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ABSTRACT

The utilisation of cotton plant stal ks for papernaki ng,
as an alternative to the wasteful disposal of the crop residue
by burning, was explored in this study, using four varieties
of American upland cotton plants (Gssypium hirsutum,
nanely: SAMXOIs 6, 8, 9 and 10 grown in Ngeria. Wod and

bast fibre characteristics, such as fibre wall thickness,
fibre diameter, fibre length, runkel ratio, thickness index,
flexibility coefficient and sl enderness rati o were det er m ned.
The conposition of al pha-cellulose, hem-cellulose, [ignin,
ash and noi sture were al so determ ned.

The fibre length, runkel ratio and sl enderness rati o were
found to be 0.270mm 0.540 and 12.7, respectively, on the
average, for both wood and bast fibres. Varietal effects on
nost of the fibre characteristics were found to be significant
at 95%probability level. SAMXOTr 9 was found to be the best
variety in nost fibre characteristics, followed by SAMXOTs 10,
8 and 6. The al pha-cellul ose content of the stal ks averaged
54.0% which was high enough to be explored for papernaking.

In viewof the lowrunkel ratio and short fibre |ength of
the stal ks, therno-nechanical pulp (TMP) was prepared from
each variety and blended with at |east 40% of waste paper (W)
whose fibre length averaged 2.00 mm and it inproved the sheet
formation and the strength properties of the hand sheets.
Factorial three-factor papernaking experinents involving two

| evel s each (2x2x2) of furnish ratio (TM?/WP), pul p freeness
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and additive were conducted. Standard hand sheets were
produced and tested for physical and nechani cal properties.
For the furnish ratio (TMY WP) of 60/40, freeness of 35°SR and
additive of 1% rosin and 4% alum the caliper, basis weight,
burst strength and tear strength of the hand sheets averaged
0.510 nm 127.8 g/nf, 0.420 kPa and 0.820 kN, respectively.
SAMXOT 8 hand sheets consistently naintai ned the hi ghest tear
strengths, followed by SAMXOls 10, 9 and 6.

The basi s wei ght versus caliper relationships for SAMXOTs
6,8,9 and 10 hand sheets were found to be linear, wth high
and positive correlations and the coefficients of
determination r? were 0.958  0.997, 0.914 and 0. 866,
respectively. The paper strength properties correlated
positively with the original fibre characteristics of SAMXIs
6, 8 9 and 10 cotton plants and were found to have |inear
rel ati onships. The tear strength versus runkel ratio, fibre
| ength and sl enderness ratio rel ationshi ps had coefficients of

determnation r? of 0.674, 0.927 and 0.812, respectively.
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CHAPTER ONE

INTRODUCTION
195 3 Statement of Problem

The post-harvest handling of cotton plant stalks has been
a problem to cotton farmers in Nigeria, mainly due to the
ignorance on other possible uses of the crop residue. The
stalks are left on the field after the cotton seed and lint
have been harvested. With the arrival of the next season's
rains, the stalks begin to sprout and if tended, produce much
leaves with little or no useful lint and seeds. Hence,
shortly before the raing, the farmers slash the regrown cotton
plants, leaving the roots in the soil.

Thereafter, the unuprooted butts of stalks and roots in
the soi1il sprout again and begin to compete with freshly
planted cotton plants for soil nutrients and space, becoming
like weeds. This problem has often been overcome by the use
of mechanical stumpers to uproot the stalks and roots from the
€01l before ploughing. These stalks and roots are gathered in
heaps and either burnt off or used as firewood for cooking
when they dry. However, the disposal of cotton plant stalks
by burning is a colessal waste of the crop residue which would
otherwise have been utilised for some value-added products,

such as paper and board, as an alternative to disposal.
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1.2 Related Research

The other option of using cotton plant stalks as firewood
for cooking has not been the best, because, the cotton plant
sticks burn toc fast to ashes and produce little heat due to
the low energy value of 13.9 MJ/kg, as reported by Kumar et al
(1984) for the Indian grown varieties.

It has been reported that cotton plant stalks can be
gathered early, chopped up and graded with cotton seed hulls,
and used as a feeding stuff in the group of coarse dry
fedders, such as cornshucks, cornstover, rye, ocat and wheat
straw (True and Morton, 1896). To this effect, the
nutritional contents of cotton plants grown in the United
States of America have been analysed as shown in Table 1.1.
Coceoa pod husk, rice bran and palm kernel cake have similarly
been found useful as components of livestock feeds by some

researchers (Adeyvanju et al, 1975a & b).

Table 1.1: Nutritional Contents of Cotton Plants Grown in

U.S.A.

8/N Nutritional Content Percentage (%)
1. Cellulose 40.8

2 Nitrogen-free extract 32.6

3. Water 10.0

4. Protein 9.54

5. Ash 5.23

6. Fat 1.83

Source: True and Morton (1896).
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For medical applications, a homoeopathic drug called
"Gossypium" has been produced from the roots of cotton plants
as a remedy for a case of delavyed menstruation ({primary
amenorrhoea) in women and for shedding an adherent or retained
placenta after a pregnant woman has put to bed (True and
Morton, 1896; Boericke, 1927; Farrington, 1987)., Also, an
edible mushroom has been cultivated on cotton plant stalks
(Balasubramanya, 1981).

In industries, the use of natural vegetable fibres and
wood in form of coarse-grained pulp as reinforcing fillers in
thermoplastic composites has generated a great deal of
interest for so many products, including interior automotive
and packaging applications. Coarse-grained pulp can be used
to produce woodfibre-plastic composites or fibre-reinforced
thermoplastic containers and boards such as brake linings,
gaskets, carpets, boxes, cardboards and shcoce beards. Abd-—
Elrahim et al {(1981) reported the manufacture of wafers from
cotton plant stalks.

The production of various grades of paper and boards from
Indian-grown cotton plants has been reported by Pandey and
Shaikh (1985; 1987). Through fibre characterization and
chemical compostion analysis, indications can be obtained on
the specific grades of paper that Nigerian varieties of cotton
plant stalks can be used for, and the pulping conditions to

obtain optimum pulp vield.

Shaikh and Varadaraian (1995) produced corrugated boxesg
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from Indian Hybrid 4 cotton plant stalks for the packaging of
fruits and gave their chemical composition as shown in Table
1.2, They concluded that their cotton plant stalks, being so
rich in cellulose content, was a potential raw material for

papermaking and the project was considered to be viable.

Table 1.2: Chemical Composition of Indian Hybrid 4 Cotton
Plant Stalks

S/N. Chemical Constituent Percentage (%)
1. Hclo-cellulose 77.3
2. ' Lignin 27.0
3. Ash 7.13

Source: Shaikh and Varadarajan (1995).

Whereas Shaikh and Varadarajan (1995) used the expensive
chemical pulping {alkaline digestion) technigue to make kraft
paper from cotton plant stalks, the pulping would have been
cheaper 1if previous trials with thermo-mechanical pulping
(TMP) had been done (Clark, 1978}. Different pulping and
fibre processing conditions produce different grades of paper,
depending on the fibre characteristics. For instance, several
agricultural residues, such as jute, kenaf and bamboo sticks,
sugar-cane residue (bagasse) and some grass straw have been
found suitable for making various grades of paper, according
to their different fibre characteristics [Food and Agriculture

Organisation (FAD), 1965].
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Various grades of ground wood can be mixed with different
binders in different proportions to manufacture various
engineering products such as corrugated roofing sheets,
ceiling boards, cardboard sheets, notice boards and table-
tops. Lawal (199%0) investigated the production of briguettes
from sawdust (wood waste) using palm-oil sludge as a binder.
Chipboards and particleboards c¢an be made from various
agricultural wastes as reported by Ahmed (1982) and Ancsike
{1993)., Likewise, cotton plant stalks can be cut into chips,
mixed with suitable binders and pressed to a high density to
form chipboards and briquettes.

The development of technology for products from waste
agricultural materials, including ligno-cellulosic
fibre/plastic composites, dry-formed fibre-based composites,
wet-formed moulded pulp structural products and composites
fabricated with inorganic binders, is the concern of many
present-day researchers on fibre-reinforced plastic
composites. To further develop the technology for agricultural
waste management and contribute to economic growth in the
country, it will be of immense value to evolve other uses for
local agricultural wastes.

Utilisation of agricultural wastes in Nigeria to produce
value-added products will enhance self-reliance and reduce
over-dependence on industrialised nations for the supply of
spare parts, chemicals and long fibres for pulp 1in

papermaking, as is still being practised in some local paper



6
mills. Recycling has been accepted as the viable alternative
to disposal (Quimby, 1975). Waste management technology 1s
desirable 1in the 1light of mounting waste disposal and
environmental pollution problems, depleting foreign reserves,
ever-increasing foreign debt, global economic recession and

present national economic crisis.

Objectives

The primary aim of this study is to investigate the

b
.
(]

possibility of using SAMCOTs 6, 8, 9 and 10 cotton plants

grown in Nigeria for papermaking. The specific objectives

include:

. 3 To find relevant fibre characteristics of SAMCOTs 6, 8,
9 and 10 cotton plant stalks and determine how they can
be used for papermaking.

2. To find whether there are varietal differences in the
fibre characteristics of SAMCOTs 6, 8, 9 and 10 cotton
plant stalks cor not.

3. To find the chemical compositionsof SAMCOTs 6, 8, 9 and
10 cotton plant stalks and determine their suitability
for paparmaking.

4. To determine the relationships between the mechanical
properties of paper sheets made from SAMCOTs 6, 8, 9 and

10 cotton plant stalks and their fibre characteristics.
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CHAPTER TWRO

LITERATURE REVIEW
2.1 The Cotton Plant
- T | Origin

Cotton has been a very ancient and popular economic crop
of many countries. It was first cultivated in the Republic of
Tndia sometime bhefore 1500 B.C. (True and Morton, 1896).
However, 1t was first noticed as a wild, woody and perennial
plant called Gossypium herbaceum var. africanum in the tropic
of capricorn in Africa. PFrom there, it spread to the tropic
of cancer 1n India, possibly by sea, over the equator and
remains the probable ancestor of all linted cottons in both

the 0ld and the New world (Prentice, 1972).

2:3.2 Taxonomy

Cotton bhelongs to the genus Gossypium with sections
Hirsuta, Herbacea and the Wild lintless varieties, all of
which phylogenetically trace back through the sub-family
Hibisceae and the family Bombacaceae and Malvaceae, to the
sub-crder Tiliaceae and natural order Malvales. The Herbacea
consists of two species, G. herbaceum and G. arboreum, the old
world cottons. The Hirsuta comprise two species, G. hirsutum
var punctatum {(weed cotton) and G. barbadense var brasiliense
(kidney cotton) [Prentice, 1972].

New World annual forms of G. barbadense and §. hirsutum

have 1long been preferred to both the 01d and New World
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perennial forms in Africa. G. barbadense (the Ishan variety)
used to be the most successfully grown cotton 1in Nigeria
{Ugboliue and Adegbile, 1979), but presently, the popular
American Upland annual cotton (G. hirsutum) is the most widely

grown 1n Nigeria.

2.1.3 Varieties

The varieties of Gossypium hirsutum grown 1in Nigeria
include SAMCOT 6, SAMCOT 8, SAMCOT 9 and SAMCOT 10 of which
SAMCOT & has been phased out and replaced with SAMCOT 9 in the
northern cotton growing zone, while SAMCOT 8 is grown in the
eastern zone and SAMCOT 10 in the southern zone. The release
of the two new varieties; SAMCOT 9 and SAMCOT 10 was
necessitated by the growing market demand for early-maturing,
digease-resistant, high-yielding and long-staple cotton, with
other desirable lint and seed-cotton qualities (Echekwu et al,
1992).

The three cotton-growing zones in Nigeria, that is, the
northern, eastern and southern zones cover all the nineteen
Northern States and the Federal Capital Territory. This
leaves about 8 million tonnes of cotton plant stalks to waste
every year, at the recommended rate of 50,000 plants/ha (Kumar
and Ogunlela, 1992), probably because, commercial cotton is

cultivated mainly for the lint and the seeds.



Raw fibres for the manufacture of paper and becard, have

been conveniently divided into several categories by Higham
{1963). They include: animal fibres such as wocl, fur, hair,
gilk; synthetic fibres, such as nylon, rayon, glass; mineral
fibres such as asbestos; and plant fibres, such as cotton
lint, esparto, wood and straw. The most commonly used are the
plant fibres.

On the basis of the location of vegetable fibres 1in
plants, the plant fibres are further classified into seed
hairs such as cotton lint and fuzz; bast fibres such as flax/
linen, hemp, jute, ramie, kenaf, Urena lobata; and wood fibres
from softwocd and hardwood species, including tropical
hetercgeneous hardwoods such as Gmelina arborea, eucalyptus
species, Ceiba pentandra, Adansconia digitata and other tree
species. Others include leaf fibres such as esparto, manila,
sisal; and grasses such as straw, bamboo, bagasse and maize
stalks.

Virtually, every fibrous raw material of plant origin,
including waste papers and rags, can be pulped for
papermaking, provided the fibre characteristics are found
suitable for the desired grade of paper and board [British
paper and Board Makers Asscciation (BPBMA), 1950; Food and
Agriculture Organisation (FAQ), 1965; Heller, 1978]. Many

agricultural residues have found applications 1n paper and
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board making. Instances 1include sawdust, bagasse, Jute
sticks, maize stalks and cotton linters (FAQ, 1965; Casey,
1980; Ahmed, 1982; Anosike 1993). Cotton plant stalks have
also been pulped for papermaking in India as esarlier indicated

(Pandey and Shaikh, 1985 and 1987).

2.3 Physical Structure of Plant Fibre

Every plant fibre is a narrow elongated micrcscopic cell
composed of several layers of micelles, each micelle being
about 0.01 um in length, and fibrils wound around each other
as shown in Fig. 2.1. It consists of a hollow central canal
called lumen, which is surrounded by four distinct fibril
layers, the total of the thicknesses of which constitutes the
fibre wall thickness, while the fibre diameter is the sum of
the lumen diameter and two times fibre wall thickness.

The primary wall (also called middle Lamella) is the
outermost fibril layer containing tough spiral windings of a
water-resistant nature; a highly ligneous and distorted
network of many fibrils. In papermaking, during beating and
refining of pulp, the primary wall is partially or completely
removed to expose the underlying seccndary fibril layers to
the action of water and refiner blades. The fibrils absorb
water, swell and separate further under the controlled
treatment; a process called fibrillation. This enhances
inter-fibre bonding in the finished paper (Higham, 1963;

Casey, 1980).
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ﬂ Inner secondary layer (Sy)

(fibrils nearly vertical to fibre)

— Middfe secondary layer {57]
{contains the bulk of mature cellulose fibrils
which are arranged longitudinally in a helix,
contains additional fibrils for support

%
BANNN
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(fibrils 1n lattice form)
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..........

St ST netwark of many fibrils; highly ligneous )

Fig. 2.1. Physical structure of plant fibre
Source : Higham {1963}
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The use of histological techniques in determining fibre
characteristics from sections of plant stems viewed under a
microscope, has been recommended by Davenport, (1969), Clark,
{1978) and Stamm (1978}). The physical characteristics of a
plant fibre, such as fibre length, fibre diameter, fibre wall
thickness, fibre lumenh diameter and ratios calculated from
them, such as coefficient of flexibility, slenderness ratioc,
runkel ratio, thickness 1index, percentage void space and
percentages (by area) of fibre and parenchyma in the bhark as
expressed in Egs. 2.1, 2.2, 2.3, 2.4, 2.5, 2.6 and 2.7,
respectively, usually determine the suitability of the fibre
for papermaking (FAQ, 1965; Dinwoodie, 1965). The éxpressions

for the parameters are as follows:

¢ = fld -—= {(2.1)
fd
z = fl --= {2.2)
fd
r = 2{fwt --= (2.3)
fid
t = fwt -—= {2.4)
fd
p = 10Qv : -~- (2.5}
v + f
d¢ = a5 X Dg_ -—= {2.6)
ap
dp = 100-ds == (2.7)
where, ¢ = coefficient of flexibility
z = slenderness ratio

runkel ratio

r
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fld = fibre lumen diameter (um)

fd = fibre diameter (um)

&1 = fibre length (pm)

fwt = fibre wall thickness (pm)

v = area occupied by vessels (mmz)

f = area occupied by fibres (mmz)

t = thickness index

P = percentage of void space (%)

de¢ = percentage (by area) of fibre in the bark (%)

dp = percentage (by area) of parenchyma in the
bark (%)

ay = area of fibre bundle (mm? )

ng = number of fibre bundles

ay, = total area of the bark under view (mmz)

The flexibility ccefficient ¢, is related to the runkel

ratio r, as follows:

¢ = 3 --- (2.8)

r + 1
Hence, when r = 1, ¢ = 0.5. However, for papermaking fibres,

r 2 2 (Clark, 1978) and when r = 2, ¢ = 0.33, which means that

for r > 0, ¢ £ 1,
Similarly, the thickness index t, can be related to the

runkel ratio r, as follows:

t = r -—= {2.9)
2(r + 1)

Thus, when r = 1, t = 0.25 and whenr = 2, t = 0,33. In other
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words, the higher the runkel ratio, the higher the thickness
index, up to the limit of t = 0.5 which will occur at an
infinitely large value of r whereby r > 5000, which will be
unattainable in nature. It follows that for good papermaking

fibres with r > 2, the thickness index t, will vary between

0.33 and 0.5.

2.4 Wood Density

Wood density or specific gravity, also gives an
approximate indication of the suitability of woods for
papermaking. A dense wood produces more pulp per cook in a
digester, that is, higher pulp yvield, but if the high density
is caused by thick-walled coarse fibres, the guality of the
resulting paper will be inferior. The economic importance of
wood density lies in the fact that pulp-wood is usually bought
by volume and made into paper which is sold by weight. It has
been established that as wood density increases above 0,70
kgfm3, the wood beccmes less and less suitable for pulp and

paper (Clark, 1978).

2.5 Chemical Composition of Plant Fibre

A proximate analysis of plant fibres in terms of the
percentage chemical compositions of cellulose, hemi-cellulose,
lignin, ash and moisture is often necessary to be able to
further establish the suitability of the fibre for paper-

making. The pure and long-molecular alpha (a) cellulose
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(CgH1005)y, is the major component required for papermaking,
where n is the degree of polymerization or number of units in
the molecular chain. However, the degraded forms of
cellulecse, that is, the beta (B) cellulose and the gamma (§)
cellulose (the hemi-cellulose), are also useful 1in
papermaking.

While fi-cellulose consists of short molecular types of
cellulose, the 86-cellulose consists mainly of the true hemi-
celluloses, which are short-chained cellulose with other six-
carbon polymerized sugar molecules (saccharide) associated
with pentoses, or five-carbon saccharide like xylose (Clark,
1978). Most high hemi-cellulose pulps possess good
cohesiveness, because, when abraded during beating, the
surfaces of the fibres and the fibrils so produced, acquire a
dense concentration of short-chained molecules which
facilitate cohesion and strength development in paper.

The cellulose and hemi-cellulose contents give a good
indication of the fibre yield to expect during pulping, while
the lignin content determines the quantity of chemicals to be
gpent in bleaching the pulp (Casey, 1980). Lignin, tannins,
resins, waxes, fats, minerals, pectins and colouring
substances are the non-cellulosic constituents, of plant
fibre. The lignin, being a binding polymeric material (of
melecular weight, 2000 - 15000) surrounding the adult cells or
fibrils, must be removed as much as possible in order to

liberate the fibres for effective inter-fibre bonding in the
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finished paper. The lignin content ranges from 23.0% 1in

hardwoods to 39.5% in softwoods (Higham, 1963).

2.8 Types of Paper

Paper has been defined as an interlaced web of fibres,
formed by the action of felting from a water suspension, which
ig dried and finished (Casey, 1980). The different types of
paper are classified according to their usage and/or
applications. They include writing papers, printing papers,
book papers and wrapping papers. Others are blotting papers,
filter papers, vegetable parchments, glassine, tissue and
security papers (Higham 1963).

Morecver, different grades o¢f paper are made from
different furnishes or pulps which are obtained from different
fibrous raw materials. The choice of any fibrous raw material
for making any particular grade of paper, depends much on its
fibre characteristics and chemical composition among other

factors (FAD, 1965).

(% ]
3

Types of Board

Generally, any paper whose thickness exceeds 0.30mm or
whose basis weight is more than 220 q/mz is classified as a
paperboard, or simply board (Quimby, 1975; Higham, 1963).
According to the British paper-trade customs, boards include
cardboard, pressboard, millboard (that is, boot, shoe and case

boards), box board, ticket board and matrix board (that is,



17

stereo or flong board), according to usage. Other board
grades include chipboard, clothboard, strawboard, woodpulp
board, leather bcard, lined or laminated board and resin
board, according to the furnish used. Board grades according
to methods of manufacture, include cylinder board, duplex
board, corrugated board, pasteless board, paste board and
ivory boards.

Corrugated container boards manufactured by glueing
together linerboard and fluted or corrugated paperboard in
alternating layers are useful in making paperboard packages
and containers like cartons, boxes, crates, bock covers and
picture mountings. The choice of furnish or pulp raw material
for any desired grade of board depends on the fibre
characteristics. Particle geometry which relates to the size
dimensions of particles used for the production of the
particle board, affects the properties of resin-bonded
particle boards (Gatchell and Heebink, 1964; Post, 1958 and
1961).

Some studies have established that flexural strength,
stiffness in bending and dimensional stability of boards,
improve with 1increase in flake length used for board
production (Brumbaugh, 1960; Shuler and Kelly, 1976; Turner,
1954). Also, the effects of particle dimensions on the
properties of cement-bonded particle boards have been reported
(Iida et al, 1983; Badejo, 1988). The longer and thinner the

flakes or ©particles, the stronger, stiffer and more
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dimensicnally stable the experimental cement-honded particle

boards {Radejo, 1988).

2.8 Pulpi of Woo
2.8.1 Wood Debarking and Chipping

For most woods, the bark contains no fibre and it either
prroduces dirty specks or consumes much chemicals for its
removal from the pulp {British Paper and Board Makers
Agsociation (BPBMA), 1950; Clark, 1978]. Mechanical barkers
or debarkers of different designs, such as the disc barker,
drum barker, frictional barker, hydraulic pressure barker,
chain barker, knife barker and cambioc debarker, are usually
used to debark the logs of wood before chipping. A
decorticating machine for ribboning the barks of cotton plant
stalks and grinding the woody stem into a coarse-grained pulp
for use as livestock feed c¢omponent, has been patented since
the 19th century in the United States of America (True and
Morton, 189¢}).

" However, harked cotton plant stalks have been pulped by
chemical treatments to produce kraft paper in India (Shaikh
and Varadarajan, 1995; Pandey and Shaikh, 1985 and 1987},
Therefore, debarking appears to be unnecessary for cotton
plant stalks, because, the bark may contain useful bast fibre
for papermaking. Other fibre-producing plants like jute,

Urena lobata and kenaf of the same family, vac , area

notably rich in bast fibre content which is often extracted
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from them for rope-making and other fihre applications, using
ribboners and harvester-ribboners (Kirby, 1963).

After debarking logs of wood, the long logs are usually
further cross-cut or chipped into short lengths which are more
convenient to handle. Chipping is done mechanically by wood
chippers and cutters such as an electrical chaff cutter or
other motorised chipping and cutting blade or saw or chain
machines. Chipping ensures the uniformity of chip sizes which
18 necessary for uniform cooking and other pulping treatments.
Good-sized chips should measure about 6.30mm thick and 18.8mm
wide (Higham, 1963).

2.8.2 Me ic ulpi t ~ GW

: w
a Re -Me jC i RMP) .

Stone-ground wood (SGW) being the oldest form of
mechanical .pulp is simply prepared by grinding the water-
soaked woodchips with a wood grinder or Burr mill and
screening the diluted pulp on a set of sieves whose meshes
range from 20mm to about 1.0mm in diameter, after which
sandtrapping is done and the pulp is concentrated and pressed
into laps and air-dried.

The idea of refiner-mechanical pulping (RMP) is that the
woodchips and/or the rejected material from the 20mm sieve are
passed through a refiner which has several steel-barred
rotating discs for fine-quality grinding through several
recycling and rescreening operations before proceeding to

sand-table processing or sand-trapping over rifflers,
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concentration tec about 5 - 17% consistency, pressing into wet
lapes and drying. RMP has often been considered to be superior
to SGW in quality, though, both have the same problem of high
lignin content.

However, the yield of mechanical pulp can be as high as
90 - 95%, so that it is relatively cheap, despite the high
power consumption involved. Mechanical pulp serves more or
less as a filler for cheap grades of printing papers,
especially newsprint which contains 7% - 80% of 1it.
Groundwood adds opacity, bulk and good formation to the paper
because of 1its fineness. The hydrophobic nature resulting
from its lignin content makes groundwood very receptive to

oily ink (Clark, 1978).

Thermonechanical pulping (TMP) involves producing pulp
from wood chips by presteaming, refining (or grinding) under
steam pressure and completing the defibering in a second
refiner or wocd grinder. The woodchips are preheated under
steam pressure to a temperature between 100 and 170°C to
slightly soften the lignin surrounding the fibres, a process
usually called the glass transition of lignin {Irvine, 1985).

Investigations on the thermoplastic behaviour of solid
wood have shown that the thermal softening of wood occurs at
115 - 145°C and the softening behaviour depends largely on the

wood moisture content and the nature of the wood {Blechschmidt
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et al, 1986). A satisfactory temperature for thermal
softening of lignin varies from about 116 to about 130°C,
depending on the wood species (Clark, 1978). Moreover, fibres
from a pulp that has been pressure-refined at a low enough
temperature of 116°C, which permits some fibrillation of the
surfaces, are of better guality for newsprint papermaking,
because of their better fibre separation and less breakage
than fibres from normal refiner-mechanical pulping (RMP)
[Clark, 1978].

Coarse-fibred wood requires much energy during thermo-
mechanical pulp (TMP) refining, to achieve fibre collapse, but
the fibre yield can be as high as 80 - 90%. Several paper
mills throughout the world, have been producing commercial
newsprint using thermo-mechanical pulp, though for some
fibres, there is often a need for much reinforcing pulp to

blend with the TMP for good sheet formation and strength

(Mackie and Joyce, 1987).

2.8.4 Chemical Pulping

Full chemical digestion processes consist essentially of
treating woodchips 1in a pressurized vessel (digester) under
controlled <conditions of time, liguor concentration,
temperature and pressure. The most common types of full
chemical pulping are the alkaline and acid digestion

procegses,

There are two common types of alkaline digestion
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processes; the first being the caustic soda process which uses
sodium hydroxide (NaOH) directly to dissolve the lignin 1in
woodchips and remove it in the digestion liquor. Secondly,
the sulphate (Kraft) process, which, being a modified soda
process, uses a mixture of sodium hydroxide (NaOH), sodium
sulphide {Nazs) and sodium sulphate (or salt cake, Na,80,4) or
godium bisulphate (NaHS80,;) to dissolve the lignin, The
alkaline sulphate process has predominated because of the ease
of recovering chemicals from the spent cooking liquor and the
special ability to pulp any wood including pine and other
resinous and acid-resistant woods.

The acid digestion process (the bisulphite process)
involves using an excess of sulphur dioxide (80;) or
sulphurous acid (H,803) in combination with an alkaline base
such as the bisulphite of calcium [Ca(HSO3),] or a mixture of
the bisulphites of calcium and magnesium or ammonium. The
cocking by direct steaming at about 690 kPa pressure and 130 -

150°C temperature can last for 6 - 24 hours or longer.
Delignification takes place by the action of the bisulphite
liguor or sulphurous acid on any lignin present, forming
goluble sulphonic acid derivatives (ligno-sulphonates) which
are usually removed later. Other non-cellulosic substances
are also dissolved.

However, in chemical pulping, whether by alkali or acid,
the useful hemi-celluloses are also dissolved or decomposed

into sugars, leaving only the pure long-molecular alpha
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cellulose. Hence, about half of the weight of the wood 1s
removed in solution as the spent digestion liquor, giving rise
tc a2 low pulp vield of 45 - 55% (Clark, 1978). Begides,
chemical pulping has become too expensive, and research has to
be directed towards developing cheaper chemical methods, such
as, alcohol pulping (Katzen, 1980; Adeleye, 1981) or cooking
in wood ash {lye) solution (Heller, 1978). Also, there are
semi-chemical methods which give higher fibre yields than full
chemical methods (Mackie and Joyce, 1987). Pulp and
papermaking cottage industries prefer the economical pulping

methods for product cost effectiveness,

4.8.5 emi- ic v

Semi-chemical prccesses include the high yield cold scoda
gemi-chemical pulping, acid sulphite semi-chemical pulping and
neutral sodium sulphite semi-chemical (NSSC) pulping which are
aimed at improving the yield of full chemical pulps to 70 -
75% or more. The cold soda pulping impregnates hardwood chips
with 2% or more of dilute caustic soda (NaOH) solution before
passing them through a disc refiner from where they emerge as
a pulp at nearly boiling temperature and a yvield of about 90%
(Clark, 1978).

The acid sulphite semi-chemical process digests the
woodchips with hot acid sulphite liquor at high pressure,
shreds and screens them and finally mixes them with mechanical

pulp After defibering the mixture at medium consistency and

o
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screening, the yield of pulp is about 653%.

The neutral sodium sulphite semi-chemical {NSSC) pulping
involves cooking woodchips with 12 - 18% solution of sodium
sulphite (Na,803) in the presence of a buffer of socdium
bicarbonate (NayHCO,;) and disintegrating them with a disc
refiner {(Higham, 1963). However, in a modified process called
chemi-thermo-mechanical puliping (CTMP), softwood chips are
given a brief cook with 3 - 4% solution of sodium sulphite
(Na,307) together with a little alkali added to make the pH
about 6.5 1in a steaming tube before pressure refining. The
process results in a fibre vield of 80%, increased brightness
gain and the utilisation of thick-walled fibres in newsprint

furnishes (Mackie and Joyce, 1987).

2.9 Bleaching

Bleaching has Dbeen described as a continuation of the
cooking or digestion process becausse it involves a
chlerination of the residual lignin and an oxidation of the
colouring impurities still remaining in the pulp [British
Paper and Board Makers Association, (BPBMA), 19503. About 3 -

4% lignin is normally left in the fibre walls of hardwood
chemical pulp and 4 - 10% lignin in softwood chemical pulp,
becausgse further attempt to remove such residual lignin during
digestion results in excessive degradation of the fibres by
the digastion liguor {(Othmer, 1968).

Chlorination involves treating the pulp with a bleach
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liquor, wusually calcium hypochlorite, Ca{0Cl), or sodium
hypochlorite (NaOCl), thereby dissolving the residual lignin
by the action of chleorine, into soluble derivatives which are
atterwards washed away from the pulp. Usually, bleaching 1s
done for an average of 4 hours only at low pulp consistency ot
3 - 5% either i1n a single or two or multi-stage operation.

Oxidation aims at removing colouring impurities from the
pulp in order to yvield white pulp, because, chlorination has
little or no effect on the colour of the fibre, even though,
both chlorination and oxidation are accomplished by the same
hypochlorite in the same bleaching operation(s). Oxidation
takes effect by the non-selective reaction of excess chlorine
which forms hypochlorcus acid (HCl0) and hydrogen chloride
acid (HC1). The hypochlorous acid acts as the oxidising
agent, with nascent oxygen, to convert the pulp fibres from a

brownish mass to a pleasing white substance (Clark, 1978;

Saltman, 1978).

2.10 Chemical Composition Analysis of Pulp
2.10.1 Tests for Cellulose and Hemi-cellulose contents

The alkali solubility test for alpha (a) cellulose
content of pulp has been described by the Technical
Ascgociation of Pulp and Paper Industries (TAPPI) in the
method, T235 os - 76 (TAPPI, 1980). This involves treating a
specimen of pulp with 18% solution of caustic soda (NaOH) at

a temperature of 25°C for about one hour, washing, drying and
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welghing the residue which 1s the inscluble alpha cellulose.

The test for hemi-cellulose content is described in TAPPI
method, T203 os - 74 and inveolves oxidizing an aliquot of the
alkali solubility test with strongly acidified potassium
chromate and adding potassium iodide, then back-titrating with
potassium thiosulphate to determine the amount of dissolved
celluleosic material, which consists of the beta (3) and gamma
(8) celluloses, that is, the hemi-cellulose. Tests for
cellulose and hemi-cellulose contents can give indications of
the required pulping and fibre processing conditions, as well
as the possible fibre yield and the paper quality to be

expected from any fibrous raw material (Higham, 1963).

2.10.2 Tests for Lignin, Ash and Moisture

The lignin content test has been done with different
methods, 1including the Willstatter method 1involving 41%
concentrated hydrogen chloride acid (HC1l), the Halse method
which adds 10% concentrated hydrogen tetra oxo sulphate VI
(H,804) to the usual 38% concentrated HCl and the Swanson
method involving both 38% concentrated HCl and concentrated
H,S0, at chilling ice temperature, followed by boiling to
coagulate the lignin, as described by Clark (1978) and TAPPI
(1980).

The ash content test has to do with heating a sample of
pulp in a furnace until all volatile matter has been given off

and the remaining mineral ash and natural fibre ash attain a
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constant weight. For groundwood, the moisture contsnt test
invclves the use of an oven set at a temperature of 105 -
1109C for 24 hours (Clark, 1978).

The tests for lignin and moisture contents can also give
indications of the required pulping conditions, as well as the
bleaching requirements for papermaking fibres {Higham, 1963).
Ash content test 1s usually conducted to determine the
presence of major mineral constituents in a furnish (including
the non-fibrous additives) in addition to the natural fibre
ash. However, ash content test done befcre pulping any
fibrous raw material gives only the natural fibre ash, because

the mineral ash is not yet involved.

2.11 Fibre Processing

In papermills, fibre processing, also called stock or
pulp or fibre preparation, includes all the papermaking
processes between the receipt of the pulp at the paper or
hoard mill and the delivery of the prepared stock to the paper
or board-making machine for the formation of the paper web.
They are the steps of disintegration, stock blending,
beating/refining and methods of addition of non-fibroue

additives to the pulp {Casey, 1980¢},
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2.11.1 Disintegration

The disintegration process, also called defibering or
fibre breaking separates the fibres individually so that they
are not grouped or bonded in flocs or lumps or bundles, hut
are a suspension of pulp fibres in water which can be pumped
continucusly to the succeeding coperations. The equipment for
pulp preparation has been of different designs such as Chest
and Rotor, Woodpulp and Rag breaker, Hydropulper and Kneader

or Repulper.

2.11.2 Stock Blending

In a mill where two or more pulps from different sources
are to be mixed, the correct number of bales of each pulp to
give the desired proportion should be disgsintegrated together
in the pulper. Alternatively, the pulps can he disintegrated
geparately and then blended in slurry form in a blending chest
before bheing bheaten and refined as a single fibre source
{Clark, 1978). 1In practice, almost every paper in the market
has been produced from a mixture of two or more fibre sources
{Casey, 1980). Blending an expensive pulp with a cheaper pulp
t0o achieve product cost effectiveness or blending a long-
fibred pulp with a short-fibred pulp to get some desired
characteristics in the papar product has been the practice in
most commercial paper mills.

The fibre length of short~-fibred pulps ranges from 1.0 mm

to 2.0 mm, but that of long-fikbred pulps ranges from 3.0 mm to
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5.0 mm (Saltman, 1978). High quality papers manufactured in
Nigeria are usually obtained from blending long-fibred pulps
from pines i1mported from overseas with short-fibred pulps from
hardwoods such as Gmelina arborea. Pines are poor in seedinhg
ability and this has hampered large-scale plantation
development of the species in Nigeria for sourcing long-fibred
pulp locally, since imported pine pulps are becoming very
expensgive. In the need to explore avenues for sourcing long-
fibred pulp leocally, Forestry Research Institute of Nigeria
(FRIN) has screened several woody perennials other than pines

grown in Nigeria for suitability for papermkaing, based on

their fibre <characteristics, They have recommended
Ricinocendron heudellioti, Sterculia setigera, Ceiba pentandra
(8ilk Cotton) and Adansonia digitata (Baobab tree or Hausa

"¥uka") as being very suitable for papermaking. The Federal
Institute for Industrial Research, Oshodi (FIIRO), Lagos, has
egqually recommended annual plants, such as, kenaf and sugar-
cane residue (bagasse) for papermaking. Since cotton plant
belongs to the same family with kenaf, it can as well be

investigated for suitability for papermaking.

2.31.3 eati d Re

The beating and refining of a defibred pulp has to do
with passing the thick pulp slurry through a relatively narrow
gap between a revolving rotor and a stationary rotor, both of

which carry bars (tackle) or knives aligned across the line of
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flow of the stock. This usually results in the shortening of
the fibre 1length, ths abrasion and fibrillation of their
exterior surfaces to remove their tough outer primary walls,
the crushing, bruising and internal fibrillation to swell and
rupture the outer secondary fibril layer to release fibril
filaments and the opening up of secondary fibril layers to
release more fibrils. Also, while the beating and refining
progresses, there are longitudinal splitting of the cell walls
te form ribbons of fibrils, the callapse of the fibres and the
tendency of the fibrils to become "gelatinized" or hydrolysed
intc a creamy glucose syrup (Heller, 1978). The fibres having
largely lost their fibril structure, increase in inter-fibre

bonding affinity (Clark, 1978; Casey, 1980).

2.11.4 Additives

Fillers: Certain non-fibrous chemicals, mineral and non-
mineral substances called loadings or fillers are usually
added to pulp in the form of fibre processing assistants.
Also, agente, such as, antifoams or defoamersg, retention aids
and microbiocides are added and some of them end up in the
final sheet of most conventional papers. The most commonly
used fillers include white china clay, that is, hydrated
aluminum silicate especially nen-hydrous kaolinite
[A1505.2(85;0-H50)], calcium carbonate (CaCoy) and titanium
dioxide (T;05), but titanium dioxide has become very

expensive.
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Fillers can be added to pulp as sclids in the form of
small granular particles or powder, or as liquids in the form
of solutions or suspensions in water to fill up the voids
between the fibres in printing paper so as to smoothen its
surfaces and make them less hydrophilic and more receptive to
oily printing inks. PFillers improve the opacity, brightness,
colour and dimensional stability of the paper while preventing

a strike-through of the ink.

Bonding (Sizing) Materials: The addition of bonding

materials to pulp is aimed at enhancing the cohesion of the
fibrillated fibres and the retention and distribution of
fillers throughout the sheet as the wet paper web is being
formed and drained on the paper machine. The most widely used
€izing materials are rosin and alum [Al,(804)3.14H,0)]. Rosin,
which is a resin extracted from the bark of pinewood, is
precipitated and fixed by alum so that much of it is retained
by the pulp on the wire of the paper machine, hence, the alum
serves as a mordant or sizing agent. Up to 3 - 4 parts of
alum to 1 part of rosin are frequently used in practice
according to the British Paper and Board Makers Association
(BPBMA, 1950).

Some auxiliary sizing agentg alsc used by papermakers
include starch solution which is either 2 - 3% for prepared
starches or 10% for natural starch, scdium aluminate, socdium
silicate, methyl and ethyl celluloses. Other 1inorganic

bonding additives 1include rubber latex, neoprene latex,
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synthetic and petrcleum resins and waxes as well as gums such
as locust bean gum, guar gum, gelatin, cellulose gel and
ponalglue. "Gum arabic" extracted from the bark of a thorny
shrub, Acacia senegal is also useful as a bonding additive for
paper.

Studies on the effects of guar gum, cassava starch and
guinea corn starch on the scuffing, surface and optical
properties of paper and boards recommended 1 - 3% of each
additive with pulp freeness within 30 - 50°SR (Achimugu, 1977;
Bugaje, 1980). The hydrophilic gum dispersion and the starch
help to coat the surfaces of the fibres sufficiently to
attract a thick water envelope around the fibre surfaces and
prevent flocculation. The water envelope covers the fibrils
smoothly and makes it more difficult for one fibre to cling to
another when they touch as they move around in a water
suspension (Clark, 1978).

Colourings: Apart from fillers and bonding materials,
additives such as colourings in the form of pigments and dyes
are also added. They are classified into natural dyestuffs
such as cochineal and water-insoluble minerals which are
inorganic pigments such as ultramarine and smalts. Also,
there are water insoluble organic pigments derived from the
coal-tar or aniline colours such as caledon and monolite
colours. Others are water-soluble synthetic cocal-tar dyes
such as the acidic quineline yellow, croceine scarlet and

soluble blue or the basic auramine, methyl violet and victoria
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blue (British paper and Board Makers Association, 1950;

Haller, 1978}.

2.12 Tests for Physical Characteristics of Pulp

It is usual to carry out some quality control tests on
stock samples taken from the beater/refiner before being
formed inte sheests in order to obtain some indications of the
effect of beating/refining on the properties of the fibres in
the pulp and the progress of the beating treatment. They
include the tests for freeness and wetness, specific surface,
fibre length distribution, fibre flexibility and pulp
consistency.

Certain fibre properties such as swelling, plasticity,
primary wall removal, curling, redistribution of hydrogen
bonds, microcreping, Zeta potential and fibre strength are
generally too difficult to measure and the results too
difficult to interpret in terms of the effect on the final

paper sheet properties (Casey, 1980).

2.12.1 Drainage Tests

Drainage tests consist of the tests for the freensss,
wetness and specific surface of the pulp. The most widely
used instruments for measuring the freeness and wetness of
pulp are the Canadian Standard Freeness {(CSF) tester and the
Schopper-Riegler {(SR) wetness tester. These testers indicate

the ease with which water drains away from the papermaking
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fibres while they are being formed into a wet mat or wet paper
web on the perforated drainage plate or wire mesh of the
tester.

While the CSF-tester measures the volume (in cm3) of
"fast-running" water as degree CSF, the SR-tester measures the
volume (in dm3) of the "slow-running" water as the SR-wetness.
Oftentimes, freeness and wetness are used interchangeably.
For 1instance, wetness measurements can be simply called
freeness, provided thes units are expressed in °SR, as in the
case of Achimugu (1977) and Bugaje (1980). The drainage time
is measured on a British Standard Sheet Former as the time
required for the water to drain away in the sheet former under
standard conditions (Higham, 1963).

The tests for the specific surface of the pulp fibres are
carried out with different methods, including geometric
measurement, silvering, permeation, filtration and absorption,
but the permeation and filtration methods are mecst widely used
{Clark, 1978). Usually, the higher the specific surface, the
slower the drainage rate because of increased surface

available for inter-fibre bonding.

2.32.2 Tests or ibre e h Distri ion a
Flexibility

Fibre Length Distribution: In a beaten and refined pulp,

fibre length distribution can be determined either by using a
microscope or by fractionation. The microscope method

examines a slide of the pulp under a microscope and measures
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the length of each fibre as discussed in TAPPI standards T232
(TAPPI, 1980). Fractionation method consists of screening the
stock on a woven wire mesh with square apertures of the
correct cize for the fibre length to be measured using
constant conditions of time and agitatiocn. Fibre fractions
retained on the screens are dried, weighed and plotted as a
histogram to show fibre length distribution ({(Clark, 1978;
TAPPI, 1980). Also, an optical scanning device has been used
to scan the pulp field and produce a computer printout of the
average fibre length and length distribution in a very short
time.

However, it should be noted that the fibre 1length
measured after beating and refining cannot be taken as the
true fibre length of the raw material from which the pulp was
prepared, because the original fibre dimensions have been
reduced through pulping and beating/refining processes.

Fibre Flexibility: This is measured by the method of
bonding potential or contact ratio, which compares the contact
area of fibres to the total area of the fibres on a glass
slide and relates it to the fibre flexibility (Casey, 1980Q).
Usually, the fibre flexibility increases during beating and
refining, because of internal fibrillation or bruising of the
fibres. Therefore, the fibre flexibility measured after
beating/refining can only give indication of the effect or
progress of the beating/refining on the fibre properties, but

nct the true flexibility cocefficient cof the fibres in the
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original raw material of the pulp.

2:12.3 Test for Pulp Consistency

Consistency defines the content of total suspended solids
including fibres, fillers, bonding materials and colourings as
percent by weight of fibre in the stock. Simply put,
consistency expresses the total weight of fibre present in 100
m! of pulp slurry; that is, taking 100ml of pulp slurry as
egquivalent to 100g of pulp slurry, because, the density of

3 is 1ml.

water 1is Ig!cm3 and lcm

For experimental purposes, pulp consgistency is determined
simply by draining 100ml of pulp slurry through a standard
wire mesh or screen-plate, collecting all the fibres on the
wire mesh, drying the fibres on a paper shest drier and
obtaining the weight of the fibres on a chemical balance. In
many papermills, optical and electrical measurements are

common, but the use of an on-line computer-controlled machine

has been the best (Casey, 1980).

2.13 e chi L0

The conventional Fourdrinier paper machine has a
continuous mode of operation from the wet end to the dry end.
The wet end consists of the operations of forming, couching

and pressing, while the dry end involves the drying and

finishing operations (Casey, 1980)
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2.13.% Forming

The prepared stock/pulp at 2.5 - 3.0% consistency 1in the
stock chests 1s diluted to 0.2 - 1.0% consistency in the
headbox and pumped to an endless fine-mesh screen/cloth (the
"wire'") where suction pumps suck away all the visible "white
water" from the forming stock and leaves a wet fibrous matt,
that 1s, the wet paper web, with about 10 - 15% solids formed

on the wire.

2.13.2 Couching

Couching operation involves the transfer of the wet paper
web from the wire by the couch roll to the first press felt
and the removal of sufficient water from the fibrous matt to
make it sufficiently self-supporting to accomplish the
transfer without rupture. The water removal is accomplished
by suction pumps or vacuum pumps incorporated in the couch
roll to create a pressure difference between the top and
bottom of the paper web, coupled with the evaporation of water
vapour by the stream of air which passes through the sheet and

leaves the paper web with 18 - 25% solids.

2:13.3 Pre n

Usually, the paper web is given three successive nips by
roll presses which removes more water from it and consolidates
the fibres in the wet web, thereby, increasing the strength

and specific gravity of the paper. Pressure is always applied
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gradually at the three presses 1n order to allow the water
held in the fibres by capillary attraction to be released
without deforming the plastic paper web, while leaving the

paper web with 35 - 40% solids.

2.33.4% Drying

Two dryer felts, one at the top and the other at the
bottom, are made to hold the paper web in close contact with
the surface of so many cylindrical steam-heated dryers, which
evaporate most of the remaining water. The water vapour 1is
drawn or blown away by air jets. Drying removes the absorbed
capillary-held moisture, but not thHe adsorbed water taken up
by the fibres themselves during the stock preparation.
Adsorbed water can not be removed except by burning the paper,
hence the paper still has a nominal moisture content of 5 - 7%

and only 93 - 95% solids.

2.13.5 Finishing

The dried paper can be finished by the processes of
calendering, reeling, slitting/cutting, trimming, sorting,
tub-s1zing, embossing or plating, coating, waxing, inspection
sealing, labelling and packaging depending on the grade of
paper desired.

Calendering involves pressing the paper heavily between
one or more vertical stacks of polished steel rolls, called

calenders, to impart a smooth surface to the paper via
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consolidation. From the calenders, the smoothed paper web is
reeled up to form a jumboe roll, which, when large snough, is
removed to the slitters or cutters to be converted intc the
required smaller rolls or sheets of paper. Trimming follows
after the cutting process to straighten and/or smoothen the
gdges of the small rolls or reams or sheets of paper. Next is
sorting of the good products and separating them from the
waste paper cuttings which can be recycled latear.

Tub-sizing has to do with the application of machine
additives to the paper web on the paper machine to further
strengthen the paper and improve its machine-finish
properties. In embossing or plating, the paper 1is placed
between two layers of materials underneath the metal plates
and run between very hot and heavy rolls of surface
temperature, 121 - 143°C, so that the paper takes on the
impression on the surface of the imprinting or plating
material. Commonly embossed paper grades include napkins,
book covers, wall paper, table covers and laminated cushioning
sheets or corrugated papers.

Coating aims at levelling up ths minute "hills"™ and
"walleys" on the paper surface by covering them with a layer
or suspension of fine mineral pigment in a solution of an
adhesive which binds the pigment to the paper surface. Such
pigmants include Blanc fixe or Barium sulphate (BaS0,) used
alone or mixed with white clay. Waxing 1s done to c¢lose the

air-spaces in the paper with paraffin wax &oc as to make the
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raper water-proof and with a glazed unbroken surface finish.

2.14 Board Machine Operations

Conventionally, paperbecards are made on a cylinder or vat
machine which is different from the Fourdrinier paper machine,
in that the forming part is a hollow cylindrical wire screen
revelving in a vat containing the diluted pulp of about 1%
consistency. The water drains through the wire mesh, leaving
the fibres on the surface of the cylinder.

A number of cylinder units can bhe arranged so that the
fibrous mat from each is deposited as a layer, and all the
layers can be combined to make a board, the thickness of which
ig limited only by the number of cylinders involved, hence it
is called multiple-vat or multi-cylinder machine. The smooth
endless felt passes over and presses against the top of seach
cylindrical wire screen in series to pick up the fibrous webs
left on them as the white water drains into the interior of
each cylinder.

The multiple wet paper web of about 85% moisture content
formed is subsequently pressed together to about 60% moisture
content by suction press rolls and dried to about 5 - 7%
moisture content in vertically stacked cylindrical dryers
{Clark, 1978). After drving, the bhoards are also taken
through finishing operations. The series of vats permits the
use of selected pulps in the first and last vats to constitute

the outside plies or liners and thereby improves the
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appearance and strength of the board.

2.15 Hand Sheet Making

For purposes of investigating the suitability of any
fibrous raw material for papermaking, after the pulping on a
emall-scale, standard hand sheets are usually prepared and
tested in a quality-control laboratory for various properties.
Equipment used for producing such test sheets include the
British Standard sheet former, the Rapid Kothen sheet former
and the Noble and Wood sheet former. While the British
Standard and the Rapid Kothen sheet formers produce circular
sheets of 160mm and 190mm diameters, respectively, the Noble
and Wood sheet former produces square sheets measuring 200mm
each (Clark, 1978). The hand sheets are normally formed from

a very dilute stock of 0.06% consistency.

2.16 Tests for Phyiscal Properties of Paper

The physical properties of paper which are commonly
tested, include moisture content (% wet basis), basis weight
{also called grammage or substance in g/mzj, thickness or
caliper in mm, bulk or specific volume in m3/q, porosity or
permeability, sizing and abscrbency (also called Cobb sizing
figure), printability or oil penetration and furnish or ash
content, Most of the tests for the physical properties of

paper are described in TAPPI (1980) Standard Methods T220, 206

and 441mé0.



42

The air porosity or permeability of a standard test sheet
as measured with the Gurley permeability tester consists of
the time in seconds required to displace 100cm® of air through
1 in2 or 645.2 mme of paper under a fixed pressure head. The
air porosity being inversely related to air permeability ot
the paper depends on the slenderness of the fibre, the bulk of
the sheet and the amount of debris present (Higham, 1963).

The capillarity of the sheet as measured by the Klemm
test is the height in mm to which water rises 1n a vertical
strip of the paper within 10 minutes of dipping it 1in
distilled water (Clark, 1978). The absorbency or the Cobb
sizing figure of a paper sheet is defined as the amount of
water in grams picked up or absorbed by im? area of the paper
at the standard temperature of 20°C and in a given time. The

bulk or specific volume of a paper sheet is calculated as

follows:

b = 1000k --= (2.10)
BW

where, b = bulk (m3/g)
k = caliper (mm)
BW = basis weight (g/m?)

237 Tests for Optical Properties of Paper

The optical properties of paper which are of interest to
papermakers normally include the gloss, brightness, colour,
optical bleaching agents (0.B.A.), opacity, smoothness and

formation under standard lighting conditions obtainable with



43
tungsten and fluorescent light scurces. The gloss has to do
with the surface reflectance or percentage amount of light
reflected by the paper as measured with Ingersol glarimeter or
Sheen gloss meter.

The brightness is measured photometrically by the General
Electric Brightness (G.E.B.) meter. The colour 1s determined
by matching it with a standard on a colour chart, but optical
bleaching agents (OBA) are fluorescent dyes which are often
added to paper to enhance the whiteness. Whiteness can be
detected by observation under ultra-violet light by use of
spectrophotometers which employ the principle of wavelength
measurement.

Opacity, being the opposite of transparency, is the
extent to which light rays are scattered or refracted on their
passage through the paper, that is, the extent to which the
translucent paper is impervious to "show-through". Smoothness
is measured by the rate of air flow between the paper sample
and another standard surface in contact with it, that is, the
time taken for a given volume of air to pass between the
gsample and the articulating surface of the instrument,

Formation can be judged by the degree of uniformity of
transmitted light which passes through the sheet of paper when
held and viewed against a light source, but the measurement is

only of a gqualitative nature (Higham 1963; Heller, 1978).
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.18 ical i o er

%]

The tests for the mechanical or strength properties of
paper, include those of dynamic and static tensile tests for
the stretch, breaking load or strength and breaking length, as
well as tests for burst strength, burst factor, tear strength,

tear factor and folding strength {(Higham, 1%963; TAPPI, 1980;

Casey, 1980).

2.18.1 Tensile Test

Thies involves applying a load to a sample strip of paper
of 15mm width until it breaks. The instruments used include
the Schopper static tester and the Van der Korput dynamic
tester. The breaking load or strength is expressed per unit
width as KN/mm. The stretch is the elongation at rupture of
the paper under tension, expressed as a percentage of the
original 1length. The breaking length is the length of a
uniform strip or width of the paper that 1is sufficient to
break under its own weight when suspended at one end. It is
calculated as the product of the average breaking load, length

and width of the paper divided by the basis weight (g/mz) of

the paper.

2.18.2 Burst Test

For this test, pressure is exerted on a fluid-filled
reservoir to expand a rubber diaphragm which produces a

pressure against the paper. The maximum pressure (kPa)
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required to rupture the paper under standard conditions of
temperature of 20°C and relative humidity of 65 * 2% is
recorded. The two types of instruments used are the Mullen
burst tester and the Schopper Dalen tester. The burst factor

is calculated as follows:

BF = 1000BS === {311
BW

where, BF = burst factor (kPa.mzfq)
BS = burst strength (kPa)
BW = basis weight (g/m?)

2.18.2 Tear Test

This involves the use of the Elemendorf tearing tester to
measure the resistance to tearing of a paper sample as
described in TAPPI (1980) method T220. The tear strength in
kKN is a measure of the work done in tearing the paper sample.

The Standard tear factor is calculated as follows:

TF = 100TS == (2,12}
BW
where, TF = tear factor (kN.mzfg)
TS = tear strength (kN)

BW = basis weight (g/m?)
Hence, the tear factor expresses the resistance of the paper

to tearing in relation to its substance.
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2.18.4 Folding Test

The folding strength of a paper depends on the fibre
length and the flexibility of the sheet (Casey, 1980).
Folding test relies on the continuous creasing of a 15mm-wide
strip of paper under a tension locad of 1 kg, bending it back
and forth through an angle of 135%° about a jaw whose edges
have a radius of curvature of 0.38mm, at the rate of 175
double folds per minute. TAPPI (1980) methods T511 and T423
describe the use of M.I.T. instrument and Schopper folding
tester, respectively for the test, but the Kohler-Molin tester

can alsc be used for the folding test (Casey, 1980).

2.18.5 Miscellaneous Handsheet Tests

Additional tests that provide information for special
purposes, 1include those of zero-gspan tensile strength,
roughness, stiffness, lateral bonding or the z-direction
tensile, lateral compressibility, hygro-expansivity,
absorbency to liquids amongst others. Many of those tests
involve complex factors and might be necessary only when they
are directly applicable to the gquality of paper being made

{Casey, 1980).
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CHAPTER THREE

3.0 MATERIALS AND METHODS

The methodology of fibre characterization involving
mounting sections of the four local cotton plant stalks on
micrcslides, viewing and determining the fibre charactseristics
directly under a light microscope, is outlined in saction 3.1.
Chemical composition analyses, involving tests for alpha-
cellulose, hemi-cellulose, lignin, ash and moisture contents
of the local cotton plant stalks as well as the determination
of the wood densities of the stalks are reported in sections
3.2 and 3.3, respectively. The determination of the energy
valuss of the local cotton plant stalks is presented in
section 3.4, while the thermo-mechanical pulping of the stalks
ig reported in section 3.5,

The factorial three-factor experiments employed in the
fibre processing and hand sheet making operations are
explained in section 3.6. The experiments on fibre
processing, (that is, disintegration, stock blending, beating/
refining and stock sizing), hand sheet making and testing of
hand sheets for their physical and mechanical properties are

presented in sections 3.7, 3.8 and 3.9, respectively.

3.1 Fibre Characterization
Samples of four boll-bearing varieties of cotton plants,

of the American Upland annual species ({(Gossypium hirsutum},

namely: SAMCOT 6, SAMCOT 8, SAMCOT 9 and SAMCCT 10, grown in
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Nigeria, were harvested by uprooting from the research plots
of the Institute for Agricultural Research (IAR), Ahmadu Bello
University, Samaru - Zaria. Using & "REICHERT" sledge
microtome, transverse sections (TS) and tangential
lengitudinal sections (TLS), 20 um thick were taken from
water-soaked shoot and tap-root samples of each variety cut to
about 30 mm lengths with a secateur. Temporary slides were
prepared with the sections stained in methylene blue and
mounted in glvcerol jelly (Davenport, 1969; Igboanugo, 1984).
These were viewed under a light microscope (Clympus, Tokyo PM-
7) at several magnifications (x40, x100, x250, =x400 and
x1000).

Measurements were made with the microscope using an
ocular micrometer which had been calibrated with a stage
micrometer. On the transverse section of the wood, fibre wall
thickness, fibre lumen diameter and fibre diameter as well as
the number and diameters of vessels and fibres and the area
occupied by them in the field of view were determined.
Likewlise, on the transverse section cf the bark, the length
and width of each fibre bundle and the number of fibre bundles
within the field of view, as well as the diameter, wall
thickness and lumen diameter of each fibre were determined.
The fibre length was measured on the tangential longitudinal
section of the wood and the bark.

Photomicreographs of the sections were taken for the wood

and the bark at x100 and %400 magnifications depending on the
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clarity of the representative sample of the tissue under view
as shown 1in plates I - III. The coefficient of flexibility,
slenderness ratio, runkel ratio, thickness index and
percentage void space were calculated from the measured fibre
characteristics of the wood and the Dbark, while the
proportions by area of the fibres and parenchymatous cells
were also calculated for the bark using Egs. 2.1, 2.2, 2.3,

2.4, 2.5, 2.6 and 2.7, respectively.
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3.2 Chemical Composition Analysis

The proximate analysis of cotton plant stalks was carried
out to determine the percentage chemical composition in terms
of celluleose (alpha-cellulose), hemi-cellulose (beta and gamma
celluloses), lignin, ash and molsture contents. Four samples
werea prepared from sach of the four varieties (SAMCOTS 6, 8,
9 and 10), Each sample was ground with a Burr mill to powder

of about 0.50 mm particle size, which was determined through

sieve analysis.

3.8.1 est for C o

The test for alpha - cellulose content was the alkali
sclub1lity test mentioned in section 2.10.,1., For each sample
of ground cotton plant stalks, a specimen weighing 25.0¢g was
put in a beaker and treated with 120.0cm3 of 18% solution of
caustic soda (sodium hydroxide, NaOH), stirred and left for
one hcour at 25°C as described in TAPPI method T235 os - 76
(TAPPI, 1980).

After one hour, the residue was filtered, washed, dried
and weighed. The weight of the undissolved residue, also
called the 18% alkali-insoluble cellulose, which was the
alpha-cellulose, was expressed as a percentage of the initial

weight of the dry ground sample.
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3.2.2 i-cellul

Following the 18% alkali-solubility test for the a-
cellulose, the dissolved cellulose portion (the aliquot) was
collected separately at the end of one hour and treated with
30em3 of O.IN dilute solution of hydrogen tetra oxo sulphate
VI (H,804). The treatment caused a precipitate to form, which
was the Dbeta-cellulose. After thirty minutes, the clear
ligquor/aliquot was poured out gradually through a filter paper
which separated it from the beta-cellulose precipitate. The
precipitate was then washed, dried and weighed.

The aliquot was further oxidized with 3.0¢ of potassium
chromate. Thereafter, 3.0g of potassium iodide was added to
the aliquot which was then back-titrated with 0.1N solution of
potassium thio-sulphate. The titration caused a precipitate
to form, which was the remaining dissoclved gamma-cellulose,
The precipitate was filtered, washed, dried and weighed.

The weights of the beta and gamma celluloses were added
together to get the weight of the hemi-cellulose which was
then expressed as a percentage of the initial dry weight of

the original sample of ground cotton plant stalks,

i . t £ L i ) A

For each sample of ground cotton plant stalks, 10.0g was
weighed out using the Mettler PN1210 balance of 0.01lg
precision. The lignin content was then determined, using the

Swanson method described in section 2.10.2. The moisture free
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specimen was placed in a 100 cm® wide-mouth bottle and packed
in crushed ice for 30 minutes. Ten cubic centimeters (10 cm3}
of 38% concentrated hydrogen chloride acid (HCl) chilled also
for 30 minutes was then poured on the sample in the beaker and
the mixture was thoroughly stirred and left to cool in the ice
for 15 minutes under a fume cupboard.

Thereafter, S5cm® of concentrated hydrogen tetra oxo
sulphate VI {HZSO4} was added, one drop at a time, so as not
to heat the cooled mixture unduly. The bottle was capped,
swirled and replaced in the ice for another 30 minutes. The
bottle was then removed from the ice and allowed to stand at
room temperature overnight to complete the dissolution of the
cellulose and the precipitation of the lignin.

The contents of the bottle were poured into a large
beaker and diluted to 500cm® with water and boiled to
coagulate the lignin. The boiled contents were filtered hot,
through a tarred, medium-sintered glass filter crucible and
rinsed alternately with concentrated hydrogen chloride acid
and water. The coagulated lignin was dried and weighed and

the weight was expressed as a percentage of the 1nitial weight

of the original dry sample.

3.2.4 Test for Ash Content

The weight of an oven crucible was measured using the
Mettler PN 121C balance and about 10g of the sample of ground

cotton plant stalks was put inside it. The sample was heated
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in a furnace for 24 hours to drive off all the volatile matter
in the sample. The sample was brought out with the crucible
every & hours, cooled in a desiccator and reweighed, until a
constant weight was recorded three times, which was the weight
of the remaining ash and crucible.

The ash content was determined by subtracting the weight
of oven crucible from the final weight of the sample and
crucible. The weight of the natural fibre ash was then
expressed as a percentage of the air-dry weight (initial

weight) of the sample of ground cotton plant stalks.

3.2:8 Test Moi e tent

For each variety, four samples of ground cotton plant
stalks, were prepared and the weights of four oven crucibles
were measured on the Mettler PN 1210 balance to the nearest
0.01g. Thereafter, 15.0g of each sample was measured out and
put in each of the crucibles.

Each crucible and the content were weighed and placed
inside an oven set at 105°C for 24 hours, after which, they
were brought out and placed inside a desiccator to cool down.
Their dry weight was then measured. The weight of moisture
lost was calculated from the difference between the initial
and final weights of the sample.

The moisture content (% wet basis) of each sample was
determined by expressing the weight ¢f moisture removed as a

percentage of the initial weight of the sample. The average
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moilsture content of each variety was calculated from the four

replications.

33 Determination of Wood Density

The mass density of cotton plant stalks at a harvest
moisture content of 8.0% wet basis was determined for each of
the four varieties, namely SAMCOT's 6, 8, 9 and 10. Four
samples randomly picked from a bundle of 200 sticks were used
for each variety. The wood density was calculated from
measurements of the diameter, length and mass of the wood
chips cut from the cotton plant stalks. The diameter and
length were measured using Vernier Calipers with precisicn of
0.05 mm, while the mass was determined with Mettler PN 1210
weighing egquipment with precision of 0.01g. The cross-
sectional area was calculated from the diameter, while the
volume was the product cof the cross-sectional area and the
length of the wood chip. The wood mase density was therefore

determined by dividing the mass by the volume of each sample.

3.4 erminati e alue

Some of the woodchips cut from each variety of cotton
plant stalks at the harvest moisture content of 8.0% wet basis
were ground with a Burr mill to about 0.50 mm particle size
determined through sieve analysis. The energy value of each
sample of groundwood was determined, using an Automatic

Adiabatic Bomb Calorimeter (Gallenkamp, CBA - 301 series)
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whose effective total! heat capacity had been previously
determined to be 22.9 XJ/°C.

The weight of the groundwood that coculd give a
temperature rise of 3.0 - 3.26° in the calorimeter
thermometer was determined by preliminary tests with each
sample and found to be 5.50, 5.35, 5.40 and 5.25g for SAMCOTs
€, 8, 9@ and 10, respectively. Each sample was put inside a
crucible whose weight was 10.2g. The sample was pressed
gently inside the crucible to form it into a smooth level
layer suitable for combustion. The crucible with the sample
was inserted into the autcbomb and a piece cof nickel-chromium
firing wire was stretched between the electrodes of the bomb.
A single strand of cotton thread 80mm long was tied to the
firing wire. The lengths of the firing wire and cotton thread
were Kept constant at 80mm for all the tests in order to
facilitate the calculation of the energy value. The crucible
was swung into position; the ring clamped and the ends of the
cotton thread were arranged to be in contact with the sample.

The temperatures of the water jacket and the calorimeter
vessel were allowed to stabilize for five minutes so that the
calorimeter temperature became constant, and the thermometer
reader/vibrator was used to read the initial calorimeter
temperature to 0.001°C accuracy after which the "FIRE" switch
was depressed to ignite the sample. When the "FIRE" switch
was released, the "READY TO FIRE"™ lamp stayed off indicating

a satisfactory firing. After a few seconds, the heater relay
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started switching more frequently, showing that the heat of
the burning sample was being absorbed by the water in the
calorimeter. Then, the apparatus was left for 10 minutes to
obtain its final equilibrium temperature which was read oft
also to 0.001°C accuracy two times at 5-minute interval.
When the test was completed, the water jacket cover was raised
and the heater was switched off.

After 30 minutes, the pressure in the bomb was released
through the milled pressure release cap. The contents of the
bomb were then washed into a borosilicate glass beaker with
distilled water. The interior of the bomb and bomb cap were
also washed into the beaker. The content of the beaker was
diluted to 100ml with distilled water, filtered and boiled to
remove carbon dioxide. While still hot, it was titrated with
barium hydroxide [Ba(OH)zj and phenolphthalein was used as
indicator to determine the total acidity. Twenty millilitres
of 0.1N scdium carbonate (Na,CO3) was added and the
precipitate was warmed, filtered and washed with distilled
water. After it was cooled, the filtrate was titrated with
0.1N hydreogen chloride acid (HCL) using Methyl orange as
indicator. The corrections for the heat of itormation of
hydrogen tetra oxo sulphate VI (H;80,) and nitric acid (HNO3)
were calculated and applied as 1indicated in the Autobomb
Report ESheet shown 1in Appendix F.

The heat released from the standard length of firing

cotton thread was calculated from the product of the calorific
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value of cellulose (17.56kJ/g) and the weight (0.001g) of the
known length (80mm) of cotton thread which had been dried at
105°C, in which case the correction was 17.56J. The usual
correction for the heat released from the recommended firing
nickel- chromium wire was given in the calorimeter manual as
12.6J. Therefore, the sum of the corrections for the heat
released from the firing cotton thread and nickel-chromium
wire was 30.16J.

The total heat liberated was calculated from the
effective heat capacity and the observed rise in temperature
after correction for inaccuracies of the thermometer. This
was corrected for the heat of firing/ignition due to the
cotton thread and the nickel-chromium fuse wire and for the
heat of formation of nitric acid. This was converted to the
heat liberated by 1.0g of sample and then, the tetra oxo
sulphate VI acid (H,80,) correction was applied to obtain the

true calorific value or energy value.

W T o-mechan 1

Figure 3.1 shows a flowchart of the thermo-mechanical
pulping processes. Each of SAMCOTs 6, 8, 9 and 10 cotton
plants {barked stems and roots) was cut into chips of 15.0 mm
length each. In the absence of a functional autoclave or a
steaming tube for the presteaming and refining or grinding of
the wood chips under steam pressure, three kilogrammes of the

wood chips were ground with a Burr mill and screened into two
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Processes.



62

fracticons using a 1.0mm sieve. The groundwood of 0.50 mm
particle size was collected while the oversize particles were
recycled in the Burr mill and rescreened with the 1.0mm sieve
until the groundwood was fully recovered. The groundwood was
cooked slowly in a pH-neutral water until 1t boiled and
attained a temperature of 116°C, as measured by a mercury-in-
glass thermometer, and which was maintained for 4 hours. The
temperature of 116°C had been suggested as appropriate and
sufficient to effect the softening and dissolution or glass
transition of the lignin in the pulp of most wood species, as
indicated earlier in section 2.8.3.

The cooked pulp was diluted with cold water and stirred.
A gradual pouring out of the pulp-water suspension into
another container enabled the fibres and water to flow out,
leaving a residue of dense particles of sand at the bottom of
the bucket. The sand-trapping was done four times and the
sand particles were thrown away.

Within 2 - 3 minutes, the pulp had sedimented into a
thick pulp slurry and the black water was gradually poured
out. The pulp was then pressed manually into wet crumbs and
separated from the water. The black water was poured through
a 0.50 mm sieve which allowed the water to pass, but held back
the very fine fibres on the screen. The recovered fine pulp
on the screen was also pressed into wet crumbs and mixed with

other wet pulp crumbs or concentrated pulp.
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The wet pulp crumbs were spread on a tray for sun-drying.
After drying the pulp to a safe moisture content of 8.0% wet
basis, the dry pulp crumbs were gathered together and weighed
to determine the pulp vyield which was the weight of pulp
expressed as a percentage of the initial weight of the wood
chips. Then, the pulp crumbs were bagged for transport to the
Nigerian Paper Mill Ltd., Jebba, Kwara State for subsequent

fibre processing and papermaking experiments,

3.6 c ial -f ime

The experiments on fibre processing and hand sheet making
were conducted to investigate the main and interactive effects
of three factors on the physical and mechanical properties of
the resulting hand sheets. The three factors were the furnish
ratic, P, the pulp freeness, Q and the additive, R.

From the preliminary investigations on fibre
characteristics of the local cotton plant stalks, it was found
that the runkel ratio and the fibre length averaged 0.54 and
0.27 mm, respectively, for both wood and bast fibres as
presented in sections 4.1.3 and 4.1.7, respectively. Since
for papermaking fibres, the runkel ratio, r 2 2 (Clark, 1978)
as earlier indicated, the r value of 0.54 for cotton plant
stalks was obviously too low, as low runkel ratio decreases
the strength of paper (Dinwoodie, 1965).

In contrast with softwoods, which are known for long

fibre lengths of 3.0 - 6.0 mm, most hardwoods have short fibre
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lengths of 1.0 - 2.0 mm, and consequently low paper strength
properties (Britt, 1970; Saltman, 1978), as earlier indicated.
Therefcre, 1t 1s a common practice in most paper mills to
blend most tropical hardwood pulps with local long-fibred
pulps or secondary fibres such as recycled waste paper for
cost effectiveness and improved paper sheet formation and
strength properties (Bautista, 1974). For cotton plant stalks
with short average fibre length of 0.27mm, being shorter than
those of most hardwoods, it was envisaged that the resulting
hand sheets would be too weak.

Therefore, to make up for the deficiences in runkel ratio
and fibre length of the local cotton plant stalks, it was
decided to blend the thermo-mechanical pulp (TMP) prepared
from them with at least 40% of waste paper pulp (WP) whose
fibre Jlength averaged 2.0 mm, after consultation with
experienced papermakers (Ohiorhenuan, 1996; Jimoh, 1996).
This was to enhance the paper sheet formation and strength
properties. Hence, two levels of furnish ratio (TMP/WP) were
investigated as follows: Py of 60/40; that is, 60% TMP and 40%
WP and P, of 50/50; that is, 50% TMP and 50% WP.

Studies on the effects of guar gum, cassava starch and
guinea corn starch on the frictional and scuffing
characteristics of paperbcards, established that to obtain
best resulte, beating and refining should be done to the range
of pulp freeness of 30 to 509SR (Achimugu, 1977), as earlier

indicated. However, the practice recommended in the Quality
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control Department cf the Nigerian baper Mill Ltd., Jebba, is
to beat and refine pulp to the range of fresness of 25 to
309eR. Therefore, it was decided to beat the thermo-
mechanical pulp prepared from cotton plant stalks and the
waste paper pulp as a single fibre source to 20°SR and 359°SR
levels of freeness; that is, Q; of 209SR and Q; of 35SR.

Also, to obtain the best results on the frictional and
scuffing properties of paperboards, Achimugu (1977) and Bugaje
(1980) recommended the use of 1 - 3% of each of guar gum,
cassava starch and guinea ccorn starch as bonding materials, as
earlier indicated. Most papermakers use 1% of rosin size and
3 - 4% of alum in practice to make sure that all the rosin are
precipitated on the fibres by the alum during the sheet
formation (British Paper and Board Makers Asscciation, 1950;
Clark, 1978), as earlier indicated. This is because, rosin is
expensive and therefore no fraction of it should be allowed to
drain away with the white water. The usual practice in the
Nigerian Paper Mill Ltd., Jebba, is to use 1% of rosin and 4%
of alum as additive for most pulps. Hence, 1t was also
decided to use 1% soluticn of rosin and 4% sclution of alum as
the additive on one hand, and no additive at all (0% rosin and
0% alum) on the other, in the hand sheet making experiments
conducted, in order to establish their effects. That 1is,
there were two levels of additive R (rosin, alum): Ry of

(0,0)% and R, of (1,4)%, respectively.
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Therefore, from the factorial 2 x 2 x 2 experiments, it
was possible to determine the main effects of the furnish
ratio (P), pulp freeness (Q) and additive (R) as well as the
interactive effects of PxQ, PxR, QxR and PxQxR on the physical
and mechanical properties of the resulting hand sheets, as

presented in chapter 5.

3.7 Fibre Processing

The fibre processing experiments were conducted in the
central laboratory of the Quality-Control Department of
Nigerian Paper Mill Ltd., Jebba in Xwara State. Fibre
processing included the operations of disintegration, stock
blending, beating and refining and stock sizing with the
additive as shown in Fig. 3.2. The disintegraticn, blending,
beating and refining of the pulp were carried cut using the
Laboratory Valley Beater of the VOITH Inc., model Appleton
WI54911 and serial number 109-E-1499; VS 14032 whose minimum

capacity was 365.0g of oven-dry pulp and 23.0 litres of water.

3.7.1 Disintegration and Blending

For each variety of the theérmo-mechanical pulp (TMP)
prepared from cotton plant stalks, the moisture content was
rechecked with an oven set at the temperature of 105°C for 24
hours in order to determine the quantities of oven-dry fibre
and water to mix to fill the minimum capacity of the valley

heater. The TMP/water mixture was left to scak for 24 hours,
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Beating & Refining
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Fig. 3.2: Flowchart of Fibre Processing Operations.
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after which the TMP slurry was agitated with the valley beater
for 30 minutes; then, the valley beater was emptied and washed
with water,

The grade of waste paper used for the stock blending was
selected pure kraft cuttings obtained from the Paper Mill's
finishing department. The waste paper had been disintegrated
with the hydro-pulper and kept in the Paper Mill's waste paper
storage tank from which the sample of waste paper slurry was
taken. The waste paper pulp slurry was further agitated
separately using the laboratory valley beater for the purpose
of the experiment.

The consistencies of the thermo-mechanical pulp (TMP) and
waste paper (WP) pulp slurries were determined geparately as
the percentage by weight of oven-dry fibre, over 100g of pulp
slurry, in order to determine the volume of each pulp slurry
to be blended with the other at the required furnish ratio,

that is, either TMP/WP ratio of 60/40 or 50/50.

2.7.2 Beating and Refining

Calculated volumes of TMP and WP slurries were measured
with beakers and cylinders and fed into the valley beater at
the furnish ratio of 60/40 for the beating and refining
process. The progress of the beating and refining was
determined from measurements of the freeness in 9SR of the

blended pulp slurry samples taken directly from the valley
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beater with the Schopper-Riegler freeness/wetness tester of
the KARL SCHRODER KG. The freeness measurements were
continued until pulp freeness of 209SR was attained and the
beating was stopped and the valley beater emptied.

Another batch of TMP/WP slurries, at the same furnish
ratio of 60/40, was measured in calculated volumes intoc the
valley beater and the beating and refining commenced. The
progress of the beating and refining was also determined as
dsscribed above, until a freeness of 35°SR was attained and
the beating was stopped and the valley beater emptied.

The next batch of TMP/WP slurries at the next furnish
ratio of 50/50 was beaten and refined likewise to the two
freeness levels, 20°SR and 35°SR. This was carried cut for

each of the four varieties, namsly SAMCOTs 6, 8, 9, and 10.

3.7.3 Stock 8izing

Por each of the varieties and for each furnish ratio at
each level of pulp freeness, two levels of stock sizing with
the additive, rosin and alum were used. The alum acted as a
mordant to precipitate the rosin size on the fibres during
subseguent shest forming operation, as earlier indicated. On
one hand, no additive was used, that is, 0% Rosin and 0% Alum,
and on the other hand, the additive was used, At a mixture of
1% Rosin and 4% Alum,

After determining the consistency of the pulp slurry as

defined in section 2.12.3, the equivalent volume of additive
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and pulp slurry required to form a standard 2.0g sheet was
calculated. That is, using 2.0g as the required consistency,
the 2.0g was divided by the original consistency of the pulp
slurry and multiplied by 100 ml, to get the required volume of
pulp slurry for forming the 2.0g sheet, The 1% solution of
rosin and 4% solution of alum were pipetted into the beaten

and refined pulp slurry and shaken vigorously.

3.8 Hand Sheet Making

Based on consistency measurements and calculations, given
the consistency of the beaten and refined pulp slurry to be
the weight of oven-dry fibre contained in 100m! or 100g of
pulp slurry as defined in section 2.12.3, the required volume
of pulp slurry to contain 2.0g of oven-dry fibre was
calculated as described in section 3.7.3 and measured into a
beaker. The weight measurements were taken with a Chemical
Balance (SARTORIUS 2355) of accuracy 0.001g.

The hand sheet making was accomplished with the British
Standard sheet former of the Testing Machines Inc.,
Amityville, New York. So, using each level of furnish ratio
(TMP/WP), pulp freeness and additive, seven standard circular
hand sheets, each being 160 mm in diameter and weighing 2.0g,
were formed with each of the four varieties (See Fig. 3.3).

This gave a total of 224 standard hand sheets formed and

dried.
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Fig. 3.3 Flowchart of Hand Sheet Making Operations.
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The measured volume of pulp slurry was poured into the shest
former and water was pumped to fill the remaining volume of
the deckle to give a very uniform and dilute consistency of
0.06%. The water was then guickly sucked by a suction pump
through the mould or wire in the machine and all the fibres
gettled as a thin layer on the wire.

The deckle was removed simply by over-turning it to one
side. A flat and thin, circular and stainless metal sheet,
200mm in diameter, was used to press a flat linerboard folder
onto the wet paper web on the wire of the sheet former until
the paper web stuck to the linerboard folder. The paper web
wags thereafter picked up or couched from the wire as the
folder was lifted up gradually from one side to the other and
transferred to the paper sheet drier [AB Loraentzen and Wettre
(L & W) apparatus 257, type 3 - 1, number 199]. Samples of
the hand sheets from the eight different treatments in each of

the four varieties are shown in plates IV - VII.



Plate IV:

Plate V:
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Standard Hand Sheets from the Treatments of Furnish
Ratio {TMP/WP) of 60/40 and Pulp Freeness of 20°SR

S ¥

Without Additive (0,0)% for SAMCCTs 6, 8, 9 and 10

(from left to right)
With Additive (1,4)% for SAMCOTs 6, B8, 9 and 10
(from left to right).

LY b

Standard Hand Sheets from the Treatments of Furnish
Ratio (TMP/WP) of 60/40 and Pulp Freeness of 35°SR

Without Additive (0,0)% for SAMCQOTs A, 8, 9 and 10
(from left to right)
With Additive (1,4)% for SAMCOTs 6, 8, 9 and 10

{from left to right).
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3.9 Testing of Hand Sheets

The physical properties of the test sheets investigated
were the thickness or caliper, basis weight and bulk, while
the mechanical properties tested included the burst strength,
burst factor, tear strength and tear factor. As soon as the
hand sheets were dried, they were allowed to cool down to room
temperature, after which, they were kept in an air-conditioned
paper testing room for a conditicning period of 6 hours. The
paper testing room was maintained at the standard conditions
of temperature of 20°C and a relative humidity of 65%, as

earlier stated.

3.8.1 Caliper, Basis Weight and Bulk

Caliper {mm): The caliper of the test sheets was measured
uging the Wennberg apparatus, type 11-1, number 103 of Elof
Hansson, Goteborg, Sweden with accuracy of 0.01mm. For each
test sheet, the thickness was measured at five spots including
the centre, and the average caliper was noted.

wel mzj: The basis weight, also called "gsm"
cf each test sheet was determined by the use of a rectangular
template whose area in em? was computed from the dimensions,
The test sheet was then cut to the size of the template and
weighed on the Chemical Balance (SARTORIUS 2355). The weight
of the sheet cut to the size of the template was divided by
its area in om? and converted to q!m2 by multiplying by 10,000

em? to get the basis weight of the test sheet in gfmz. This
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was done for three sections of each test sheet and the average

basis welght was noted.

Bulk (mszg): The bulk or specific volume of each test
sheet was calculated from three measurementse of the caliper
and the basis weight using Egqg. 2.10. The average bulk was

calculated from the three replications of basis weight and the

respective calipers.

3.9.2 Burst Strength and Burst Factor

Burst Strength (kPa): The burst strength of each test

sheet was determined by clamping the sheet horizontally on a
Mullen Tester of the B.F. Perkins, Standex Company, Chicopee,
U.8.A whose accuracy was 0.07 kPa. After returning the
pointer of the pressure gauge to zero, the pneumatic pressure
was released and the maximum pressure required to burst the
paper sheet was read off from the gauge and recorded. This
was done at both the centre and three other spots on the sheet
and the average of the four replications was noted.

Burst Factor(kPa.mzfg): The burst facteor for each hand

sheet was calculated from the burst strength and basis weight
using Eq., 2.11, The average burst factor was calculated from
the four replications of burst strength and the respective

basis weights.
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3.9.3 Tear Strength and Tear Factor

Tear Strength (kN): The tear strength of each hand sheet

was determined with the Elemendorf Tearing Tester to an
accuracy of 1.0kgf (92.81N). After clamping the paper 1in
hqrizontal position on the tear strength machine, the free-
moving pendulum was released toc cut or tear the paper in the
returning stroke. The tear resigtance of the test sheet was
read directly from the scale on the machine. This was done
for four pieces of paper cut uniformly from each hand sheet.
The average tear strength for each hand sheset was therefore
calculated from the four replications.

Tear Factor (kNm2 : The tear factor for each test
sheet was calculated from the tear strength and the basis
weight of the sheet using Eq. 2.12. The average tear factor
was calculated from the four replications ©f the tear strength

and the respective basis weights.
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CHAPTER FOUR

4.0 RESULTS AND DISCUSSION OF PRELIMINARY
INVESTIGATIONS

The preliminary investigations are those carried out to
determine the suitability of the four local cotton plant
stalks for papermaking and the results are presented and
discussed in this chapter. While section 4.1 deals with the
results of fibre characterization, section 4.2 explores the
varietal differences in the fibre characteristics. The
results of chemical composition analyses are discussed in
section 4.3, while those of wood density and energy value

determinations are presented in sections 4.4 and 4.%,

respectively.

4.1 Fibre Characteristics

The raw data containing the measured and calculated wood
fibre characteristics for both stems and roots of cotton
plants from the four varieties, SAMCOTs 6, 8, 9 and 10 are
showrn in Appendices A-1, A-2, A-3 and A-4, respectively, while
those o©f the bast fibre characteristics are given in
Appendices B-1, B~Z, B-3 and B-4, respectively. The summaries
cf the results based on statistical analyvses of the raw data

are presented in Tables 4.1 and 4.2 for wood fibre and bast

fibre characteristics, respectively.
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4.1.1 Fib i e

The wood fibre wall thickness of SAMCOT & ranged from
1.74 to 2.46 pm for the stem and 1.68 to 2.5Z pm for the root
(See Table 4,1). TFor SAMCOT 8, it ranged from 2.45 to 3.41 um
for the stem and 2.2Z to 3.18 um for the root, whereas in
SAMCOT 9, it ranged from 2.22 to 3.18 um for the stem and 3.50
to 4.76 pym for the root. In SAMCOT 10, the wood fibre wall
thickness varied from 1.57 to 2.19 um for the stem and 2.99 to
3.91 um for the root. In other words, the wood fibre wall
thickness for the stem ranged from 1.57 um in SAMCOT 10 to
3.41 ym in SAMCOT 8 and that of the root varied from 1.68 pm
in SAMCOT 6 to 4.76 ym in SAMCOT 9. Therefore, SAMCOTs 8 and
9 had the highest wood fibre wall thickness in the stem and
root, respectively.

The bast fibre wall thickness of SAMCOT 6 ranged from
2.35 to 2.97 uym for the stem and 2.96 to 3.72 um for the root,
but for SAMCOT 8, it ranged from 3.98 to 5.7 pum for the stem
and 2.53 to 3.25 ym for the root as shown in Table 4.2. The
values of bast fibre wall thickness in SAMCOTS 6 and 8 were
therefore higher than those of wood fibre in both stems and
roots (See tables 4.1 and 4.2). In SAMCOT 9, the bast fibre
wall thickness varied from 4.48 to 6.32 pm for the stem and
2.98 to 3.78 ym for the root, whereas in SAMCOT 10, it varied
from 3.69 to 4.57 ym for the stem and 2.21 to 2.97 um for the
root (Table 4.2). The values of bast fibre wall thickness in

SAMCOTE 9 and 10 were therefore higher than those of wood
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Table 4.1: Wood Fibre Characteristics of SAMCOTs 6, 8, 9 and 10 Cotton Plants (+ e)

Fibre SAMCOT A SAMCOT 8 SAMCOT 9 SAMCOT 10
Characteristics Stem Roct Stem Root Stem Root Stem Root
ibre wall

thickness (um) 2.10£0.36 2.10£0.42 2.93%20.48 2.70:0.48 2.70#0.48 4.13+0.62 1.881#0.31 3.45t0.46

Fibre lumen
diameter (pm) 20.8%2.30 24.9+2.89 19.9+2.51 19.8#2.51 22.3#2.60 27.9+2.03 31.2#3.39 17.8+1.47

Runkel ratio 0.21+0.04 0.1810.04 0.30+0.06 0.30+0.06 0.26+0.06 0.31+0.06 0.1310.02 0.41+0.06

Fibre diameter

{pm) 25.0%2.66 29.1+2.95 25.8+2.68 25.242.47 27.7+2.70 36.1+3.01 35.1+3.27 24.7#1.36
Thickness
index 0.08+0.02 0.07+#0.02 0.12+0.02 0.,11+0.02 0.10+0.02 0.12+0.02 0.06+0.01 0.14+0.02

Coefficient of
flexibility 0.8340.02 0.85+0.02 0.77+0.04 0.78+0.04 0.80+0.04 0.77+0.04 0.894+0.02 0.72+0.04

Fibre length

(pm) 225.4%31.8 235.5%42.1 268.5+56.4 240.7+39.1 317.2452.6 222.0+34.5 294.0+42.8 283.5+38.0
Slenderness
ratio 37¢#1.49 8.76%2.24 10.8+2.57 10.3+2.28 11.842.11 6.33+1.17 8.79+1.57 11.8+2.03

@.d
% Void space 8.21%4.38 2.60+1.32 3.95+1.85 2.52+0.70 3.48+1.01 3.2940.95 3.80+0.92 1.96%0.88

Note! Standard error e = t (s ) for n £ 50
== 0.05 wr
n
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mable 4.2: Bast Fibre Characteristics of SAMCCTs €, 8, 9 and 10 Cotton Plants (& e).

Fibre SAMCOT & SAMCOT 8 SAMCOT ¢ SAMCOT 10
Characteristics Stenm Root Stem Root Stem Root: Stem Root.
Pibre w2l
thickness {um} 2.6630.31 3.34+0.38 4.8410.86 2.89#0.36 5.4 10,92 3.3840.40 4.1310.44 2.5910.38
Fibre liumen
diameter {wm) 13.631.61  10.4%1.61 11.422.07 9.68+1,19 12,141 .78 ©,.45t1.44 8,10%1.30 8.25%1.19
Punicel rati 0.42+0.08 0.73+0.156 1.00#0.27 ©0.60%0.10 1.01%0.29 0.80%0.17 1.1620.27 0.70+0.17
Fihre diameter

{nm) 19.0+%1.59 i7.1%1.67 21.1#2.26 15.4%#1.51 22.9+2.60 16.2+#1.59 16.3+1.80 13.4%1.55
Thickness

index 0.14%0.02 0.2040.02 0.23#+0.03  {,193:0.02 0.,23#0.02 0.21+0.02 0.2630.02 0.,20%0.02
Coefficient of

flewibility 0.71+0.04 0.58+0.06 0.54+0.06 0.62+0.04 0.53%0.06 0.58+0.04 0.49+0.04 Q.61+0.04
Fibre length

{pm) 270 9+37 .9 270.4+32.8 260.2+48.8 277.2 +37.3 2B6.6+39.6 220.6430.3 235.5%25.3 281.7 *32.¢
Slenderness
ratioc 12.4#1.97 16.0%2.22 13.1%2.97 18.7+3.06 132,442 .60 16.1+42.39 15.4+2.89 22.2+3.89

Area of fibre

mundle (an®) 0.018+0.007 0.013+0.005 0.010£0.005 0.014+0.005 0.010+1.002 0.01540.007 0.009+0.003 0.01140.005
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Fibre
Characteristics

SAMCOT 6
Stem Root

SAMCOT 8

Stem

Root

SAMCOT 9
Root

SAMCOT 10
Root

No, =of fibre
bundles within
the total hark
area of
0.06%mm2

2.2%0.56 2.410.67

Percentage of
fibre in the
bark (%)

97.4 45.2

Percentage of
parenchyma 1n

the bark (%) 42.6 54.8

4,2+41.61

60.9

39.1

2.4%0.67

51.3

2.410.47 2.240.3

47.8

34.8

65.2 52.2

2.2%0.56 3.0+0.89

28.7

47.8

53 52.2

Note!

n

Standard error e = tg g5 (8 ) for n < 50
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fibre in the stems and vice versa in the roots (See Tables 4.1
and 4,2). Hence, SAMCOT 9 had the highest bast fibre wall
thickness in both stems and rogts, followed by SAMCOTs 8, 10

and 6.

Moreover, the wood and bhast fibres in all the varietises
are relatively thin-walled fibres which are good for
papermaking, because they collapse easily during pulping and
beating/refining operations for papermaking. The thick-walled
and coarse fibres consume more power toc achieve fibhre collapse
during refiner-mechanical and thermo-mechanical pulping than

thin-walled fibres {Mackie and Joyce, 1987).

4.1.2 Fibre Lumen Diametar

The wood fibre lumen diameter for the stem of SAMCOT 6
varied from 18.6 to 23.2 pm and that of the root from 22.0 to
27.8 pm, while in SAMCOT 8, it varied from 17.4 to 22.5 um for
the stem and 17.3 to 22.3 um for the root as shown in Table
4.1. In SAMCOT 9, the wood fibre lumen diameter ranged from
19.8 to 25.0 um for the stem and 24.9% to 30.0 um for the root,
while that of SAMCOT 10 ranged from 28.0 to 34.7 pum for the
stem and 16.4 to 19.3 pm for the root {Ses Table 4.1).

In other words, the wood fibre lumen diameter for the stem
varied from 17.4 um in SAMCOT 8 to 34.7 um in SAMCOT 10 and
for the root, 16.4 um in SAMCOT 10 to 30.9 pm in SAMCOT 9.
Thus SAMCOTs 10 and 2 wood fibres had the largest lumen

diameters in the stem and root, respectively.
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Table 4.2 showed that the bast fibre lumen diameter for
the stem of SAMCOT 6 varied from 12.0 to 15.3 pm and that of
the root varied from 8.82 to 12.0 pm, while in SAMCOT 8, it
varied from 9.33 to 13.5 um for the stem and 8.49 to 10.9 um
for the root. In SAMCOT 9, the bast fibre lumen diameter
ranged from 10.3 to 13.9 pum for the stem and 8.01 to 10.9 um
for the root, while that of SAMCOT 10 ranged from 6.80 to 9.40
pm for the stem and 7.06 to 9.44 uym for the root. Therafore,
the bast fibre lumen diameter for the stem 1in these cotton
varieties varied from 6.80 pm in SAMCOT 10 to 15.3 um in
SAMCOT 6 and for the root, 7.06 um in SAMCOT 10 to 12.0 pm in
SAMCOT 6 as shown in Table 4.2. That is, SAMCOT € bast fibres
had the largest lumen diameter in both stem and root, followed
by SAMCOTs 9, 8 and 10.

Contrary to the trend cbserved for fibre wall thickness,
the values of bast fibre lumen diameter in SAMCOT 6, 8, 9 and
10 were lower than those of the wood fibre for the same
varieties, both in the stems and roots. In a given plant
species, the fibre lumen diameter is related to fibre wall
thickness, in that, the larger the lumen diameter, the smaller
the wall thickness and vice versa. The fibre lumen diameter
is useful for calculating the coefficient of flexibility and
the runkel ratioc of papermaking fibres, as indicated in Egs.

2.1 and 2.3, respectively.
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4.1.3 Runkel Ratio

Table 4.1 showed that the runkel ratic for the wood fibre
in the stem of SAMCOT 6 ranged from 0.17 to 0.25 and that of
the root from 0.14 to 0.22, whereas in SAMCOT 8, it ranged
from 0.24 to 0.36 in both stem and root. Alsc, the runkel
ratio for the wood fibre in the stem of SAMCOT 9 varied from
0.20 to 0.32 and that of the root from 0.25 to 0.37, whereas
for SAMCOT 10, it ranged from 0.11 to 0.15 in the stem and
0.35 to 0.47 in the root. That is, the runkel ratio of the
wood fibre in the stem ranged from 0.11 in SAMCOT 10 to 0.36
in SAMCOT 8, but in the root, it ranged from 0.14 in SAMCOT 6
to 0.47 in SAMCOT 10 as shown in Table 4.1. Thus, SAMCOTs 8
and 10 wood fibres had the highest runkel ratios in the stem
and root, respectively.

However, the runkel ratio for the bast fibre in the stem
of SAMCOT 6 ranged from 0.34 to 0.50 and that of the root from
0.57 to 0.89, whereas in SAMCOT 8, it ranged from 0.75 to 1.27
in the stem and 0.53 to 0.73 in the root as shown in Table
4.2, The ratio varied from 0.72 to 1.30 in the stem and 0.63
to 0.97 in the root of SAMCOT 9, but in SAMCOT 10, it varied
from 0.89 to 1.43 in the stem and 0.53 to 0.87 in the root
(Table 4.2). Thus, the runkel ratio of the bast fibre was
higher than that of the wood fibre in both stems and roots in
all the varieties (See Tables 4.1 and 4.2) and ranged from
0.34 in SAMCOT 6 to 1.43 in SAMCOT 10 for the stem and from

0.53 in SAMCOT 8 to 0.97 in SAMCOT 9 for the roots.
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Hence, SAMCOTs 10 and bast fibres had the highest runkel
ratios in the stem and root, respectively.

It has been reported that the strength of hardwoods used
for papermaking dspends much on their runkel ratio r
(Dinwoodie, 1965%) and for papermaking fibres where r > 2, the
fibres would be considered good for papermaking {(Clark, 1978},
ag esarlier indicated. The runkel ratio expresses the
propertion of sclid material in the fibre and the ease with
which the fibre walls can collapse during the pulping of wood
and fibre processing. A low runkel! ratio shows thin fibre
walls that are readily collapsible during the pulping of wood
and the subsequent beating/refining of the pulp. Hence,
fibres with low runkel ratic require little beating and
refining to achieve sufficient fibrillation.

However, thae runkel ratio of cotton plant stalks
averaging 0.54 for both wood and bast fibres is obviously too
low, considering the recommended minimum of 2.0. The tendency
may be for the resulting paper sheets to bhe too weak.
Nevertheless, one can still make good paper and/or board with
the local cotton plant stalks by blending them with secondary

fibres, such as waste paper, as indicated earlier in sections

2.11.2 and 3.6,

4.1.4 Fibre Diameter

Table 4.1 shows that the wood fibre diameter for the gtem

of SAMCOT 6 varied from 22.4 pgm to 27.7 uam and that of the
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root from 26.2 to 32.1 pm, but for SAMCOT 8, it varied from
23.1 to 28.5 uym in the stem and 22.7 to 27.7 pm in the root.
In SAMCOT 9, the wood fibre diameter ranged from 25.1 to 30.5
pm for the stem and 33.1 to 3%.2 um for the root, while in
SAMCOT 10, it ranged from 31.8 to 38.4 um for the stem and
23.4 to 26.1 pm for the root (See Table 4.1). Hence, the wood
fibre diameter in the stem varied from 22.4 um in SAMCOT 6 to
38.4 uym in SAMCOT 10, but in the root, it varied from 23.4 um
in SAMCOT 10 to 39.2 uym in SAMCOT 9. Therefore, SAMCOTs 10
and 9 wood fibre diameters were the highest for stem and root,
respectively.

The bast fibre diameter for the stem of SAMCOT 6 varied
from 17.4 to 20.6 um and that of the root varied from 15.4 to
18.8 pm, while in SAMCOT 8, it varied from 18.8 to 23.3 um for
the stem and 13.9% to 17.0 um for the root, as shown in Table
4.2. Also in SAMCOT 9, it varied from 20.3 to 25.5% pm in the
gtem and 14.6 toc 17.8 um in the root, while in SAMCOT 10, it
ranged from 14.6 to 18.2 pum for the stem and 11.9 to 15.0 um
for the root {See Table 4.2). Hence, the bast fibre diameter
in the stem varied from 14.6 um in SAMCOT 10 to 25.5 um in
SAMCOT 9 and for the root, 11.9 pm in SAMCOT 10 to 18.8 pm in
SAMCOT 6. Therefore, SAMCOTs 9 and 6 bast fibre diameters
were the highest for stem and root, respectively.

The wood fibre and bast fibre diameters of the local
cotton plant stalks, averaging Z23.1pm, compared favourably

with the wood fibre diameters of notable papermaking woods and
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agricultural residues including sorghum (16 pm), bamboos (13-
25 ym), jute sticks (26 um), bagasse (20 pm}, rubber wood (19
pm) and eucalyptus species (15-20 um) as reported by Food and

Agriculture Organisation (1965).

4.1.5 Thickness Index
The wood fibre thickness index for the stem of SAMCOT 6

varied from 0.06 to 0.10 and that of the root varied from 0.05
to 0.09, while in SAMCOT 8, it varied from 0.10 to 0.14 for
the stem and 0.09 to 0.13 for the rocot as shown in Table 4.1.
In SAMCOT 9, the thickness index of the wood fibre ranged from
0.08 to 0.12 in the stem, and 0.10 to 0.14 in the root,
whereas in SAMCOT 10, it ranged from 0.05 to 0.07 for the stem
and 0.12 to 0.16 for the root (See Table 4.1). Hence, the
wood fibre thickness index for the stem ranged from 0.05 in
SAMCOT 10 to 0.14 1n SAMCOT 8 and for the root, 0.05 in SAMCOT
6 to 0.16 in SAMCOT 10. That is, the wood fibre thickness
index was highest in SAMCOTs 8 and 10 for stem and root,
respectively.

The bast fibre thickness index for the stem of SAMCOT 6
varied from 0.12 to 0.16, and that of the root varied from
0.18 to 0.22, while in SAMCOT 8, it varied from 0.20 to 0.26
for the stem and 0.17 to 0.21 for the root as shown in Table
4,2. However, in SAMCOT 9, it ranged from 0.21 to 0.25 in the
stem and 0.19 to 0.23 in the root, whereas in SAMCOT 10, it

ranged from 0.24 to 0.28 for the stem and 0.18 to 0.22 for the
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rcot (See Table 4.2). Therefore, the bast fibre thickness
index for the stem ranged from 0.12 in SAMCOT 6 to 0.28 in
SAMCOT 10 and for the root, 0.17 in SAMCOT 8 tc 0.23 in SAMCOT
9. That is, the bast fibre thickness index was highest in
SAMCOTs 10 and 9 for stem and root, respectively.

The thickness index, t being a ratio of fibre wall
thickness to fibre diameter, as defined in Eq. 2.4, gives an
indication of the beatability of the fibre during fibre
processing. If the index is low, the fibres have thin walls
that can easily absorb water, and swell up, bruise, collapse
and open up to release the fibrils under very little beating
and refining., However, if the thickness index 18 too high, it
shows relatively thick-walled or coarse fibres which will
require severe beating and refining to adequately fibrillate
the fibres for strong inter-fibre bonding during paper sheet
formation.

For good papermaking fibres, the thickness index should
vary between 0.33 and 0.50, provided the runkel ratior 2 2,
as indicated earlier in Eq. 2.9. The low average value of
0.10 obtained in this study for the wood fibre thickness index
in both stems and roots of cotton plant stalks, therefore
shows that the fibres are relatively thin-walled and will
easily fibrillate with little beating and refining, but may

form very weak paper sheets because their thickness index is

too low.
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4.1.6 Coefficient of Flexibility
Table 4.1 shows that the wood fibre flexibility
coefficient for the stem of SAMCOT 6 ranged from 0.81 to 0.85
while that of the root ranged from 0.83 to 0.87, but in SAMCOT

g, it varied from 0.73 to 0.81 for the stem and 0.74 to 0.82

Fh

or the root. In SAMCOT 9, the flexibility coefficient ranged
from 0.76 to 0.84 for the stem and 0.73 to 0.81 for the root,
whereas in SAMCOT 10, it varied from 0.87 to 0.91 for the stem

and 0.68 to 0.76 for the root (See Table 4.1). Thug, the

Hh

lexibility coefficient of the wood fibre in the stem of

(9]
(@)

¢ctton plants ranged from 0.73 in SAMCOT 8 to 0.91 in SAMCOT

=t

0, but in the roots, it ranged from 0.68 in SAMCOT 10 to 0.87
in SAMCOT £. That i1s, SAMCOTs 10 and 6 had the most flexible
wood fibres in the stem and root, respectively.

In Table 4.2, the bast fibre flexibility coefficient for
+he stem of SAMCOT € ranged from 0.67 to 0.75 and that of the
root ranged from 0.52 to 0.64, while in SAMCOT 8, it varied
from o.42 to 0.6 for the stem and 0.58 to 0.66 for the root.

In SAMCOT 6, it ranged from 0.47 to 0.59 in the stem and 0.54

0

to 0.

o
r

> in the root, whereas in SAMCOT 10, it varied from 0.45

t
O

0.5

a2

in the stem and 0.57 to 0.65 in the root. Hence, the
flexibility coefficient of the bast fibre in cotton plants
ranged from 0.45 in SAMCOT 10 to 0.75 in SAMCOT 6 for the
etems and 0.52 in SAMCOT 6 to 0.66 in SAMCOT 8 for the roots.
That is, SAMCOTs 6 and 8 had the most flexible bast fibres in

the stem and root, respectively.
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The values of flexibility coefficieht for the wﬁod and
bast fibres in the stems and roots of the local cotton plahts,
averaging 0.692, compared favourably with those of some

notzable papermaking fibres such as Gmelina arborea (0.70 -

0.8%}), eucalyptus (0,320 - 0.60), tropical pine species (0.?0‘*

0,80}, ruphber wood ({0.57), sorghum {(0.81) and bagasse (0.50)
2% reported by the Fcod and Agriculture Organisation (1965),
According tc Okereke (1962) and Rydholm {(1967), a flesxibility
cogfficient of more than 0.50 is required for papermaking

., angd this would correspond to a runkel ratior > 1, as

h
par
tr
H
)]
m

(x4

shown in Eg. 2.8,

2ince flexibility coe=fficient 1s a ratio of fibre lumen
diameter to Ifibre diameter, a high value of approximately
unity indicates 3 large fibre lumeﬁ diameter or thin fibre
wzlle, Thin-walled £fibres are usually very flexible and
readily ceoliapsible during pulping and beating/refining as
indicated sarlier. Fibre flexibility enhances fipre-to-iibre
Auring the drying of the paper web. Flexible fibres
can easily be drawn into close surface contact with each other
by the force of surface tension as the water is removed or
sucked by the suction pumps of the sheet formers and driers.
The clomse surface contact promotes inter-fibre bending and
g00d strength properties in the paper.

Resides, the close contact between the fibres will give

2 sheetr of lower porosity, that is, a sheet with less air

space and a greater solids fraction. This can increase the
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apparent sheet density and have z marked effect on many other
important properties of the paper, especially, the opacity,
31y permeability, grease proofness and expansion with
moieture. Papermakers should therefore be interested in the
bility of the fibre as a structural unit of the sheet, in
the bending of the whole fibre as a deflection per unit load
and unit length, rather than in the modulus of rigidity of the

ic fibre material (Casey, 1980).

6,27 Fibre Length

The length of the wood fibres in the stem of SAMCOT 6
1ged from 0.19 to 0.28mm and that of the root ranged from
0.19 to 0.28mm, whereas in SAMCOT 8, it wvaried from 0.21 to
2.22mm in the stem and 0.20 to 0.28mm in the root (See Table

4.1, In SAMCOT @, the fibre length ranged from 0.26 to

-

2.27mm fcor the stem and 0.19 to 0.26mm for the root, while in
SAMCCT 10, it varied from 0.25 to 0.34mm in the stem and 0.25
tc 0.32 in the root (See Table 4.1). Hence, the wood fibre
lsngth in the stems of cotton plants ranged from 0.19mm in
EAMCOT & to 0.37mm in SAMCOT 9 while in the roots, it ranged
from 0.19mm in SAMCOT 9 to 0.32mm in SAMCOT 10. That is
ZAMCOTs © and 10 had the longest wood fibres in the stem and
roct, respectively.

In Table 4.2, the bast fibre length in the stem of SAMCOT
£ varied from 0.20 to 0.26mm and that of the root varied from

nN,22 to 0.3mm, while in SAMCOT 8, 1t ranged from 0.21 to
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for the stem and 0.24 to 0.21mm for the root. In'
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SAMCOT o, it varied from 0.25 to 0.33mm in the stem, and 0.19
t2 N.25mm in the roct, while in SAMCOT 10, it varied from 0.21
to 0.26mm in the stem and 0.25 to 0.32mm in the root. Thus,

ngth in the stems of cotton plants ranged
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Irom 0.20mm in SAMCOT 6 to 0.33mm in SAMCOT 9, while in the
it rangsd from 0.,19mm in SAMCOT 2 to ¢.32mm in SAMCQT
10, That 1g, SAMCOTs 9 and 10 had the longest bast fibres in .
the stem and root, respectively. Since the bast fibre lengths
compared well with those of the wood fihre in both ghoots and

tg of all the varieties, it would he unnecesgsary to dehark
stton plant stalks before or during pulping as the quality of
the kazt fihres 3also rcontributes meaningfullv to the overall
rapermaking fibre quality of the étalks.

Fibre lengths for notable papermaking woods and
agrisultural residues have besn reported, as follows:-
tropical pine wood species (3.2 - 4.8mm), eucalyptus (0.9 -
1.1mm), rubber wood (1.4mm)}, jute sticks {(1.0mm), bagasse (1.7

- %.%mm) and Scerghum (1.9mm) [FAQ, 19651. Comparing the wood

and bzaszst fibre lengths of the stems of cotton plants (which
averaged 0.28 mm and 0.26 mm, respectively}, with those of the

bove-mentioned raw materials, the fibres in cotton plant

4]

s+alks are extremely too short., However, they can still be

=
-

geful in papermaking if they are blended with a long-fibred

4

pulyp, vhere locally available, or alternatively, with:

o

gecondary fibres, such as waste paper, as indicated earlier,
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-y 1w - -~ -
Such stocck klending i

Ly

the practice 1in most paper mills,
including the Higerian Paper Mill Litd, Jebba, which produces
paper from shert-{fibred tropical hardwoods. Long fibres {(3.0-

1 ghort—fibred (1.0 - 2.0 mm long), asg

Good fibre length has been recognised as an important -

¢

chor for good tesr strength and other strength properties of
, 1970}, Tor particle boards, stiffness in
rending and dimensicnzl stability improve with increase in
rarticle/flzake length. That is, the longer and thinner the
flakes, the stronger, stiffer and more dimensgionally stable
the particeboard {Badesjo, 1988}, Thase findings
notwithstanding, fibre length should not be seen to be the
only facteor affecting paper strength preoperties. Hance, Casey
P19E0)Y, noted that the importance of £fibre length in
devalaping Certain paper properities must have heen unduly
sver-smphasized, Begides, Dinwoodie {1965) observed that in
mardwoods, cther fibkbre characteristics such as runkel ratio,
coefficient of flexibility, thickness index and slenderness
, are more important than fibre length alone in
determining paper propsrties. .

The optich of papermaking from cotton plant stalks is not

intended to sntirely substitute the use of other established:

papermaking woods and fibrous raw materials, but to supplement
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the usual suppliez of long-fibred pulp by wavy of stock
blending with shert-fibred pulp, in view of the high cost and
& 1n the quantity of long-fibred pulp in'the world
market. This will enhance cost effectiveness in papermaking.’
Mersever, papermaking with cotton plant stalks is 'aﬁ

conomically wviable alternative to the wasteful disposal ot

4,.1.8 : Slenderness Ratio

The slenderness ratio of the wood f{ibre in the stem of
SAMOOT & ranged from 7.88 to 10.9 and that of the root ranged

from £,32 to 11.0 whilse in SAMCOT 8, it wvaried from 8.23 to

o]
r¥

he stem and 7.%2 to 12.& for the root as shown in
Table 4.1. In SAMCCT 9, the slenderness ratio ranged from
49,71 to 13.% for the gten and 5.16 to 7.50 for the root,
whereszse in ZAMCOT 10, :t ranged from 7,22 to 10.4 for the stem
gnd 8,76 to 13.8 for the root. Hence, the slenderness ratio
ke wood fibre in the stems of cotiton plants ranged from
Z ip BAMCOT 10 to 12.9 in SAMCOT 9, but in the roots, it
rznged from 5.1& in SAMCOT 9, to 13.8 in SAMCOT 10. That is,
S2MCOTs 9 and 10 had the highest slendernsss ratios for wocod
fibres in the stem and roct, respectively. |

In Table 4.2, the slenderness ratio for the bast fibre in
the stem of SAMCOT € varied from 10.5 to 14.4 and that of the
roots ranged from 13.8 to 18.3, while in SAMCOT 8, it wvariegd.

from 19,1 to 16.0 for the stem and 15.6 to 21.8 for the root,
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In ZAMCOT 2, the slenderness ratic varied from 10.8 to 16.0
focr the stem and 11.8 to 16€.5 for the root, while in SAMCOT 
i, 1t varied from 12.% to 18.3 for the stem and 18.3 to 26.1I
for the root. Thersfore, fhe slenderness ratio for the bast
ibre in the stems of cotton plants ranged from 10.5 in SAMCOT
€ to 18.3 in SAMCOT 10, but in the roots, it ranged from 11.8

SAMCOT 2 to 26.1 in SaMCOT 10. Hence, SAMCOT 10 kast
fibres had the Hhighest slendernsss ratio in both stem and

followed by SAMCOTs 8, 9 ang 6. |

The gslenderness ratics of =ome notable papermaking
fikbrous raw materials raported hy FAQC (1%65) include those of
eusalyptus {85 -~ €0), gmelina (40 - 45}, bagasse (85 - 100)
and Jute sitisks (38%.5%5). The lrw values of slenderness ratio

recorded in thie study for the wood and bast fibres in cotton

plant gtalkes being on the average 10.2 and 15.8, respectively,
razn be exrlained by the chert fibre lengths involved. This

medium-fibred pulp, such as waste paper. The higher the

endarness ratio, the strcnger the resistance to tearing of

F

ydholm, 1967}.

- -y - -
the paper sheet {

4.1.9 Parecentage of Void Space

The percentage of void spaces. in the transverse section
{T8) of the wood 1in the stem of SAMCOT 6 varied from 3.83 to
12.6% and that of the roots varied from 1.28 to 3.92%, while -

in SAMCTOT 8, it ranged from 2.10 to 5.80% for the stem and
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.22 to 2.22% for the roots (See Table 4.1). The percentage
vold gpace ranged from 2.47 to 4.49% for the stem and 2.34 to
£.24% for the rcot of SAMCOT 9. In SAMCOT 10, it ranged from
2.88 teo 4.72% for the stem and 1.08 to 2.84% for the root.

" Hence, the percentage of void spaces in the woody stem of

¥
}

~tteon plants varied from 2.47% in SAMCOT 9 to 12.6% in SAMCOT
€ and i1n the roots, it varied from 1.08% in SAMCOT 10 to 4.24%
in SAMCOT 9, That 1s, SAMCOTs & and 9 had the highest
parcentages of void spaces in the stem and root, respectively.
Therefore, the grand mean of the percentage of void spaces in

the s=tem and root of the four varieties of cotton plants was

The percentage of void spaces in the cross-section of the
woody cotton plant stalks gives an indication of the porosity
o2f the stalke. Non-fibrous tissues like vessels, rays and
parenchyma pcse problems of low fibre yield in pulp mills. On
“he other hand, a high percentage of void spaces in a paper
wer leads to failure in bhond properties and "lift" in
newsprant, thereby causing fuzzinsss in printing (Byrd and
Fahey, 19£9). The lcow percentage of void spaces obtained for
the lozal cotton plant stalks suggests that the stalks are
Righ in fibre content and gives an indication of a high fibre

vield during pulping, which is a good feature for papermaking.
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4,1.10 Area and Number of Fibre Bundles

Tazble 4.2 shows that the cross-sectional area of each

tibre bundle 1in the bark of the stem of SAMCOT 6 ranged from
0.011 to 0.025mm° and that of the root ranged from 0.008 to
0.018mm? whereas in SAMCOT 8, it varied from 0.005 to 0.015mm2
tay the stem and 0.009 to 0.019mm® for the root. In SAMCOT 9,
of fibre bundle varied from 0.008 to 0.012mm? in the
stem and 0.008 to 0.022mm’ in the root, but in SAMCOT 10, it
varied from 0.006 to 0.012mm? in the stem and 0.006 to
©,016mm° in the root as shown in Table 4.2. Hence, the area
=2f sach fibre bundle in the bark of the stem of cotton plants
ranged from 0.005mm? in SAMCOT £ to 0,025mm? in SAMCOT 6,
while that cf the root ranged from 0.006mmzin SAMCOT 10 to
n.022mme in SAMCOT 9, So, the area of fibre bundle in the

)

W

r% was highest in the stem and root of SAMCOTs 6 and 9,
respectively.

Tahle 4,2 also shows the number of fibre bundles within

1l

ziven area of the bark covered by the field of view of the

n

roscope, which was 0.069mm". For the stem of SAMCOT 6, the
numher cf fibre bundles ranged from 1.64 to 2.76 and for the
root, 1.73 to 3.07 while in SAMCOT 8, it varied from 2.59 to
£.81 for the stem and 1.73 to 3.07 for the root. In SAMCOT 9,
it varied from 1.93 to 2.87 for the stem and 1.81 to 2.59 for
the root, but in SAMCOT 10, it ranged from 1.64 to 2.7¢ for
the stem and 2.11 to 2.89 for the root. Thus, the number of

fibre bundles within the area of view of 0.069 mm2 in the bark
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2f the stems of cotion plants wvaried from 1.64 in SAMCOTE 6

AMCCT 8, while in the root, it varied from

Lo
[ o
[ %]
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1.72 in SAMCOTS & and 8 to 3.89 in SAMCOT 10. So, the number
¢f fipre bundles in the bark was highest in the stem and root -
of EAMICTs 8 and 10, respectivelry, ‘
Bzsed on the mean cross sectional area and average number
cf fikre bundles within the goiven area of the bark of the
etemz and roots of cotton plants, the percentage of fibre in -
the kark can be computed by dividing the product of the area

and number of fibre bundles by the given bark area as defined

hey By, 2.8,
4.3 311 Percentaces of Fibre and Parenchyma in the Bark

The average percentages of fibre in the bark of the stem

and root of SAMOCOT A werae B7.4% and 45.2%, respectively, while

-

n SAMIOT 2, thers were 60.9% and 48.7% of bast fibre in the
stem and roct, raspectively, as shown in Table 4.2. Also, in
SAMOOT O, thers were 34.8% and 47.8% of bast fibre in the stem
o%, regpectively, whereas in BAMCOT 10, they were 28.7%
7.8% in the stem and root, respectively (See Table 4,2},

Therefore, there wers higher quantities of bast fibre in
the stems of SAMCOTS 6 and 8 than their roote, but for SAHCOTS
9 and 10, thers were more bast fibres in their roots than
thelr stems, .SAMCOT & had the highesgt percentages of bast
fibre in hoth stem and root, while SAMCOT 10 had the lowest:

percentage of bast fibre in the stem and SAMCOT 6 had the
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lowest percentace ol hast fibre in the roct {See T&ble 4.2)h
1¢ interesting to f£ind that the bark of cottbn-plant stalks
¢ zufficiently fibrous just like the wood, and that the bast
fihrs characteristrice compared faveurably with those of the
wood. Hence,; the wood and the bhark can be pulped togethef,l

without debarking.

The average percentages of paranchyma in the bark of SAMCOT 6
grtem angd root were 42.6% and 54.8%, respectively, while in
SAMCOT 8, there were 29.1% and b1.3% of parenchyma in the bark
cf the gitem and roof, respectively {See Table 4.2). In SAMCOT
B, thers were 65.2% and 52.2% ¢of parenchymsa in the bark of the
gstem and root, resgpectively, while in ZAMCOT 10, there were
TL 2% and %2.2% of parenchyma 1n the bark of the stem and

ract, respectivaly., Thus, thers was more parenchyma in the

rocts of SAMCOTE € and 8 than their steme but for SAMCOTS 9
=nd 10, thers was more parenchyma in their stems than their
roatse Uawever, SAMCOT & had the lowest parenchyma in both

gtem and root, while SAMCQT 10 had the highest parenchyma in
the stem and SAMCOT € had the highest parenchyma in the root
28 shown in Tahle 4.2.

The presence of parsnchyma in pulp 1is generally
undesirakle for papermaking. Bxcess parenchyma can causse
“fineg" in pulp, resulting in slow paper machine drainage and

gffluent difficulties (Klungness and Sanyer, 1981),. The
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parenchyma Dbeinc thin-walled ncn-fibrous tissues, wili i.
digintegrate or macerate and get washed away during pulping,
kut when in excess,; they can constitute too much of fine

zoluies in the white water that drains through the wire of

f14]

L

-

paper machine in ¢ rrocess of forming the wet paper web,

Thev <an clog the wire and prevent fast drainage of the white

water by making the efflusnt slurry too viscous to drain or
flaw =away itast, However, the percentages of parenchyma
chtained for the hark of the local cotton plant stems and

roets  are tolerable  for  papermaking, since  the  bark

constitutes only about 10% by weight of cotton plant stalks.

lance {(ANOVA) was carried out to determine

ar
a1
j..l

he affacts of ssach variety of cotton plant stalks (varietal
pffactesl and each cample of stem and root from each variety
!egample affacts) on the fibra characteristics, This_was dene
v comparing the mean values c¢f the fibre characteristics
ghown in Tables 4.1 znd 4.2, using the variations between anad
hin the varieties and the variations between and within the
sanples of stam and ro2ot from each variety by way of a single-
aetoy  analyvsis of variance {ANOVA) model I {Neter and

Wasserman, 1974; ¥ennedy and Neville, 1976; Box et al, 1378).
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a3 Varietal Effects
The 2nalysis of variance tables showing the varietal

gzifzcts on the wood and bast fibre characteristics of SAMCOTs

]
(o]
9
W
1

1d 10 cotton plant stems and roots are given 1in

2rpendices (-1, (-2, C-3 and C-4. It was found that there
were gignificant differences in the wood fibre characteristics

~f the steme cf SAMCOTS 6, 8, 9 and 10 cotton plants, except
1o, at 95% probability level. Likewise, the
'ibre characteristics of the stems of SAMCOTS 6, 8, 9 and
10 eootton plants were found to be significantly different at
1ty lsvel, but the fibre length and slenderness

Alen, the weed fibre characteristics of the roots of
SAMTOTE 6, £, 9 and 10 cotton plants were found to be
cantly different between the varieties at the 95%
probapiliey level, However, the wood fibre length and the
rer-entage of void spaces were not significantly different
retween the varieties. On the other hand, only the fibre wall
“hickness, fibre diameter, fibre length, and slenderness ratio

~f the + fibre from the roots of the four varieties were

5 |
ik -

,
a

h

aund to he significantly different between the varieties at

probability level.

+3

he implications of the varietal differences observed in
the fibre characteristics of the four varieties of cotton
plant stalks are apparent. The properties of paper made from

the £

bres of one variety cannot be generalized to apply to

-
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et

2f each variety o¢f cotton plant stalks available is
insutficient, it =hould be possible to blend the four

varieties 3and produce the pulp and paper, thereby utilizing

L the cotton plant stalks available in any season in the

- Sample Effects

'eig o©f wvariance tables showing the sample
zifects on the wood and bast fibre characteristics of SAMCOTs
¢, B, 9@ 3and 10 cotton plant stems and roots are given 1in
ppendices Ch - 212, It was found that the wood fibre
tice o2f ths stem and root samples from SAMCOT 6
cotton plant stalks were not significantly different at 95%
profability level, except the fibre lumen diameter, fibre

diameter and percentags of void spaces. Also, the bast fibre

Y

aracteristice of the stems and roots of SAMCOT 6 were found
“2 he significantly different at 95% probability level, except
hre diameter, fibre length and area of fibre bundle. On the
ather hand, 1t was found that the wocd fibre characteristics
cf the stem and root samples of SAMCOT 8 cotton plants were
rot significantly different at ©5% probability level.
However, the bast fibre characteristics of the stems and roots
cf SAMCOT 28 were found to be significantly different at 95%
probability level, except fibre lumen diameter, fibre length

and area of fibre bundle.



(w2

L™

o

-

B0

s

W

(et

o)

-

The

percentage chemical compositions of SAMCOTS 6,
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parameters, such as runkel ratio,

and flexibility coefficient. Also, the wood

(41]
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of the stem and root samples of SAMCOT

Lo o
-

plants were found to be significantly different at

1 3 &ar
-~ ~ 4

fibre length, Similarly,
the stem and root samples
found to be significantly
level, except fibre iumen
m and root samples can be conveniently

eaten/refined together as a single fibre source

£

-

=

&

the wood ibre and bast fibre

gince
ics of the roots compared tavourably with those of
the mixing of the stem and root of each

ig desirable to avoid leaving any

rt

he stalks for paperinaking.

results of proximate analysis in terms of the

8, 9 and 10
and D-4, respectively, but the summary of the results

in Table 4.3.
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le 4.3 shows that the cellulose content of SAMCOT 6
ed from £1.9 to 54.1¢% and that of SAMCOT 8 varied from
$3.2 4o 5#.5%, Also, cellulose content in SAMCOT 9 ranged
3.4 to 55.0¢%, while in SAMCOT 10, it ranged from 52.3 to
, the alpha-cellulose content of the local cotton

rlant =t3lke varised from the lowest value of 51.9% in SAMCOT

Takls 4,3: Chemical Compositionsof SAMCOTs 6, 8§, 9 and 10 Cotton Plant

T 1 \
Stalke (+ e)

N Themicz! Composition SAMCOT &  SAMCOT 8 SAMCOT 9  SAMCOT 10

. Cellulose Content (%) 53.0+1.07 55.1#1.31 54.210.80 53.8%1.46
2. Hemi-Teliulcose Content/%) 8.64#0.20 8.56x0.20 8.2330.41 8.15#0.29
3. Ligmin content (%) 24.130.66 22.1#0.63 23.3#0.53 23.3%0.33

h it (%) $,25+0.10 6€.22%0.19 6.5030.33 ©.53%0.16

% Moisture Content ($wb) 8.02¢1.14 7.92%#0.16 7.78%0.68 8.27%0.23

Note! ~ftandard error e = tp oy (.8 ) for n < 5C

in

The average cellulose content of 54.0% obtained for
cotton plant stalks grown in Nigeria is higher than the
cellulose content of 40.8% reported earlier for cotton plant
stalks grown in the United States of America (True and Morton,
189%), The alpha-cellulose content is the major component

required for papermaking, and 54.0% of it on the average, is
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gh snough to be explored for papermaking, especially SAMCQT

£ which had the nhighest mean value of cellulose contant

4.3.2 Hemi-cellulose Content

In Tz2kle 4.3, the hemi-cellulose content in SAMCOT &
varied from B.44% to B.84% while in SAMCOT 8, it ranged from
B.26 to B,.76¢., Alse in SAMCOT 9, it varied from 7.82 to B.b64%
whereas 1n ESAMCOT 10, it ranged ifrom 7.86 to B.44%. Hence,
the hemi-celluleose content of ths local cottdn plant stalks
varied from the iowesst value of 7.82% in SAMCOT 9 to the
iighest vzlue of £,84% in SAMCOT £, hbut the average hemi-
celiulose content for the four varieties was 8.40%.

The hemi-cellulose content averaging 8.49% in the four
lnrcz! zotton plant stalks{ constitutes useful cellulose as

well for papermaking, because, the short-chained beta and

vl
=
2]
)
1
rl
[t
[
[ =Y

lulose components provide a2 dense concentration of

ort-chzined m

Q

lecules which facllitate cohesion or bonding
nity of fibres and improve the compactness of the finisheg
rer. Hemi~celluloee zlsp increasges the "wetness" of pulp‘l
dagree of sizing in paper, though when in excess, it

san adversely affect the paper strength (Higham, 19%63; (lark,

Adding the long-melecular alrha-cellulose {54.0%) and the

ghort-chained hemi-cellulcse (8.40%) puts the total useful

1

nlo-cellulose content of the local cotton plant stalks at

Q
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£2.4% on the averzage, which compares favourably with the holo-

cellulose content of 77.3% reported for Indian Hybrid 4 cotten

1
e
<]
rt
Ty
[
=
L]
.

Shaikh asnd Varadarajan, 1995).

4.3.% Lignin Content

The lignin content of SAMCOT & cotrton plant stalks ranged
trom 2305 to 24.8% while that of SAMCOT B ranged from 21.5 to .
22.8% =22 ghown in Takle 4.3, Also in SAMCOT 9, the lignin:
d from 22.8 teo 23.9% while in SAMCOT 10, it
variaed from 23,0 o 223.8%. Therefors, the lignin content for

the local ootton plant stalke ranged from the lowest value of

2L.%% in BAMCOT 8 te the highest value of 24.8% in SAMCOT &,
while ths average lignin content for the four varieties was
22,2%,

The lignin content averaging 23.2% for the four local
varieties of cotton plant stalks compared favourably with the

4 For the Indian Hybrid 4 cotton plant stalks
!8hzikh znd Varadarzjan, 1995) and with the 23.0% reported as
the Ivarage lignin content rcr most hardwoodeg (Higham, 1963},
The legs the lignin content, the easier and less exXpensive it
1 he to pulp anvy plant fibre for papermaking, because, the
regquirement Ior the expensive chemicalg for chemical pulping
and bleaching will be resduced. Hence, SAMACOT 8 which had the
lowest mean value of lignin content (2Z.1%) promises to
likerate its wood and bast fibres more readily and will bhe

o pulp in terms of bleaching chemical requirements.

01
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Tahle 4.3 showed that the ash content of SAMCOT 6 cotton

plant stalkes ranged from £.15 to €.25% while that of SAMCOT 8
ranged from £,.04 to 6.42%. Also, the ash content of SAMCOT @

ied from £.17% to 6.83% and that of SAMCOT 10 varied from
©.37 ftg £.89%,  Hencs, the ash content ot the local cotton
rlant stalks ranged from the lowest value of 6.04% in SAMCOT
T to the highest value of 6.83% in SAMCOT 9 while the average
ash content for the four varieties was 6.38%,

tural fibre ash content averaging 6.38% for cotton
.zn% =%alks grown in Nigeria, compared favourably with the
5.23% raported for cotton plant stalks in America (True and
Morton, 18206) and the 7.13% reported for Indian Hybrid 4

alks {(Ehaikh and Varadarajan, 1995).

18
o

Moisture Content
The moisture content at harvest for SAMCOT 6 cotton plant
~21ke varied from £.88 to 9.16% wet basis, but that of SAMCOT
variad from 7.76 tc 8.08% wet basis (See Table 4.3). In
SEMCOQT ¢, the molisture content at harvest ranged from 7.10 to
£.46% wet basis but in SAMCOT 10, it ranged from 8.04 to 8.50%

ig 38 shown in Table 4.3. In other words, the moisture

<
U 1
r
or
4]
1]

content of the local cotton plant stalks varied from the
lowest value of €.88 to the highest value of 9.16% wet basis
hoth in SAMCOT &, but the average moisture content for the

tour varieties was 8.00% wet basis.
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The average meoisture content of 8.0%, wet basis, recorded
tor 4ry cotten plant stalks at harvest in Nigeria, compared
wall with the 10.0% reported for the decorticated cotton plant

Ke 1in America (True and Morton, 1896). The moisture

]
‘)

ntent of weod affects the thermal scftening behaviour of the

- Wo S1

The raw data of the wood density measurements for SAMCOT
£, 8, 9@ and 10 cotton plant stalks are shown in Appendices E-
1, E-Z, E-2 3and E-4 regpectively, but the summary of the

ts is given in Table 4.4.

Table 4.4 Wood Densities of SAMCOTs 6, 8, 9 and 10
Cotton Plant Stalks (+ &)
Variety Wood Density (kg/m°)

3
[t
04

0}
Q
-
m

0.397 ¢ 0.027

SAMCOT 8 0.392 # 0.028
SAMCOT ¢ 0.396 t 0.035
SAMCOT 10 0.438 t 0.019
Note! Standard error e = tg o5 (_8 ) for n € 50
. .(n

The average wood density of the local cotton plant stalks
being 0.41 kg!m3 compares well with those of some papermaking
woods such as pinewood species (0.43-0.58 kg/m3), eucalyptus
(0.43 - 0.50 kg/m3), rubberwood (0.5kg/m>) and light woods

from natural stands in West African coast (0.22 - 0.50 kg/ma)
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ag reported by the Food and Agriculture Organisation (1965}..
Since the average wood density of the local cotton plant
gtalks falls helow 0.7Q kg/m3, 1t gives a good indicétion that
thevy mav be suitable for papermaking as discusged in section

2.4,

4.5 Ernergy Value

The report csheets of the asutomatic adiabatic bomb
calorimeter used for the experiments on energy value
determination for the four local! varieties of cotton plant
stalks 2are chown in appendices F-1, F-2, F-2 and F-4, but the

summary of the energy values is given in Table 4.5,

Takle 4.5: srose Energy Values-of SAMCOTs 6, 8, 2 and 10
Cotton Plant Stalke,
Variety - @ross Eenergy Value (MJ/kg)
SAMCQOT & ) 12.5
SAMOQT 8 | 13.4
SAMCOT ¢ ' . 12.7
SAMCOT 10 ' 13.2

The average ¢ross energy value of the four varieties Qf
cotton plant stalks was about 13.2 MJ/ky. This compared
favourably with the 13.9% MJ/kRg reported for cotton plant
gtalks grown in India {(Kumar et al, 1984). There are other-

agricultural residues such as jute sticks, saw dust (from sal

L]
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woed) and coconut shell, whose gross energy values were also
reported to be 17.1 MJ/kg, 18.7 MJ/kg and 17.9 MJ/kg,

respectively (Kumar et al, 1984). The average gross energy

-

ralue of cotton plant stalks grown in Nigeria being 13.2 MJ/kg
iz low when compared with those of the above-mentioned

iculturs! residues.

In many of the cotton-growing zcnes and localities in

-

Nigeria, some farmers use cotton plant stalks as firewood, but
they burn too fast and leave a residue of ash and no charcoal
3t 311, which agrees with their low energy value obtained in
thie gtudy. Weeds with good te high anergy value burn slowly
and vield charcoal.

The average ensrgy value of savannah wood species 1is
about 17.5MJ/kg (Fuwape, 1985), but the average fuel end-use
efficiency of firewood obtained from savannah wood species,
using traditional wood stoves, is approximately 7.50%, as
reported by the Afforestation Programme Co-ordinating Unit
(aPQoU) [1991]. Therefore, the option of papermaking using
the local cotton rlant stalks may be a more economicaliy

viarle 3lternative, rather than using them as firewood or



112
CHAPTER FIVE

5.0 RESULTS AND DISCUSSION OF
PAPERMAKING EXPERIMENTS

This chapter presents the results and discussion of
experiments on papermaking using SAMCCTs 6, 8, 9 andllo cotton
plant stzlks as raw materials. Chservations made during
thermeo-mechanical pulping (TMP) and {fibre processing are
presented in sections 5.1 and 5.2, respectiively. The results
of paper tesgting such as caliper, basis welght, bulk, burst
gtrength, burst factor, tear strength and tear factor, as well
58 their analysis for the main effects and their interactions
are discussed in sections 5.3 and 5.4, respectively. The
relaticonships between the basis weights and calipers of the
hand shests, for the four varieties, as well as the
relagticnships between the mechanical properties of hand éheets
and the fibre characteristicé of the four varieties of cotton

plant stalks sre described in sections 5.5 and 5.6,

5.1 Thermo-mechanical Pulping (TMP

The thermec-mechanical pulp prepared from SAMCOT 6 cotton
plant stalks appeared darkest in colour, while SAMCOT 8 was
brightest compared to other varietiés. SAMCOT 9 and SAMCOT 10
thermc-mechanical pulps had the same lighter c<colour than
 SAMCOT 6, but dsrker than SAMCOT 8, The different levels of

darkening of the pulp varietiss during the cooking process may
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be attributed to the different levels of lignin content in the
raw materials as discussed in section 4.3.3. SAMCOT 6 was
reported to have the highest lignin content and SAMCOT 8 had
the lowest, but SAMCOTs 9 and 10 had values close to average.
The thermo-mechanical pulping process usually melts'aﬁd
removes the lignin, and the resulting brownish pulp is

slightly darkened, as evident in the "hlack water" effluent.

(=]
re

takes a chemi-thermo-mechanical pulping (CTMP), or an
oxidative bhleaching process, to improve the brightness gain of
thermo-mechanical pulps, as indicated earlier in sections
2.8.5 and 2.9, respectively. However, bleaching 1s normally
unnecegsary for cheap grades cof paper and board, such as,

kraf+ linerbeoard and fluting paper (Ohiorhenuan, 1996; Jimoh,
1096). -

The thermo-mechanical pulp vields from SAMCOTS 6, 8, 9
and 10 were found to be 78.8, 88.2, 85.2 and 84.8%,
respectively, giving an average of 84.3% of the original
weight of the wood chips. This compares favourably with the
fipre vield of 80-20% reported for stone ground wood (SGW) and
thermo-mechanical pulping (TMP) processes (Clark, 1978), but
1t is higher than the total yield of 50.6% obtained with 18%
kraft liquor of caustic soda (Naj0) by Shaikh and Varadarajan
(1995). The advantage of thermo-mechanical pulping over
chemical pulping in terms of fibre vyield 1is theretfore

apparent. SAMCOT 8 gave the highest pulp yield (88.2%),
followed by SAMCOTes 9, 10 and 6.
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5.2 Fibre Processing

The coven-dry molsture contents of SAMCOTs 6, 8, 9 and 10
thermo-mechanical pulps were found to have increased to 12.3,
1.7, 14.0 and 13.1%, wet basls, respectively, at the Paper
Mill's laboratory in Jebba, whereas each of them was formerly
dried to 2.0% wet basis in Zaria as reported in section 3.5.
The increase in moisture content of each of the pulp varieties
enroute Jebka, showed that delignification by the method of
thermo-mechanical pulping was complete. Hence, the
hydroph:ilic molecules of cellulose and hemi-cellulose were
exposed to abscorb moisture from the air.

Muring the disintegration or agitation of each thermo-
mechanical pulp slurry in the valley beater it was observed

that the pulp slurry was foaming profusely and SAMCOT 6

%3

foamed mcore than SAMCOTs 8, 9 and 10. The foaming may be
attributed to the presence of some other chemical constituents
gsuch as tanning, resins and other polyphenols which were not
determined (Clark, 1978). Papermakers usually prevent such
development hy the use of an antifoam additive, as indicated
earlier in section 2.11.4. The defoamer, for example,
Cojaloid 200 Defoamer, normally added to the pulp slurry
before beating and refining, helps to prevent losses of fibre
and additives during the fibre processing and also enhances

paper sheet formation on the wire of the paper machine.
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5.3 Results of Paper Testing

Appendix ¢ contains the raw data and the statistical
analysis of the results of paper testing for SAMCOTs 6, 8, ¢
and 10 handsheets, but Tables 5.1, 5.2, 5.3 and 5.4 show the
mean values of the physical and mechanical properties of the

handsheets tested for SAMCOTe 6, 8, 9 and 10, respectively.

P
Lad
b

Caliper
Tabhles 5.1, 5.2, 5.3 and 5.4 show that for the furnish

rio (TMP/WP) of 60/40, with beating and refining to the

it
A7)
A-f
[T

svel of pulp freeness of 20°SR and without additive, the

b=t
D
<
n

iper of te2st paper sheets averaged 0.57, 0.61, 0.55 and

)
A
|
(=

0.5%6mm for SAMCOTs 6, 8, 9 and 10, respectively, wher=as with
ive (1% Pogin and 4% Alum), it averaged 0.63, 0.57, 0.51
and 0.56mm for the same varieties, respectively. Hence, the
grand average caliper of hand sheets for the furnish ratio of
£0/40 and pulp freeness of 20°SR was 0.57mm, both without and
with additive, for all the varieties. In other words the

additive made no difference on the caliper for pulp freeness
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Taklzs B.1 Recultre of Paper Testing for SAMCCT £
- Basis Burst Burst Tear Tear
Furnish Caliper zmwnmw Bl Strength mmoﬁom Strength Factor
Characteristics {mm} {g/m*) {(m“/g) {kPa) {kPam©/g) {kN) kNm=/g}

Furnish Pulp Additive
atio Frasness Rosin Alum

(mve/we)_(OSR) (28) (%)
£0/40 20 0 0 0.57  139.0 4.10 - 0.34 2.47 0.47 0.34

60/40 20 1 & 063 1500 4.20 0.3 2.29 0.31 0.21
£0/40 as 0 0 0.57 135.0  4.22 0.42 3,09 0.47 0.35
60740 35 1 4 0.50 1390 4.24 D.42 3.00 0.47 0.34
50/540 20 N 0 0,54 1232.0 4,30 0,42 3.39 0.47 0.38
50750 20 1 4 .55 104.0 5.29 .42 4.00 0.63 0,60
50/50 15 0 0 0.47 1240 3.70 0.48 3.87  0.63 0.51

S0/50 35 1 4 0.4 113.0 3.54 0.49 4.29 D.78 0.69




Table 5.2: Results of Paper Testing for SAMCOT 8

Basgis Burst Burst Tear Tear
Furnish Caliper ﬂmunum Bulg Strength mmoﬂomm Strength mmﬂqaw
{haracteristics {mm) {g/m<) (m°/g) (kPa) (kPam=/g) (kN} (kNm=/g)
Furnish Paip Additive
Ratio Freeness Rogin Alum
(Me/wp) (YsRy  (8) (%)
gO7A0 - 20 a Q .61 112.8 5.4% . 0.34 3.06 0.94 .84
60,40 20 1 4 0.57 127.0 4,49 © 0.3¢ 2,70 0.78  0.62
60740 25 0 0 0.£0 117.0  5.13 (.45 3.85 1.25 1.07
60740 35 1 4 0.51 13,0 3.75 0.42 3.06 1.41 1.04
50/80 70 Y n 1,585 122.0  4.51 0.42 3.53 1.10 0.90
50750 20 i 4 0,54 127.0 4,25 0.43 3.40 1.25 0,99
§

50/50 35 0 0 (3,48 147.0 3,13 0.49  3.30 1.41 0.96
50/50 35 1 4 0.5 1380  3.714 Q.50 3.80 1.57 1.13
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Table 5.3: Results of Paper Testing for SAMCOT 9

- Basis Burst Burst Tear Tear
Furnish Caliper zmHnum w:pm Strength Factor Strength mmnﬂnnw
Characteristics {mm) {(g/m=) (m°/g) {(kPa) awmmam\aw {kK) {kNm=/g)

Furnish Pulp Additive
Ratio Freeness Rosin Alum
(mMp/up)  (OsR) {8 (%)
60740 20 0 0 0.55 142.0 3.87 0.34 2.42 0.47 0.33
60/40 20 1 4  0.51  130.0 3.92 - 0.34 2.63 0.47 0.36
80/40 .35 0 { (.48 127.0  3.78 0.42 3.28 0.63 0.49
60/40 35 1 4 .48 122.0 3.93 0.45 3.69 g.63 - 0.51
50/50 20 o ] 0.56 121.0 4,63 0.42 3.44 J.63 0.52
50/50 20 1 4 0.53 136.0 3.%0 0.42 3.06 0.63 0.46
50/50 35 0 0 .51 127.0 4,02 0.53%0 3.93 0.%4 0.74

50/50 35 1 4 0,87 116,0 4.9 0.50 4,31 0.94 D.81
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Table 5.4: Results of Paper Testing for SAMCOT 10

. Basis Burst Burst Tear Tear

Characteristics Cem (ot (avg) ea | (dame) (M) (RNe/g)
Furnish Pulp Additive
Ratio Freeness Rosin Alum
(ne/wp) (OsR)  (8)  (8)
60/40 20 0 0 0.56 117.0 4.79 0.34 2,93 0.47 0.40
60/40 20 1 1 0.56 132.0 4.24 0.34 2.60 0.47 0.36
60/40 35 0 0 0.44 106.0 4.15 0.45 4.25 0.63 0.59
60/40 39 1 4 0.46 114.0  4.04 0.42 3.66 0.78 0.69
50/50 20 0 G 0.49 132.0 3N 0.42 3.16 0.94 0.71
50/50 20 1 N 0.51 130.0 3.92 0.42 3.20 0.94 0.72
50/50 35 0 D D.48 115.0 4.17 0.47 4.05 1.20 1.04

50/50 35 1 4 0.52 135.0 3.85 0.49 3.59 1.41 1.04
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Alsge, for the same furnish ratio of 60740, but with

-ased beating and refining to the level of freeness of

(] [2
r}j +
r 8}
145 ] T
vd "

2, the caliper of test shests averaged 0.57, 0.60, 0.48
and 0.44mm without additive for SAMCOTs 6, 8, 9 and 10

regrectively, whereas it was 0.59, 0.51, 0.48 and 0.46mm with

additive for the same varieties, respectively. Hence, the

LI3]
i
o

and average caliper of test sheets for the furnish ratio of

0 /40 and freeness of 45°SR was 0.52mm without additive and

0.5%imm with additive, for all the varieties, which means that
the additive still made no remarkable difference in the
caliper, even at freeness of 359SR. Thus, the caliper was
reduced from 0.57mm to 0D.51, on the average, because of
increase in pulp freeness from 209SR to 2598k, The reduction

in calipear of 8AMCO3Ts 6, &, 9 and 10 hand sheets with

|
g
“}

raased pulp freness {35OSR} can be attributed to the
keating znd refining which fibrillates the pulp fibres and
enhances strong inter-fibre bonding in 2 thin layer.

On the cther_hand, Tables 5,1, 5.2, 5.3 and 5.4 3lso show
for the furnish ratic of 50/50 with beating and refining
to the level of pulp freeness of 20°SR and without additive,
the caliper of the hand sheets averagad 0,54, 0.55, D.56 and
0.49mm for SAMCOTs 6, 8, 9 and 10, respectively, whereas with
additive, it averaged 0.55, 0.54, 0.53 and 0.51imm for the same
varieties, raspectively, Therefore, the grand average caliper
of test sheets for the furnish ratio of 50/50 and freeness of

20%2R was 0. %4mm without additive and 0.53mm with additive for
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all the varieties. For the same furnish ratic of 50/50 but
with increased beating and refining to the level of freeness
2+ 2592R, the caliper of test sheets averaged 0.47, 0.45, 0.51

and 0.48mm without additive for SAMCOTs 6, 8, 9 and 10,

aditive for the same varieties, respectively. Therefore, the
srand average caliper of hand sheets for the furnish ratio of
sn/50 2nd freeness of 2%°SR was 0.48mm without additive =znd
0.50mm with additive for all the varieties.

I+ has been established that any paper which is more than
.30mm thick chould bhe termed a paperbhoard, as earlier
‘niirated in section 2.7. Meost of the hand sheets obtained
fvyom sotton plant stalk thermo-mechanical pulps, have calipers
mrrye thap 0,40mm. Therefore, they are sim2ly classifiable as

an be useful as kraft linerboard (KLB) and
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luting paper (FP), which are industrial grades of paper.
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. Basis Weight
Takrles 5.1, 5.2, 5.3 and 5.4 show that for the furnish
~ario of 60/40 and pulp freenees of 20°SR, the basis weight of
the nand sheets averaged 139.0, 112.0, 142.0 and 117.0g/m?
witheout additive for SAMCOTs 6, 8, 9 and 10, respectively
whereas with additive, it averaged 150.0, 127.0, 130.0 and

:“E.Hgfmz for the same varieties, respectively. Thus, the

grand average basis weight of the test sheets for the furnish

ratio of 60/40 and freeness of 20°SR was 127.5 q/mz without



with additive for all the varieties.
r the game iurnish ratio of 60/40, but with increased
nezting an¢ refining to the level of freeness of 35°SR, the
s waight 0f the hand sheets averaged 135.0, 117.0 and
T0s.0 o/m? without additive for SAMCOTs 6, 8, 9 and 10,
rezpe~tively, whereas it was 139.0, 136.0, 122.0 and 114.0
7/m- with additive for the same varieties, respectively.
Thus, the grand average basis weight of hand sheets for the
surnish ratio of 60/40 and freeness of 25°SR was 121.2 g/mz

hout 2additive and 127.7 g/m® with additive for all the
5.2, 5.3 and 4.4 alsc show that for the

warght of the test sheets averaged 123.9, 122.0, 121.0 and
232.0 g/me without additive for SAMCOTs 6, 8, 9 and 10,
regpectively, but with additive, it averaged 104.0, 127.0,
13.00 and 130.0 -:.;,’rn:3 for the same varieties, respectively.
=, the grand sverage basis weight of hand sheets for
a& furnizh ratio of 50/50 and freeness of 209SR was 124.0
gfmf without additive and 124.2g/m2 with additive for all the
variseties, which shows only a sli¢ht difference in the basis
weight, made by the additive. Furthermore, for the same

furnish ratio of 50/50, but with increased pulp freeness of

(]
n

©gsp, the basis weight of test sheets averaged 124.0, 147.0,

| =+

27.0 and 115.0 g/m2 without additive for SAMCOTs €, 8, 9 and

10, respsctively, whereas it was 113.0, 139.0, 116.0 and 135.0
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g!m3 with additive for the same varieties respectively.
Theretore, the grand average basis weight of hand sheets for
the turnish ratio of 50/50 and freeness of 359SR was 128.2
g/mz without additive and 125.7 g/mz with additive for all the
varisties.

In consideration of the basis weight of the hand sheets

)

made from the thermc-mechanical! pulp of cotton plant stalke,
which averaged more than 110.0 g/m2 in-most cases, they are
mostly paperboards, especially, kraft linerboard and fluting

maSr I
=L

3

el
rd

rades. In the Nigerian Paper Mill Ltd., Jebba, kraft

"

linerboard is manufactured in 125-440 g.!m2 range and used for
making corrugated boxes or cartons for packaging applications
in industries that produce soaps, detergents and food items
such as bhiseuits, beverages and drinks as well as fragile

fluting paper is manufactured in 112 - 127 g,!m2
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ing corrugated boxes to absorb impact and protect

fragile items such 3g instruments, electric bulbs, glasswares,
pharmaceuticals and bottled products.

By adding dyes and pigments, kraft linerboards can be

utilised as coloured cover papers. The coloured cover paper

is manufactured in the range of 100 - 300 g!mz and is used for

exercise bcok covereg, flat tiles, wrappings and packages.

.3 Bulk

Por the furnish ratio of 60/40 and pulp freeness of

20°SR, the bulk or specific volume of hand sheets from SAMCOTs
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6, &, % and 10 averaged 4.10, 5.45, 3.87 and 4.79 mjfg,
respectively, without additive, but it was 4.20, 4.49, 3.92
and ¢.24 mv/g with additive for the same varieties,
respectively, as chown in Tables 5.1, 5.2, 5.3 and 5.4. The
grand average bulk of the test shsets for the furnish ratic df

60740 and freenese cf 20Y2R was therefore 4.55 m3!g vithout

it

additive and 4,21 m3fg with additive for all the varieties,
For the =zame furnish ratio of £0/40, but with pulp freeness of
B, the bulk 2f the test sheefs averaged 4,22, 5.13, 3.78
/g without additive for ZAMOOTs b; 8, 9 and 14,
respectiﬁely, wherezs it was 4,24, 3.75, 2.93 and 4.04 m3/g
with additive ifor the same varieties, respectively.
Therefore, the grand average bulk of test sgheets for the
furnish ratic of 60/40 and freeness of 25958 was <. 32 m3fg

sitheutr z2dditive and 3.99 me/g with additive for all the

Tables 5.1, 5.2, 5.3 and 5.4 alsc show that for the

0/50 and pulp freeness of 2098R, the bulk of
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the hand &heets averaged 4.39, 4.51, 4.63 and 3.71 m3/g
without zdditive for SAMCOTs €, &, 9 and 10, respectivelry,
whereae with additive, it averaged 5.29, 4,2%, 3.90 and 3.92
m3!g for the same varieties, respectively. Hence, the grahd
average bulk of hand sheets for the furnish ratio of 50/50 and
freeness of 20YSR was 4.31 m3/g without additive and 4.34 m3/g
with additive for all the varieties. For the same furnish

ratic of 50/50, but with increased pulp freeness of 359SR, the
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bPulk of test sheets averaged 3.79, 3.13, 4.02 and 4.17 m3fg
'itheout =additive for SAMCOTs 6, 8, 9 and 10, respectively,
whereas it was 3.54, 3.74, 4.91 and 3.8% n@fg with additive
fer the same varieties, respectively. Therefore, the grand
averzge bulk of test sheets for the furnish ratio of 50/50 and
of 259SR was 3.78 m°/g without additive and 4.01 m/g
with additive for all the varieties.

Low bulk value is desirable for ease of handling of the
r3rper csheets., 2ince the bulk of the sgheet is inversely
proporticnal to the density (kg/m3) of the paper, it gives a
indication of the possible weight of a ream of the paper
r any corrugated box or carton that can be made from it tor
sging applications. Hence, low hulk value is an advantage
t2 ensure light weight of the containers. Above all, the bulk
=% +*he sheet shows the wet compactability and the relative
S22 are3 of the wet fibres and the ease of drainage of the

mulp on the paper machine (Clark, 1978), as earlier indicated.

5.3.4 Burst Strength

Tahles 5.1, 5.2, 5.3 and 5.4 show that for the furnish
ratio of 60/40 and pulp freeness of 20°SR, the burst strength
of hand sheets averaged 0.34 kPa both withocut and with
additive for all the varieties. Nevertheless, with increased
ulp freeness of 35%SR and the same furnish ratio of 60/40,
the burst strength was 0.42, 0.45, 0.42, and 0.45 kPa on the

average, without additive for SAMCOTs 6, 8, 9 and 10,
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respectively, whereas with additive, 1t averaged 0.42 KPa for
EMCOTe &, £ and 10 and 0.4% kPa for SAMCOT 9. ‘Hence, - the
grand average burst strength of test sheets for the furnish
ratio of £0/40 and freensss of 35YSR was 0.43 %Pa without
additive and .42 kPa with additive for all the varieties.

Algo, Tablez 5.1, 5.2, 5.3 and 5.4 sghow that for the
furnish ratisc of 50/50 and pulp freeness of 20Y2R, the burst
strength cof hand shests was (.42 kPa on the average, both -
without and with additive for SAMCOTs &, 9 and 10 and 0.43 kPa
fgr BAMCOT 8, both without and with additive. Therefore, the
grand avérage burst strength of test sheets for the furnish
ratio af &50/50 and freeness of 20°8R was (.42 KPa, both

withoayut and with addirive for all the varietias, For the same
0

n,80, and 0.47 kPa without additive for SAMCOTs 6, &, 9 and
10, respectivaly, whereas with additive, it was £.49, 0.50,
0,80 and (.49 kKFa on the average for the same varieties,
ragpectivealy, Hence, the grand average hurst strength of hand
csheets for the furnish ratio of 50/50 and freeness of 35%ap

hout additive and 0.49 kPa with additive for
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The burst strength of kraft papers produced from the
Indian Hybrid 4 cottcon plant stalks ranged from 1.03 to 1.32
kPa {(Shaikh and Varadaraian, 1995), which is more than twice

the burst sirength of the hand shests obtained from cotton



rlant stsiks grown in Wigeria. Thig can be attributed tc the

length 0of SAMCOTs %, 8, ¢ and 10 cotton plant stalks
contribute 1mmensely to the leow burest strength of the
regsyulting paper ghesets as discussed in sections 4.1.3'aﬁd
4,1.7, respectively, The low burst strengths of SAMCOTs &, 8,
9 and 10 hand gheete show that the paper sheets are weak and

will be gocd for use as shock-absorbing fluting papers.

E.2.5 Burst Pacteor

T“blés .1, 5.2, 5.3 and 5.4 show that for the furnigh
ratic of £0/40 and pulp freeness of 20°SR, the burst factor of
the hand sheetsg averaged 2.47, 2.0&, 2.42 and 2.@3 kPamzfg
without =additive for 3AMCOTs 6, 8, 2 and 10, respectively,

. - - 2 - ’“I - . . 1 »
wnersas it was 2,29, 2.70, 2.£3 and 2.60 kPam“/¢ with additive
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sspectively. Thus, the grand average
t factor of the test szheets for the furnicsh ratic of 60/40
and freenezs «f 20°SR was 2.72 kPam</g, without additive and
/2, with additive for all the varieties. For the
game furnish ratio of 60/40, but with increased pulp freeness
of 35°3R, the burst factor of the test sheets averaged 3.09,
2,28 and 4.25 kPami/g, without additive for SAMCOTS 6,
8, 9 and 10, respectively, whereas it was 3,00, 3.06, 3.6% and
2.66 KkPaml/g with additive feor the same varieties,
regpectively. Hence, the grand average bhurst factor of the

+ast sheets for the furnish ratio of £80/40 and freeness of
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35°8R was 2.62 kPam®/g without additive and 3.84 kPami/g with
additive for all the varieties. In most of the variéfies, the
buret factor increased as the pulp freeness was increased tor

hoth furnish ratics 60/40 and 50/50, axcept the 50/50 of

Also, Takles 5.1, 5.2, 5.3 and 5.4 show that for the
tio of 50/50 and pulp freeness of 20°SR the burst
factar of hand sheets averaged 23.39, 2,52, 3.44 and 3.16
kKFam=/g, without additive for S8S8AMCOTs &, 8, ¢ and 10,
recpectively, whereas with additive, it was 4.00, 3.40, 3.06
and 2,20 kPamzfg on the average for the same varieties
regpectively. Hances, the grand average burst factor of test
chests for the *furnish ratio of 50/50 and freeness of 20°98p
was 3.38 Pamef¢ without additive and 3.42 kPamzfg with
additive for 51l varieties. For the same furnish ratio eof
S0/%G, but with increaced pulp freeness cof 25“SR, the burst
factor cof the test sheets averaged 3.87, 2.30, 2.93 and 4.05%
kPame/g without additive for SAMCQTs 6, 8, 2 and 10,
recpectively, whareas it was 4.29, 3.60, 4.31 and 3.59 kPant/g
on the average with additive for the same varieties as shown
in Tables 5.1, £.2, &.3 and &.4, respectively. Therefore, the
grangd zverage hurst factor of the hand sheets for the furnish
ratio of S0/50 and freeness of 35°SR was 3.79 kPamzfg, without
additive and 3.95 kPamzfg, with additive for all the
varieties. For SAMCOTs 6 and 9 hand sheets, the additive

increased the burst facteor as the pulp freeness increased, hut
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in EAMCOTs B and 10 hand sheets, the additive rather decreased
the burst factor, which shows that SAMCOTs 8 and 10 test
shaeets are g0 relati:vely good that thevy do not. need the
addivive {reoein and alum) for good burst vatiuss.

Shaikh and Varadarajan (1995} had produced kraft paéefs
cf bagis weights, 100 gfmz and lEDg!mz angd corresponding burst
facters, 10.3 and 11.0 kPamzfg from the Tndian hybrid 4
cotton plant gtalks, using alkaline chemical pulping. The law:

factors obtained with paper sheets made from the
Nigerian varieties of cotton plant stalke can be explained by
their loﬁ runke! ratio and short fibre length, as earlier
indicatrsd. The low burst factors of SAMCOTs 6, &, 9 and 10
hand sheets show that the paper sheets are weak, but can be

useful 2z« shock-ahsorbing fluting papers for packaging .

asplications
8,2.%8 Tear Strength
Tahles 5.1, 5.2, 5.3 and 5.4 zhow that for the furnish

ratis of 60/40 and pulp freeness of 20YSR, the tear strength

of hand cheets averaged (.47 KN without additive for 3SAMCOTs

i...!
rt

6, @ and 10, but 1t was 0.94 kN for SAMCOT 8. Howsver, the
tear gtrength averaged 0.31, 0.78, 0.47 and 0.47 kN with
adgditive for SAMCOTs €, &, 9 and 10, respectively. Therefore,
the grand aversge tear strength of test sheets for the furnish
ratio of £0/40 and freeness of 20°SR was 0.59 kN without

additive and 0.51 XN with additive for all the varieties.



13¢C
With increase in pulp freeness to 359SR, the tear strength
sveraged, 0.47, 1.25, 0.63 and 0.63 kKN without additive for
SAMCOTe 6, 8, 9 and 10, respectively, but with additive, it
was 0,47, 1,41, 0,2 and 0.78 kN for the same varieties,
respect:ively. Hsnce, the grand average tear strength of teét
sheste for the furnish ratio of 60/40 and pulp freeness of
S was 0.7% kN without additive and 0.82 kN with additive
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.2, 8.3 and 5.4 also show
that fcr the furnish ratio of 50/50 and pulp freeness of
20-8P, the tear strength of the test sheets averaged 0.47,
1.10, C.&3 and 0.94 kN without additive for SAMCOTs 6, 8, ©
and 10, respectively, whereas with additive, it was 0.63,
5, 0,42 and 0.94 kKN on the average for the same varieties,
ly, Thersfore, the grand average tear strength of
hznd cheets for the furnish ratio of 50/50 and freeness of
20788 was 0.79 kN without additive and 0.86 KN with additive,
tor 21! the varieties. Por the same furnish ratio of 50/50,
su. with increased pulp freeness of 359°SR, the tear strength
~%f +he test sheets averaged 0.63, 1.41, 0.94 and 1.20 kN
without additive for SAMCOTs 6, 8, 9 and 10, respectively,
wheresas 1t was 0,78, 1.57, D.94 and 1.41 kN on the average
with 3dditive for the same varieties, respectively. Hence,
the grand average tear strength of the test sheets for the
furnigh ratio of 50/50 and pulp freeness of 35°SR was 1.05 kN

without additive and 1.18 kN with additive, for all the
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of hand sheets at the furnish ratioc of 50/50 in all the
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1s probably because the additive makes the
v hydrophilic fibres become hydrophobic, so that in
the absence 2f moisture during pressing and drying, the inter-
ibre bonding becomes stronger. Alsc, increasing the waste
paper content of the furnish from 40% to 50% helped tc beef up
the tear strength of the paper. ‘

It zar be observed that SAMCOT 8 hand sheets maintained
conegistently higher tear strength values in all the treatmente
than other var:ieties, while SAMCOT €& hand sheets had the least
tear strangth values in most treatments, For instance, the
highest tear strength obtained with SAMCOT & wae 0.78 kN for
the furnish ratio of 50/50, pulp freeness of 35°SR with

3443itive, while SAMCOT 8 was giving 1.57 kKN for the same

treatment, 2= shown in Tables 5.1 and 5.2. Incidentally, most
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trength values are higher than the 0.42 and
0,42 kN recorded for kraft papers made from the Indian Hybrid
i} cotton plant stalkes with respective basis weights of 100 and
{fhaikh and Varadarajan, 1995). This, obviously, ie
the result of hlending the Nigerian varieties of cotton plant
stalks with waste paper, whose fibre length averaged 2.0mm,
and it improved the tear strength.of the resulting hand sheets

congiderably.
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5.3.7 Tear Factor

Tables, 5.1, 5.2, 5.3 and 5.4 show that for the furnish
ratic of 60/40 and pulp freeness of 20°SR, the tear factor of
the hand cheets averaged 0.34, 0.84, 0.33 and 0.40 kNme/g
without additive for SAMCOTs &, 8, 9 and 10, respectively,
while it was 0.21, 0.62, 0.36 and 0.36 kNmé/g with additive
for the s=ame wvarieties, respectively. Hence, the grand
average tear tactor of the test sheets for the furnish ratio
of #0/40 and freeness of 20°SR was 0.48 kNmzfg without
additive and 0,39 kNm</g with additive for all the varieties,

Fer the =zame furnish ratioc of 60/40, but with increased pulp
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€sP, the tear factor of the test sheets became
0,35, 1.07, 0.49 and 0.59 kﬂmzfg on the average without
2dditive fer SAMCOTes €, B, 9 and 0, respectively, whereas it
was 0.34, 1.04, 0.51 and 0.69 kNm?/g with additive for the
same varieties, respectively, Thus, the grand average tear
factor of the test sheetes for the furnish ratio of 60/40 and
freenecs of 3%°8R was 0.63 kNmE/g without additive and 0.64
REm*/g with additive, for all the varisties. As the pulp
freensss was increagsed, the tear factcr of test shests
increasad, due to sgtronger inter-fibre bonding.

On the other hand, Tables 5.1, 5.2, 5.3 and 5.4 also show

that for the furnish ratio of 50/50 and pulp freeness ot

tJ

0°SR, the tear factor of test sheets averaged 0.38, 0.90,
0.52 and 0.71 kNm?/g without additive for SAMCOTs 6, 8, 9 and

10, respectively, but with additive, it was 0.60, 0.99, 0.46
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/g on the average fcor the same varieties,
ctively. Hence, the grand average tear factor of the
Randsheets for the furnish ratio of 50/50 and freeness of
20C2p was 0.582 kﬂmgfg without additive and 0.69 kNmzlq with
ive for all the varieties. For the same furnish ratio of
“0/50, but with increased pulp freeness of 359SR, the tear
tartor of the hand sheets averaged 2.51, 0.96, 0.74 and 1.04
XNm</g without additive for SAMCOTs 6, 8, 9 and 10,
spectively, while it averaged 0.69, 1.13, 0.81 and 1.04
Y¥m=‘g with additive for the same varieties, respectively.
Thereifore, the grand average tear factor of the test sheets
for the furnish ratio of 50/50 and freeness of 35°SR was 0.81

ZNm='g without additive and 0.92 kNm</g with additive, for all

The walues of tear factor tor SAMCOT 8 test sheets were
sonsistently higher than those of other varieties, while
SAMTOT £ hand sheets had the least tear values. For instance,

~tor obtained with SAMCOT 6 was 0.69 kNm?/g
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f~y the turnigh ratic of 50/50 and pulp freeness of 35°SR with
3i2itive, while SAMCOT 2 had 1.13 KkNm?/g for the same

treatment, as shown in Tables 5.1 and 5.2. SAMCOTs 2 and 10

£, but were lower than those of SAMCOT 8, in maintaining high
“ear values, as shown in Tables 5.3 and 5.4. Tear values

decreased in the order of SAMCOTs 8, 10, 9 and 6.
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An 1nteresting observation is the fact that the average
tesr Izctors of the hand sheets from most of the treatments in
SAMCOTs &, 2, @ and 10 were higher than the tear factors of
0.42 and 0.41 kﬂmsfg reported for the kraft papers whose basis
wei1ghts were 1009!m3 and 1209/m3, respectively, produced with
the Indlian Hybrid 4 cotton plant stalks (Shaikh and
,» 1995}, The low runkel ratios and short fibre
lenagths of GSAMCOTes €, 8, 9 and 10 cotton plant stalks
ing, 1t was still possible to obtain paperboards
~% szppreciable tear values from them by simply blending them
with at least 40% of waste paper, whose fibre length averaged
2.0 mm, and the best strength properties were obtained in the

t shests

-
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pulp freeness of 359SR and with additive of 1%

1n

rorin And 4% zlum.

5.4 Statistical Analysis for Main Effects
and their Interactions

van the 2x2%2 factorizl papermaking experiments, the
wvarizkles can be denoted as follows:

Inderendent variables or the three factors:

e = Furnish ratic (TMP/WP)
0 = Pulp freeness (°SR)
P = Additive (Rosin, Alum)%;

Twe levels of each factor:

Qy = 20°8R  ; Q, = 359R
R = (0,0)% ; R, = (1,4)8%.

[ ]
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72 d=spendsnt variables are the phvsical and mechanical
rryopertiess of the hand sheets, namely the caliper {mm), basis
ight f:fmz}, bulk {m3!g), burst strength (kPa), burst factor
’E?awzfg}, tear strencth (kN) and tear factor (kﬂmzfg).

The eight combinations of the three factors at the two

_avele of each fastor zare as follows:

. O, By = 60/40 ; 20°sR ; (0,0)¢%
F. Q; By = 60/40 ; 2098R  ; (1,4)%
Ps Q2 Ry = 60/40 ; 35°SsR ; (0,0)%
P. 02 By = 60/40 ; 35°SR  ; (1,4)%
P» 0, By = 50/50 ; 20%s i (0,0)¢
Py Dy Py o= 50/50 ; 209SR ; (1,4)¢%
P; 05 By = 50/50 ; 359SR ; (0,0)%
P, Qg By = 50/50 ; 3%°sR  ; (1,4)%
Therefore, there were sight papermaking experiments or
treatments with each of the four varieties of thermo-
mechanical pulp (TMP), which resulted to the eight different

me3an values for each of the seven parameters of hand sheets
investigated in each treatment (See Tables 5.1, 5.2, 5.3 and
£E.4}, The geometric representation of the factorial 3-factor
superiments at twoe levels by FKennedy and Neville (1976),
Diamond (1989) and Maxwell and Delaney (1990), considered the
eight treatments as cc-ordinates of points on a system of axes

P, 2 and R with P,Q4R; as origin, as shown in Fig. 5.1.
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Fig. 5.1 Geometric representation ot the factorial

three-factor experiments at two tevels (Z2x2x2).
Source ; Kennedy and Neville {1976} ; Diamond (1989 }; Maxwell
and Delaney {1790}
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:g. 5.1 represents each of the physical and
1cal properties of hand sheets geometrically using the
£1grt mean values from the eight different treatments. The
detaile cf the statistical analyesis for each parameter of the
hand zheats from SAMCOTs &, 8, © and 10 are contained'lﬁ
211 ths treatments mean squares tested for
icance 1n each of the properties of the hand sheets from
', were found toc be non-significant at
9t% prohability level, Hence, the treatments sums of squares,
= degrees of freedom {(where t is the number of
#atments) have to bhe divided into seven components, each

with one degree of freedom ase follows:

Sum of gquares for P (Purnish ratio nffect)
fum cf sggqusrees for §Q (Pulp freeness effect)

nteracticns:
“nteraction bhetwsen furnish ratic effect and pulp freeness
eftest (PxC)

Trteracstion hetween furnish ratioc effect and additive effect

nterartion between pulp freeness effect and additive effect

t_a--‘ _‘
Tnteraction among furnish ratio, pulp freeness and additive
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Trhe details of the analyels of variance for the estimates
cf the mzin effects (P, Q and R) and their interactions (PxQ,
FxE, R=P and PXOQxR) are also given in Appendix G. It was
fcund that the main effects P, Q and R, were not significant
probability level in all the physical and mechanical
properties ¢f the hand sheets from SAMCOTs 6, 8, 9 and 10.

This means that the difference between the mean values of each

Faramster of the test cheets dque to a main effect, for example
furnish ratic effect (P) for a level cof 60/40 (P1} was not

different at 95% probability level £from the
“iffsrents hetween the mean values dque to the same furnish
12 effect at the cther level of 50/5C (P,) when averaged
sver the two levels of pulp freeness {Ql and Qz} and the two
ls of additive (R, and R,). The non-significance algo
lp treeness (Q) or additive (R) effects when
sveraged over the two levels of furniesh ratic (P, and P,)} and
twe levels ¢f additive {Rl and Rz} or over the two levels of

{P, and P,) and the two levels of pulp freeness

. 3and 3.,), respectively. Hence, each factecr P, Q or R
zzt:ing 2icne did not significantly affect the gquality of the

Yowever, the interactions of the main effects PxQ, PxR
and 0xR, were found to be significant in affecting the
propertiss of the test sheets at the 95% probability level.
The difference in the mean values of each property of hand

sheets over the two levels of any factor, P or Q or R, can be
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attributed t2 the combined effect of the three factors, P, O
and R through their interactions, PxQ, PxRE and QxR.

Nevertheless, for the basis weight of test sheets, the

rt

interactive effects PrQ, PxR and QxR, were not significant at
95%% probability level in all the varieties, though in SAMCOT
10, the PxQ interaction was eigniticant only at 95%
probakbility level. The PxXQXR interaction was not significant

2t 95% probability level for all properties of the hand sheets

frcem all the varieties, except 1n the caliper of SAMCOT 6 hand

and Calipers of Hand Sheets

Por each of SAMCOTs 6, 8, 9 and 10, the basie weight and
the cz2l:per cof the hand cheets from each treatment, can be
~orreiated to establish the relationship between them. For
instanze, the tables of observed values of basis weight versus
=aliper for the treatment of furnish ratic (TMP/WP) of 60/40,
pulp freeness of 359SR and additive of 1% rosin and 4% alum,
are zhown in Appendices H-1, H-2, H-3 and H-4, for SAMCOTs 6,
0, respectively. Also, the Appendices H-1, H-2, B-3
and H-4 show the sstimates of the correlation coefficiente and

the regression constants.

e

igure 5.2 shows that the relationships between basis
weights and calipers of the hand sheets for SAMCOTs 6, 8, 9
and 10 are linear and the coefficients of determination r? are

0.958, 0.997, 0.914 and 0.866, respectively, which mean high
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increased, the baslis weight increased proportionately in all
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xpected, because, 1increasing the
“hickness 2f 3 p3per sheet means increasing the weight of
dried fibre pey unit area of the paper sheet.

The sgignificance of the basis weight versus caliper
relat:onship l1es 1n the importance of the weight of paper in
paper mill economice. Pulp wood is usually bought by volume
and cenverted into paper which is sold by weight, as earlier
indicated in section 2.4, The price of a ream of paper
dapends on the weight of the ream, which is a product of the
weight o©f e3ch paper chest times the number of sgheets
:nvelved, usuzlly 480-500C sheets per ream (Saltman, 1978).
The total weight and volume of reams of paper also determine

*he required dimencions or size of cartons for the packaging

rrlicationg 3nd the cost of transport to the market,

5. f Reliztigonships between Mechanical Properties of Hand

Sheets and Pibre Characteristics of Cotton Plant Stalks

The mechanical properties of SAMCOTes 6, 8, ¢ and 10 hand

gsheets, such zs burst strength and tear strength, can be

he original wood and Dbast fibre
characteristice ¢f the local cotton plants, such as runkel
ratio, fibre length and slenderness ratic. For each variety,
the grand aversge of each mechanical property of the
handsheets, for the eight treatment means shown in Tables 5.1,

5.2, 5.3 and 5.4, was plotted against the grand average of
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st fibre characteristic for both wood and bast fibres in the
“em =nd roct shown in Tables 4.1 and 4.2. The use of grand
versge valusg of these pairs of parameters to correlate
AMOOTe &, 2, 9 and 10 at the same time, became necessary,
=r3uge for each variety, it was not possible to determine the
rrperiias of the paper product at the same time of measuring
ibrea characteristics of the raw material,
e paper mill's computerised scanning device used
oy pulp analveis just before forming the hand sheets, was not

mTtionzl 2%t the Time ©of the experiment. The tables of the

11
1
b
w
1]
81
kb
a2
m
W

values of the strength properties of hand sheets

rereus the original fibre characteristics, used for estimating

“ha corralation coefficients and the regression constante, are

:Fowe In Appendices H-5, H-6, H-7 and H-B.

Figure %.3 ghows that the burst strength versus runkel
!atisnghip is linear, with a cocefficient of

stsrmination r* eof 0,532, Alsc, the tear strength versus

enkel ratioc relationship is linear, with a coefficient of

sterminstion v cf 0,574 (gee Fig. 5.3). As the runkel ratioc
norezsed from SAMCOT £ to SAMCOT 10, the strength properties
¢ *he hkand cheets increased proportionately. This 1is

wpacted, because, the strength of paper sheets depends on the

unke! ratino cof fibres in the raw material, as earlier

indicated, That ig, higher strength properties were obtained

l]
Ha |
b= o

and sheets whose thermo-mechanical pulp (TMP) fibres had

igher runkel ratios than others.
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For each ftreztment, the differences in the strength
roperties of SAMCOTs 6, 8, 9, and 10 hand csheets can not be
ributed to the waste paper (WP), beczause the same waste
paper was ussd 1n 3!! the varieties. They are rather, =z
resilt of the differences in fibre characteristics of the four
wsrieties of cotton plant stalks.

Simil=arly, the tear strength versus fibre length

-

iz linesr with a coefficient of determination r¢

"3
|

of 0,927, as shovn 1n Fig, 5.4, As the fibre iength increased
fyrom SEMODT & to SAMCOT 10, the tear strength 1increased
cporticonately, with 2 high degree cof asscciation. Higher
tear v3lueg of hand csheets were obtained with cotton plant
etalks having longer wood and bast fibres than others. This
ronfivms the fact that the tear strencgth of paper sheetg 1is
enhanced by the use of long fibres, as sarlier indicated,
The Te3r gtrength versus slenderneese ratic relationship
ie z!sc 2 straight line having 2 ccefficient of determination

cf 0,217, as shown in Fig. 5.5. The higher the slenderness

=

ibres from SAMCOT v ©o0 SAMCOT 10, the higher the
tear strength of the hand sheete. This is expected, because,
high glenderness ratio indicates long fibres which enhance the
tear strength of paper sheets. Thus, the slenderness ratio
alsc had 2 high correlation with the tear strength of the

paper shaats, as the fibre length did.
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Thigs ctonfirme the observation made by Dinwood:ie (19p5), that
in hardwoods, other fibre characteristics, such as runkel

ratic and slenderness ratio, are as important as the fibre

[
n
ot

"
ot
=5
[ =]
o
(=]
o |
b

etermining paper properties, as earlier
section 4.1.7,

ks 7an hka observed from Pigs. 5.3, 5.4 and 5.5, the
gtrength propertieg of SAMCOT 8 hand sheets were consistent!y
gher than those o0f SAMCOT= 6, ¢ and@ 10 hand sheets.

Therafore, gince SAMCOT &£ always differed from the trend

aefined by SAMCOTs €, © and 10, it was ignored in fitting the
ragression lines to the points in Figs. 5.3, 5.4 and 5.5, as

2+ tenszs t- decrzase the re values and obscured the natural
trend. SAMCOT B proved to be the hest variety in the strength
rroperties ©f hand sheets, probably becauss, it had a higher
mentant of long-molecular alpha-cellulcse than SAMCOTs 6, ¢

isr 1ndicated in section 4.3.1.
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CHAPTER SIX

SUMMARY , CONCLUSIONS AND RECOMMENDATIONS

™
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Yy of utilising cctton plant stalks for

-
-~

‘e 3 &
Pabpermaning, 32 an

W
s

ternative to the wasteful disposal ot the

L

crop residue by hurning, was investigated in this s

rt

udy, using
four varieties of the American upland cotton plants (Gossypium
Rireutum), namely SAMCOTs 6, 8, 9 and 10 grown in Nigeria.
Wagod 3and past fibre characteristics, such as fibre wall

fipre diameter, fibre length, runke! ratio,

thickness indsex, flexibilitvy coefficient and slenderness
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om secticons of the stilke mounted con

microslides snd viewed under a light microscope. Varietal
affacts on most of the fibre characteristics were evaluated,

uging statigtical analysis of variance at 95% probability

The <compeosition oif alpha-cellulose, hemi-cellulose,
lignin, 3sk 3nd moisture in the stalks were determined. The
wood density and energy value of the stalks were also
evaluated, Thereafter, tharmo-mechanical pulp (TMP) was
prepared from =ach variety and blended with at least 40% of
wasts paper (WP} whose fibre length averaged 2.00 mm, becauss
of the short fibre length and low runkel ratic of the leocal
cotton plant =stalke. Factorial three-factor papermaking
experiments, inveclving two levels each (2x2x2) of furnish

ratio {TMP/WP), pulp freeness and additive were conducted.
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n2ard hand sheets wers produced ans tested for
Phreizal 3anéd mechanical properties, such as caliper, basis
weight, bhulk, burse strength, burst factor, tear strength and

tesr factor. S+atistical analysis of the results of the 2x2x2

Y

factorial exper:iments was done to determine the main ef ect

I
mn

igh ratio, pPulp freeness and additive, as well as their
interaciive affacts on the Froperties of the hang cheets, and
“o test their szignificance at o5 probability level. The
%! properties of the hand sheets were correlated with
tng origins ibre characterisgtics of the local cotton plante

T2 2gtahlisk +thaiyp relaticns

&, 7 Conclusions

S¥ing <onclusions were drawn from the resuits

1 SAMTOTe €, B, 9 and 10 cotton plant stalks were found to
b2 deficient in ¢the relevant fibre characteristicg,
illy fibre length, runkel ratio and clenderness

ratis, which dveraged 0.270mm, 0.540 and 12.7,

1

b
n
s
D
N
it
I.
L
i 1]
fous
-3

*tatistical analyeses showed that varietal
effects o°n most of the fibre characteristice were
gigrificant at ossg Probability level. SAMCOT o was found
tc be the best in most of the fibre characteristics
followed by SAMCOTSs 10, 8 and 6. Nevertheless, all the

varietiesz czn safely be blended together to form good
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Por SAMCOTs &, £, 9 and 10 cotton plant stalks, the
ha-cellulose and hemi-cellulose contents which were
found to he 54.0% and 8.40%, regpectively, on the
3versge, wers concsidered tc be high ennugh to be explored
oYy papermaking. SAMCCT & had the highest 3l¢h§—

sellulsse content, followed by SAMCOTs ¢, 10 and 6.

The wood density of SAMCOTs 6, 8, 9 and 10 cotton plant

stalks for use 1in papermaking, by being lower than the

82, 9 and 10 cotton

l3an% «€t3lks averaged 13.2 kJ/kg, and was ccnsidered to

"3

¢ low when compared with those of jute sticks, saw dust
and ~oceonut shells which ranged from 17.1 to 18.7 kJ/kg.
Thus, the 2ntion cof exploring the possibility of using

snt =t3lks as firewood was discountenanced.

The hiending of the thermo-mechanical pulp (TMP) prepared
from SAMCDTes £, 8, 9 and 10 cotton plant stalks with at
lesst 40% of waste paper {WP) whose fibre length averaged
2.%mm, improved the sheet formation and the strength
preoperties of the paper sheets, especially at pulp
fresness of 259SP and with additive of 1% rosin and 4%

z3luim. Hence, the hurst strength and tear strength of the
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hand sheets averaged 0.420 kPa and 0.820 kN,
respectively, while the caliper and basis weight averaged

0.510 mm and 127.8 g/mz, respectively.

SAMCOT 8 was found to be the best variety of cotton plant
stalks for papermaking Dbecause 1its hand sheets
censistently maintained the highest tear strengthe and

brightness, followed by SAMCOTs 16, 9 and 6.

Por each variety, the differences in the properties of

= o

and sheests between treatments resulted from the combined

4]
Fh
I+
L]

cts of furnish ratio (TMP/WP), pulp freeness and

iy
fu
(7
pt
T
(=

ive, because their interactive effects were found to

igmificant at 95% probability level.

o 4
)
m

The basis weights and calipers of SAMCOTs 6, 8, 9 and 10

test sheets were found to be positively correlated and

T

he relstionships were linear, with coefficients of
determination r2 of 0.9%3, 0.977, 0.914 and 0.866,

respectively.

The mechanical propertiss of SAMCOTs &, 8, 9 and 10 hand
sheets, such as burst strength and tear strength,
correlated positively with the original fibre
characteristics of the cotten plant stalks, such as

runkel ratio, fibre length and slenderness ratio, and the



iat:ionships were found t¢ be lin

1]

Lh ]

a The burst
gth versgus runke! ratic and tear strength versus
inkal ratio relationships, had coefticients of

mination r< of 0,532 and 0.674, respectively. Also,

the tear s=trength versus fibre length and tear strength

L]
s

-
ot detsrmination rc ot 0.227 and 0.812, respectiv

-

Recommendations

19 recommendations are pertinent in promoting

1@y rese3arth work on paper and board making using cotton

stalks and other agricultural residues:

Pxperiments on blerding the sghort-fibred pulp prepared

from cotton plant stalks with three or four levels

‘including 20% and less) of the medium-fibred waste paper

», should be carried cut tc determine the optimum

furrish ratio reguired for optimum gquality of the paper

Blending cf the short-fibred pulp prepared from cotton
plant stslks with long-fibred pulp prepared from another
agricultural residue, such as cotton linters (by-product
of cotton-zeed 0il mills), to see if a high quality paper

can be obhtained, should be investigated.
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154
An 2antifoam, such as Cojalcad 200 Detocamer, should be
added to the pulp slurry before beating and refining. to
torestall losses of ifibre and addatives, via foaming,

during the fibre proceseing.

Cheaper chem:

0

al pulping methods, which d2 not have much
drast:c degradation action on fibres, such as alcohol
pulpaing, 2r cocoking in wood ash (lye} geolution, or the
sem:-chemical method called chemi-thermo-mechanical
pulping (OTMP), inveolving little guantities of sodium
ulphite 2nd 3lksli, should be tried on cotton plant

e=z21lks, T~ 1mprove the hrightness gain ¢of the pulp.

The use of rotton plant etilke for the manufacture of
~hiphnards and partaclebeards, tisaing RPEICPriate

adhesives oY hinders, should alsc be expleorasd.
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AppERDIY B BAST FIRRE CEAPACTIRISTICS
B-1: Bast Fibre Charactertstics of Stess and Roots of SAMCOT 6 Cotton Plants
S/ Fibre wall Fibre lumsn  Pumeel ratwo ipre Tosifizient  Tmicimess  Pibre Slenderness  lemgthof  Width of Area of No. of fibre bundles
thicimess diametsr diamster  of flemibility inder length ratio fibre bundle fibre bundle Eﬁn w1thin the total
m b ] (pa) (p) bundle (sm“) bark area of 0.06%s
Stes Foot Stam oot  Sta Stes Boot Stea BHoot Stes oot Stem DRoot Stes Hoot Stem oot Stes Boot  Stem Root Sten  Boot
Ly 45 15 1 .20 1§ 21 083 057 0093 0214 WA Mo Mg UM O 1B 89 60 0.030 0.008 1 3
2 15 30 18 15 0.17 0.4 200N 0.8 071 0.071 0143 180 420 857 2000 402 150 75 b 0.030 0.010 2 2
L1000 ou o u 4.5 0.9 1 18 087 0.87 0.187 0187 30 37 833 1817 85 5 % W 0.026 0.012 3 1
¢, 15 45 15 ¢ 020 100 18 18 083 0.50 0.083 025 20 195 11.87 1083 20 10 N 0.020 0.011 1 1
5. 30 0 X § 0.2 100 27 12 078 0.5 0111 0250 30 20 1333 17W 0 20 M0 60 %0 0.013 0.02 1 i
§. 30 30 12 : 050 047 18 15 047 080 0167 0200 225 135 1250 900 180 195 K0 7§ 0.011 0.015
7. 30 225 15 105 040 043 21 15 0.7t 070 0.143 0050 120 M0 5.7 1600 210 185 60 D 0.013 0.010
g 30 310 % Y 087 087 15 15 060 060 0.200 0.700 150 300 1000 Z0.00 240 135 45 45 0.011 0.00¢
8 30 30 & 105 047 15 155 080 .80 0.200 0182 210 160 400 103 1% W 8 N 0.012 0.018
0. 30 30 15 18 0.40 N0¥ 0N 075 0043 0125 185 20 T8 875 150 M5 BN 0.011 0.02
1M, 3.0 30 8 1§ 0. W18 0T 05 01 0.2 1M 1 TR0 U
12, 30 &5 18 B 0.33 OB T 05 005 00 1M O O &n W
13, 30 30 12 1 0.50 18 18 067 0.87 0187 0167 270 297 1500 16.%0
W, 1§ 28 6 g 0.20 1B 135 083 0.50 0.083 0.187 B0 300 .33 .
15, 3.0 33 1 0.50 18 20 087 0.7 Q18T 014 W0 M0 1887 MM
18, 30 43 13 0.67 15 M 080 0.3 0.200 0.198 .00 18.25
17, .25 4.5 § 0.3 15 18 073 050 013% 0.2% 118 708
18, 175 10 § 0.63 1 05 12 082 050 019 0.250 15.38 25.00
19, 31 1% 1 nan 0 i 185 871 0457 0.14F I3 14.29 2000
. 2.5 45 § 0.5 1 135 15 087 040 0187 0.3 unu
T B KL S A 073 1895 171 071 G55 0144 020 7238 20451245 1604 2371 1881 €69 681 Q.01 0.013 1.1 14
s 0.y 4 14 1 63 34 313 oM 004 005 037 B0 4. 477 9279 51.7312.49 12.49 0.008 0.005 045 0.5
2 0.1% 677 0 an 0.7 ¢80 002 §.00% 201 194 1907 0.9 106 2935 183 3.5 3.3 0.003 0.002 0.20 0.2
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APPENDIY C: ANALYSIS OF VARIANCE TABLES FOR WOOD AND BAST FIBRE CHARACTERISTICS

C-1: Analvsis of Variance Table for Weod Pibre Charactsristics ot the Stems of
SAMCOTs 6, B8, 9 and 10 Cotton Plants.
Fibre av ss af M3 F-ratio F - ratio Difference
Characteristics (Observed) (F-table) at a = 5%
Fibre wall Between 14.64 3 4.88
thirkness Varieties £.18 2.74
Within a0, 04 78 0,79
Total 74.68 79 o
- Fibre lumen Betwsen  1650.17 1 550 .0k
diameter Varieties 16.16 2.74
Within 2586.47 76 34.03
Total 4236.64 e -
" Runkel ratio Between  0.32 31 0.1
Varisties 11.00 2.74
Within 1.03 7E n.01
Total 1.3 19 N
T Pirre diameter  Between  1265.87 2 421 Gf
Varisties 11.52 2.74
Within 2783.69 TE 36.63
Total 4049 .56 T - -
Thickness indsx Between  0.04 T o1 I
Varistias 10,00 2.74
Within 0.0% T D_nng
Toral ni1i 7o )



C-1 continued.

[ 1]

Fibre Sy SS af MS F-ratio F - ratio Difference
Characteristics (Observed) (F-table) at g = 5%
Ceefficient cf Between 0.16 3 0.05
flexibility Varieties 5 2.74 *

Within 0-48 76 0-04
- - Total - 0.64 79 .
Fibre length Between  92735.12 3 30911, 71
Varieries 3.08 2.74 *
Within 762166.38 76 10028.51
- Total 854901,50 70
~ Slendernezs Between 113,23 3 3794
ratio Varieties 2.10 2.74 n.s
Within 1365.72 78 17.97
T total ii7ees s T B
% Void space  Between 180.94 3 §0.31
Varieties 3.98 2.82 *
Within 667.15 44 15.1¢6
- I Total  848.09 a7 - -
Note: * = significant; n.s = not gignificant.
Eetween Varietiss 22 = Sum of Squares of deviations of ths mean valuas from the grand mean and df = k-1
Within Varieties €2 = Sum of Squares of deviations of the chssrved values from the mean and df = k(n-1)

nNers & = minher of var



C-2 BRnalysis of Variance Table for the RBist Fihkre

Cotton Plants.

Characteristics of the Stems of SAMCOTs 6, 8, 9 and 10

Fibre sV &8 af M8 P-ratio F - ratio Difference

Characteristics (Dbserved) (F-tabla) at a = 5%

Fibre wall Retween 84.10 K 28.03

thickness Varisties 13.04 2.74 -
Within 163.4 76 2,19

Total 247.5 79
~ Fibre lumen Batween  327.62 3 109,21 .

diameter Varisties 8.158 2.74 *
Within 1016.5 76 13.38
Total 1344 .12 70

~ PRunkel ratin  Between .40 3 213
Varietiss 7.89 2.74 *
Within 20.25 7% N ]
- ~ Total 26 .65 70
. Fibre Aismetar Batwesn 473,95 3 187.u8
Varieties 7.88 2.74 x
Within 1822.23 76 20.04
- C7aral 1997 18 78

crefficlent nf  Bstween | 0.%éf 3 e T

flovibility Varietias 14 54 2.74 %
Within N, asgp ¢ 0.013
Tot 3l 1.51F 79 -



C-2 continued.

Fibre ey 88 MS F-ratio F - ratio Difference
Characteristics (Chservag) (F-table)
Thickness index Batween 0 .151 0.050
Varieties 12.50 2.7
Within 0,266 0,004
- Total 0.417
~ Fibre length Batween = 40867.61 13622.54
Varieties 2.10 2.74
Within 492393 .55 6478.,8¢
. . Total 533261.1¢
. Slenderness Betwean 97,00 32 56
ratio Varieties 1.63 2.74
Within 2414.90 31.78
- Total 2512.89
Area of fibre Batwaen 0, 0005¢ 0.0001¢
bPundie Varietiss 5.43 2.87
Within N.0012¢ 0.000035%
o o Total 0.00182
Note: * = significant
n.s = not significant



C-3 Analysis of Variancs Table for the Wood Fibre Charscteristics of the Roots of SAMCOTs 6, 8, 9 and 10
Cotton Plants.

Fibre sV a8 daf MS P-ratio F - ratio Difference

Characteristics {Ohserved) (F-table) at a = 5%

Fibre wall Betusen 46,86 3 15.62

thickness Varieties 13.24 2.74 *
Hithin 80 87 7R 1.18

B Total 1% .73 7o -

Fibre lumen Betuesn 1275 .63 3 425.21

diameter Variaties 14.36 2.74 *
Within 2251.31 76 29.62
Total 352¢.94 79

" Runkel ratio = Between 1.28 E} 0.1k
Variatiss R 2.74 *
Within 1.33 i Q.02
T watar | 2m 19 .

Fihre diameter Between  1669.45 3 EGE, 48
Varistiss 18.97 2.74 *
Within 222927 7e 29.33

T T Tmatar | 3wesT2 19 -

Thi~knese 1nden Retween 0.082 T po17 -
arietiss 3.9 2.74 A
¥itnin 0.114 & 0.002
Tatal 0.156 79 - -



0-3 continued.

Fibre sv gs af MS F-ratio F - ratio  Difference
Charasteristics (Observed) (F-table) at a = 5%
Coetficient of Batween 0.17 3 0.0g
flexibility Varieties 6.0 2.74 *
Within 0 /% 76 0.01
o Total, n.82 79
Fibre length Batween 42374.0% 2 14124.98
Varietiag 2.09 2.74 n.s
Within 514635.9 76 €771.53
- . Total  §57010.8% 79
Slenderness Between 325.06 3 108.35
ratio Varieties h.04 2.74 *
Within 1363.25 76 17.94
o Total 1688, 31 79
£ Void space Batween 10.70 3 P 3,57
Varieties 1.48 2.82 n.s
Within 10€.59 44 2.42
N Total 117.2¢ 47
Note: * = Significant.
n.s = Not significant.



.
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Analysis of Variance Table for the Bast Fibre Characteristics of the Roots of SAMCOTs 6, 8, 9 and 10
Cotton Plants.

Fibre sV 8s daf M8 F-ratio F - ratio Difference

Charactericstics (Obgerved) (F-table) at a = 5%

Fibre wall Between B.61 2 2.87

thickness Variseties 4.35 2.74 *
Within 50 .16 7h ()

Total 88 77 74

Fibre lumen Between  4a.08 = 16. 3%

cdiameter Varieties 1.90 2.74 n.s
Within 654.74 78 8.62

Total 703.82 79

Runkel ratio Batween 0.20 3 0.10
Varisties 0.91 2.74 n.s
Within B8.42 76 N.11

 TTmarar 8.72 78 -

Fibre dilameter Batween 146.60 3 48.87
Varieties 4.2n .74 *
Within 870.77 7e 11.4%

: - _;lqquh - 1017.37 79 - B

Coefficient of Between N (/s S —

tiexibility Virietias ' 55 2.74 n.s
Within 1,798 7 (. 171
Toral D874 74 -



-4 continued.

Difference

" Fibre sv as ar M F-ratio F - ratio
Characteristics (Observed) (F-table) at a = 5%
Thickness index BPBetween 0,004 4 00,0013

Varieties 0.46 2.74 n.s
Within n,209 76 0.0028
Total 0,213 79
"~ Fibre length Between 47987.12 3 1500871
Varistias 2.82 2.74 *
Within 431592.¢6 76 5678.85
Total 479579 72 79
~ Slenderness Batween  733.1%5 3 244 .38
ratio Variestiss f.09 2.74 *
Within 3081 .02 Te 40,15
;ll{-;..uin_r:wmaww 3784 17 70 -
Ares of fibre Between 0.0000275 3 0 00nN292
Fundls Varietiss 0,85 2.87 n.s
Hithin 3.00182 36 0.000045
. o T Wetal | 0.001707% 20 -
lizte: * = gigniticant
s = a3t sagmiflcant
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C-5: Analysis of Variance Table for the Wood Fibre Characteristics of the Stems
and Roots of SAMCOT 6 Cotton Plants.
Fibre sv 88 af M3 P-ratio F - ratio Difference
Characteristics (Chserved) (F-table) at a = 5%
Fibre wall Betwean 0 1 0
thickness Samples 0 4.10 n.e
Within 26.22 38 0,80
- . Total 26.22 39
~ Fibre lumen Betwean 184,073 1 164,03
diameter Samples §.28 4.10 *
Within 1180.28 28 31 0k
Total 13441 39
 Runkel ratin Between 0.009 1 0009
Samples 0,40 4.10 n.s
Within Dn.38 30 0.m
Total  0.289 39 o
~ Fibre diameter  Batween 164.02 1 164.03
Samples §.5% 4.10 *
Within 1374 .¢€5 28 36.18
- CTotal | 183868 e
Thickness inde® Retwesn 0001 1 0.001 :
Samplas 10 4.10 n.s
Within 0.034 3e .00
Total 0.04 2w o



C=5 contd,

~ Fibre sv ss af MS  F-ratio F - ratio  Difference
Characteristics (Observed) (F-table) at a = 5%
Coefficient of Batween 0.004 1 0.004
flexibility Samples 1.0 4.10 n.s
Within D-133 38 0.004
Total 10137 39 B
Fibre length Bstwaen  1009.02 1 100902
Samples D.16 4.10 n.s
Within 241303.8 38 £350.1
Total 242312.82 38
- Slenderness Between 3.72 1 3,72
ratio Samples 0.23 4.10 n.s
Within £24.34 N 16,43
S Total  629.06 29
% Void space  Between 188.83 1 188.83
Samples 7.30 4,10 x
Within 562, 42 22 25. 8¢
-  Matal 787.75 23 - -
Notz: * = significant; n.s = not significant.
Zatwean Sarples 22 = Bum of Squares of davistisne 0t the mean values from the grand mean and dt = k-1
iithin Samgles 53 = Sum of Squares of deviations of the ohserved values from the mean and dt = k(n-1)
whzre & = ripmker of 2amples (stem and root) = :



C-f: Analysis of Variance Table for the Bast Fibre Characteristics of the Stems and Roots of SAMCOT 6
Cotton Plants.

Pibre sV s8s af M3 P-ratio F - ratio Difference

Characteristics {Observed) {F-table) at a = 5%

Fibre wall Retween 4.62 1 1.n2

thickness Samples B.25 4.10 *
Within i B 38 n.54
Total 25.90 39 N -

"~ Fibres lumen Betwesn 103,68 1 103 88

di1ameter Samples 8.M 4.10 *
Within 452.2 a8 11.%0
Total 555.88 34

Runkel ratic Batwaen 065 1 0.9
Samples 12.97 4.10 *
Within 2.83 33 n,074
‘Total 379 3¢ - o

"~ Fibre diamerer  Batween  25.40 I . T T
Samples 2.88 4.10 n.s
Within 487.21 a8 12.30
- - Total &2 61 =@

Thickmess irdsw Batween = 0.16% 1 D189
Samples 1% .80 4.10 *
Within 0.38 48 o.m

Toral 0 549 34

ahy .




C-6 contd.

Fibre sV 35 af MS  F-ratio F - ratio  Difference
Characteristics (Observed) (F-table) at a = 5%
Coefficient of Batween 0.0314 1 0.0314
flexibility Samples 12.56 4.10 *

Within 0-095 38 0:0025
Total 0-1264 39 -
Fibre length Retween 16769,03 1 16762,03
Samples 275 4.10 n.s
Within 231491.06 338 6001.87
Total 2Z48260.09 39
Slenderness Betwaen 128.88 1 128.88
ratioc Samples .43 4.10 *
Within 761.71 38 20.05
N Total 850,50 29
Ares of fibre Between 0.000125 1 0.000125
bundle Samples 2.78 4.41 n.s
Within 0.00081 18 0.000045
Total 0.000935 19
Note: * = significant
n.s = not significant.
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c-7: inalysis of Variance Table for the Wood Fibre Characteristics of the Stems and Roots
ot SAMCOT 8 Cotton Plants.

Fibre sv Sis af MS F-ratio ¥ - ratrio Difference
Characteristics {Observed) (F-table) at a = 5%
Fibre wall Batiicen 0,583 1 : 0.53
thicknhess Samples N.49 4,10 n.e

Within 40.85 38 1,08
Total 41-38 39
Fibre lumen Batween 0.23 1 3.23
diapeter Samples . p. 4,10 ) n.s
Within 1092.12 K 28.74
Total 1092 35 39
Rumkel ratio Betwsen 0 1 0
Samples 0 4.10 n.s
Within 0.T: 38 .02
Total o.76 39
ibre dizmeter Betwesn 1.f 1 3.&
Sanples 0.12 4.10 n.s
Within 1148.3¢ 38 an, 22
Totzl 1151, 9% a9
Thickness index  Between 0,00 1 0,0Mm
Samples 0.5 4.10 n.s
Within 0.057 38 _ 0,002
Total 0,58 39




-
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C-7 contd.

i Fibre sV es af MS  F-ratio F -~ ratic  Difference
Characteristics (Observed) (F-table) at a = 5%
Coefficient of Batyween 0.001 1 0.0Mm
flexibility Samples 0.1 41.10 n.s

Within 0-38 38 0-01
Total 0.-281 39 -
~ Fibre length Between 770341 1 7703. 41
Samples 0.72 4.10 n.s
Within 408570.11 38 10751 .85
- Total 416273,.53 20
‘Slenderness Between 2.81 1 2.81
ratio Samples 0.10 4.10 n.s
Within 1026, 7¢ 35 27.02
T T e ©1029.57 3@
$ Void space  Between 12,57 1 12.27
Samples 2,51 4.20 n.s
Within 107,47 22 4 89
N T 119,74 73
Note: * = sigmificant
.82 = mt =igmiticant,

L
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~f Yariance Tabls for the Bast Fibre Characteristics of the Stems and Roots of SAMCOT 8

Analvysis o
Cotton Piants
~ Fihre gy as af MS F-ratio F - ratio Difference
Characteristics {Dpserved) {F-table} at a = 5%
Fibre wall atvae 28.03 1 38.03
thickness Samples 19.21 4.10 *
: Within 75.24 33 1.95
Total 113,27 3%
Fibre lumen Batween 29.58 1 29.58 _
diameter Samples 2.26 4,190 1n.s
Within 497.99 38 13.11
Total 527.57 29
Rinkel ratic Betwesan 1.37 1 1.37
Samples &,83 4,12 *
Within 7.60 38 0.20
Total g.97 39
ibre diameter  Between 316,97 H 318,97
Samples 18,78 4,10 : *
Within £42 .34 i 4 1,88
Total a58 41 2a
Coefficient of Between {.0314 1 0.0314
flexibility Samples _ 12.56 4,10 *
Within 0.095 38 0.002%
Total 0.1264 39




C-8 continusd.

(=1
=1
-

Fibre sv es M3 F-ratio F - ratio Difference

Characteristics (Cbserved) (F-table) at a = 5%

Thickness 1ndex Betwesn 0.016 0.018
Samples 4.57 4.10 *
Within 0.133 n.0035
Total 0,149

Fibre length Batwesn 2873.03 2873.03
Samples 0.33 4,10 n.s
Within 327290.2 8612.90
Total 3301£3.23

Slenderness  Between 316.97 1 316,97

ratioc Samples 7.62 4.10 *
Within 1581.18 41 .81
. Total 1898 .15

Area of fibre Between 0.00008 0,00008

ndle Samples 2.2a 4.41 n.s
Within 0.000813 0. 000035

S - .H_r.._nmll - .o.mad..J - -
Note: * = zgignificant
n.s = not signiticant
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£-9: Analyeis of Variance Table for the Wood Fibre Characteristics of the Stems and Roots of SAMCOT 9

Cotton Plants,

Fibre sV gs af MS F-ratio F — ratio Difference
Characteristics {Observed) {F-table) at a = 5%
Fibre wall Betwesn 20.45 1 20,45
thickness Samples 13.82 4.10 *
Within 86,05 38 1.48
Total 7650 39
Fibre lumen RBetween 308,03 1 08,03
diameter Samples 8.49 4.10 *
Within 1378 .25 a8 16,27
Total 1685, 29 39
Runkel ratio Batwesen 0.025 1 0.025
Samples 1.28 4.10 n.s
Within 0.7& 38 0.02
Total 0.785 39 N
Fibre diameter  Between 705.60 1 705. 60
Samples 19.01 4.10 *
Within 1419.37 38 37,32
S Total 2115.97 29 o %
Thiskmess 1ndsx  Batween 0.00 1 0.004
z Samples 2 4.10 n.s
ithin 0._057 5 0,002
Total 0.061 29
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-9 contd.

£
h

Fibre av 88 MS  F-ratic F - ratio Difference
Characteristics {Chserved) {F-table) at a = 5%

Coefticient of Betyaor 0,009 1 i+, 009
flezibility Samples : n.9 4.10 n.s

Within 0-38 28 Q.04

Total 0. 389 34
Fibre length Betyesn 90728 &1 1 Q0725 .82
Samplss 10.06 4.10 *
Within 342842 % 3R o022, 2
Total  433589.23 39
Slendernsss Betwesn 301,40 1 201.40
ratio Samples 22.89 4,10 *
Within 50,73 28 13.34
Totsl 808,13 29
% Void =pace Batwesn 0,22 1 0,22
Samplies 0.09 4,30 1.8
Within B2, 36 22 2.38
Totzl £2.58 23
Nois: * = zignificant
n.g = ot sigmaficant.
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C-10: Analysis of Variance Table for the Bast Fibre Characteristics of the
Stems and Roots of SAMCOT 9@ Cotton Plants.

Fibre v ss af MS P-ratio F - ratio  Difference
Characteristics (Ohserved) (F-table) at a = 5%
Fibre wall Between 40,80 1 40,80
thickness Samples 17.66 4.10 *
Within 87.78 a8 2.31
N Total 128.58 39
~ Fibre lumen Between £9.17 1 62,17
diameter Samples 5.82 4.10 . x
Within 451.82 38 11.89
Total 520.99 29
Runkel ratic Ratween 0.441 1 0.441
Samples 1.73 4.10 n.s
Within 9.69 38 0.255%
Total 10.131 39
~ Pibre diameter Between 446.22 1 446.22
Samples 2. 27 4.10 *
Within 797.24 38 . 20,98
Total 1243.4%6 324
Coefficient of Between 0.025 1 0.025
flexibility Samples 1.92 4.10 n.s
Within 0.4%4 a8 0.013

Total 0.519 39




C-10 continued.

ot
et
L8]

Fibre v 8s ar MS F-ratio F - ratio Difference
Characterastics (Dbserved) (F-table) at a = 5%
Thickness i1ndex Batuwesn 0,004 1 0,004
Samples 1.14 4.10 n.s
Within 0,133 3R 0, 0N35
Total 0.137 34
'~ Fibre length Between  42560.0 1 43560.0
Samples 7.66 4.10 *
Within 21€115.69 38 5687.26
Total 259675.69 30
lendernsss Retwesan 5.93 1 £.93
ratio Samplaes 0.21 4.10 n.s
Within 1083.57 38 28.52
- Total 1089, 50 3
trez of fibhre Batween 0.000125 1 0.000125%
hmndls Samples 2.8 4.41 n.s
Within 000049 18 (00005
T T T T T rotal l 0.001025 19 -
Nota: * = sigmificant
n.2 = not significant
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{-11: Analysis of Variance Table for the Wocd Fibre Characteristics of the
Stems and Rocts of SAMCOT 10 Cotton Plants.

Fibre sv es af 5 P-ratio F - ratio Nifference

Characteristics (Dhzerved) (F-table) at a = 5%

Fibre wall Between 24,65 1 24.65

thickness Samples 34.72 4.10 *
Within 26,79 38 0.71

Total 51.44 39

Fibre lumen Between  1822.5 1 1822.5
diameter Samgles 58.34 4.10 _ *
Within 1187.12 38 31.24
Total 3009.62 29
Runkel ratio Between 0.784 1 0.784
Samples hH.33 4.10 *
Within 0.45¢ 38 0.012
Teotal 1.240 39 -
Fibre diameter  Between  1071.23 1 1071.23
Samples 37.7 4.10 *
Within 1079, 58 38 28,41
i
Total 2150.81 aq
. Thickness index Between 0.064 1 0.064
Samples 64 4.10 *
Within 0.048 18 0.001

Total 0.112 39




it

C-11 contd.

Fibre sv pais] af MS F-ratio F - ratio uwnmmwmsnm
Characteristics (Observed) {(FP-table) at a= 5%
Coefficient of Batween 0,284 1 0,289
flexibility Samples 48.17 4.10 *

Within 0.228 38 0.006
Total 0.517 30
" Fibre length Between 1102.5 1 1102.5
Samples 0.15 4.10 n.s
Within 284084.77 38 7475.092

Total 285187.27 39

Slenderness Batyesn ap. o0 1 Qan, 0o
ratio Samples 5.99 4.10 *
Within £71.14 as 15.03
- - Total 661.14 30 -
" % Vnid space Retween 20.31 1 20,31
Samples a9 a1 4,30 *
Within 44,94 22 2.058
- 7 Tatal | €5.30 23
Note: * = signifimant
n.S = not significant.



C-22:

Analysis of Variance Table
Stems and Roots ci SAMCCT 10

for the Bast Fibre Characteristics of the

Cotton Plante.

Fibre sv ar df M3 P-ratio F - ratio Ditference
Characteristics (Obgarved) (F-table) at a = 5%
Fibre wall Batween 23.72 1 23.72
thickness Samples 3n.81 4.10 *
ithin 29, .28 38 0.77
Total 52,658 39
Fibre lumen Between 0.225 1 0.225
diameter Samples 0.032 4.10 n.s
Within 269,23 38 7.085
Total 269.455 39
Runkel ratio Batween 2:12 1 2.12
Samples G .42 4.10 *
Within 8.55 38 0.255
Total 10.67 39
~ Fibre diameter Between 8% .26 1 Q% JF
Samples 6,64 4.10 *
Within 488.11 38 12.85
S Total 573.37 39
 Coefficient of Between 0.144 1 0.144
flexibility Samples 14.42 4.10 ®
Within 0.38 38 Nn.01
Total 0.524 39




C-12 continusd,

Fibre ay Ss at MS P-ratic F - ratio Difference

Characteristics (Observed) (F-table) at a = 5%

Thickness 1ndeax Batween 0,038 1 0.03
Samples 12.0 4.10 *
Within . 114 38 0,003
Total N.150 Ei]

"~ Fibre length Between 1334.4 1 21344.4

Samples 5.44 4.10 *
Within 145089.2 38 3023.4
Total 1704323.6 39

flenderness Batween 563.76 1 163. 7%

ratioc Jamples ],.h4 4.10 *
Within 2030 44 38 53.67
o Total  2503.22 e -

Area of fibre Ratween N.o0002 1 0.00002

hundlis Samples N.87 4,41 n.s
H¥ithin N.OODS4 1R 0,00003

- ©  Tetar o0onop2e 1@ -
Hota: = gyomificant
n.s = not siomiicant
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D: CHEMICAL COMPOSITION

Chemical Composition of SAMCOT 6 Cotton Plant Stalks

Cellulome Hemi—-Celiuleoze Lignin Ash Moisturs
Content(%) Content{%) Content{%) Content(%) Content (% wh)

16 9,02 24.82 £.350 5,57

52,87 g.10 25,30 B.30 | G, 8k

22 £,56 24,00 &.20 6L R7

84.12 5.85 22.30 . 6,00 10,08

0o 2,64 24,11 f.28 2.02

g 2.1% 0.40 1.32 .21 2.2¢

07 | 0,20 0.R6 n.i0 1,14

Chemical Composition of SAMCOT 8 Cotton Plant Stalks

Cellnloee - Hemi-Celiuicmse  Ligmin Ash Molsture
Content{%} Content (%) Content{(%¥} Content({%¥) Content{¥ wh)
g8.00 . N4 22.00 & a0 7.58

56,50 R &0 22.50 6.30 £.06

0% 5.08 22.80 £.20 7.72
52,04 8,52 ~20.30 5,7 8,20
15 8.56 22.15 6,23 7.92
&3 0.39 1.2% D.38 0.33
3 0.20 0.63 0.19 0.18
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D - 2 Chemical Compoecition of SAMCOT 2 Cotton Plant Stalks

Celiulcee Femi-Tellulose  Lignin Ash . Moisture
Sample Content(%) Content(%) Content(%) Content{%} Content{% wb)}
A 5, 00 Q.12 - 24,50 - 7.04 (.96
B 54,50 8.60 22.80 £.28 7.97
C 54,10 8.00 23.19 S5.A7 #.55
p 52.12 7.20 22.00 7.02 9.62
X 54,14 R,23 73,35 £.50 7.78
g 1.60 0.83 1.07 0,66 1.37
e 0,80 .41 0.53 0,33 .e8
D -4 Chemical Composition of SAMCOT 10 Cotton Plant Stalks
Cellulose Hemi-Cellulese  Lignin Ash Moistire
Samnla Contentd%; Content{%) Content (%) Content{®! Content($% wh)
A 57,20 8,72 . 23.60 .81 7.94
B R5,00 8.48 24.00 &£.72 2.49
c 52.80 g.00 ' 23.00 €.50 g.80
D 50.50 7.40 22.50 £.10 7.8
% 53.80 .15 23.28 5.53 8.27
3 2.92 0.58 0.66 0.32 0.46

o
[
1=
N
2
8]
e
=
L
€ad
=
I._l
J
[o]
ke
[#5)
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APPENDIY E
WOOD DENSITY

E - 1: Determinstion of Wood Density for SAMCOT
Plant Stalks

Ll
)
O
ct
o
o]

Cross —
nameter  Length sectional Volums  Mass Wood
Replicate {om) {cm) arga - {g) dens1ty
{cm®) {om) fatem™)
i .0 4,85 0,92 4,44 2.01 0,453
2 1.14 4.71 1.02 4,81 2.03 Q.422
3 i.2oe 5.62 1,31 7.35 2.40 n.327
4 1.17 £.04 1.08 £. 40 2,51 0.28
X 0,397
g 0.054
) 0.027
-~
E ~ I Determination of ¥Wood Densaity for
SAMCOT 8 Cotton Plant Stalks.
Crosg -
Diameter Length sectional Volume  Mase [tala'}
Paplicats fem) fom) are - (g} dencity
(em=) fem=) fgfom?)
1 1.1%8 5.3% 1.04 5,523 2.12 n.382
A 1.17 6.78 1.08 7,29 2.3¢ 0.4€1
3 1.44 5.23 1,63 B.52 2.79 .327
4 1.04 5.89 0.23 £.80 2.17 0,398

® m bl
[ R |
[9ie N IR T F




E -3 Determination of Wood Density for
SAMCOT @ Cetton Plant Stalks
Cross -
Diameter Length sectional Va&ume Mazs Wood
Replicate {cm} {cm} area fom™) (g) deneity
(cm®) {a/em)
1 1.08 £.51 0,87 5.64 2.81 0.498
2 1.2 &2 0.co .64 2.0% 0,362
3 1.23 4,98 1.12  §.88 2,02 0.343
4 1.15 €.22 1.04 £.5¢ 2.48 0.380
X 0,795
& 0.070
& 2,035
= 47 Determaination of Wood Density for
SAMCOT 10 Cotton Plant Stalks.
Cross —
Diameter Length Sectional Volume  Mass Wood
Replicate {om) {em) are 3 fg) densi%g
{cm®<) {om™) (g/cm”)
1 1.19 .88 1.11 £, 54 2.5 .34
2 .80 £.62 .64 4.21 1.96 (. 4E€
3 1.9% £.14 .87 3.24 <.45 0,478
4 0.8z 7.04 0.53 2,72 1.64 . 441
X 0.438
g 0.037
] 0,019
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APPENDIX F: ENERGY VALUE OF COTTON PLANT STALKS

ADIABATIC BOME CALCRIMETER REPORT SHEET

F-1: Energy Value of SAMCOT 6 Cotton Plant Stalks

Samrle Refarence: SAMCOT A alvst: g N | 1

Crucible + fue! 15.54 ¢

Crucible 10.04 ¢

Puel 5.50 ¢

Final temperature of Calorimeter 25,03 Yo correction + 0.005 Yo
Initial temperature of Calorimeter 22.00 ©¢  Ccorrection + 0.003 92
Uncorrected temperature rice 2,02 O

Total thermomefer correction

tfinal - initial) +0.002 9¢

Corrected tempsrature rise 3,032 ¢

Total hest cspacity of apparatus 5450.2 cal/vc

Total hest release 16525.0 cal

Constant heat gain {Cotton thread

and Nicka!l - Chromium wire) 7.18 cal)

Nitric arid correction 14.73 cal) 21.91 cal

Torrectesd heat from fuel 1&503.09 cal

Heat frem lg of fuel 3000,56 rcal

Sulphuric acid correction 19.44 cal

Grose calorif.c valus of fuel 2081.12 cal/g

Tests for Nitrogen and sulphur corrections NOTES

Titration with barium hydroxide

Vo 40.0 ml 1 ral, = 4,27
\’1 0.0 ml

Vo = V4 40,0 ml 1 keall/kg = 4.2kI/ke
Sslution normality 0.082

ml 0.1N 40.0 ml (R}

Sodium carbonate added

20 m! normality 0.10

ml 0.1IN 20.3 ml (B)

Titration with hydrochloric acid

\'2 10.0 ml

\H 0.0 ml

Vo - V4 10.0 ml

Solution normality 0.085

ml 0.1N 10.0 ml (C)

Nitric acid correction 1.43 (B - C) cal.

1.43 {20.3-10.0) cal. = 14,73Cal
Sulphuric acid correction 3.6 [A - (B - C)] cal
sample weight
3.6 (40.0 - 10.3) cal. = 19.44 Cal
5:5

A. GALLENKAMP & CO, LTD, CHRISTOPHER STREET. LONDON. E.C.2




ADIABATIC BOMB CALORIMETER REPORT SHEET

F -1 Energy Value of SAMCOT 8 Cotton Plant Stalks

Sample Fefersnce: SAMCOT & Anstyst: Engr. J. M. Madusks  Date: 1675707

Crucible + fysi 15.3a

Crucibie 10.0
3

;o
[, s ]

g
g

inal temperature 24.85 V¢ Correction +0.012
Tnitial temperature 21.50 9¢ Correction + 0.00%
Un~orres~ted temperature rise 3.15 O¢
Total thermometer correction
[£ina)l - initial) + 0.007 9¢
Corrected temperaturs rige 3.157 O¢

1 heat capacity of apparatus 5450.2 cal/%c
1 heat release 17206.28 cal

Constant heat gain (Cotton thread

and Nickel - Chromium wire) 7.18 cal)

Nitric acid correction 16.73 cal) 22,91 cal
Marrected hest from fuel 17182.37 cal

X

a2zt from 1g of fuel 3211.66 cal
ulphuric acid correction 22.5%4 cal

r

G

rogs calorific value of fuel 3189.12 cal/¢

Tests for Nitrogen and sulphur corrections NOTESR
Tirraticn with barium hydroxide

Vo 45.20 ml 1Cat, 24,27
Vq n,0 ml

Vo - ¥y 45.20 ml 1 kcal/ke = 4.2kJ/kg

2 n nermalaty 0.082

m! O.IN 45,20 ml (A)
Sodium carbonate added

20 ml normality 0.10

ml 01N 20.2 ml (B)
Titration with hydrochloric acid

Vo 8.5 ml

vy 0
V2 - V1 8
Solution normality 0.085
ml 0.1N 8.5 ml {C)
Nitric acid correction 1.43 {(B - C) cal.
1.43 (20.2- 8.5) cal. = 16.73Cal
Sulphuric acid correction 3.6 [A - (B - C)] cal
cample weight
3.6 (45.2 - 11.7) cal. = 22.54 Cal
D.3D
A. GALLENKAMP & CO. LTD. CHRISTOPHER STREET. LONDON. E.C.2




ADTABATIC BOME CALORIMETER REPORT SHEET
P Energy Value of SAMCOT 9 Cotton Plant Stalks

le Peference: SERMSOT O

Crucible + fuel . is.éq é

Crucible 10.04 ¢
Fusl 5.40 ¢
Final temperature 25.4% V¢ Correction + 0.010 V¢
Initia! temperaturs 22.20 O¢  correction + 0.00¢ ©o
Uncorracted temperarture rise 2,25 O¢ '
Total thermometer ~orrection
(final - initial) + 0.002 O
Corrected temperature rise 3.252 O¢
Tota! heat capacity of apparatus 5450.2 cal/VC
Total heat release 17724.05 cal
Constant heat gain [(Cotton thread
and Nickel - Chromium wire) 7.18 cal)
Nitric acid correction 11.15 cal) 18.33 cal
Corracted heat from fuel 17705.72 cal
Hear from 1g of fuel 3278.84 cal
Sulphuric acid correction 18.47 ecal
Grose calorifis value of fuel 3260.37 cal/g
Teste for Nitrogen and sulphur corrections NOTES
Titration with barium hydroxide
\’2 W 50 ml 1 Cal, = 4,27
\’1 n.0 ml
Vo =V 35,50 ml 1 keal/kg = 4,287/kg
Solution normality 0.082
ml O.1N 35.50 ml (A)
Sodium carbenate added
20 m! normality 0.10
m! 0.1N 20.3 ml (B}
Titration with hydrochloric acid
V2 i 0 ml
vy 0.0 ml
Vg - Vy 12.5 ml
Solution normality 0,085
ml 0.1N 12.5 ml (C)
Nitric acid correction 1.43 (B - C) cal.
1.43 (20.3-12.5) ¢cal. = 11.15Cal
Sulphuric acid correction 3.6 [A - (B - C)] cal
cample weight
3.6 (35.5 - 7.8) cal. = 18.47 Cal
t.4

A. GALLENKAMP & CO. LTD. CHRISTOPHER STREET. LONDON. E.C.2



ADIABATIC BOMR CALORIMETER REPORT SHEET

F - 4: Energy Value of SAMCOT 10 Cotton Piant Stalks

Sample Reference: SAMCOT 10 Analyst: Engr. . Maduako Date: */8/0f
Crucible + fuel 15.20 ¢
Crucinle 10.04 g
Fusl 228 ¢
Fina! temperature 25.55 YC Correction + 0,018 UC
Init1a! temperature 21,50 ©¢ correstion + 0.0p0 O
Uncorrected temperature rise 2,05 O¢
Total thermometer correction
(finz! - initia)) + 0.00¢ ©¢
Corrected temperaturs rise 2.05¢ O
Total heat capacity of apparatus 5450.2 cai/Vc
Total heat release 16655.81 cal

Constant heat gain {(Cotton thread
and Nickel - Chromium wire) 7.18 ¢al)

Nitric acid correction 15.16 cal) 18,23 ca!l
Corrected heat from fuel 18615 .21 cal

Heat from lg of fuesl 2164.82 cal

ulphuric acid correction 20.50 cal
Gross caiorgfic value of fuel 144,22 cal/g
Testes for Nitrogen and sulphur corrections NOTEZS

itration with barium hydroxide
Vs 340.0 ml 1Cal. =4.2
\_l" n.o ml
Vo - Vy 40.50 ml 1 keal/kRe = 4.2kJ/kg
Solution normality 0,082
ml O0.1N 40,50 ml (A)
Sodium carbonate added
20 m! normality 0.10
mi 0.1IN 20.1 ml (EB)
Titration with hydrochloric acid
Vo 9.5 ml
vy 0,0 ml
V2 - V1 e.5 ml
Solution normality 0.085

1 0.2N 9.5 ml (C)
Nitric acid correction 1.43.(B - C) cal.

1.43 (20.1- 2.5) cal. = 15.16Cal
Sulphuris acid@ correction 3.6 [A - (B - C)] cal
sample weicht
3.6 (40.5 - 10.6) cal. .50 Cal
5.25

A. GALLENKAMP & CO. LTD. CHRISTOPHER 2TREE. LONDON. E.C.2
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APPENDIX G
STATISTICAL ANALYSIS OF RESULTS OF PAPER TESTING

3
-l

3 - 1: Analysis of the Caliper (mm) for SAMCOT 6 Hand Sheets

Furnisn Ratio

60740 50/50
(Pq) (Pp)
Presness Freeness
209 1590sp 200¢g 359gR
(24) {(Q2) (Qy) (Q2)
Additive Additive Additive Additive
(0,0¢) (1,4)% (0,0)8 {(1,4)8 (0,0)% (1,4)% {(0,0)% {1,4)%
(Ry) (Ra) (Ry) (Ro) (Ry) (Rp) (Ry) (Ro)
0.55 0.63 0.56 0.61 0.52 0.56 0.46 0.42
0, 58 0.85 0.58 0.59 0.56 0.5¢6 0.45 0.40
D.57 0.64 0.57 0.58 0.54 0.54 0.49 0.41
0,588 0,82 0.b5 0.57 N.53 0.53 0.47 0.39
0.59 0.61 0.59 0.€0 . 0.5% 0.57 0.48 0.38
% 0.57 0.63 0,57 n.59 0.54 0.55 0.47 0.40

s 0.016  0.016 0.016  0.016 0.016 0.016 0.016  0.016
%2 1.63 1.99  1.63 1.74 1.46 151 1.11 0.80 L(Zx?) =11.87

Ix 2.85 3.15 2.85 2.95 2.70 2.7% 2.35 2.00 Z(Ex) = 21.6
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(a) Correction factor, ¢ = [Z(Zx)]% = (21.6)2 = 466.56 = 11.66
8n 835 40

) = 11.87

2

{(b) Total sum of squares of all observations, I(I»

Sum of squares of the totals of each column = I{Ix)

-
2]
-

852 4+ 2,152 4 2,852 4 2,052 4 2,72 4 2,752 4 2,352 L 2 02
123 + 9,923 + 8,123 + 8.703 + 7.20 + 7.563 + 5.523 + 4.0
a.724%

nun
o td

(d) Dividing the sum of squares of the totals of each column by
the number of individual observations, n = 5, we get 59.245 = 11.849
= 11.85 5

Te test whether the treatment means differ significantly, we proceed as
follows:

(e) Sum of squares for total = (b) - (a) = 11.87 - 11.66 = 0.21

11,85 - 11.66 = 0.19

[f) Between-treatments sum of sguares = (d) - {(a)

31.87 - 0.12 = 11.68

n

{g) Within-treatments sum cof squares = (b) - (f)

Analveis of VYariance Table for Treatment Means

v fatss df MS P-ratio F-ratio Significance
{Ohserved) (F-table) at a = 5%

Batween_
Treatments (.19 t=1 =7 0027

ra
iy
e |
m

0.074 2.
Within
Treatments 11.68 t(n-1)=32 0,365

Total 11.87 39

N.B. n. & = not significant at 95% probability level.

The Main Effects, P and

To compare Py and Py, we sum the calipers as follows:

for Py = 2,85 + 3.15 + 2,85 + 2.95 = 11,80 mm

for Pp = 2.70 + 2.75 + 2.35 + 2.00 = 9.80 mm

For each of these, the sum is based upon 5x4 = 20 measurements

;. Sum of squares for P = (11.80)2 -»20{9.@}2 -C= MA‘TEM'; - 11.66

= 11.76 - 11.66 = 0.10
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Similariy. to compare Oq and Op, we sum the calipers as foilows:

for Q0 = 2.85 + 3,15 + 2,70 + 2.75 = 11.45 mm
for Qo = 2.85 + 2,95 4+ 2,35 + 2.00 = 10.15 mm

. Sum of squares for 0= (11.45)2 + (10.15)2 - ¢ = 131.10 - 105,02 ~ 11.6¢
20 20
= 11.71 - 11.66 = 0.05
Likewise, to compare R4 and Ry, we sum the calipers as tollows:

5 +

ry

for Ry: 2.85 + 2. .70 + 2,35 = 10.75 mm

o

for th 3,15 * 2, +

Lo
o
{881

.75 + 2.00 = 10.85 mm

:. Sum of squares for R = {10.?5}8 + {IG.BQ)E - G

20

= 115, 5¢ 17.72 - 11.66 = 11.664 - 11 860 = 0,004

+ 1
20

The Intersctions PxQ., PxR, OxR, PxOR

Interaction sum of squares = Iia:él:it:sﬂjg
(4)(nyg)

where ny = 2x5 = 10 and a, b, ¢, d are the sume shown below

for Px 0 for P xR for 2 xP
o
01 02 R] L) P] 5
P1 . & h 1 a b QI 2 b
~ = '8 a
Pa ¢ a Pa ¢ @ Qo ¢ e

P104 =a=2.83+3.1526 .00 PyRy =a=2.85+2.8525.70 QqRy = a=2.85+2.70 = 5,55
PyQp =h=2.85+2.9525,80 PqRp =b=3,15+2.9556.10 QqRp = b=3.1542.75 = 5.90
Po0y =C=2.70+2.75=5.45 PoRy =c=2.70+2.35=5.05 QoRq = £=2,8542.35 = 5,20

= 4=2.95+2.00 = 4.95

PoQp =d=2.35+2.00=4.35 PgRy =d=2.75+2.00=4.75 QoRo

i« P x Q interaction sum of squares = [(§.Q+4&§§1f(5.80:§:4§1]§
(4)(10)

= 10.35-0.35)% = 10° = 100 = 2.5
40 40 40



s
a-h“'

]

FAL antelaclion suin I sduales

= {10.45-1.05)2

40

1"

Ual interacLion sum of squares

2

= (10.5-0.7)¢ = 9

40

DM D

- e

interaction sum of squares

mnus [Sum

= 0.10-0-9 580+0.05+0.004+2,

= T k1

of the sum of squares for P,Q,R, PO,

[(5,70+4.75)={6,10-5.05}]%
(4)(10)

-
EER NS

96.32 = 83.36 =
40 40

[(5.55+4.95)~(5.90-5.20)]°
(4)(10)

82 = 96.04 = 2.40
40

40
=(B/¥ Treatment sume o1 c7iares!
PeR  Oubi}

§542,21+2.40) = 0.10-(=-2 3%}

;. The conplete BNOVA Table ior Main Effects and Interactione oives:

13 s= ad.f Me F-ratio T-ratie Sigmiticance
(cheerved) (F-tahle 5t a=%¢
= .10 i 0.10 0.274 4.15 n.s
& g.0% i 0.05 D.137 " n.s
P 0,004 1 n.004 0.011 - n.s
L7 < 2.50 2 2.50 £.85 " *
204 2.21 1 2.21 &.05 " *
OxR 2.40 1 2.40 658 “ *
PxOxP 2,53 3 2003 £.93 ” *
Error
(Within
Treatmenre! 11,62 37 0.36%
Total 21.474 39

3

won

3

not

significant at 95% probabilitr level
signiticant at 95% probability lavel.
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’: Analysis cf the Basis Weight maﬁanv for SEAMCOT € Hand Sheets

rn

Furnish Ratio

60/40 &50/50
“muaw :.UN.
Freseness Freeness
2092p 35%R 200gp 359gr
(2 (Qo) {Q) (Q2)
2dditive 2aditive Additive Additive
(0,0)% (1,4)% (0,0)% (1,4)% (0,0)% (1,4)% (0,0)% (1,4)%
(Ry) (Rg) (Rq) (Ro) Ry, (Rg) (Ry) (Ro)
129.5 149.86 124.5 138.7 122.¢@ 103.7 124.5 113.2
138.8 150,86 1358.7 133.5 123.4 103.8 123.8 113.0
138 7 146.8 135.3 139.8 122.7 104.5 123.7 112.8
138.0 150.0 135.0 1390 123.0 104.0 123.0 113.0
0,44 0.53 0,44 0.70 0.36 0.44 0,44 0.20

205.4 67500.6 54675.4 57964.0 45367.3 32446.4 46128.4 38307.1 Mthmwlu 400374.6

7 450.0 405.0 417.0 369.0 312.0 372.0 339.0 Z(Zx) = 3081.




206
e

= -~ - 1 "1 ’ .'n Id - ~ -
{a) Correction factor, ¢ = [Z(Zx)]“ = (3081.0)* = 94925€1.0

€n 8x3 24

(b) Total sum of squares of all observations, I(Ix2) = 400374 .F

b

fc) Sum of squares of the totale of each column = T/(Ix)<

a3 L |
+ 4502 4 4052 & 4172 4 3892 4+ 3122 4 372

- -

4} Dividing the sum of squares of the totals of each columm by

+ 339

n

the number of individual observations, n=3, we get 1201313 .0 = 4003720

-
<

(e) Sum of squares for total = (b) - (a) = 400374 - 395523.4 = 49%1.2
{f) Between-treatments sum of squares = (d) - (a)

1h)
5
rt
T
ok
=
I
i
i |
a0
]
rt
3
= |
rt
n
g
8
H+
un
5
12
®
0}
n
o
|
-
n"n

-

400374.€ - 4847.6 = 395527

[ e N ¥ A

sv o df ME F-ratin F-riatic Signiticancs
i {Observed) (F-tashle} at g = 5%
Betwesr -
Treatments 4847 .6 -1 =7 #92.51
0,028 2.8F n.s
Within
Treatments 2908527 .0 t(n-1)=16 24720.4
Total 400374 .6 23

N.B. n., = = not significant at 95% probability level.

The Mzin Effects, P, 0 and B

To compare Py and Pp we have the sum of basis weights as follows:

1689 g/m°

for Py : £17 + 450 + 405 + 417

for P = 369 + 312 + 372 + 339 = 1393 g/n?

For each of these, the sum 1s based upon 2x4 = 12 measurements
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P.ooum of squares for F = 1;6891? - (1332)? - C=2852721+1937664 - 395523.4

12 12
= 399198.75 - 395523.4 = 3675, 2%

Sum:ilarly, to compare 01 with 05, we have the sum of basis welghts =as

follous:

1548 g/me

for Q¢ © 417 + 450 + 369 + 312

o)
for Do @ 405 + 417 + 372 + 239 = 1333 g/m*

++ Sun of squares for = (1548)2 + (1533)2 - ¢
l')

e

+ 2350089 - 305523.4 = 305532.78 - 395523.4 = 9,35

o T
-

= 2.16 -~ 11.66 = - 9.%0

Likewiss, to compare 21 with R2 we have sum of baz:s weights as followe-

r

= £y

for Ry ¢ 417 + 405 + 369 + 372 = 1563 g/m2

e ]

for Py : 450 + 417 + 312 + 339 = 1518 g/p2
—

t. DU O squares for K = L;ig&)g + 4151@)3 - ¢
173

= 2442060 -=2304324 - 305522 4 = 395607.75 - 295523.4 = R4.13%
19
The Interactions P » 0, PwR. xR, PMOXP
Interaction sum of squares = £(a+d)—(b-c}]?
(4)(nyg)
where ny =222 =%anda b, ¢, d are the sums shown hslow:
forpx for Px R for °0 xR
C‘i On R1 R2 R1 R2
P| 2 b P1 a b Q‘ a b
P2 e 4 P2 c d ‘:“2 fad d

n
(h <]
o
-

P10y =2=417+450 PyRy =a=417+405 =822  Q,Ry = a=417+260 = 786

I
oo
S

Py0p =b=405+417 = PR =b=450+417 =867 QR = b=450+312 = 762

1]

o
e
[

©=405+372 = 777

PoQy =c=369+4312 PoRy =c=369+372 =741  Qu,

P202 =d=372+339 d=417+332 = 7565

"
I

7115 PRy =d=312+339 =6515 QoR,



eiald
-

~

;. F % y 1nteraction sum of squares = [(867+711)-(822-651,1%
{4}(&)
= (1575 - 141)° = 14372 = 85040.38
24 24
i ¢ L -y 1 -2
FER interaction sum of squares = [(822+651 )-(867-741)]
(&)(6}
- {4/ Ae\2 2 _ scza0 aa
= 11473-120)° = 134° = 75600.338
24 24
o |
WAk interaction sum of sguares = [{(766+756)-(702-777)]1°
(4)(5h)
= ,.1:,42_1-15_)12 = 1 5 2 = 101010.35
PxOxE interaction)
sum of sguares ) -thw Treatmant sume of squares! —-{Zum of the
1 of squares for P,2.,R, PO, PxR and O=R)
= 4947.6-{3675,35+9,35+84.35+86040, 38+75600, 38+101017, 3R)
= 4847.6-266420.19 = -261572.59

. The complete ANOVR Table for Main Effects and Interactions gives:
vy 8= a.f M2 Foratic  P-ratic 2igniiicance
{chserved) (F-table at g=5%
T 375,35 1 675,25 0.14% 4.40 n.s
2 9,35 1 9.35 ¢.0N04 " n.g
> 14.3%8 i 84,35 0,003 " n.s
B0 26040, 38 1 86040 .38 3.48 " n.g
P3P 75692, 38 i 75600.38 2.06 " I..S
4744 101010.32 1 101010.38 4,00 " n.s
PxOxR  -281572.59 1 -261572.59 -10.58 R n.s
Error 305527.0 16 24720.4
{Within
T r e a r m - n r s )
Total 400374 .6 23

.8= not significant at 95% probability lavel
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o

G - I: Analysis of the Rurst Strength ﬂwuxnsmv for SAMCOT € Hand Sheets
o Furnish Ratio
€0/40 50/50
(Py) (Fp)
- Fresnese o 209%p Freeness 359%g
Q) (Qa) (Qq) (Q2)
N Additive 2aditive Additive Additive
(0,08) (1,4)% (0,0)% (1,4)% (0,0)8 (1,4)8 (0,0)% (1,4)%
{Ry) (Ra) (Ry) (Rp) (Ry) (R3) (Ry) (Rg)
0.85 e.n 0.84 0.87 0.81 0.82 1.00 0.98
0.75 0.0 0.86 0.84 Q.89 n.g4 0.98 0.97
0.72 0.66 0.82 0.88 0.87 0.88 0.99 1.00
0.68 0.74 0.82 0.81 0.83 0.86 0.95 1.01
o 0,70 0.70 0.85 0.85 0.85 Q.85 0.98 0.99
s 0.04 0.03 0.03 0.03 0.04 0.03 0.02 0.02
22 1.37  1.96 2.89  2.8% 2.89 2.8% 3.4 3.92  z(mx2) = 23.25
¥ 2.80 2.80 3.40 3.40 3.40 3,40 3.92 3.92 32(3x) = 27.08

Note! Conversion tactor: H_.no“‘nam = 0.49 kPs



21D

ta) Jorrection ractor, ¢ = L2(zx) L‘? = LZ".O&)E = 733.35 L
8n 8x4 32

(b} Toral) sum of squares of 311 Observations, T(zxl) = 23, 7%
{c} Sum of sguares cof the totals of each column = E{Ex}2

=2.80% 42,802 43,402 .3 402 3,402 43 402 s 922 43 upd
= 7.84 +'7.84 + 11.5 + 11.56 4 11.56 + 11,56 + 15,35 + 1% ac
{d} Pividing the sum of squares of the totals ci each column hy
the number of individual observations, n = 4, we get 92.97 = 23,32

s -
L]
b 4

{e} Sum of sgusres for total = (b) - {a) = 23.25~22.92 = 0,33

e
L]
(o

Betwaen-traatments sum of squares = (d) - (a) = 23.2¢ - 27,02 = 0,32

-
]
o

Withir-treatments sum of squares = (b) - (£f) = 22,258 - p.22 = 22.93

2naly=is of Yariance Table for the Treatment Maane

av 88 gt Ma Feratio F-ratic 2ignifirance
{Chservad) (P-table) at g = &2
Betyeer
Treatments 032 t-1 =17 0 045
0.048 2.42 n., =
k'ithl H

Treatments 22,93 «(n-11=24 1

NB n. g = not gignifisant at 95% probability level.

The Main Bffects, P, 0 and P

To compare Py and Fs we have the sum of burst strengths as frlliows:

12, 4kg/eme

"

for Py : 2.8+ 2.8+ 3.4+ 3.4

for Pp = 3.4 + 3.4 + 2.92 3.9 = 14.68kg/cn2

For each of these, the sum is hased upon 4x4 = 16 measursments



Suim of sgquares ior ¥ = 1:;A;jg + (la.651° - C
16

= 153.76+2135.50 - 22,92 = 23.08 - 22,92 = 0.1¢
1E

'
g
-
rt

b ]

compare Qi with 02 we have the sum 0f purst srtrengthe as

el

o
2w
i

b T
o

L

2

1

ra
|
I

2.8+ 2.8+ 3,4+ 3.4 = 12.4 kg/ome

-

rh
0
e
"y
|
.

pe ot |
S.4 + 3.4+ 392 + 3.96 = 14.68 kg/cem*

ry
]

. Sum of squares for 0 = (12.4)° + (14.66)2 - ¢
16
= 23.08 - 22.92 = 0.16

Likewise, to compare Bq with Ro we have sum of burst strengthe as follows:

tor Ry = 2.8+ 3.4+ 3.4+ 3.92

| = 2.8 13.52 kg/cn®

E do | 2
- . L

.
fad

.4 + 3.4 + 3,9 = 13.56 kg/cm

g

2]

. sum of squares for K = (13.52)2 + (15.56)° - C

2

Interaction sum of sguares = [(a+dj-{b-c)]
{4)(ny!

where ny = 244 = 2 and a, b, ¢ and d are the sums shown pelow:

L1
0y
i1
L&
-
L |

for Px R for O+ P

1 On R1 Rz F-" ?‘-‘.2

P‘ a b P| a b ’:‘I 3 b
P2 C d P2 C d Qz c d

P14 =a=2.8+2.8=5.6 P1R4 =3=2.8+3.4 =¢.2 QqRq = a=2.8+43.4= 6.2
P4Qo =b=3.4+3.4=6.8  PyRp =b=2.8+3.4 =6.2 Q4R = b=2.8+3.4= 6.2
P2Q1 =r=3.4+3.4=¢t .8 P2R1 =c=3.4+3.4 =7.32 9221 = ¢=3,4+3,92=7.32

n
(47
N
(%]
[
+
(&)
W
o
"
. |

PoQo =d=3.92+3.96=7.88 PoRy =d=3.4+3.96=7.36 QoRo 7.36
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F % U interaction sum of squares = [(5.6+7.86)=(6.6-6.5,]°

= 117,48-0)2 = 181,71 = 4 &g

a2 17

. ; , 2,
7. 36)=16 20=7 23)1%

(4)(8)

"
-y
o~
o
D
3
+

= - = £
P % R interaction sum of gquares

= [{13.56=(-1.12}1% = 14.68% = 215.50 = 6.73

B
OxP interaction sum of squares = [(6.20+47.36)=(€.20-7 3211<

(4)(&)

= [13.56-(-1.12)12 = 14.68° = 215.50 = §.73

52 32 32
P % 0 x P interaction sum of squares = (B/W Treatment sum of =guares)
~-'5um of the sume of squares for P, ¢, B, PxQ, PxR and QxN:
= 0, 732-00 1640 164045, 868+6 ., 73+6 .73}
= G.22-10 40 = -19,14

1. The oompliete ANOVA Tahle for Main Etfects and Interacticons gives:

44 fic) a.f MS F-ratio F-ratio <ignificance
(ohserved) (F-tahie 3t ¢ = 5%
T 0.1¢€ X 0.1 0,17 4,26 n.s
0 n.1¢ 1 0.16 0.17 ® n.E
4 .0 b 0.0 0.0 " *
Dl E.68 1 5.68 £,0% " *
254 5,73 1 6,73 7.05 " A
oue €£.732 1 (e 7.04 " n.s
PuOx® =10 74 i1 -39, 14 =20, 04 " n.cs
Brror
(VWithain
Trestmente 122,93 24 2,955
Total 23,25 23

NB. * = gignificant at 95% probability level
n.s= not significant at 95% probability level
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1728.08

3 - 4 Analysis of the Tear Strength (kgf) of SAMCOT 6 Hand Chests
o - Furnish Ratio
£0740 50/50
- . Freeness Freanese
20%R 250gp 20%n 359m
) (Qa) () (Qa)
o Additive Additive Additive 2dditive
(0,0%) (1,4)2 (0,0)% (1,4)% (0,0)% (1,4)% (0,0)8 (1,4)%
(Ry) R3)  (Ry)  (Rp) (Ry)  (Rp) (R1)  (Rp)
48 .50 32.5 48.20  47.90 47.95 $3.60 64.10  79.95
47.40 41.80  47.80  48.40 48.03 64.20 54.30  80.05
48 50 32.10 47.70 43,10 48.02  63.80 83,90 79,70
47.60 360 48.20  47.40 48.00  54.45 63.70  80.33
v 480 0 8.0 48.0 2.0 b4.0 h4.0 80.0
s 0.58 0.33 0.29 0.45 . 0.04 0.38 0.26 0.26
22 9217.6 40396.5 5216.3 5216.6  9216.0 16350.8 16364.2 25605.0  I(Zx2) = 99342.4
Ix  192.0 128.0 192,060 1920 192.0 25 .05 2.0 320.03 IT(Sx) =
ote! Conversion factor: 1 kef = 9.81N = 0.0098kN



{

(

2%
- -

a) Correction factui, < = ]Zi;xl]? = L;ZZ&.DB}z = 29606260.45 = 33320.6
én

g x 4 32

b) Total sum of sguares of all observations, E(sz} = 99342 .4

c) Sum of squares of the totals of each column = 3{3332
= 1922 + 1282 & 1022 & 1022 4 1922 . 256.052 + 2562 < 32n n32
= 26874 + 1RIB4 + 3A864 + 3GBG4 + 368H4 + A885R1 K + ARSER + 107410 U
= 39735¢6.8
d4) Divicing the sum of squares of the tctals of sach columm nv

the number of individual observations, n = 4, we get 3973Ff € - oulue 7

e} Sum of sguares for total = (b) - {a) = 99342.4- 93320.% = 5021 .8
¥) Batyeen-traatments sum of squares = (d) - (3!

= ©C3230 .1 - 03300.6 = 601R.6
g) W¥ithin-treatments sum of squares = {(h) - (f} =

00342.4 - 6018.6 = 83323.8

N 82 af ME F-ratio F-ratin CSionificancs
{Observed) (F-table'! at g = 5%
Betw=en
Treatments £012.6 -1 = 7 859.8
0.22 2.42 n. €

.
b
Treatments S3323.2 t{n-1)=24 3888.5

N.B. n. £ = not significant at 95% probability level.
The Main EBffects, P, 0 and R

To compare P4 and P, w2 have the sum of tear strengths as fcllows:
for Py : 192 + 122 + 192 + 192 = 704.0 kgf

for Pg = 192 + 256.05 + 256 + 320.03 = 1024.08 kgf

For each of these, the sum is based upon 4x4 = 16 measurements



rJ

1L
-

LS}

_+ (1024.06)% - ¢

16

suin 0f sguares ior F = {704)

= 49561€.0+1048730 8% - 93320.6 = 96522.24 - 93320.¢ = 3201.¢

15
Similarly, 7o compare Q4 and Qs We sum the tear strengths as

Q2 + 256.05

L]

768.05 kgf

. 107 . nes ]
for Qp 1 192 + 182 + 256 + 320.02

—_— &

n

960.03 kgt

2

Sum of squares Ior G = (766.05)° + (96G.G5)
14
= BBEQA00 . 8 + Q21E57.€ - 93320.6 = 94472.4 -93320.¢ = 1181

1¢

Likewise, to compare Ry and By, We sum the tear strergths as

tor Ry ¢ 102 + 197 + 192 + 256 = H32 kof

Icr B5 @ 12 + 192 4+ 256.03 + 320,03 = 896.08 ko

Sum of squares for K = 1@32)?_:_1§36,085? -C
15

2.1 'i.-g!;.:f_ .

ioliows:

= fEQDITSE <+ PATGRG 27 - 03320.6 = 93448.96 - G3320.£ = 1263
ik
Interaction sum of squares = I(aggl-jb—c}lg
(4} (ny)
where ny = 2Zx4 = { and &, b, ¢, d are the sums shown below:
for BEx 0 for P2 R for 0 =R
~ Cin . =) A
% 2 Ri B3 B R
P ) =] ) b
Py a b Pp a P 2y 2 b
g = -4 ~
& 2 ’: . P2 C d c L

i
i

PyQq =a=192+128 = 320 PyRq =a=192+192 =384 [4P4

PyQ, =b=192+4192 = 384 PRy =h=192+256 =448 QqRp =
=384,05
PoQq =C=192+256.05=448.05 PoRy =c=192+256 =448 QoR; = c=102+256

=576.08

8=192+192 = 384

b=128+256.05

= 44¢%

=d=256+320.03=575.03 PpRy =d=256,05+320.03 QpRp = d=1924320 = 512.03
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. P x Q interaction sum of sguares
- g — - . -'ﬁ - - : ] .0
= [{320+576]-(362-448.05)3% = (896.03 —_irpgjﬁﬁjf
{43i2) £
pry
= {260, 80% = 201753 B = 2BRD4,S
3 3

PaR interaction sum of squares = [(384+576,06)~(320-445)1°

(4)(a)
= {960,08)~(=128)% = {1086.08}2 = 1133948.09 = 36957.44
a3 2 e

QRK interaction suw of sguares = [({384+57
{

3 ' Can %
PxDuE :pferaction sum of gquares =(B/W Treatment sume of squares) minus
{Sum of the sum of sguares for P,0,R, Py, PuP and xR
= 8018.6~{3201.44+1151.8+128. 36+28604 , 8+36907+28708 £)

». The complete ANDVE Table for Main Effects and Interactions gives:

=V C d.f M= F-ratic [

3 gd. Poratic  S:mmificance
{ohserved) {(F-table! a2t gz 5%

F 2N, B4 1 3201.64 0.823 4,24 n.s
a 1187.80 1 1157.80 ¢, 2a¢ " n.s
= 128,38 1 128 . 3¢ £.033 " n.E
Bl 28504 .2 1 28804.8 H.41 h *
PxR 25987 .44 1 38097 .44 ©.51 " *
Q=R 28798, ¢ 1 28798.p2 7,41 " *
PxOxP  -093064.74 1 -23064 .24 -22.93 " n.g
Error  R3323.8 24 3888.50

(Within

Treatments )}
Total 0gs42 .49 21

NE. * = gignificant at 95% probability level
n.& = not significant at 95% probability leval



217

R

3 - %0 analysie of the Caliper (mm) for SAMCOT 8 Hand Sheets

Purnish Ratis

80740 50./50
{Py) (B3}
T ¥Preeness o - Fresness
209p 250ap 209%p 359gR
(04 (05) Q) (Q2)
C Additive Additive 2dditive Additive
(0,08) (1,4)% {(0,0)% {1,4)% (0,0)8 (1,4)2 (0,0)8 (1,4)%
(Ry) (Rp) (Ry) (Rg) (Ry) (Rg) (Ry) (Rp)
n.63 0.5¢% 0,60 0.49 0.53 0.52 0.45 0.52
n.s8 0.59 0.60 n.51 n.58 0.54 0.47 0.51
0,82 0.60 0.50 0.53 0.57 0,83 0.46  0.54
0,52 0.55 n.61 0.50 0.8 0.55 0.48  0.53
.80 0.5 0.58 0.82 0 54 0.56 0.44  0.50
% 0§ 0.87 .80 0.51 .58 0.54 0.46 Q.52
s 002 0.02 0.02 o 6o 7.02 0.02 0.02  0.02
Ix®  1.66 1.63 1.60 1,30 150 1.46 1.06  1.35 z(zx?) = 11.97
TE 905 2.8% .00 2,85 2.75 2.70 2,30 2.60 ET(Tx) = 21.80




]

e

ta) JLoirection faciol, C = [Z ;z; = (21. 3@)2 = 975.24 = i1.66
&n Bx 8 40

(b} Total sum of squares cof 3l observations, SFEEE? & 131.97
(€} Sum of squares of the totals of each column = T{Tx1€

] 2 ]
fRe L ©Coone | nnd ) ;;52 + 9 &52 + 2.-"‘2 & 2'-4.”2 - 2 ;.‘n:}..

. oo .

o

230+ 8,12+ 900+ 6.50+ T R+ T 70 + 57 4 & 7
g o

fadh Dyvrs 413&:‘- the sum of sguares of the totals of each column ,-w-
the number of indivigual ohservations, n= 5, we get 59.82 = 11 wr

5, i
5
(e} 8Sum cf squares for tora) = (b} ~{a) = 11,97- 11.88 = p.ne
(£} Bstween-trastments eum of squares = {d) - (a) 11.9% - 17 83 = &, 08
(g] With:n-treatments sum of sm quares = (b) - (£) = 11,97 - 2.08 = 11 w0

Enalys:s of Variance Table for Treatment Means

sV == At Mo F-ratic F-ratis Significanecs
{Observed) (F-takie) at ¢ = 5%
Batyasn
Treztpenss .08 t=1=9 0.01
0.03 2.3 n. =

Withan

Treatments 11 B9 +(n-1)=37 0.37
Tot=al 11 Q7 0
B - —— W -

Tha M=2in Ffiastg, T

To compare Py and P we have the sum of Calipers as follows:
5

or P : 3.05+ 2.8

41 . e s

+
Lol
o
3
+

tJ
n
on
"

11.45 mm

10.35 mm

For each of these, the sum ic hased upen 4x5 = 20 measurements
- Sum of squares for F = (11. 45) + (10 35}2

=131.10 + 107,12 - 11.88 = 11.9] -11.88 = 0.03

20
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Similarly, to compare Qi and Q2 we have the sum of Calipers
as follows:

for Q¢ : 3.05 + 2.85 + 2.75 + 2.70 = 11.35 mm

for Qo : 3.00 + 2.55 +

S |

.30 + 2.60 = 10.45 mm

. Sum of squares for @ = (11.35)2 + (10.45)2 - ¢
20

= 128.82 + 109.20 - 11.88 = 11.90 - 11.88
20

Likewise, to compare Ry and Bo, we sum the Caliper as follows
for Ry : 3.05 + 3,00 + 2.75 + 2.30 = 11.10 mm,

10.70 mm

for Rp : 2.85 + 2.55 + 2,70 + 2.60

. Sum of squares for R = L;lt;gjz + (10.70)2 -C

The Interactions P » O, PxR, OxR, PxOxR

y
Interaction sum of squares = [(a+d)-{b-c)]*
(4){ny)
where ny = 2% = 10 and a, b, ¢, 4 are tha sums shown below:

for Px 0 for P x R for QxR

1 2 - Ry R

PI 2 5 P1 a b 91 a b

P2 C a 92 & a Q2 C d
P1Q4 =a=3.05+2.85=5.90 PyRy =a=3.05+3.00 =£,05 QqRy=a=3.05+2.75 = 5.80
P102 =b=3,00+2.55=5,55 P1R2 =b=2.85+2.55 =4.40 01R2=b=2.85+2.70 = 5.55

PoDq =c=2.75+2.70=4.45 PoRy =c=2.75+2.30 =5.05 QoR4=c=3.00+2,30 =5,30

Pols =d=2.30+2.60=4,90 PoRp =d=2.70+2.60.=5.30 QoRo=d=2.55+2.60 =5.15

P X Q interaction sum of squares =-[;5.90+g,90)—(5.55-§.4§11§

(4)(10)
= (10.80-0.10° = 10.70° = 114.45 = 2.86

40 40 40
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Pxi interaction sum of squares = [{6.05+5,30i-(5.40-5,05}1°
(£){10) .
- L 2 _ 2 _
= (11.39-0.35) 11.0 121 = 3.03
40 40 40
OxK interaction sum of squares = i§5.80+5.15}-(5.55-5.301JE
(4}(19)
— "1 a = " Ll 2 —_— o l‘2 —_— -~ -_— - )
= (10,85-0.25)7 = 10.75% = 115.56 = 2.89
20 0 40
PxOxE interaction sum of sguares =(B/W Treatment sum of squares)
minue {Bum of the sum of squares for P,Q,R, Px0, PxR and QxR}
= 0.0 (N, 0340 .0240.57+2,86+3,03+2 .82}
= 0,08-0,34 = -0, 2%
t. The complete ANOVA Tabhle for Main Effeacts and Interactions gives:
v S8 d.f Mg F-ratic F-ratic Bignificance
{observed) {F-tabkle) at a=5%
P 0.0z 1 0,02 0,081 4.15 n.8
a .02 1 0.02 0.054 " .S
R 1,516 1 0.81 1.38 " .S
P .84 1 2.86 7.73 " *
FyP 3.0 1 3.03 8.191 " *
oxR 2.8¢ 1 2.89 7.811 " *
PuOxh ~2, 264 1 -9.,26  -25.03 " n.g
Errar
{Within
Treatmente) 11,89 32 0,37
Total 11.97 29
NB. * = gignificant at 95% probability level
n.s = not significant at 95% probability level
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) ]
3 - #: Enalvzis of the Basis Weight{g/m*) for SAMCOT 8 Hand Eheets

Purnish Ratio

60740 50 /50
(Py] iPa)
- : . Freeness Fresness
2092p 359ap 200sp 450gp
Q) {Q0) Q) (Q2)
Additive . Additive Additive additive
0,08y (1,4)% (0,0)% (1,4)% (0,0}8 (1,4)% (0,0)% (1,4)%
(Ry) (Rp)  (Ry) (Rp)  (Ry) (Rp) (Ry) (Ra)
112.5  126.8  117.0 135.5  122.0 126.8 146.9 129.5
111.8  127.3  116.7 136.0  122.3 126.9 146.9 138.8
111.7  126.9  117.3 136.5 121.7 127.3 147.2 138.7
112.0  127.0  117.0  136.0 122.0 127.0  147.0 134.0
0.44 0.2 0.39 0.50 0.30 0.26 0.17 0.44

b2}

Lx“ 3763a.4 46387.1 41067.Z 55485.5 44652.% 48367.1 64827.1 57963.3 Mwmxmu =398405.0

_——
L]

336.0 2,85 351.0 408.0 366.0 381.0 441.0 417.0 Z(Zx) = 3081.0




-

i

.

-

——

{a) Correction factor, ¢ = L;LELJJQ &5031-012 = 949256.0 = 395523.4

{hY Tetal sum of sjquares of all observations, T!(o¢

11

b
1t
[y
[N
N
1
e
T
o)

¢} 3um of squares of the totals of each column = T{Ix)
= 2362 1 3812 + 3512 4 408 4 3662 + 317 4 441% . 4202
= 11289t + 145161 + 123201 + 1664R4 + 13395% + 145161 +

+ 1944851 + 173889 = 119B209.0
4} Dividing the sum of squares of the totals of each column by

the rumber of individual observations, n = 3, we get
1195209.0 = 30R8403.0
3

al Bum of sguares for ftotal = (b} - (a) = ¥0R4N5-R0KKR]IR 4
= 2881.¢
) Betwesn-treatmenis sum of squares = {4) - {5}
= 398403,0 -~ 3088523.4 = 879,86
G\

Pithir-treatments sum of squarss = (b} - {f)}
= 3GRANH N - 2870 4 =

ANOVE Tzhie for Tregtmant Maans

4 28 (434 M3 F-ratic F-ratic &1

igmii
{(Chserved] (FP-table} at g = 9%
Batueen
Treatments 2879 .4 $-1 = 7 41%, 37
g.o17 2,66

“rea ments 39353528.4 tin-1)=16 2472034

Total 398405.0 23

N.B. n. & = not sionificant at 95% probability level,

Tha Main Effects, P, 0 and R

To compare Py and P, we have the sum of Basis weights as follows:
for Dy : 336 + 381 + 357 + 408 = 1476.0 g/m?
for P, = 366 + 381 + 441 + 417 = 1605 g/m?

For each of these, the zum 1s hased upon 433 = 12 measurements



f. bum of squares for p = (14?518_1511505)? -c

-3

-

12
= 396216, 7% 398523.4 = 693,35

Similariv, to compara Q1 and U we sum the basis weighte

TOF Q336 - 381+ 366 + 31 = 2464 g/p
tOr Qg ¢ 351 + 408 + 441 + 417 = 1617 g2
-

:. Sum of squares for = (1464)%%+ (1617)R5- ¢

12
-~

= 2143296 + 2614689 - 395523.4 -
i

Likewise, to ~omn Pare By ang Fp, we sum the basis weighte as follows

L]

for Ry ¢ 336 + 251 + 366 + 441 = 1404 g/n2
for Fg 1 181 + 406 + 381 + 417 = 1587 g/m2

. Suin of squares for K = 1;&21}2 + LJSG?JE - C

12
223203 « Psiggeq _ 395523. 4 = 395883.75 - 308823 4 - 360. 35
T7

NE P 60 Dup Avd DD
s Y bty Pl S,

(]
Interaction sum of squares = [{a+d)~(b-c) )
(4)(ny)
where Ny = 223 = & ang 3, b, c, 4 are the sume shown beslow:

for Px 0 for Px R for 0 xR
1 92 R Ry B1 By
Py a b Py a b Q1 a b
P ¢ 4 P ¢ d 2 ¢ d
P10q =a=336+381 = 717 PRy =a=336+351 =87 QR = a=336+366 = 702
PyQo =b=351+408 = 750 PyRy =b=381+408 =789 QiR = b=381+381 = 762
P201 =C=366+381 = 747 PoRy =c=366+441 =807 QoRy = £=351+4441 = 792

Po0p =d=441+417

858 PRy =4=381+417.=798 Q2R = d=408+417 = g2



224

v - ” i - - - -y oy
F x ¢ interaction sum of squares = [(717+856)-(75%-747;]

(4)(8) -

= (1575122 = 15632 = 2442959 = 101790.38
24 24 24
PxK interaction sum of squares [L68?+7981r{78&—89211?
(4)(8)

;5]
i

= 5 2259009 = 94125.358
24 24 24

QXK lnteraction sum Ol squares = [g}gg+§251:1?62:792}]?

(4)(6)

= [{1527)-(-30)1% = 15572 = 2424249 = 101010.38
24 24 24

Px{xP 1nteraction sum of squares ={B/W Treatment sum of =quares) minus
fSum of the sum of squares for P,0,B, PxQ, PxR and OxR)

1]

2879.6 -(693,35 + 975.35 + 360.35 + 101790.38
+ 94125.38 + 101010.38)
= 2879.6 - 298955.19 = -296075.6

;. The complete ANOVE Tabhle for Main Effects and Interactions gives:

sy S8 a.f M5 P-ratio F-ratic Significance
(observed) (F-table at g=5%

B "O2 15 1 603,35 0.028 4,49 n.s
0 778, 3% 1 978, 3% 0.0n2a " n.s
24 a0, 35 1 IR0, 25 0.018 " n.s
B ini7eh, 38 i3 1p1790, 38 4.12 " n.s
Pt Q4125 .38 1 94125.328 3.81 i n.s
000434 101010,38 b iD1D10,. 38 4,00 ” n.e
PxOXR  -298075.6 1 =20s075.8 -11.98 " n.s
Error

{Within

Treatments) 395525, .4 1k 24720.34
Total 303405, 0 23

not significant at 95¢ probability lavel,

"

NB. n.s
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3-7; Analysis of the Burst Strenth ﬂxonnsmw for SAMCOT 8 Hand Sheets

Furnish Ratio

E0 740 50 /50
(Py) (Pa)
- Fresnsss Frasnass
209sR 2502p 209gp 350gR
&) (Q3) (Qq) (Q2)
Additive Additive Additive Additive
(0,0%) (1.4)% (0,0)% (1,4)% (0,0)8 (1,4)% (0,0)8 {(1,4)%
(Ry) (Rp)  (Ry) (R (Ry)  (Rg) (Ry) (Rp)
0.67 0.€9 0.e0 0.82 0.91 0.90 0.97 1.03
0,72 0.71 n.o4 0.88 .85 0.87 1.01 1.02
0.68 0.72 0.8 0.87 0.86 0.90 0.98 0.99
0.73 0,58 0,05 0.82 0.90 0.85 1.00 1.04
= 0.70 0,70 0,32 0,85 0.83 0.88 0.99 1.02
s 0.03 0.02 0.03 0.03 ,0.03 0.02 0.02 0.02
24® 1.9 1.5 3.3 2.89 3.10 3.10 3.92 3.16 Z(Ix2)=24.46
T 2.8 2.8 7,68 3.40 3,52 1,52 3.9 4.08 ZI(Ex) =27.76

Note! Conversion factor: me\nam = 0.49 kPa,



-
o
-~

-
r}
—

A

-y

Correction factor, © = [B(¥x)1% = (27.76)2 = 770.62 = 24.08
32

Total sum ¢of squares of all observations, E(Exz) = 24.48

Sum of squares cf the totals of each colum = E(Ex}z

L]

2.8% 1+ 2,82 + 2,682 + 3,42 4+ 3,522 4 2,522 4 3,062 4 4082

Lo 4]

2.54 + 11,56 + 12.39 + 12.39 + 15.68 + 16.65

=2

Bd o+ 7 B+
7.89

-

Dividing the sum of sguares of the totals cof each column by

The number of individual observations, n =« 4, we get 97.89 = 74,47
4

Sur of sguareg for total = (b} - (&) = 24.48-24.08 = 0,40

—

Batween-treatments sum of squares = (d) - (a) = 24.47-24.08 = (¢, 3%

Jithin-treatments sum of squares = {h} - () = 24.48-0.39 = 24,09

-y

ENCUE Table for Treztment Means

i a8 df MS P-ratic F-ratio Significance
{Ohserved) (F-tahle) at a = 5%
Batyesn
Treatments 0,29 =1 =7 0,054
0. 056 2.42 n. s
Within
Treatmants 24,08 +ip-13¥=24 1,004
Toral 24,482 31

= compare Py oand P; we have the sum of burst strengths as follows:

for Py : 2.8 + 2.2+ 3,68 + 3.40 = 12.68 kg/cm®

ng
M
N
n
[#Y)
19
[
4=
S ]
tn
ra
+
(a2
2
+
Wy
2
H

15.08 kg/cm?

For earh of these, the sum 1s based upon 4xd = 16 measurements

Sun of squares for P = (12.68)% + (15.08)° - ¢
16
= (160,78 + 227,411 — 24,08 = 24,26 - 24.08 = .18
16

JL-
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€imilarly, to compare Q, and Q2 we sum the burst strengthe
as followe-

(93}

for €y 1 2.8+ 2.8 + 3,52 4 3.52 = 12,64 ko/cn2

for Q2 ¢ 3.68 + 3.40 + 3.96 + 4.08 = 15,12 kg/cn?

‘. Sum of squares for @ = 112.64>§ + (15.12)8 - C
16

= 139.77 + 228 61 - 24.27 - 24.08 = 0,19
1E

Likewise, to compare By 2nd Ry, we sum the buret Strengths as toliovw

13.96 kg/em

for Ry : 2.8 + 23.68 + 3.52 + 3.96

oy

0T Rp : 2.8 + 3.40 + 3.52 + 4.08 = 13.80 ky/en?

+ Sum of squates for K = (13.95)2 + (13.80)2 - ¢
1

(s}

= 194.88 + 190.44 - 24.08 = 24.083-24.08 = 0,002
16

The Interactions P » Q, PxR, OxR, DPunwp

interaction sum of squares = [igxﬂl—(brq}]f
(4)(nq)
where n; = x4 = 8 ans 3, b, ¢, d are the sums showm below:

1~

fer Px @ IcrPx PR for Q2P
s 3 P . B

01 Q2 Ry Ry 1 R

= s : [a) La)

Py ¢ @ Py ¢ 4 R ¢ a

Piy =2=2.942.8 = 5.60 PR, =a=2.8+3.68 =648 Q4Ry = 3=2.8+3.52 =

FiQg =b=3.68+4.40=7.08 PR, =h=2.8+3,40 =6.20 Q)Rp = b=2.8+352 = ¢.3

LI,

-

T4

20 =c=3.52+2.52=7.04 PRy =c=3.52+43.96 =7.48 QoRy = c=3.68+43,96=7 64

?202 =d=3,96+4.08=£.04 ?222 =G=3.52+4.08 =7.60 9292

. P % Q interaction sum of squares = L(5.60+8.0§1:13,Q§:?,04}]8

A LA & X,

(4)(8)
= [(13.54)-10,04)12 = 13,602 - 184,9 = 5.78

o
32 32 32

d=3.40+4,08=7 42
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Wl -th

LRI - e

e U gt

=i ACLLON SWi OI sJuares

W ‘!."".._.'-_'b.-;;-]}‘- = io.dea

- .

—

- ———

g & i

a3

-

"Ly )

P2

“aw

e -

1]
o3

= 15,362 = 235.93 = 7.57
- 27

flf-.t-r:.‘.\

q -
5. ﬂf’ = ‘-AO 3_‘04- = I l‘;
- - -

[{€.32+7.451-16.32=7.6% 1

10T = o TquAYes =(B/W Treatpesnt sum of squares)

- vmooi the sum of szuaves for 2,0,R, Pu0, %P ang DzR)
- -ffy 38) o Ty o N2 3 BT PR . o ST s!n'.
= -~y M. AR e SyFh  Eir-
- - sy - - - -
» = "-.'_‘,",'}_f_‘,‘..'.' T0 - =TTGEN™NIR &
. ~NTroaTe ANCVE Tarls o Main Effectz and Interactions gives:
o A e, ¢ ial FP-ratic F-rati¢ Significance
{obgaryseld] (P-table at g=b%
; = ] T 6.18 4.2¢ n.g
- 2] 10 [ " n.s
2 - Falated r ar° " =
" L 11 % S T £ T8 " -
> o 23 - R b | T 27 " &
" s L} b o L L -
e ; 3 i | g "
S 2 3 =30 27 -20.27 n.=
srmerTe i E DO 24 1.004
plas= 2%Z.48 31
xT * =z gigmificant at 95% probahility level
n.2 = not significant at 95% probability level
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3 - 8: Analveis of the Tear Strenth (kgf) for SEMCOT 8 Hand Sheets

Furnish Ratio
20740 50/50
(Py} (P3)

Freeness Fresness
209zp 250ap 2003R 359sR
(2} {0a) {Q1) (Q3)
2dditive - 2dditive Additive Additive
(0,0%) {1,4)% {0,0)8 {1,4)3 {G,0)4 (1,4)% (0,0)8 (1,4)%
(Ry) (Ra} (Ry) (Ra) (®y) (B3) {(Ry) (Rg)
as 0 80.2  127.4  144.% 111.9 127.8 143.5 159.8
g & 79.8 137.7 143.4 1123 2.2 144.6 160.2
q& & 20 .4 1386 143 .8 1122 128, 3 i43.8 160.5
os.5 e 4 I12E.3 144.7 111.9 127.7 144.3 15¢.5
> ag 0 go 0 128 & 144.0 112, 128.0 144.0 1e0.0
= I 6.52 .55 0 52 n,al ir, 29 6.54 (.44
< TV cuuu . 30 0S0I0. 3 Gaadr .o Suliu, uhoae 3 TPEEE T R TP VIV M.a.vuﬁw.. = .40
_ HE2.4 al B > 0 §75.0 240.0 EI(Zx) = 27.7¢



5. .oliection factor, © = (Z(ux}]® = (3566)€ = 1745024 = 492032

&n 2owoL 2
- [ [ Jp— -y - - - d
. ToTE. Fur of sguares =% 31Y gbservatione, :srxz! = 572005.0
~
- e 3 - -_-*;r._,.‘.
- - - —-\.-—d-
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- - - el e » d - e -
- s~ -
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L s T v=r zjerifrsgnry gt O weangpiliew o zeecd
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e -
- e ek St =Ty oy -=1
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e B, o« WA S U L == - Y707 ot
- 3 ” - - - e - . -
i
s O - + BIT = 7 .~ FJ0 = 2ITE fiof
. 32l . 24 234

== p3ch of thess, the gum 15 kasasd ypon 4x4 = 1% pessurenents
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YALTIN g T PR =a=384+510 c-smog 17 = a=u84s448 = 23

1
o)
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3

860 Py =o=448+578 =107 Q2R = o=51

-
e |
"

1236 PR =aeS124640 21152 OB, = d=576vse0 = 1216
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F % { 1nteraction sum of squares

[{704+1216)-(1086-960)]2
(4)(8)

321164 = 100352

5 s
= [{1920-112811% = 17072
32 a2

FAR 1nteraction swm ol sqguares =

= (2046)=(-125)? = 21762

ty

UAh AnTeracticdn sum o syuarss =

- - g -~ _-;-—q -~ -
= (12048)=(=256)]° = 2304% =
i ot b 2 ]

Toae™esl T .-.-_-\-g. —— - mir—

- - - —a

o7 seuares

(Eum of the sum of squares #:
- .'Cl\-l:-"-"'.l". =1 dAi¥R & ":':"f‘h
= 19968.0 4310 = 2391600

- AL rA
g _ﬁ_ ) t.‘f‘_

= 4734976 =

2
L

Tahle o Main Effe-~tco and

7
-i

[(896+1152)~(896-1024) ]2

(4)(8)

147563

[(832+1216)~(5832-1086) ]2

r4yig)

r ¥,Q,F, Px0, PxP and OxR)

+ 512 + 100352 + 147968 + 165888)

™ = . f MZT  Forztio F-ratio Sigmifican-e
{cheerves) (F-tabls at a=h%

T genm ; 4608 0,22 4,26 n.s

7y 12800 1 izson N g2 " n.s

: 512 1 512 0 02 § n.s

Pxn 10n3ED ' 100352 3.80 . %

DxE 1sveEw g 147058 7,22 " *

500> 15808 1 185888 g.00 " *

DB 4172180 1 -412180 =20.10 Y nil

Dvr:f

‘Witman 492037 24 20501 .54

Treatments)

Total 512008 21
NR, % = i
n.s =

gignificant at 95% probability level
not significant at 95% prohability level
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ke Caliper (mm) for SEMCOT © Hand Sheets

hw
b
1]
[
[
b
bd
m
)
=h
“t

Furnish Ratio

60740 50/50
(Py) (Pp)
Freeness Freeness _
200sR 359k 209sR 359%R
() (Qa) (Q4) (Q2)
Additive Aiditive Additive Additive
{0,08) (1,4)% (0,0)8 (1,4)% {0,0)% (1,4)% (0,0)% (1,4)%
(By) (Rg) {Ry) (Ra} (Ry) (Rg) (Ry) (Rg)
.55 0.52 0.50 0.46 0.58 0.50 0.53 0.57
0.57 0.49 0.48 0.50 0.54 0.5 0.50 0.56
6.93 0.52 0.47 0.49 0,56 0. 53 n.51 0.59
0, 56 0.53 044 1,45 0.587 0, 82 0.49 0.5%
0.54 0.50 0.46 n.47 Q.55 0 54 0.5 0.59
85 .51 0.48 0. 43 0, 56 0,53 0.51 0.%87
0.02 0.02 062 0.02 o.02 0,02 .02 0.02
54 1,36 1.15 1.15 1:5% 1.41 1.30 1.64 Z(2x2)=24.46
i3 B0 2.40 2.40 2.80 2063 299 2.86 Z(ZX) = 27.76
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-

-

= LOrrection iactor, C = [Z{2x] E = 20,96 = 439.32 = 10.98
8n Sgxs 40
: Toral eum of sguares of all observations, :{:-‘:.?2) = 11.03

of squarves 2f the totale of each column = 3‘.’3}:}2

.

=758 -850 « 8,76+ 5,78 + 7,84+ 7.02 + £,50 + 8.18 = 55,12

sgusres of the torals of each columh by

the mmbay of individiil observations, n = 5, we get 55.12
[3

.

sreg for toral = Ip) - {a) = 11.03-10.98 = 0,05

-

srusen-traatments sum oFf squares = (d)} ~ (3)

= 17,0225 - 10 LY = H_D4s

TIINILT Mo T Feass Mys

+ 2552 L2 40f L 2 402 1 2,802 4 2552 4 2,552 4 2.2

10,98

- [ s AF MO F-ratio =
(Mhzarve-d' 'F-+a3hlas) at g

ratiec  Significance
=3 = 5%

;i;:fi;r~c G.048 221 = 7 n,00A
'  pms 2,71 n. s
£y i mn
™ . a0 nn in=11=" it 387
Tocal 13,03 39
M.2. n. g = not significant at O5% probability lavel.
The Man Fffecte, P, 0 and P

Tc mompars Py and Py we have the sum of Calipers as follows:
5

28 )
o

- A0 = 2,40 10.10 mm

"

Fev P o= 2,80 + 285 + 2,86 + 2 .86

10.8¢ mm

"

¥or gach of thess, the sum 15 based upon 4x5 = 20 measurements

;. bum of squares for F = {10.;0)3 + ;19,&513 -C
20

= 102,01 + 117,94 - 10.98 = 10.998-10.98 = 0.018
16




ImilEriY. o compare [y and Qo we sum the Calipers as follows:

-—— = - - - -
dp F DT = 3.50 & 2580 < 2065 .= 10,75 mm
fryr e 2880 = 2,85 « 7 88 = 2,86 = 1D0.71
Je = 2Bt 2.35 88 = 10,27 mm
Rid s = a8 - I . 4 ---2 - o.-.2 -
oudin wi o Bsduares 10l o = L:LQ,-_.!QJ_ + (jU2l)™ = C
20
= 115.56+104 74 - 10,98 = 10,96-10,98 = .M

oW Ul SYUALes ful K

rl
L]
]
. ]

1
)
I

i
"
“

1
)
n
n
n
bob
=
i
3

0
a
o
=
PN
L-‘

10 25 + 106,41 - 16,99 = 10 983 - 10,98 = 0 D0

W
=3
| P
M
B 3

P, &, ¢ are the sums shown below:

mers n; = 2

L]

ey T e T

[ ) -‘.

g= % e

Py 3 ,

T. o~ -
5 ¢

h 27 2 h
P2 c a 02 c o

-

}._‘-: - . -
) ——F O
24 T

LS

) 2.75+2 55 = 5.9 PRy =822.75+2.4 =5.15 QiR = 8s2.7542.8 =

n
tn

wt

b=2.55+2.65= 5.20

M
129
"
Y
e
L
"1
.
)
]
i
e
on
on
+
(8 ]
Ee
1
la
0
o
L=
m
L]
i

c=2.4 +2.55= 4.95

rd
(b

S =5.45 PyRy =c=2.8 +2,5525.35 QoRy

Rz =G=0.%8 +2.86 = 5.41 PgRp =0=2.65+2.86=5.51 QoRp = 4=2.4 +2.86= 5.26

1. F A Q interaction suim of sqguares = ££§.§0+5,$;}-;i,§:§.4§}IE

(4)(10)

[010.71-1-0.65)12 = 11,362 = 129,05 = 2.23
40 40 40
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Faro 1Ll€IACT1OnN sum O squares = Li§.;5+5.§;}-{§.95—5,§§)I?
(4){10)

L]
4)° = 11.06% = 122,32 = 3.06

40 40 40

YAR AnTeraction sum of sguares = Iiﬁ.&&zf,Eéj-¢5.30-4.95!]E
(4)(10)

PR interaction sum of sguares ={B/W Tresztment sum of squares)

- (&2m of the sum cf squares for P,Q,R, PrQ, PxR and QxR)

il o2 o M2 Porstip Foratin Signaficance
‘chgerved’ {F-table at g=bH¢
R 1.01% 0.0s 4.15 n.e

, 9.010 * 0.010  0.02 "

; 0 3 : 0.003 0,009 "
ST 2.22 . 2.23 3,42 ¢
zwr & 3 .06 2.8z "
£ 2.7 1 .79 £.1% "
ZureT -g,n7 -9.07  -26.44 .

T b
Tfewimry

Traztments | 11,984 2 N, 43
Tota!l 1.D2¢& 20

NE. * = gignificant at 95% probability level
e ficant at 95% probability level
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3 - 10: An3lyeis of the Basis zmumaﬂmxamw for SAMCOT 9 Hand Sheets

Furnizh Ratie

40368.1 E{Ix2)=392399.5

£0/40 50/50
(Py) (Pg)
Fraeness Freeness
20%sR 150er 200ag 150gR
(24y) (Dal () (02)
o 2ddtive Aqditive : 23ditiva Additive
i0,08) (1,42 (0,0)8  {1,4)% {0.0)8 (1,48 (0,008  (1,4)%
(Ry) (Rs) (Ry) {Rg! (By) {Rg) (Ry) {Ra)
T 1415 130.2 126.9  122.23 121.2 135.8 126.9 116.0
142.3  130.2 126.8 171.9 120.3 136.5 126.6 115.8
142, 1 174 4 177 3 1718 121.% 138.7 127.5 116.2
142.0 0.0 1278 1220 121.0 1.0 127.0 116.0
0,44 .35 026 024 0.62 0.44 0.46 0.20
GO49%.4 S0UT0G.2  48387.1 44652.1 43923.8  55466.4 46387.4
198 A 386 .0 WD WEO 380 408.0  38L.0 348.0

L(Zx) = 3063.0
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- — Fesro - _”'} s
@ wertection facter, C = [2(2x)]2 = (30632 = 9381068 = 350915. 4
8n g x2 24
Totzl sur of squares of 211 observations, Z{szj = 302300 &
St oF syiares of the totais of each columm = S(Ex}2
~ o]
RS - Ten® « 3512 .« 3662 4 3632 4 4082 . 2gg2 . 1102
= 191487 - 152100 + 145161 + 133956 + 131760 1FR4R4
- 24%81%Y = 91164 = 117716
. Dividing the sum of sFuares of the totals of each column by
€ mEmber ¢ :ndividua) Cbeervations, n = 2, we get 1177191.0 = 292307 .p
3
< 8m of eguares for toftal = {h) - {(3) = 207300 = -390915 . 4
= 1424 1
. Betwsen-sraarmante Sum of souares = /AY - fan
= 397337 .0 ~ 30po1s ¢ = 14R81.4
7. ¥Fithin-treatments sum ¢ susres = (b} - [£)
= J0E92.% - 1431 & = 30p017.0
RNOVE Manle for Treztment Maans
2= Se &z MS F-ratio F-ratio Sign: icance
[Dhserved) (P-table) at g = &3

_RT LS s

Traatments 148: ¢ =12 7 211.68
0.00% 2.65 n, s

éi;:é;?rts /02179 tin-1)=16 24432.4
Tota: 3923995 23

E.E. n. s = not gignificant at 05% probability level.

The Main Bffacte, P, O Znd P

Tc compare Py and Pz we have the sum of Pasis weights as follows:

for Py 1 426 + 390 + 381 + 366 = 1563 g/n2

for Py = 363 + 408 + 381 + 348 = 1500 g/m2

of these, the sum 1s based upon 4x3 =

12 measurements
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T amme — ww - -
= £ e
-y P ke TS
.
i
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~&

T
L= | < -}
-~ N
i, - 4

7L
oo

)
Fo= (1565)% » (1500}

(=9

=
F e | - L 4 prony gy
22 + 408 = 1587 g/r
I
s B '.]4;.1 - 1:"!; ‘;'f?‘."-"
) 5
i [ e, v . - -
w = (1367)% + (1470
]

- TMETURLG 2 ITIDCTY
Tikewigs %0 IO 2N ?2. We = The
= ]
-
F 3 AME . ANy o R=n : -
" S0 = 2T & 7 - '}81 = 1::1 s34 -
i 2
o . . - kS o OPRA D
- - - = - - - - @l S im
o =
3 (5
. g - - - — AT b 4= - L
S Ui squares 10! bn = 11091 )7 v (4014
1
.- e

- VARRLNT

— FOAOTE P _
Tiom Temeaswmgemrs=ms T w O

interacton suwi 0 squares = [(a+d)-(p~ci]

3]
']
¥

N -

e

;t-,
]

04 sa=426+300
DL, sh=2814360
Prlq =0=3834408

Polp =d=381+348

n

TGN818 .4 = A3, 4E

Dul OuR, Punwp

{4)(ng)

]
?

basis waights

' o
2
oty

1
2

1 2 b
Qp ¢ d

PRy =a=426+381 =807

P]R2 =b=3290+366 =75¢
P291 =c=363+481 =744

P222 =d=408+348 =75¢

Q04Ry = a=426+363 = 789
QqBo = p=330+408 = 798
QqgRq = ©=381+381 = 762

QoRg = d=366+34% = 714
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P ornow o anteraction suim Of sguares = [(Glow

729)=(747=771)]2
)

= 11545-24% = 15502 = 246171 = 102%73.4
24 23 24

Fab ADLEraciion sum of sguares = KSEOT*TiéizlliérléilJE

tay(hd

JZb ANTeracilion suik i squares = [{789+714}~{?96~I§(l]?
(4)({&)
- - - z -'gn - -~
= L14503-3611¢ = 1467° = 2152089 = 85070.4
2 e 24
lul interaction sum of cquares =(B/W Treatment sum of squares) minus
‘Sum of The sum of squares for F,Q,R, PxQ, PxR and Qv2)
= 31491 & (165 3% + 533 35 + 63.35 + 102573 4
+« 100273.¢ + R9670.4)
= 4RI F 209710 D5 = 01737 .66

Tne compnlete ANCOVR Takis for Main Effests and Interactions gives:

£
2
]

& 1. Me F-ratio F-ratic Signiticance
{ohserved) (F-table at gzb%

5 1ES. 38 . 165,35 0.007 4.49 n.s

{ 23,3 i 53335 0.023 " n.&

2 53,35 .| €3.35 0.003 " n.s
ik 2(2573. 4 1 102573.4 4.20 " D.E
25702 1002334 1 100233.4 4.10 " n.s
154 ROET70. 4 1 89670.4 3.87 " n.s
Py ~291737.85 1 -291737.65 -11.94 ! n.s
Frrar

Within  280917,9 15 24432.4
Treztmente )

Total 392399

n
]
)

NB. n.s = not gignificant at 95% probability level
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G - 11: Analysis of the Burst Strenth hxa\namu for SAMCOT 9 Hand Sheets

Purnash Ratie

60/40 50/50
(Pq) (Pp)
Fresnass Freenass
20928 150gp 2n9sr 350gp
(Cq) (22} Q1) (02)
Addative Additive Additive Additive
(0,03) (1,412  (0,0)% (1,4)% (0,008  (1,4)F (0,0)% (1,4)%
{(Ry)  (Rs) (Ry) (Ra) (Ry)  (Ra)  (Ry)  (Ra)
0.70  0.68 0.86 0.94 0.88 0.88 1.06 1.05
n.73 0.74 n, 8% n.8a 0,83 0.87 0.90 0.9
0,65 0.70 o.87 0. o5 0.82 0.85 0.98 1.00
6.72 0,68 .92 0 o0 G 87 080 1.08 1.04
0 0.7 n.8% 0,92 0.8% 0,85 1.02 1.02
¢ 0.04 003 0.02 0.03 0.3 n.04 0.04 0.03
2% 1.96 1.9 2.8% 3.33 2.89 2,69 4.47 4.6  D(mx%)=24.31
T 3B 2, &0 1,40 4 ER 1,40 2.40 3.08 4,08 TIIx) =27.64



-
242

- Fors fooy ﬂ - - -~ oo - - - - -
ta, Correciion factor, C = Le(Zx)]” = ‘EJ.Djiz = 703,97 = 23.67
2n 8 x4 32
(b) Totzl sum of squares of al) observations, T/Tx2) = 28.3)
]
{c) Sum of sguares of the totais of each colum = T/Tx)“
=2.8%42.8% + 3,42 4 3,682 + 5.4% « 2,42 + 4,082 4 4 g2
=T.84 + 7.8 + 11 58 + 13,54 + 11.56 + 11,56 + 16.65 + 16.65% = 07 2n
(€} Dividing the sur of squares of the totals of each column by
the number of individual ohservations, n = 4, we get 97 20 = 22 30
(2} 8Sum of squares for total = {(b) - (a) = 24.31-22.87 = n.44
(£} Batwsen-traatments sum of squares = (d) - (2) = 24.30-23.27 = 0 a2
{g) Within-treatments sim of squares = (b) - (f) = 24.21-0.4% = 27 _es
AEOVE Tahie for Trsatment Means
gy SE af MS F-ration P-ratio Significanc
(OCheerved) (F-tahle) a* ~ = s
Batyasn
Tresztments .43 -1 =7 N, 0A1
= 0,061 2.42 n,
Within
Trazspsnts 23 8% t(n-1)=24 0. cos§
Tota: 24.31 K3
.E. n. = = not gignificant at 25% probakility level.
i Main Bifecte, P, 0 and B
T~ compars Py and Fs we have the sum of burst strengthe as follows:
Or Py : 2,80 + 2.80 + 3.40 + 3.68 = 12,68 kg/cm®
for Po = 3,40+ 2.4D + 4,08 + 4,08 = 14,9¢ "
For each of these, the sum is based upon 4x4 = 16 measurements

2722

il

= (160,78 «

o

1} - 22,87 = 24.0426 - 234.87 = 0.17

16

. oum Of sguares Ior F = (;3.63}2 B (14.96}3 - C
16



Similarly to Tompare Qy and On we sum the buret Etrengthe

- f

% #
as fcliows

/rQy 280 - 2,80 4 3.40 + 2 .40 = 12.40
ior Qg :7.4“-*3':‘*-%““’*4“9‘1524

14
=153.76 + 232 76 . 23.87 = 24,13 - 23, ¢ - €. 26
16

for By 1 2.8+ 3.2 & 3.4 + 4,08 = 13.68
far D % o FER L 74 = i3 o N
X Py 2B+ 36 <=+ 4,08 = 13, 9
-, - - - .--n
Ul Of squares for K = {13:68)* » (13.96)* < ¢
16
= 357 14 < 194 88 - 23,87 = 23.88-23072 = 0.0

Tha Inrars~~=same o » N D
RECTIONS: P s i FEN,

interaction sum of sguares = ngydizibzgllg
{4)(ny}

PIETE My o= 224 = B ang & b, ¢, d ave the Sumz shown below:

f6r Boxg for P x B for goxpR
r fin D
=7 =g -.1 4-.2 _"l P2
71 8 % Py a b 27 = b
o peg —~ A D (2} = =~
Fa Pa ¢ 4@ Qo ¢
Pify =a=2.8:2.9 = 5 ¢ PiRy =a=2.8+3.4 =6.2 Q1Ry = 3=2.8+3.4 = ¢

n

P|Q2 =h=2 4+4 60 7.08 P|R2 =hb=2.8+3.68 =6.48 Q}I'?z = b=2.8«3 4 = €&.2
P2Q1 =0=3.443,4 = 7,48 Ple =C=3.4+44,08 =7.48 QoRy = £=2,444 .08 =7,48
P2Qz =d=4,08+408 = 2 1§ 92R2 =G=3.4+4.08 =7.48 0222 = dz“.£r8+4.03:'-’,453

‘+ P x @ interaction sum Of squares = LL5.6+8.165-(?.06—6.§1}E
(4)(8)

= 1113.?6-19.28}}2 = ;3.5&2 = 181.71 = 5,88
32

22 3

e

b3



Falb

e

LS. 00 j=1=1.01°

3y

-

s
i - 1 AnY e
Lidd. 0 jmi=—i. z.-.'!_)}

-~y
DhosiresT ¢yt mve gt 3
- al - --.'Al- - e e - .
‘o, -
- -'."»ET -
- Y I
s .
= £7 =20 31

244

14 ._6-'35

ANlsractlon suin 0I sguares

= 15,242
32

LNTeraclion suw OL sguares

n

=

215.5 = ©.73
2
[=F =
-~ - - -y p - - - -~ 2
[(6.2+7.76)-(6.2-7.48)]“
0‘4:{13\
2326.26 = 7.20

sum of squares!
P¥E and QuR)

26)

and Interactions gives:

i) S + M= F-ratic F-ratio Significance
{obzerved) {P-table at a=5¢

8 0,17 3 017 3,17 4,26 n.S
: 0,26 '- n.26 0.2 " n.e

n .01 3 0.0 .01 " n.s
e s, 68 5 5.88 8.71 R *
e £.9 : £.73 &, 7¢ b »
Siec¥ T2 2 7.26 7.30 " x
Bl -18, 3 -18,p8  -10.78 L n.s

T;i;:;;r:f 2384 2é 0.995
Total 24,32 J1
NB. * = gimificant at 95% probability level
n.e = not gignificant at 95% probability level
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G = 12: Anaiysis of ths Tear Strength {gram-forcs) for SAMCOT @ Hand Sheste
- Purnish Ratio
&0/40 50/50
(Py) (F5)
- Fresness Freeness
20%p 250gp 20%p 350gg
&) (Qz) Q) (Qp)
- Additive’ Additive Additive Additive
(0.08)  (1,4)8 (0,008 (1,4)s (0,0)% (1,4)8 (0,008 (1,4)%
{Ry) (Ra) (Rqy) (R3) (Ry) (Ro) {Ry)  (Rp)
48.4 47.0 £4.5 84,2 64.3 4.2 9 5 95.7
47.6¢  48.2 £3.7 £3.8 £4.6 £3.0 9.2 96.4
48.2 7.8 64,3 F36 63,7 £3.8 25,8 95.5
478 481 £2.5 64.4 £3.4 4.1 a5, 4 96.3
X 400 4.0 4.0 540 4.0 4.0 9.0  9A.D0
s 0,37  0.18 9.43 0,37 0.55 0.18 0.52  0.41
4
JUs.4 SUS.I  16364.7 163844 163045  16384.1 36664.8 36864.5  £(2x2) 157699.9
182.0 192.0 25,0 2% .0 286.0 256.0  384.0  384.0 I(Zx) = 2176.0
Hote! Conversion ISTtor: 1 kof = 9. 81N = 2. 0098kN
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‘&) Correction factor, ¢ = [z(zx)]2 - §2176)° = 4734576 = 147965.¢
n 8% ¢

N ~
(b} Toral sum CI Fquares of 31 observatzonz, T{Tue = 187%0a o

P
n
o

Sum of squares of the totale of each column = T/5x12

L¥]

”~
= 1922 + 1022 . 2562 , 252 , 2562 4+ 2562 | 3042 | 4qy

= 36864 + 3mBh4 - £3536+ 55536+ 6553%

h
.'.

[ o]
n
n
L)

Lo}

{e} Sum of ZQuares ifor total = (b} - {3) = 157690, 0-1379¢0 - 9731.0
{1 Batween-traztmente sum of squares = 4} - (5}
= 157£G¢ 147968 = o721.n
(g} Within-treatments sum °f sguares = (h) - (f} = 17#00 a_g722 p
= 147071
- J.l, . -
ANOVE Talla foy Treztment Means
sV Ss at M5 PF-rstio F-ratio Signiticance
{Observed) (F-tshia! at g = 8¢
D,?fg.:.-:-..pn
Treatments 9728.n -1 =7 13807
.23 2.42 n., =
Within

NB. n g =not significant s+ os5g Probability level.

The Main Effacte, P, 0andp

To compare P4 and Po we have the sum ot tear strencths as follows:

896 kgf

]

for Py £192 4 192 + 28 . 256
for Py = 256 + 256 + 384 + 384 = 1280 kgf

For each of these, the sum is based upon 4x4 = 16 measurements



+e SWh UL sYuUares for F = 16906 )

= BO29%¢ 1AIVANN b
035300 . 127958 = 1E7E7; ;
15 127388.0 = 152576-147968 = ge0¢

":‘-rm'v?a'r-l" B
el A= _: ) t-' """fl'a"."“" ' Bl 6
& Tottes FESE X ANC Lo We sum the tear srrenathe
oy ‘-1 10 o - e o

“1 Lo “Hs + 258 & 258 = BR& kot
ICr Qs » 2% & 2 3

L0 . 28B4 384 4+ I = 1280 kot

= 8N2816118340N0 7
1 ra ol FEbps ol 384 — S & - v F

i 4 147988 0 = 15287¢-1479¢38 = 4209
Likstwise =a ~ ra ok
™ -l - - WA B ‘p

ompars By and 92, We sum the tear strenarhe ae
Fme D « TON -
for Ry L35+ 25& + 7% + 384 = 1088 Kof

e T N e i -~ -
FRg 7 192+ 256 + 256 + 384 = 1088 kaf

u 1
B
C
-,
@
\T
Ll
<
(t
"
—
’l—*
&
i
o
+
.
e
b ]
L]
Ion
s
I
)

- %

= * 1837554754 .
il 183744 - 127968.0 = 1479658-147968 = 0

VNBYE 1. = P54 = O =na =
BT e s S A A, b, oo, dare the sume shown helow-

| 5 P
IOl inws -

or P = o for Px F for o owom
{‘I Tiny -~
=] a = : =
- i -
Py & & Py 2 b 8 2 b
Yo P c d A d
-2 Qa ¢ d

"

P10y =as192+4192 = 384 PR, =a=1024266 =4an 24Py

r

PiQ2 =h=25+256 = 512 PR, =h=102425¢ =a4n 21F2

Poly =c=256+4256 = 512 — "
2= Y256 = 512 PRy zc=256+384 =e4n 0oP¢ = c=256+384

Polo =d=384+384

1
-3
o
o

N

n

=4=256+384 =640 QR

d=256+384

a=192+25¢ =

= h=1092+2%¢ =

i



- o2
= (1157-0)

17
- b

. PxK interaction sum

s

= (1088)=(=132)2
]

- i

1. PXOME interaction

S

Jrb 1nteractlion sum of

sum

of the sum

A
u‘l?

F ®x ¢ interaction sum of sguares

ry
= [1364+7661-(512-512)1“
(4)(8)
= 1327104 = 41472
)
of squares = I]§g§¢'401—§446~64011f
(4)(8)

u

37
sguares =
32

of sguares

of gquares

12802 = 165

1230° = 1636400

= 51200
32

[ (4464640 =(448-640}1°
(4)(8)

-—
-

51200

2
-

(R

D

LN

far

197280 {4608 + 4808 + O + 41472 + 51200 + 51200)

1. Ths complete ANDVA

anis for Main

Q,R, PxQ, PxE and OxR)

(B/W Treatment sum of sqares)

s and Interactions givas:

sv 33 d.f ME F-ratio F-ratio Significance
[observed) (F-table at g=%%

F 4rD2 D 1 4608, 0 0.75 4.28 n.c
¢ 4608 0 1 4808.0 0.7% s n.g
E 8.0 2 8.0 0.0 " n.s
ik 41472.0 1 41472.0 6.73 " *
PxP $1200.0 1 $1200.0 8.30 " *
OxF 81200.0 1 51200.0 £.30 " *
PuOxP  -142340.0 1 -143360.0 -23.25 " n.s
Error

(Within

Treatments 147971 .9 24 147975.5
Total 157500.9 31

NB, * = gignificant at 95¢ probability level
n.s = not significant at 95% probability lavel
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g

3~13; Analysis of the Caliper (mn) for SAMCOT 10 Hana Sheets
e Furnish Ratic
80740 50/50
(Py) (P3)
D Freenese Freenees
209gp 250gp 209p 350qp
Q) (25) Q) (Q2)
- Additive Additive Additive Additive
(0,0%) (1,4)%  (0,0)8 (1,4)3 (0,0)% (1,4)% (0,0)8  (1,4)8
(Ry) (Rg) (Rq) (Rg) (Rq) (Rg) (Ry) (Rp)
0.5 0,55 n.45 0.47 0.49 0.50 0.47 0.53
0.5 0.55 0.43 0.46 0.48 0.52 0.48 0.52
0.55 0.57 0.44 0.45 0.50 0.51 0.49 0.51
0.56 0.56 0.44 0.45 0.49 0.52 0.50 0.53
.57 0,57 0.45 0.47 .50 0.50 0.47 0.51
—_— 7
X 0.5 0,54 0.44 0.46 0.4 g 51 0.48 0.52
i
s 0.007 0.01 0.008 o.m 0.008 0.m 0.01 0.01
22 1.7 1.57 0.38 1.6 121 130 146 1.35  3(zx?) =
Ix  2.80 2,80 2.2 2.3 2.46 2,55 2.41 2.60 I(zx) =
S _—

10.20
20.13



. . - - - 2
‘é) Lorrection facig | S le(Zrjle = 20.13% = 403.2 = 10.13
£n H » 5 4N
) wrd b - - = |
{ b Maw FIM MY Samrmreaa o2 2
(b} = S BT Squares of all ohservations T(Zx€) = 1n.9n
(€} Sum of squares of the totale of each column = DTy 2
- ") 9-2 e _(}2 7T 1L 2 -;2 - 2 -y 2 2 c
= 2 T LT 2 2 36 5 5 s M=l e S I PPN
BT84 = 788 T +5.29 4 5,05 4 6.50 + 5.81 + ¢ 7% = =n o7
' b} TIT4rs S -~ . - %
(@) Dividing the SUT of squares of the totale of earh colume pe
the number oF Individua; observations, n = v we mer .87 .= 95,3
et " =, ~ = . - 2
(e} Sum cf 2avsres i tot=Y = P} = {3) = 41 =n 10,72 = n o9
& . e v { & ~ i g P ' 1
() E.—-.t!.;,:;_-,m..-v_:;_a._-,-r...—.v_.{_'c LM AF sy = I8 1
L T STEANEIRS sum of squares = a) - (=)
= IN.TN o 1n 1w =0 ne
'S Mithir—traatments sum of Wres = (b) = (£) = 10.20-0 e - n 14

N.E Y. F = n Y
- =y e - :.-
The M=:r Bifemte » m and P
""——--—--_____-___—-———_-—-—\—_-_..-—-ﬁ—u-..___'__
To compare T, and P,
- i e
for Py : 7.8n . 2.80 +
for p, = 2.46 + 2 85

102.21 + 100 20 -
20

Poratin Sigmificance

{Chserved) (P-tahlz’ » it

77

F-rat:-

L_ﬁ:

0.n2n n

O Bimmif - at 95¢ Frobability Jews:

+2.30= 10.13 mm
2,60 = 10.02 mmp



<51
e =% = - -
w i L3Y Bl a0tk o o I
- nl = 4§ “2 We Sum :hF MY 3 s e =
fﬂr HT 2 ] - o N -
o F Y g
= .30 - D REE ‘X
«:22 = 10.81 mp
Inv N Y M= -
~i XD A 1 A - T an .
- . e . L N = o] C"‘l
- -2 M
. “"\L‘I. T = - -
SWin o1 Sqtlﬂ[t’b 101 U = B 61‘2 0 - 2
D3l * {5.52)° = ¢
20 =
e s N
| L. +an £ 1T -
—_— e~ 2 = 4
50 13 = 10.16-10.13 = n »-
T lr oy oy =
.-1‘{"5‘-‘__?-_-., o G iia da— qﬁ.q =
S ~‘i = 1 oy 2’ we Sum th; f.'":-"-"'::-_c.v‘c.- 3% $m10
BOF By 7 5.8 & 255 o S
2 * ot 5 4 -
<86« 2,41 = o ge i)
$ o= + o -
5% ). 1y - K T -
& & ,_r? - : A 1(" b1 memn =

te SWh 0L syuares 1o 0= (3

= a7
= Q7 = 105 e 10 .13
2 441

i
i
2

4

»2
12N
I

b2
L ]
Jmt

o5 J

'

D

Low: )

o )

In

""n; Iy—_.:-.-_;w—:wﬁﬁ--_s_-n.— D e n jattl o e P

Where ny = Zxk = 1n an3
Rige = ang a, b, o &
e L, O Are r 1 *
< are the sume shown b= iow

i+
o]
s |
g v
~
e
+
N

3
]

P
B ]

p1n =a=7 8 . 9 u
=7 SA=L.8 - 2.8 = 5.6 = ==
; —‘IP‘I =3=2 % +2.21 =5.01 o Ry = a=2.8 42
= RN = AR08 42 46= 5 2%

P."') =he=? 97 9 = - -
..2—‘&-1.’..,_" .2 =451 PR =2.8 4 0 =4 08 n
"t Firo =D=2.8 42.3¢ =4,05 .;1F2
PoQq =c=2.45+ 2.85 = 5 1 p =2 4Fen - "
LT L2002 5.0 Ry =c=2 4%
27 .46+2 41 4,87 Q2R‘{ = e=2.21+2 41= 4,67

Polp =d=2.41+ 2,60

"
2
B+

1
2
wn
¥

I
in
43
n

E. M =
3-01 PoRy =d=2.55+2.60 =5.15 QoRy = A=2.2 42,6 =

L =9
4
Lok ]

v 3 Q . I [ ‘ 5 Q ! ‘ 4‘
. 5. 1 i 1 ) .
S AR }J

(4)(10)

= [(10.61)-1-0.5))2 = 14 23.4
L= 0.5)12 - 40.112 = 123.43 = 3.00
40

-

da



e~
©+ FRR imteraction, SWi 0 squares = 1;5Lg43;;ﬁ§;;_5;;~gza?‘
(43010
= {10,10.2312 _ = x.2 G A o~
= 0. J=0,23)° = 1.93° = 99.60 = Z.47
A0 a0 an
P QxR Aeraction su Of squares = "’{2§34296-:35J3Q33,6333‘
Li. 2.9V ) - 5 s
1

E!iﬂ.iﬁ~19275LJf = 8.4

A

Pur A | 2.47 7 70 n -
T TR #yes - - ’!'Il 1 " -
oxr g 1 2,28 7.00
Bxieep =7 1 =7.7% =24.48 . n.s
Z‘v-?-.ﬂ.:

{Within

Treatments 10.34 F 5 0.317

n.g = not Significant at 95% probability level
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bod
14: 2nalysis of the Rasis Waight{g/m®) for SAMCOT 10 Hand Sheets

Furnish Ratio

&0/40 50750
(P (Pa)
-  Fraeness Freeness
209sr 359gp 20%r 350qp
(Q4) (Q0) (Q4) (Q3)
Additive Additive Bdditive Additive
(0,0%) {1,4)% (0,0)% (1,4)% (0,0)% (1,4)% {0,0)% (1,4)8
(Ry) (Rp) Re) (Ra)  (Ry)  (Rp)  (Ry) (Ry)
117.1  132.5 106.4  114.5  132.3 130.2 1i5.2 135.0
116.6  121.7 105.3  113.4  132.0 120.5  115.2 134.8
117.3  171.8 106.3 114.1  121.7 130.3  114.6 135,27
117.0  132.0 06.0 114.0 1320 130.0  115.0 135.0
0,3 0.44 0.51 0,56 0.30  0.44 0.35 0.20
41067.3 52272.4 33708.7 3G366.6 52272.2 50700.4 39675.2 54675.1 £(2x2)=363359.9

333 396 321 342 396 390 345 405.0 Z(Zx) = 2943.0
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(a) Coriection factor, C = f"i;zgiz = L23£32 661245 = 300685.4
gn 8x 2 54
{b} Total sum of squares of all observations, T{Zx®) = 3¢33RC0 ©
3
{z) Sum of squares of the totals of each column = T!Ix)*
= 3512 + 302 . 3192 + 2822 4 3062 4 2002 . 2452 4 4nel
= 123201 + 156816 + 101124 + 116984 + 156816 + 152100
+ 119025 + 154025 = 1090071.0
() Dividing the sum of sguares of the totals of each coiumn by
the number of individual observations, n = 2, we get
1N00N7T 0 = IRTIIRT -
La..--——.-—..—.—" - A
() Sum of sgquares for total = (h! - (a) = 83359,9 -3a0ReE
= 2474.%
(f! Between-treatments sum of squares = {d) - (a)
= W2TET -~ RNRRG = 2471.8
fg! Within-treatments sum of squares = (b)) - {(f)
= 3R3359.9 ~ 2471,6 = I60888,.3
ANOVAE Tabls for Treatment Means
sV S8 as M3 F-ratic F-ratio Rignificance
{Observad) (F-tahle} 2% 4 = 5%
Batween
Treatments 24718 t-1 =7 353.00
0,014 2.AF n e
Within
Treatments JA43%9.0 +/n-1j=1f 22555.5
Tatal 73700 F LA
N.B. n. & = not significant at 95% probability level.

To compare Py and P, we have the sum of basis weights as follows:

for Py : 351 + 396 = 318 + 342 = 1407 g/m?
for Pp = 396 + 390 + 345 « 405 = 1536 g/m°
For each of these, the sum i hased upon 4x3 = 12 measurements



= 1070646 =

SUin OF sguares for F = i;467lg + (1536)

= 361575.7% -~ 3608PS 4 =

Similarly, to compers
as followe:

fry N TEY - 28, -
2T 4y K, 32 L 3
For me AT +

306 «

22

toodum of sguares for O

i. oouin Of Squares [or K = ilﬁ;g)g

= 1989700 < Musnasa _ 3gapec g

b 2 4 3

— ' -
-~
L e

1"
-

235092GF ~ 36088E, 4
1

+ 405 = 1410

X t.., ,-.-I-nra"_p"'- D] a‘_’}-ﬂ PE‘ we SUI“
jpo7 YR+ P1P < 306 4 345 = 1410 g/m?
G5 4 U2 e 490 + 405 = 1533 g/md

]

& Tnteractions ©

v N

PxR

 wh ¥ I

%3

= 351515.7%8

D

=t g

PyOwR

Interaction sun of

where Ny = 223
for P x 0
% 2

Py
Pa

19
P122
P2
P20

=a=351+30¢
=h=318+342
=c=3964390)

=d=345+40%

sludres =

and

P

Liasdj-(i—c}]®

{4J(n1}

for Py PR

- —.'q .
> {1335)¢ - &

R] Rz

b
d

]

Py
P2

P1R1 =a=351+318 =6KC

PRy =h=306+342 =738
PoPRy =r=39+345 =741

PoRp =d=390+405,=7095

the hasis wsigh-e 3=

. T, d are the sums shown heice-

for OxP
2]
; By
Ql & b
™
3 T d
= a=351+3%, = 747
= h=394+390 = 79F
= o=318+345 = #43
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- F 2 Q interaction sum of squares < L(747+750 - 660-766 , ;=
{4)(s)
= (1497)-(-1262 = 16232 . 2634120 = 1paTse 4
24 2 24
FAK interaction supy of Squares = £1669+795;—{738—?41"?
(4)(R)

b »

- “

= U484)=(=3)% = 1467° = 2152089 = 896704
< 24

QxE interact.ion sum of syuares = [{747+74?}-7§6—6635}F
(4)(6)
= L41494)-023)1° = 153712 = 1379641 = 78318.4
24 24 24

Px0¥R intera~ticn sum of squarss =(B/W Treatment sum o: squares ) minus
{Sum of the sum of Squares for P,Q,R, BxQ, ¥R an4 oum?

= 24716 ~(£93.35 « g0 35 + 530,35 « 1NQ78S, 4

=~ 98670.4 + 78318.4)

= 24V1LF - 2705098 25 = _277228 7

The compiete ANOVA Table for Main Eftects anq Interactions aives-

sy |€ ag.f MS F-ratio F-ratio Significance
- (ohserved) (r—tsnla at a=58

i Al R PCES 1 893,35 n.031 440 n.s
o 630,38 3 630, 38 0,028 n n.8
F B30, 35 1 A3, 35 0.022 " n.s
Prl 197554 1 109755.4 4a.87 " *
PxR BTN, 4 1 B0R7T0 . 4 3,080 o 1.8
R 78318. 4 1 78318.4 3.47 " n.s
PxDxR  -27722%.7 1 -277226.7 -12,29 » n.s
Error

(Within

Treatments | 360888 2 16  22555.5

o

Total 363359, 23

NB. * = significant at 95% probability level
= not significant at 9%% Probability leve]
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G - 15: Analysis of the Burst Strenth Axu\nanv for SAMCOT 10 Hand Sheets

Furnish Ratio
60/40 50/50
(Pq) (Pg)
Freeness Freeness
209¢R 350¢2p 209sR 359gR
(24) {Qo) (24) (Qa)
Additive Additive Additive Additive
(0,0%) (1,4)% (0,0)% (1,4)8% (0,0)% (1,4)% (0,0)8 (1,4)8
(Ry) (Rg) (Rq) (Ro) (Ry) (Rp) (Ry) {(Rg)
0.73 0.69 0.90 0.83 0.87 0.83 0.96 1.00
0.67 0.71 0.89 0.87 0.85 0.83 0.94 0.97
0.72 0.66 0.05 0.82 0.84 0.88 0.98 1.01
0,58 0.74 0.94 0.88 0.83 0.8 0.92 0.98
X  0.70 0.70 0.92 0.8% n.85  0.85 0.95 0.99
s 0.02 0.03 0.03 0.03 0.02  0.02 0.03 0.02
Zx< 1,96 1.96 3.39 2.89 2.8 2.89  3.61  3.92 z(zx2) = 23.51
Ix 2.80 2.80 3.68 3.40 3.40 3.40 3.80 3.96 I(Ex) = 27.24
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= [Z(Zx)]? = (27.64}° = 742.02 = 23.19
8n 5w 32

3

= wurlection facuor,

“TE. =uw of eguares of 31) observations, E{Ele = 23.51

¢

= e TR & I3 AL - 11,56 +« 11,56 + 11.5F + 14.44 + 15.6%2

Trwiding the sum of squares of the totals of sath ~olum by

ths mumber of individus! ohbservations, nn = 4, we get 94.02 = 23.52
<

f=) Fum of squares for toftst = (b)) - {3) = 27 .51-22.10 = 0,32
T} EBsrwean—-treatmants sum of sguares = {(4) - (5} = 22,51-23,19 = 1,732
‘ol Vithin-traatments s'm of sguares = (h) - {f) = 22.51-0.32 = 23.1¢
ANV Tl for Trastmart Msanc
- & - -8 o -
= &2 ] MS P-ratin F-ratic Significance
iNhesrvad) (T-tzhle) 2% a = 5%
et uasr
"'--_.=¢--_._‘-_.",-,a.:, ) '3 o = - r\ Od’.“

My g marie X 174 +{ro11=24 N aoy
- T K9 11

H,E. n £ = onot gignificant at 95% prohability level,

Tc compare Py amwvd P2 we nave the sum of hurst strengthe as follows:

12.68 kg/cme

or Py 2 ABE + 2.8+ 3,68 » 3,4

14.56 kg/cm®

iy
"
JU
it
(%]
a
.
(95 ]
:“
+
:.A,
e
¥
o
S
]

For each o1 these, ths sum 1s based upon 4x4 = 16 measurements

;. sum of sguares for F = 112.58)2 + {14.56)3 - C
16

= {160.78 + 211.99) - 23.19 = 23.30 - 23.19 = 0.11
16
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fipi sriv o compare O¢ and Qo we sum the burst strengths

12.40 kgfcn*z

= { + 2.8+ 3.4 +34 =
Tov Do DLER 434 < 2.8 - 3,96 = 14.84 kg/cm®

Likewiz®E, TD compare By and Rp, we sum the burst strengths as follows
- ) - - - q

Ior By ¢ 2.8+ 2,68 + 3.4+ 3.8 = 13.68 kg/cw*®

*or Fq @ 2.8 + 2,40 & 3.4 + 3,96 = 12.56 kg/cm®

3.56)2 - ¢

v
&
5
Q
=,
3
@
m
Lnd]
)
—
=
n
rd'
P
w
o
<
4
-~
=
U

= 187.14 + 3183.87 - 23,79 = 23,19-23.19 =0
3

The Interasctionse P » O Deh OvR Putiep

-3 il X AT ey

Interaction sum of squares = [ja+d)-{b-c}I1*
(4)(nq)

where ny = 224 = 8 and 5, b, ¢, d are the =ums shown below:

in ]

for By .C for P P for 0=z B

3
)
ot

Ry Pp Ry Ry

L]
-
y

T(Qy =A=2.B42.0 = 5,60 PRy =a=2.8+3.68 =6.48 (QyRy = a=2.8+3.4 = 6.20

]
"

j0p SH=i.B8+2 4= 7.08 PRy =b=2.8+3.4 =6.20 QyRp = b=2.8+3.4 = 6.20

c=3.68+3.8 =7.48

?291 =c=2,4+3 .4 = 7,8 P2R1 =c=3.4+3.8 =7.20 Q231

d=2.843.96 27,76  PpRo =A=3.4+3.96 =7.36 QgRp = d=3.4 +3.96=7.36

H

F x ¢ interaction sum of squares = U§.60+'?.76}-(7.08-6.80)]_2_
(4)(8)

= £013,36-(0.28)1% = 13.08%2 = 171.09 = 5.35
2 22 32
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. rabAnteraction sum of squares = [(6.46+7.36)-(6.2 -7.2 ;13
{4)(8)

- 113.84)=(=1.0 )2 = 14.84° = 220.23 = 6.88
32 32 32

(AR Anteraction sum oI sguares = 1(6.2+7.36}-{6.2-7.48)]§
(4)(8)

= [{13.56)=(=1.28)12 = 14.84% = 220.23 = 6.66
22 32 12

EnlwP anteratiion sum of squares =(B/W Treatment sum of squares)
~ {(Bum of the su» of sgquares for P,Q0,R, Px, PxP and QuR)
=032 -(011 + 038 20+ 5,35+ 6.88 + £.83)

- 3T _10 4 = ~10a ne

The conplets ANOVER Tahle for Main Effects andd Interactions gives:

il sz gt Ma F-ratio Ferztin Sigmficancs
{chserved) (F-table at a=5%

T a1l 1 a1 0,11 ¢ 2% n.s
£ N it 1 n.1g 0.10 ® n.s
2 .0 1 0.0 0.0 " n.s
Do ™ £ 2E 1 a8 & a4 " *
Tres T e, fa 3 r ag ‘7.12 " *
0543 6. R 1 728 7.12 » *
Dnint -16 n¢ 1 -i2 0OR -20.75 L n.s
Error

‘Wothin

Tresimentes) 22,10 24 0.49a6
Total 23,5 31

NB. * = significant at 95% probability level
n.€ = not significant at 95% prohahility level
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G - 1f: Analysis of the Tear Strength {kgf) for SAMCOT 10 Hand Sheets
S Furnish Ratio
00/40 50750
(Pq) (Pg)
Freeness Freeness
20%ep 2592p 209sR 35%gR
(Qy) (Do) (04) (Q2)
- Additive Additive  Additive Additive
(0,0)% (1,4)% {0,0)% {(1,4)% (0,0)% {(1,4)% (0,0)% (1,4)%
(Ry) (Ra) (Ry) {(Ra) (By) (Ra) (Ry) (Ro)
47.8 4n G 63,6 R0.5 86.6 45 8 122.3 144.4
48.3 48.5 €3.6 79.8 Q5.4 96.2 122.2 143.8
47.7 438.1 £3.4 80,2 9,2 aR .5 121.7 144.2
48.2 47.5 &1 .4 79 & 9% .8 a5 121.9 143.8
= 43,0 480 &4.0 AN 9 | 9.0 122.0 144.0
B 0.29 0.42 0.59 0,44 n_gs2 Y, 44 .28 0.37
2% 9216.3 9216.5 183865.0 256uC.6 Jooed .0 Jooed.6 59500.0 62944 .4 Mhmwmp = 276652.8
=X 2 n 192.0 3880 20 .0 Mg L0 3g4.0 488.1 476.0 I{Zx) = 2792.1
jiote! C(onversion factor: 1 kgf = 9.81N = 0.0095kN



= Tovsl gum of squarer of z2l]1 observations, 25232} = 276652.8
2

="' Fum of sgusrers cf the totals of each column = T{Ix)
~ Fa
= 180% - 1922 L oone? L 3202 4 3842 4 3842 . 4802 4 5762

~ U3IV2444 + 331776 = 1105496.0

‘= TMividing the sun of squarss of the totals of each column by

=12 number of individus! observations, n = £, we get
F24

106236,0 = 275624,

-3

= Fum af equaras for tofta! = (b)) - (3) = 2784852 ,8-243¢19,5
= 33033.2
0 Derusar—tvestments sur of squares = (d) - (s}
= D7EAD4 - 247815 4 = 33004.%

' Within=treatments sup oF smquares = (h) - (2] = 276852, 8-33004 .5
= 243048.73
ENCVE Tanle for Treatment Means
g ag i e F-r3tic F-ratic Signifi-ance
IDhserved) (F-table) at a4 = &2
Dotweer
TrEaTmenss ENE LAt~ =7 £714.97
0.4r% 2.42 n., €
f“'wd--luilln-
Treatments 243848.8 tin-1)=24 1012.0
Tana! 276852.2 31

T, n., £ = not significant at 95% probability level

The Mzip Effects, P, D snd B

T> compare Py and Pp we have the sum of tear strengthe as follows:
for Py ; 192 + 192 + 256 + 320 = 960 kof
for Pp = 384 + 384 + 488.1 + 576 = 1832.1 kof

For sach of these, the sum 1= based upon 4x4 = 1€ measurements



» - - o - r) -
sl 01 pUuares 10r F = (960)C + 1;0a2J2 &=
16
= 221800~ 3356800.4 - 243€19.5 = 26738¢6.9-243619.5 = 23767.4

zimaliarly  to compare Oy and Jp We sum the tear strengths

“r gy ¢ 197 - 197 + 384 + 388 = 1152 kgt
—— 3 IV o+ 455 .7 < 878 = 1R40D.1 kot
-‘ - o - - »pte
N €Y ~y
. S Ol squares for ¢ = (1152)° + (1640.1)€ - C
16
7 1307044250000 01 -~ 743610.5 = 251064.5-243619.5 = 7445.0
LN

Ligamies Ioo compare Py oand By, we sum the tear strengths as follows-

mr Ry o 192 % 266 « 382 ~ 488.1 = 1320.1 kgt
ot Tie v TBR 2 TN 4+ 3I8L 4+ 578 = 1472.0 kot
-.‘ - = - - - -~ - E o 'L:..

Py e - - = —— e N ¥ or - '2 0"“'2 -

ouwn OI sQuares for ¢ = (1320.1)° + {1472)° - ¢

is
= 1742h84 N+D1ARTRE ~ 243619 .5 = 243340,%-243810.5
1r
= 7210

Fon Penh for Px R tor DX PR

Cy  Cs Rl R2 R1 Rz

H =
= 3 A 3. P“ a s: Q1 a b
t;} ad Q Pz C ad Dz L ad d

]

n
4
o

154 =a=192+192 = 384 PRy =a=192+256 =448 Ry = a=192+384

10p =h=256+320 = 576 PRy =h=192+320 =512  QyRp = b=192+384 = 576
Ty, =cz384+384 = 768 PoRy =c=1384+4488.1=872.1 QoRy = c=256+488.1=744.1

Fan ==488. 14576 PQRZ =i=384+576 =134.4 QQRZ = d=320+576 = 89
= 1064.1
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S . » - - 2

L13049+1004.1)-{576-780) ]
{4)(8)

= 111448.11-(-102112 = (1440.1)¢ = 2689928.0 = B4060.25
17

e ey
e

o

= » « interactlion suii O sqguares

5
4

Fxi LDleraciiOl Suk O sguares = £1446+13§&}-{512~6?2.1}]E
(4i(8}

a2 32 32

-

sk interaction swn of sguares = [(576+8%6)~(576~744.1)]

= [114727=(=166.1)1° = 1640.1° = 2689928.0 = 54060.25

S A& 2
AT —~ry -
- e e

PuTaP interaction sum of squares =(B/W Trestment sum of sguares)
- Svm of the zum of sguares for P,0,F, %D, PxR and QxR

= FIME. 5 ~(23767 2 < T445.0 + 721.0 + 84060.25
+144732% &5 + 84060.25)

= J33004.5 ~ 344729, 3% = ~311784.85

Tre oopplete ANOVE Takls for Main Effects and Interactione gives:

s S8 a ¥ MS F-ratio F-ratio Significancs
iobgerved) (F-table at a=5¢

= TT67 .4 23767.4 2,34 5.28 n.s

% 7445.0 : 7445.0 0.73 : n.g

¥ TS i 7210 0,07 2 n.s

PuL 84060.25 2 84060 ,2° 8.2 . *

204 144718 45 2 144735.45 i4.2# ! *

1 84060.25 1 B4060.25 8.28 " *

Total 276652.8 31

cignificant at 95% probability level
not significant at 95% probability level

i
E‘S +
n
wn
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APPENDTY H-  ESTIMATES OF CORRELATION COEFFICIENTS
AND REGRESSTON CONSTANTS

mazie Weight, v (g/me) versus Caliper, x (mm)
for SAMTOT @ Hand gheete
Aabant: = v
I 0.60 139.8
.97 138.5
0.58 138.7
0.9% 139.2
- 2.2 556.2

» o ks lar = A0 RRE
- = - e
- et = V=136 NS
i @ . —-- -

D Qg

n .
=ffimont of dgtermingtion r* = 0, U89
e & - ~MLEIZ LY, & e et

:xTimzie Ths regracs:on ~onstants, a and b

& iy, 03 = 420
* S LAY

- = . e o~ 1771

= 1% - —— B e

rins of pest f£it: v o= 113,23 + 44.0x
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e W t, ¥ {g!mz} versus Caliper,
fov SAMOOT £ Hand sheets

- e T e s

5 i, 81

(=)
Lal
n

0

n
2
LA |

0

Povrelation Cosfficient r =

Py

J Iye tys

v = voil RBiTR

traave R

LT LE . L -
YV o= wretr = o1 IE OF
. I 4 b =

.

T QeLInNt 419

-

S = - Re % 908

Line of begt fit: v = 123.5 + 24.6%



versue Caliper, » (wm)

§ - 3 Bacis Weighi, ¥ {o/me) T
far SRMPOT G Hand sheels

L
]
NS
1
[
(%]
[

1
; 0.47 121.
A
Q ll—!—l
8 n,4

N

£l

t4
[
2
=
0
8]

f

akiats --
: r, T = -
rorrelation Coefficient, T = LN
- 7 T2 =¥
- ' 1
where, ¥ = X=X = x=0,475
Vv = y-y = v=122.0

T3
' 1 v 3 “ . N a
. Cosffimient of detarminatlicn, ™ ¥ 0,914

Regregsion Linas Y = 8 % b=

. -
. Tn ssrimate the regression constants, a and b

b o= pTYY - TITY, % 16,0
-7 ke A
nTZe - {EX)
., a=zv-bym 1144
. o i
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¥ - < Bas:ie Weight, ¥ {gfmz} versus Caliper, » (mm!)
for SBMCOT 10 Hand sheets

Torvrelztion Cosfficient, r

g
-

viere, ¥ = -3 = ¥-0,462%

Line of bhegt fi1t: ¥y = 99D + 32.Mx
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£ Burst Strength, v {Kgfcmz\ versus Punksl Rit:o -

Variety X -

iy |
c
"
o
&
=
»
e ]
mn
P
5 -
-t

n
0
n
o]
LN
2
]
i}
[

t
| =
(-
b
o)
L=
S
]
~
o
IR}

* 8% 1g excluded 1n the regressionof yon

Correlation Coefficient, ¥ '= _gzzz
r & Ty

§ e

where, Y = »-x = ¥=-0,5266666656
Vo= y-y = y-0 853333333

r o= 0720260948

. -

2

1. Coefficient of determination, r“ = 0.832

Fegregeian Line: v = a3 +« by

:. Mo oastaimare the regression constants, a and b

Py o aF

h = nSYV - '-“;"-I'V’_ =~ 0 nsp
e . -
r_—v‘ . ‘. -'.‘I.V. ! £

. B L T f" bl |
. n
:, Line of best £t v = 0,823 + 0.058% kg/cm*

0.403 + 0.028x kPa.

Note! Conversion factor: 1 kg/cma = 0.49 kPa.
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B~ & Tear Strencth, v (KYF) versus Bunke? Bati~, =

Variety = b
3 ¢.285 53
% 0. 5E0% 124
Sk 0,505 &7

310 ¢, 600 ' 27.

(%)

[
)
[
e o]

t
[

ey

* 82 iz excluded in the regression of ¥ on x.-

Correlation Qreffizient, r = A
Foowe Ty
L T Lrd

where, ¥ = w=x = u-D, S2RGEAGEE

Lo Ar_ar
H

y-50.5

T

D

3
r e m E L g mamd m L ;o e o ra
o Cosffinient of determination, ©° & 0,674

. Tooestimate fThe regression constantes, @ and b

oo OuRY — LVVY o

o Mz.__;“_'h__
- e i
nTEs - (I

]

. H
Eoalas f

—_— -—

1, A=Y - byl

11.¢ + 211.0% kot

e
5
3 1]
o
iy
1 1]
rt
th
|t
rt
[
|

2

= 0,108 + 1,09 12

Note! Conversion factor: 1 Kgf = 9.81 N = 0.0098 kN.
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H - ® Tezr Strength, v [kef) versus Slenderness Ratic,
variety b
SE 11,60 580
S 13,20+ 124.5%
£ 11.50 £7.5
2Ll 14.54 27,0

t-1

37.64 02,

* 82 1z excluded in the regression of v oon ®

-

XY

r 1‘\}2 \"\12

K Suh &

Correlation Coefficient, r =

vhere, ¥ = »=X = ¥-12,5%4866AA7

Yoem vy tremi W
O B} 1 -t ':’

-
-

—r: . . 2
1. Coefficient of Getermination, r“ = 0.812

£ 5
RBagreszion Line: v = & + bx
;. To estimate the regression constante, 2 and b

b= - TYTY 2 £ AE
't - Aol L ﬁ gl b el 4. r) " L T
rTYE TV &



