Kapok pulp (%)
Properties
Caliper (mm) 0.083 | 0080 | 0082 | 0.080 | 0.081
Apparent Density (g/em®) | 0.80 1 | 0.81 0.83 0.80
Bottom Smoothness (s) | 7.33 : 2122 | 1849

Top Smoothness (s) ittt ' 94, 2962 | 2779

Brightness (% g 3, 5552 | 63.42
Opacity (° / //] 8.9 99.29 | 99.49

Tear Rmm A,’] {ﬁ' \\\_w 292.89 | 362.85

Tear index (mN ry _' 4.44 5.64
Tensile Strmgth(N § A o5 f _ \ 5 5416.67 | 4297.78
Tensile index (NAVe)l 10584 [ 101,90, [\, %. £2.16 | 66.87
Burst Strength (kPd) J| 4035¢ 374.42 | 300.11 | 241.13
Burst index (kPa m*/g 4.55 3.75

Elongation (%) 3.66 3.99

ﬂumwﬂmwmm
Q‘W’W&Nﬂim AN Y



Phase 111 : Effects of the kapok pulp when mixed with the commercial hardwood

pulp on paper properties (Average result)

Ratio of Kapok pulp (%)
Properties
Caliper (mm) 0084 | 0077 | 0080 | 0.080 | 0.081
Apparent Density (g/cm’) 9 0.82 0.82 0.80
Bottom Smoothness (s) |1 6.6\ | //36# | 1665 | 1972 | 1862
Top Smoothness (s E}’ﬁ 27.95 27.17
Brightness (% "":'ﬂlt-?' 748 | 5625 | 64.40
Opacity (% _J 9657 | 9806 9920 | 9934 | 9951
Rl A WA s | 20039 | 36157
Tear index (mN ;’ llﬁﬁ 'é\:\\\ 1 4.56 5.63
Tensile Strength (N/ , m '\“ﬂ\ 226.39 | 5503.06 | 4304.44
Tensile index (NiUg)d (410555 | 40306, |\ 9477 | 8376 | 6698
Burst Strength (kP ﬂ‘}r‘ﬁﬁ “-'lﬁ\: ) 297.18 | 24471
Burst index (kPa m¥/g) | /566 |~ 5.22 4.52 3.81
‘ 354 | 3.9

Elongation (%) ff, By <=

;=

F <

B 2
ﬂuﬂ’mﬂﬂﬁ"ﬁlﬂ’]ﬂ‘i

’Q‘WW&NﬂiﬂJ UANINYAY
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Phase I1I : Effects of the kapok pulp when mixed with the commercial softwood

pulp on paper properties (1 replicate)

Ratio of Kapok pulp (%)
Properties
Caliper (mm) 0.085 | 0.083 0.083 0.088 0.090
Apparent Density (g/em’) | ( : g 0.79 0.73 0.73
Bottom Smoothness (s) | 5.98 7.10 7.94
10.38 11.87
47.61 56.96
, 98.30 98.71
| 630.89 | 800.22
3 4
*’rlfﬂ E‘\\ 9.81 12.21
o L i i (oo Lasw | s
/g ; 95.41 84.84
382.38 | 400.41
5.94 6.11
2.76 2.92

ﬂumwﬂmwmm
Q‘W’W&Nﬂim AN Y
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Phase I1I : Effects of the kapok pulp when mixed with the commercial softwood

pulp on paper properties (2™ replicate)

;=

w}. -

B
ﬂuﬂ’mﬂﬂﬁ"ﬁlﬂ’]ﬂ‘i

’Q‘WW&NﬂiﬂJ UANINYAY

Ratio of Kapok pulp (%)
Properties
Caliper (mm) 0.083 | 0.080 | 0.08 | 0.088 0.090
Apparent Density (g/cm’) | 0,80 .83 0.77 0.74 0.73
Bottom Smoothness (s) |- "x\\W[ A 6.83 7.62 7.77
Top Smoothness (s) Eﬂfﬂ - 9.50 10.44 10.52
Brightness (% _m\m_ | 4989 | 57.5
Opacity (%) J..r. ”‘ﬁ‘ 98.36 98.94
Tear Resistance (5 ,’7’?& [&“}\ 79 | 633.51 | 795.65
Tear index (mN m’, I A@E '.&“\\ 3, 9.65 12.13
Tensile Strength (N/g FIMJ ﬂ‘“i} 85 .56 | 6444.45 | 5993.34
Tensile index (Nl JFMn; ”‘\\ 2.75 | 9838 | 9136
Burst Strength (kPa iu 36. 379.23 | 377.02
Burst index (kPa m?/g 5.78 5.75
Elongation (%) 2.86 2.95



Phase 111 : Effects of the kapok pulp when mixed with the commercial softwood
pulp on paper properties (Average result)

Ratio of Kapok pulp (%)
Properties
Caliper (mm) 0084 | 0082 | 0085 | 0.08 | 0.09
Apparent Density (g/em’) | 0,79 1 0.78 0.74 0.73
Bottom Smoothness (s _ : 6.67 7.36 7.85
Top Smoothness (s ‘ : _9.71 10.41 11.19
Brightness ( 7 Pedhl 44 | 4875 | 57.05
Opacity ( ' 9833 | 98.83
Tear Resistance RN 71 | 63220 | 797.93
Tear index (mN o i i 789 | 973 | 1217
Tensile Strength (N/f) A 7031.39 | 169805 78 | 6289.17 | 5777.78
Tensile index (N 593 72 | 96.90 88.10
Burst Strength 39607 189251 || 385.63 | 380.80 | 388.71
Burst index (kPa m%/ *?ET__I" ] 5.84 5.86 5.93
Elongation (%) 172219 2.55 2.81 2.94

] g
AUEINENINYINT
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Phase I1I : Effects of the kapok pulp when blended with the commercial mixed pulp

(1% replicate)
Ratio of Kapok pulp (%)
Properties
Caliper (mm) 0.085 0.081 0.079 0.079 0.087
Apparent Density (g/cm’) 0.84 0.82 0.74
Bottom Smoothness (s) 11.73 14.64 15.42

TapSnmud'mm(s 1650 | 2074 | 22.18
'- 570 | 5535 | 63.02

Opacity (% .98 9923 | 99.28
Tear Resistance (g ,.,’/ f?’_& ‘}:‘*\\\3 12 | 462.87 | 632.86
Tear index (mN m/@ ! 7.21 9.88
Tensile Strength | f ,, rﬂ : 5750.00 | 5001.11
Tensile index (N/g) 4" 106 .-f: “03.72, {\, 100, 8937 | 78.07
Burst Strength (kPa) | I-:_f;sf | 413,98 || 364, 317.81 | 319.18
Bumindmacpam‘f 1587 - |V . 4.94 4.98

Elongation (%) 200 )G ' 3.33 3.71

Note: the commercial thi I of saftwood pulp with 75% of

ﬂumwﬂmwmm
Q‘Fﬂﬂﬂﬂim AN Y
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Phase 111 : Effects of the kapok pulp when blended with the commercial mixed pulp
(2"" replicate)

Ratio of Kapok pulp (%)
Properties

Caliper (mm) 0.083 0.079 0.078 0.080 0.081

Apparent Density (g/em’) | 0,8 | 0.83 0.80 0.79
Bottom Smoothness (s) \\Wﬂ‘f _12.85 14.31 15.00
Top Smoothness (s Hﬁ"tﬂﬁ:— 19.57 20.27
Brightness (%)ass™ 1™ 3785 || 3908wl 56.55 | 64.11
Opacity (% 1'7" 19 | \97.96-. 1 99.17 | 99.44

Tear Resistance () A 410091 22032 3¢ 493.60 | 550.48

Tear index (mN n ;’ l/&% %‘\\\§ 52 7.66 8.58
Tensile Strength (N/ J’I miﬂ\\_ﬂ\ 304.45 | 5486.67 | 4831.11

Tensile index (Nrii/g 98.16 | 85.10 | 7536

Burst Strength (kP 920 | 320.53 | 290.56
Burst index (kPa m*/g 4.97 4.53
Ehngntmn (%} o b 341 3.67
Note: the commercia} shixed pul _" g 25%0f softwood pulp with 75% of

hardwood pulp V;

J
ﬂumwﬂmwmm
’Q‘Fﬂﬂﬂﬂim URIINYIAY
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Phase III : Effects of the kapok pulp when blended with the commercial mixed pulp

(Average result)
Ratio of Kapok pulp (%)
Properties

Caliper (mm) 0.084 0.080 0.078 0.080 0.084

Apparent Density (g/em’) | 079 0.84 0.81 0.76
Bottom Smoothness (s) 12.29 14.48 15.21
Top Smoothness (s 17.30 20.16 21.23
Brightness (% Y 56.00 63.57
Opacity (% 9920 | 99.36
Tear Resistance 478.24 591.67

Tear index (mN m 743 9.23
Tensile Strength 5618.33 | 4916.11
Tensile index (N 87.23 76.71
Burst Strength (kP l 51.75 319.17 304.87
Burst index (kPa m?/g)" 538 | 496 | 476
Elnngatlun (%} 3.03 3.37 3.69

ﬂuﬂ’mﬂﬂ‘ﬁwmﬂ‘i

J

’QW?&NﬂiﬂJ UANINYAY

ood pulp with 75% of
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