Crinsham Estate in Damansara Utama,

CHAPTER 2

MATHERIALS AND METHODS

.1 Haw «,utcmwmmx tion

The fronds were obtained trom o1] palm trees at the

near huala Lumpur. The
were cultivated in 1969 and reached a height of

st b to 7.7 metre in 1987/88, The frond samples were
from the lowest part of the trees. An average of 1
were taken from each tree at random. The fronds were

cted from time Lo time when the need arined,

Yhe f'rond consists of leaflets, a central rachis to
the leaflets are attached and a gpiny petiole (the
U the leaf stalk between the lowest leaflets and the

Photokraphs of the tree and leaf can be seen an

I and 2.

voon as the fronds were recesved at the laboratory,
raflets were manually separated from the rachis and
vie. The leaflets were further separated into leaf
and midrib, each cut into 5 cm pieces. The leaf
nnd midrib were dried separately in the sun to
"ot fung) attack, then placed into different plastic
‘rom which samples were taken from time to time. These

5 were the raw material used throughout this work.
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Exposiments gepe onrried

out separately on the midrib

toul Lilads,

pelecsinabldans ul kaant density

BRI de LETmMY At v oy e F’»U})l’i rent dens l t v f()l j Ode th(’

cd ol TAPEY T L8 S TARPY (197B). An example of the

wrotien s oshesn an tha Appendix (Al, p.144).

deagture soobeny

Atourt 0o¢ of The raw waterial was placed into a
cieusly weighed cooveiser and dried in an oven to a
rant weight oat 1085 The moisture content was
rrecsed a8 o pavesttase ot the air dry weight of the raw
1), The fact-~y rte sanvert the air dry weight (AD) to

ven dry oweardht (00) eenivalent weight was then

]

The o morsture eccrvest ‘MU) of the raw material was not
fant e whe wmAaLerss' was collected from time to time;

e MC o f eact 1ot was separately determined.

e preparation of ulvimate fibres was adapted from the

‘hod ol Soearin ano Isenberg (1947).  The midrib was

e

Iiv chopped into pieces the size of matchsticks, while

LY



e leaf blades were manually shrod

ce !}

was well mixed and a represent

CORPAarison purpcses,
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ded

» the morphoiog

v determined,

egqual

peroxide (100 mi)

le 1n

voluvme of glacial acetic

wWas used to

a beaker,

water bath in a fume cupboard.

sample was bleached (white).

ative taken

into pieces. This
for digestion.

¥ of the petiole was

acid (100 ml) and

completely immerse

It was then covered and placed in

Additions of glacial

¢ acid and hydrogen peroxide were repeated hourly till

ke bleached samples were then disintegrated by gentle

e

a drop of glycerine.

the

ing 1n a flask containing glass beads.

»5n were filtered and washed with water.

lenzth of 200 fibres, the

‘he length, a magnification of 50x

viification of 500x was used tor the

wid i h

of fibre.

The resulting

They were then

nog with safranin-o and mounted onto a microscopic slide

The dimensions of the pro.jected

width and lumen of

fibres were measured by means of a Visopan projector.

was used whereas e

measurement of lumen

Calculation related to fibre morpholugy is found in the

Creend

(AL,

'Po144)0
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rroximate chemical analyses were car

shirh passed through a BS 40 mesh sieve an

iried to determine the moisture content

Prior to the chemical analyses the samples were around

ried out on material
d retained on a BS
mesh sieve. Prior to the analyses, the mat=rial was oven

. All analyses were

~arried out in duplicates.

o F

H

2.5.1 _Determination of moisture content

e

About 2 g of the sample was placed intc =z
previously weighed bottle. This was dried to constant
weight at 105°C. The moisture content was expressed as
a percentage of the AD weight of the woodmeal. The
factor to convert the AD weight to the D equivalent
weight was calculated. An example of the calcuiation
for the moisture content is found ir the Apprendix

(A3{al, p. 145).

2.5.2 Ash c¢ontent

Ash content of wood is defined as the residue remaining

frer ignition at 575 * 25°C for 3 hr or longer il necessary

"5 burn off all the carbon.
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The method is taken from "Ash ip wood" described

in TAPPI T 15 (TAPPI, 1978).

An example of the calculation for ash can be found

in the Appendix (A3[b), p.145).

2.5.3 Solubility in 1% alkali solution

This method determines the resistance of a wood or
lignocellulosic sample to a solution of hot dilute
alkali. One application is in the determination of the
degree of fungal attack that has taken place in wood.
As the wood decays, the percentage of alkali soluble
materials increases and the pulp vield as a result of

the decay decreases.

This method was based on "1% caustic soda
solubility of wood" as in TAPP1 T 212 (TAPP1, 1978).
Sodium hydroxide (1%) and acetic acid (10%) solutions

were used.

An example of the calculation for 1% alkali

solubles is found in the Appendix (A3[c], p.146).

This is a measure of the waxes, fats, some resins

and possibly some portions of wood gums.



The method is adapted from "Alcohol-benzene

solubility of wood" as in TAPPI T 212 (TAPPI, 1978)

The solvent used contained 1 volume of ethyl alcohol

and 2 volumes of benzene.

An example of the calculation for alcohol-benzene
solubles is found in the Appendix (A31d], p.146),
The subsequent analyses were carried out 4sing the air

dry extractive free sample.

2.5.5 Hot water solubility

This procedure measures extraneous components such
as tannins, gums, sugars, colouring matter and starches

in wood and pulp.

The method used was based on "Water solubility of
wood" as in TAPPI T 207 (TAPPI, 1978). An example of
the calculation for hot water solubles can be found in

the Appendix (A3[f], p.147).

2.5.6 Lignin

Lignin is the insoluble residue that is left when
the carbohydrates of wood when treated with strong

acids are hydrolysed.

The method was taken from "Acid-insoluble lignin

in wood and pulp" as in TAPPI T 222 (TAPPI, 1978) usinsg



sulphuric acid (72%). An example of the calculation

for the acid-insoluble lignin is foung in the Apperaix

(p. 5).

2.5.7 Pentosans

Pentosans are part of the non-cellulosic
carbohydrates present in wood and plant materials and
consist mainly of xylan and arabinan. Pentosans sre
hydrolysed by boiling dilute acid to pentoses and they
then decompose into volatile furfural which is almost
entirely distilled over under the condition of the

experiment.

The determination of pentosan was based on the
method by Savard et al. (1954). The chemicals used
included hydrochloric acid (13.2%), potassium kromat=z
(0.1N) and potassium iodide (10%). Sodium thiosulphate

(0.1N) was used as the titrating solution.

An example of the calculation fer pentcosans

is found in the Appendix (A3[h], p. 148).

2.5.8 Holocellulose

Holocellulose is the lignin free fibrous material

containing all of the hemicelluloses and celluloses in

wood.



Sodium chlorite and acetic acig (10%) were employed
here. An example of the calculation for

holocellulose can be found in the Appendix (A3[i],

p.150).

2.5.9 Alpha-cellulose

Alpha-cellulose can be determined as the portion
of the plant cellulose which is insoluble in 17.5%
sodium hydroxide at 20°C under specified conditions

described in TAPPI T £03.

The method used was an adaptation of that in
"Alpha-, Beta- and Gamma-cellulose in Pulp", TAPPI T
203 { TAPPI, 1878). Chemicals used were sodium
hydroxide (17.58%), sodium hydrouxide (8.3%) and acetic
acid (2N). An example of the calculation for alpha-

cellulose is found in the Appendix (A3[{j], p.151).

2.6 Pulping trisis

The raw materials were pulped in three cooking
rrocesses, (i) the ¢ .emical soda, !(ii) the sulphate cooking
and {iii) the neutral sulphite semichemical (NSSC) process.

Lach cooking was carried out in a six 1itre MK steel




digester which operates by indirect heating via circulating

cooking liquor,

2.6.1 Chemical soda procesgs

The amount of raw material, the liquor:wood ratio,

temperature and the length of time of pulping of the
midrib were kept constant in each cooking. The

concentration of sodium hydroxide, however, was varied

from 14% to 18%; consequently the amount of water added

was changed accordingly.

The fixed conditions were:

liquor to wood ratio = 5:1
time to max temp (160°C) = 1.5 hr
time at max temp (160°C) = 2 hr

Pulping of the leaf blades was also carried out by
the conditions outlined above but at a higher ratio of
li1quor to wood of 7:1 had to be emploved due to the
bulky nature of the material. The pulping was carried
out initially at 18% A.A., but since a very low yield
{10.6%) was obtained, pulping of the leaf blades was

discontinued.

Pulping of the leaves (whole) was also conducted
at 20% A.A. and like the leaf blades, further pulping

was not conducted due to the very low yield (9.3%)

obtained.




2.6.2 Chemical sulphate procegg

Pulping by the chemical sulphate process was

conducted under the following fixed conditions:

sulphidity = 25%

liquor to wood ratio = 5:1
time to max temperature (170°C) = 1.5 hr
time at max temperature (170°C) = 2 hr

The concentration of active alkali was varied from
14% to 18% Pulping of the leaf blades was carried
out using 18% A.A. and with a slightly higher liquor
volume. Further pulping was not considered since the

vield was very low.

After each cook in the soda and sulphate
processes, the pulp was removed, washed thoroughly and
disintegrated for 5 minutes in a Thwing-Albert Lear
Blend-A-Mill. Screening of the pulp was carried out on
a Sommerville fractionator with the plate of 0.15 mm
wide slits used. Water was removed as much as possible
from the pulp by means of a water extractor (Neng Shin-
Taiwan). The pulp was then blended in a Hobart
blender, after which it was placed in an air-tight
plastic bag and stored in the refrigerator to condition

the pulp for at least a day before the determination of

vield, kappa number and preparation of handsheets for

evaluation of the properties of the pulp.



2.6.3 NSSC pulping process

Pulping by the NSSsC Process was conducted under

the following fixed conditions:

sodium carbonate = 6%
liquor to wood ratio = 7:1
time to max temp (160°C) = 1.5 hr

time at max temp (160°C) = 2 hr

Rubbing plates: (i) = 0.625 mm clearance

]

(ii) 0.25 mm clearance
(iii) = 0.125%5 mm clearance

NSSC pulping was carried out only on the midrib.

The main chemical used was sodium sulphite
buffered with sodium carbonate. Upon completion of
each digestion, the black liquor was collected for the
det ~~mination of the final pH. The partially digested
samples were washed and passed through a Bauer refiner
with the rubbing plate attached. After washing, the
pulps were screened by means of a Sommerville
fractionator with a plate of 0.15 mm wide slits to
remove the shives. The screened pulp was then treated

similar to those obtained from soda and sulphate cooks.

Calculations related to NSSC pulping are found in

the Appendix (A5, p. 158).



At the end of each pulping trial, a sample of the black

liquor was collected for analysis.
2.7.1 Analysis of pH

The pH value cf the black liquor was measured by a

pH meter.

2.7.2

A sample of the black liquor from each pulping
trial by the sulphate method was analysed for chem.cal
consumed. Calculations on the chemical consumed in a
sulphate digestion can be found in the Appendix (A4([f],

pPp. 155-156).

2.7.3 Estimation of total alkali

A 5 ml black liquor sample was ashed in a platinum
crucible at 600° to 700°C. The white ash was then
dissolved in water and titrated to pH 4.2 with HCI

(0.1N), using methyl orange as indicator.

2.7.4 Estimation of active alkali remaining

A 25 ml black liquor sample was placed in a

measuring cylinder and 50 ml of barium chloride (10%)

added to precipitate the carbonate ion. This was made

up to 250 ml using distilled water, mixed and filtered.
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At the end of each Pulping trial, g sample of the black

liguor was collected for analysis.

2.7.1 Analysis of pH

The pH value c¢f the black liquor was measured by a

pH meter.

2.7.2 Chsmal&mmmuu_mmwm

A sample of the black liquor from each pulping
trial by the sulphate method was analysed for chem.cal
consumed. Calculations on the chemical consumed in a
sulphate digestion can be found in the Appendix (A4(f],

pp. 155-156).

2.7.3 Estimation of total alkali

A 5 ml black liquor sample was ashed in a platinum
crucible at 600° to 700°C. The white ash was then
dissolved in water and titrated to pH 4.2 with HCl

(0.1N), using methyl orange as indicator.

2.7.4 Estimation of active alkali remaining

A 25 ml black liquor sample was placed in a
measuring cylinder and 50 ml of barium chloride (10%)
added to precipitate the carbonate ion. This was made

up to 250 ml using distilled water, mixed and filtered.




A 100 m) filt rete waws { hey resoved andg 1t rated

AR h’ “h""‘ ‘ n1bha i & l f

indircator.,

SoTeh Yaeldd of pulp

The vield of pulp was canloniareg alier the

sepsfure content wasx determi e, The method vsed 1o

determine Lthe moilkture was saByiae ta that dese ribed
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tercentage on the OD pulp.

S.7.6 Screenings

The uncooked material was caollected and dried in
“he oven at 105°¢. From the aven drv weight the

st Centage of Rereenings was calcuinted,

Valculations related to wlvaline pulping are

‘ound 1n the Appendix (A1, pp. 161107,

<.7.7 Kappa nusber of pulp

The Kappa number 18 the puasber of m:llilitres of
‘enth normal potassium permanganiate solution which
would be consumed by one gpramme of moisture f{rec puip
The

indvr the conditions Bpec itied in this standard.

revnlils are corrected to 50 per cent consumption of the




permanganate. This method 18 based on "Kappa numb ;
Rapg er o

pulp” in TAPPI T 236 (TAPP1, 1978)

Prior to weighing the Pulp, it was conditioned in

the atmosphere for 20 min., The amount of pulp, which

te estimated by trial and error Lo consume

spproximately 50% of the permanganate was calculated

The permanganate consumption BURl be between 40 - 70%

tao comply with the standard.

The solutions required for the titration were
potusdium permanganate (0.] ¢ 0.005N), sulphuric acid

"iN) and sodium thiosulphate {0.2 + U.005N).

An example of the calculation for Kappa number is

tound 1n the Appendix (A4(h], pp. 157-58).

bleaching

Bleaching trials were carried out on the sulphate
pulp of the midrib, with a kappa number of 21.4, by a
three-stage method using the CEH (Chlorination-Alkali

“yxtraction-Hypochlorite) sequence.

The conditions for chlorination were determined by
the method described in "Raw Materials for More Paper”
in FLALO. (1953). Calculations related to bleaching

are found in the Appendix (A6, pp. 159-1565).
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.4 Preparation of Luadabeetrn

procedure desori~ed in the Second Report of the Pulp

A S . ‘ \ Ed . . e i 7 ) ) ) )
Evaluation Cope ittee to thie | Apermakers’ Augociat ion

(Papermake s’ nsico,at on, 1946 ).

The bandanests wopre dried in & constant humidity
coom maintained <0 25%7 apd BU% relative humidity for

al least 2t wours. in conlrast to the standard

conditions of 20%¢ a,d b8% relative humidity.

Calcuirt.cnr u. trial sheets are found in the
appendix TAT. pr 1€5-166).

.

' Physical properfira ot headahcets

All shoeo proporiies mentioned previously, with
the exception 2¢4 leuring resistance and folding
vndurance, wete measuved sccoerding to the appropriate

TAPP!] standeros (TAlFPL, [478).

All mathomstical conversions of test readings from
the existing inuLnramenis to §1 units are in accordance

with I8SC forwat .

A ant o at leact eight acceptable handsheets of

60 4 2 g/w’ even-dry greamage is required for testing.



.10, Thiokioss

The 1oigh 2ddes of the sheets were firstly trimmed

pooavoldodrreduiecities.  The thickness tester was

Lwotohed on fae ey hour prior to testing. A total of

ren resadipge were Laken., The mean thickness of a

Sl sheet vy ken caleulated in microns.

carstlen f acab ciescst for astrength evaluation

pivcn andasboet rarple was cut singlyv on a paper

“atine aa ahowns n the diagram  below.

Burat of

AT resiatan e

[ 1
/ T Yooy by
i P er it A

S0 omm




swocordingly each sample should give:

1) FEight similar sectors (six for bursting strength
and two for air resistance).

(21 Eight similar sectors for tensile strength tests.
Fight siwmilar sectors for four tearing strength

tests in four-sheet piles.

r41 Eight similar strips for double fold tests.

2.10.2 Tearing index

The tearing index was measured on an Elmendorf

‘vuter according to TAPPI (1978).

2.10.3 Basis weight

After completing the above test, the torn pleces
‘rom the sample were placed in a tared weighing bottle
and dried to cornstant mass 1n an oven maintained at

(05 ¢ 2°C. The basis weight was then calculated.

©.10.4 Bursting atrength

Bursting strength was carried out on an L&W
slectronic Mullen burst tester according to

LAPPL T 402 os-74 (TAPP1, 1978).
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2.10.5 Folding endurance

The folding endurance wasg measured with » Kohlerp-
Molin fold tester uming an applied ‘ond of EGG g

(TAPPI, 1978).

2.10.6 Tensile utreprgth

The Intellect 500 tensaile machivne was used for the
testing according to TAPFL T 404 os-74 tTAPP)l, 1978). A
lond cell of 100N was used for testing. 7The rate of

break was maintained at 158 to 25 sec.

From this t~23t, tencile index, breskine length,
tensile energy absorption (TEA), TEA inde> and stretch

values were calculated.

Calculations related to the physicatl tests of the
nundsheets can be found in the Apvendis (A8, pp. 16b6-

168).

2.10.7 PBrightn«as

The brightreas of tiie bleached haidsheets was
measured on & Technibrite Opacity &nd Brigzhtness
Tester, The rendings wece has<d on the absolute

reflectance of the ceramsic gtancard at 557 nm.



