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Frior to the seperation of 3ast atistan, Pakistan was sel?

sufficient in raper. Most of the Taper Mills were located in former

material i.e. bamboo and jute for parer industry were abundantly
e quality of the peper produced was very good,.
With the creation of Banpladesh, a orave situation arose and the

Government imported huge quaatity o

e
9
;
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ieet the requirements
of the country, At that time rapsr industry was civen top priority
and gome Faper Mills were installed using bagasee ac a raw material.
But still the production of pacer within the country is not encugh
to meet the requirements of the country,

The covered arca under forests in Pakistan, iec limited i.e,

6]

about 4.,0%. This covered area is very low as compared to the other

Lo}
@

)

paper producing countries of the world, lostly wood is being used in
tiie foreign ccuntries for the producticn of zulo and papers

But in our country we cannoct ucs wcod pulp for paper production, as

the forest wood is limited in quentity and very costly. At present,
- - 3 4 - 3 T - - < i - — g gl
wood is being uced in the comstru-tion of houses etc. Therefore,

for making

d to us

[}

[0}

more Mill

(R

mentione

limited quantity of bagasse is produced in these Sugar Millis, For
eXample, bagacce produced in ZCharsadds Sugar Mille is sufficient

only for three montis for the Charsgadda Faper liills,



In Fakistan, rice straw, wheat straw, cotton waste and
asces are the other commen raw materisls used for the manufacture
of pulp and papér. Becauss of their exXtensive use as animal feed,
wheat straw cznnot be made availsble in large quantity for this
purpose, The use of grasses and reseds as raw materials for the
manuf acture cf paper is increasing throughout the world, It has

been reported that the quality of end nroduct and the economics of

proved, beyond any doubt, and thst they compare favourably with

those manufactured from woody plants. In Pakistzn alsc, some

grasses are used in limited quantity and blended with imported
pulp for the production of psaper.

and board manufacture" was undertazken with a view to utilize this

abundantly waste forest raw material for useful industrial PUTDOSES,

Its profita!

cconomy of the country but at %the same time it will create job

cpportunities for the down trodden people of these killy aress.

tiiese needies in the forest is itself a
nvigance and is the cause of firs in these forecsts, Therefore,

£l 2 bs ” o b
2e of assistance to the forest

In this report pine ncedles are used as a raw material
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procecss., The report is
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ticn of paper from pine nesdles. It is hor
of pine needles as a raw material for paper will cont-ibute to the

a

ievelopnient of the country,
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used as z raw material for tiie manufac—

ture of pulp and paper. At cresent, most of the common species of

£ the foreign countries
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for the preoduction of pulp and saper, The so called soft woods or

coniferous Woods are generally preferred for the manufacture of

e 5

strong papers, bzacause of the greater fibre iength of the cellulose
igolated from these wcods., The hiard woods, however, are finding

", |

increased use because of their agbundance snd because o

certain grades of csper, either z2lone or mixed with pulp produced
from coniferouc wood,

riz2ls have been used to

S
\‘1‘
S
‘J

produce cellulosic pulp for more than a cantury, They were

actually employed for paper manufacturse long befcocre wwood, Modern
industry, however, develosed on wosd because this naterdal was
available in large cuantitics from comparativsly small areacs

Moreover, weod supplies were plentiful and could be obtained

rom natural forests. Since mocst of the World's accessible

forests have now been explcited, wcod is not sc cheap as it used
to Dbee llon—wcody matariszsls are, tierefore, beins used increasingly
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er and pulp in order to meet the
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all over th
increasing demands. hort of wood are paying particular

attention to their develooment and zre trying to base their
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industries purely on these materisls. ileeds, bamboo, basasse, ... %
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TASL GwNOw1, 1

PAFSR NILLS OF TAKISTEI

1 1 1 1
S.lo.! HMName of Industry ] Location ! Raw material | FProducts
1 1 1 : 1
o 2 L 3 k4
1. Packages Limited Lahore Wheat Straw Brown Kraft
o ’
Cotton Linters PFriating
Waste Tager. FPaper,Bnvol-
2. Ldamdee Faper & Nowshera Kahi grass,
Board Mills. Cotton linters
lagacse Zerve—
Za £rass.
KN ndigli Peaper Sieikhupura Wieat Stra=W

(941

7

t54 Se

FPakistan Securit
Printing Corpora
tion.

Fakistan Iaper
Corporation Ltd,

Fak ™
sharoe
Karachi

Prianting
Paper, Writt-

Whsat EStraw,
Cotton Linters

ing Faper,
Duplicating
Faper,

Wheat Straw,

Waste TPaper.

Rags,

Cotton Linters

Q 'l
Sugar Cgane
bagassece.




BCARD MANURACTURIIG MILLS OF
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TABLB NC-1.,2

TLKISTLN

S.No.,

s
! Name
H

oot v

- e - -

1.

[«))
.

Sethi Straw Roard
Mills,

Lasani Straw Board

bl.allls .

{

Mehr Straw Bosard
{Aziz Indugctrial
. 'orporation),

Ghulam Gadir
Straw Toa d Mills

Dawn Faper &
card Mills,

W i

Central cord
bPoard Indugtrieg

FPackages Limited

Adamjee Paper
& Board Mills,

Lahore

-
=
O
3
(@]
=
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Straw
Straw,
Paper,

Aaeat
Fice
Waste

Wheat Straw,
Faper,

Adaste

Wheat Straw
dhest Straw
dheat Straw,
Waste FPaper,
Wieat St:‘aw,
Waste Tansr,
Wieat Straw,
Cottcen Linters
Waste Paper,

Cotton linters
Wheat Straw,
Kahi

he! .
,E"“t‘se

- -

Products

Strsw Board,
Chip Roard,
Paper Board
Grey 3Board.

Straw Becard.

Grey BRBoard.

Straw Board,
Chip Board,
Faper Board,

Card Board.

Duplex,
Kraft Llnc’
Fly Board,
Grey Board,

Card Board,
Duplex,

Grey Board,
File Board,
Card Board.
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Tesgidus, All these materialc can be used for the production of
paper, Such matcrials are being utilized for the manufacture of

£

a wide range of pulp and paper products in countries like
Netherlands, Italy, France and Germany which are shorter in wood.
As to the quality of the products and the economics of production,
it has been proved that non-wcody material compares favourably
vith wood,

In FPakistan three raw materisls from agricultural
acse, wheat straw and rice straw are
being used but ére not ©o abuadently eavailable to meet the
growing need of the paper industry, We will have tc loock for other
rav materials to meet the futurs demand ¢f our paner inﬁustrv; The
aper industry has drawn special attention
after the €peration of ocur Bastern Winge & few paper Mills have

been installed which are using bagasse as a raw material and other
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industry and unfortunately most of it was buvat by the sugar Millsg

&

in their boilers. Sui gas is now being used in these boilers,
Cowever, most of the bagasse is utilized as a fuel by the Gur
manufacturing units and small sugsr unite in the country. Paper
made from bagasse is of gocd quality and ie also blendedfrith

imported geocd quality pulp for procducing quality napers,

Rice growe abundently in Pskictan and in recent years,

It ic used tc some extent ac litter in cattle yards and as a

S

racking material for glass-ware 5t

-
o

mogt of it is burnt or just

left unusged in the fields. It has recently been used for manufac~



243« Pulping of Pine necdles:

needles. As the necdles contain oils and rceing, it was therefore,

taken and fed into the digester. The cooking iiquor of total

A el e -t s
C3d Ced TNITO s Narious

switched on and after about

S X
106 C, &t this temperature,

continue

re was releasced and then it was allowed to

the pressur

raising. &fter about 90~S8 minutes ,the temperature rcached 170 “C

temperature and pressure wzs kert constant for four hours. A4t the

completicn of the cooking time, the prescure was blown out cf

= « 3 A 2 i | B - - - | SRS £ e fes 3 ~
finding the residuai alkali, at the basec of the digeseter, The

pulp was then tzskcn out intc a mesh tray whers it was thorou—

ghly washed to and the goludle lignin compoundss

After thorough wes

2 =

Table 2. ¢ various cooke was kept at 20,
- ;& 1 5 - P Lo L2 T ~ ” A SRRy SRR X

The total alkali concaentraticn Bas been varicd for each cooke. The

liquor concentration of ccok I is 22% which ie maximum of all the
ccoks. Thae liguor concentraticn wae then pradually lowered for

¢ preceding cooks i.3. for ccok IXI it is 20% and for cook III,

At the end of table the crude yield of pulp is

izr the liquor concentration,
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the lower is the pulp production. In cook I, where 22% alkali

-

n used, the percent yield is 2646, whereas in cook II at

]

te

©

La

20% concentration, the pulp yield is 26% and the vdield % for the

cook Noo.III is 28 where 18% total zlkzli has been used.
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ipester is then subjected to the

o

rom the
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The pulp

§

screcening. After screening th
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freencss valuc is determined. The processcs of screening and beat-—

& <

ing are discussed in detail below.

chips togather with other foreipgn matter thst enter the system

such as stone, sand ctc, To producs = top quality pulp as well as

to protect subsequent ejuipment, such materiazles must be separazted

dirt, non fibrous cells and fibre bundlec with a minimum loss of
good fibre (ii) To improve fibre dispersion, The first function,

o >, L e o J s
The screens juct ghead of the parcer

contamination from the pulp thoroushly,

Kraft pulp docs hoet re

2

uire ae fine scrceaing as do

frequency rotary scrcens are uscd but in most mills of this type
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TARLE NO~-3,1

Screening data of the various Cooks
of pine nezdle pulp.,
1 1
] ~
Particulars ! Unit L Cook No.
! 1 1
4 0 t 11 il =
Crude Yield % 25.6 26.0 28.0
Screened Yield % 22,0 22.5 26,0
Actual loss on
C.De Raw material % 3.5 3ed 1.8
Rejects 7% Celil Ce 20 0,10
Loss of C,D. pulp % 14,0 1342 548
¢ 1 O "z ™~ T2
Brightness % G B 13.5 14.0 11.5
Kappa No - 30.7 33.56 35.3
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e Canadian Standard Freeness Tester,

Q
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Standard calls f
The freenaess valuc decreaces with increased becating and

consequently, the frecncss test is used to measure

o

nd control the
sults of the beating procese. With most pulp, the freeness

decreasee in g sligﬂtﬂy/sa ped curve as the time of be ating is

v

increased. The cereal straw are exceptions

@
[¢

y since

they show almost

a straight line decreszge in freeness with eating time, In the
& o

N

case of pine needle pulp (Table 3¢2), the freenese decrecases with

<

; : o S )
beating time, Freecness at 45 SR ( schopper - Rieglar) cor 550 ml

i

(Canadian system) arec regarded as standards. At this freeness

L

)
6]

value, the physical properties of the hand made sheets are
’ & ? o x

[g]
—f
o
~
[0}
=
.

For chemical pulp frem softwcod in the unbeaten statg have a high
freeness of 700 ml or more., Hard wood and gemi chemicel pulp are

round wood pulp have z lewest

W

considerably lower in frzenecss,

freeness of all being in the range of 50 to 200 ml,

result either from splitting and fraying long fibres which gtill

esgentially retain their lenpth or from cutting and formation of
much fines and debries. Fibre fines and debrice have a major effect

on strength progertics of peperc. Therefore, it must be concluded

that the freeness test ic onlv uascful for ccatrol

D

refining of a given typec of pulp over a comparatively narrow

range of beating or refinins condition,

Jede Beatinﬁ.

Beating is probabl r

endamental important

L}

Ce

(.)

&8

o

in paper mgking. Faper made from unbeaten stock is low in strength,



fluffy, porous and unfit fo

r most usecs,
beater stock is high in strength, dense
beaten fibres can be readily formed into

The principal effects

are fracture and partial

important
the fibres, decreas
formation of
specific surface of the

In general, beating

bad effect on others,

whereas paper made from
and hard in texture. YWell

of beating are physical
removal of

in fibre length, increase

paper mzker

a uniform shecst of paper,

and among the most

the primary wall of
in fibre flexibility,

the externisl

beating conditions to bring out certain properties without
detracting too much from otier propertics. By changing the beating

produce

procedure, it is possible to rapers from the same pulp
roscessing radically céifferent propcrtics,

In general, increased beating within the commercial range
increases beating strength, tensilc strength and folding endurance
but gradually tends to decreags tearing resistance. Stretch increa-

se by beating to the hichest

consistancy.

Incrcased beating tends

to increase emootiness, hardness and amount of fibre bonding of the
fibres, but on the other hand, tend to decrease the opacity and
lower the bulk and dimensgiocnal stability of the pzaper., Fries liste
two important recquirement of an easy beating pulp, it should
rcach its maximum bursting strength in a short time and it should
only chow a slight drop in tear and burst after it rcachss ite
maximum,

Beating data of the various cooks of pine necdles pulp
is pgiven in table 3.2.vith beating, the frecencss (Canadian System)
decreases and the drainage time increascs. The most important
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TABLS HC=3,2

Beating Data of various cookgc of Pine Needle pulp

1 1 '
Cook! Beating ! Volume 3 Drainage 3 Frceness
No. ! Time Lotmi)s o T $ o :
E (Meey 3 i _(Sec) L 0 =
I C 554 6 22 785
10 554 10 34 67C
20 €26 i6 45 550
30 600 24 54 460
40 576 40 61 390
50 600 60 68 320
II G 576 7 27 730
10 576 13 45 550
20 576 25 56 440
30 576 68 67 330
11X O 533 6 24 760
10 533 o 43 570
20 533 17 440
30 533 38 65 380
40 533 78 71 290




factor in the beating data is the beating time in which Sﬁ freeness

of 45 liohlgradec or 550 ml (Canadian System) is obtaincd., In cook

No.X it takes 20 minutes to ach Ehat

(@]

re

¥
(-

sénesse Cook MNo,IXI,IIX

f .\
m

take approximatcly the same time 1.6, 10 and 11 minutes respectively.
o = ;

At 45 SR (lMohlgrade) or 55C ml (Canadian System), the properties

of handmade gheests are mcasured an? are considered to be standard,

It is concluded that

to recach freceness of SR 45 or 550 mi.

A comperison of unecreened, scrcened and after beating

k
43

(‘7

cets show that unscreened ghest ic rough, uneven, very weak,

S

unwanted material and long fibrs visible on the shecet, whereas

=

screened sheet is uniform to somc extent, smcother and stronger
than screcned sheet. Shcet after beating is uniferm, even and

stronger. The properties of the sheet improve remarkably after



4, FIBRB DIMBNSICHN

Paper making fibre gencerally comprises a great variety

o
'y

of sizec and sharec. Not only therc ic a wide range in fibre dimen-

[4

sion among such different plant sources as confi®™arous wood,
deciduous wood, cotton, flax, hemr, straw etc, but also the Ffibre
of any one plant varizs considerably in gize and shape. Pibre
dimensiong are important in paper making because they influence
the density, gstrength, flexibility, smoothness, sizing and dyeing

properties of the paper.

©

4e1s Fibre Lencth:

4=

A long fibre is eccentizl for making strong

no paper of high strength is made from short fibres However, therc
ig a limit to which longar fibre will contribute to paper strength
because they result in sheetsz with "wild" and uneven formation,

A poorely formed shecet with thick and then arcas will have more

L]

qaro s to

(D

strenpgth, The limit for mogt paner making is in the ord:

*
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0
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(45
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6 mme Thigc value varies considerably due to such

of fibre length to diameter, head box coasistency and pressure
of colloidal agents.

Fibre length is not sc important mecasure of fibre qualit:
as it used to be in the past, In fact fibre length is an ceeding

important index of fibre quality

z

wetting or fibrillating equazlitics, since adeaduate sheet strength

O
o
3
%)
o
h
,‘J
o
3
b
L 5
i

can be cobtained only by m

2

3 TE R e A - i £ ¥ ~ S~ i -~ s i -~ - - =
bonding, which prevents the fibrs from slippage past one another,

i}
o

For cexample, North lmerican pulp from spruce a pins ugually

A

producece paper with burgting streagth (but lower tear) than

pulps from the scuthcern and western arcac of the United States,



although the latter has a greater fibre length, It hag Deen shown
that the bursting strength of gtraw pulss which have an asverage

fibre lenoth between 0«30 to 0.46 mm may anvroach under specisl

cenditions the bursting ctrength of gpruce pulps having a comparablie
average Fibre lenpgth between 1.2 to 1.8 mm, Furthermore, beating

increases the burgting, tensile and folding streagth even though

it tends to deccr

o
£
(6]
pl
ot
N
ot
[0)
o
fice
b
O
i+
o
o
La?]
1
&
"
o
.
ol
\’
o
F
O]
-
N
.
s
S
16}
e
(o]
b
©

ct
L -
D
=1
)
0]
L
=]
L)
:;\
o
Y
i
b2
(0]
]
(e
ot
sy
B
[
L)
[
O
e
D
1
}41

iamcter of zine needle blcached

pulp. It is cles t fibre length varies from 0496 to 1,71 mm,

%

€9
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{5

ki
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e

The thickness of the fibre is in the rance of 16 to 21 micrcnse
Comparing this with Table No,4.2 wiere fibre length and fibre

diameter of other sources of paper have been given for comparisgon,
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has approximatesly

o

fibre length and thicknecc ac othcr non wood raw matcrial. Its

It iz necesscary to k%now that a sheet of paper contains
how much short and long fibres. This is best illustrated by the

fibre length

£l
Y
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|ohe
o
.i

,
s
)
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£ pinc fibre pulp (Table Nos4.3)e It ic

ibre length ranges from D25 mm

papcr stcck regult in cutting and bruising of the fibre and in

therefeore,
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o
t
(%)
o
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dimensionse It is generally accepted that meny paper products

benefit from Seing comvosed of both long and short fibres cor
o] n

P a3l TSe The cho ¢ fibros tend to £ill the spacegc among
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omparigon cof
length,

5 e
ength "to ¢

making material for
] ratio of fibre

S.Noé Species E Fibre Length&?ibre ?iameteé Ratio of Fib
! ik (mm) = (Micron) tlenpth to di

1. Bsparto 145 2.0 166:1

2. Wieat straw 155 13.3 11331

3o Linen (flax 25,0 16.0 156°%1

4 Cotton (Staple) 18.0 2040 90:1

5 Bamboo Ze7 14,0 200:1

6. Jute 2,0 20,0 100:1

7. Ramie 140.0 50,0 2834

8. Manila hemp 7.0 18.0 39:1

O Bagacse 157 20.0 851

e Corn 1.5 18:0 83:1

1. Hemp (True) 20,0 22.0 9131

2. Conifercug wood Ze7=366 30=d3 76~8Cs 1

Se Deciduous wsod 1.0-1,6 38-=-50 50:1

Lo Ponlar Tk 21.GC 54:1

S Pinug longifolia 3.9 36.3 10754

6. Rice strav 1:5 8¢5 170:1

P~ Reeds 1.,0-1.8 8~ 20 80=S0
e. Pine nszedle i.2 1.4 63:1
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longer and coarser Fi] shows a favoursble
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brought about by short and

fine fibres.
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fibre pulp has in

of the came gpecifi-
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4.2, Coarseness of pulp fibre:

(.')

e

e coarsceness or ratic of fibre length to diameter is
an important fundamental property of paper msking pulp, The

coargenecs ig mors important factor in paper msking than fibr

W

length, since it determineg the felting characterictics of tt

"
(6]

fibres In the nast only fibre length was considered important but
recently ratio of fibre length to diameter igc coansider more

important tian fibre length.

The ratio of fibre length to digmeter ic given in Table

4,2 for = number o ngkings materialse In come raw material

i.es bamboo, coniferouc wood, pinus longifolia and linen which

have longer fibre lenpth, the ratio of fibre length te diameter

is highers But in other casss i.e, esparto, otraw, reeds, bDagasse,
even with less fibre length, the ratic of fibre length to diameter
ig higher . In the cace of pine neesdles, this ratio is 63 which is

compoarable with other paper making ma
Ls 2 geoneral rule, pulp fibres tend to dincrease in width

with increasineg fibre length up to = certain point beyond wiich

further incresgse in length

width remains fairly constant in any .

sh ratio

Cther things

of lenpgth to dismeter will contribute more towards the strenpth
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ture of board and writing paper., Rice ctraw Dossesges very gcod

tearing stren

becard,

imported pulp.

paper, which ic Deing ussd widely in the production of npaper bcard

an? is algo used in the manufacturs of many kinds of papers There
PP o 4 £ % ~

arec many grades of waste papsr, reo.zinc from clean trimminss and

cuttinz from convarting plants

are guite suitable for uce in many furnishes and can be substituted
£ . e~ o - o o - - -
ror at least a portion of pulp that would ve to be imported

b : r’\’_‘ < 0 - - - -~ 3 .
otizsrwise., ‘he better grades can also be uged for 2oard production

iere are a number of

generally below than that

s produced locally or imp

Jae

pulp is available, the use of waste paper may reduce, to scme

tihat has to be .ims

7
O
]
L« ¢
0]
C‘A

extent, the quantity of lonp
if the clean paper was originally of lono fibre pulnpe.

1e3. Pine Needles:
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Fine necedles are found zbund ly in north west regicn

of Fgkistan i.e., Dir, Suat, Kaghan, Tazara, lMurree Hills and parts
of Baluchistan., The pine necedles £ ed in this repcrt 'are the
matured needles have fallen on the.ground, The needles become
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TARLSE C=1.3

Production of FTine Timber in Takistan
(1974-75)
- [ 2
' y t
FProvince/Territory ; P.Wallicki | F.Roxburgia ; Total
- {cbm) : (cbm) : ( cbm)
— L k 3
INeWaFoTo 33,706 16,781 50,487
Tribsal arease 16,35¢ - 16,359
Tunjab i,268 12,808 15,106
Nerthern areas 1,982 - 1,582
Azad Kasimir 13,417 i9,090C 67,507
Total 101,752 49,679 161,441




ey

f -
&m.v . so.w .n o v 1& =)
O © 0 et e e ™ e
(9] = L2 o o [0} 2 o} [ m 13}
3 & . 5 o o o @ %6 bt
O » © @ () (6] A o o o o =
g 1 £ £ O & ® e 4 o a.w, A 0 Pw > . 3
& » 5 o il s I @l i Hiee e pdkl s
® < A e w4 4 g L = 3 P V) o o
; ¥ ! - > 4 e (= T bl o
i Q iy @ o Ea @ [0} il © o« 1o 3 ! 3 o
AR O £ ¢ © ® u < WS e L e g8 e e
. o o < 0 g B o R A s g o B
g o <t N o o @ o g Wl s _ e 0
o o) Q o i gt (0] 0 l . o P %) a.. e 1 o ;‘u A%
© IS XS © i iy RS & i el o) & "
[63] k) @ > (%) » & ot o 3 i i G £l = ® s 2
® s L o RS ot " nw b 4 = : e o 7
L o (] £ “o 32 - w b cw 5 ™~ ¥ r= oy o Ns) .
e 'l e) o - PR i i = h 0w o G ©
il 2 R - DR oo A TR S S R B
s » o w0 O = v A0 o ,w _m 12 .a p,a € ] ) w1
=] $4 @ s 2 & i A vl ,w. . o e o )
@ O © 0 0 R & B e A ; nd & .
st o, (5] Ty oo © 1 o W u Q (& 2 O @ £ O
c o o S oo > S : R R T L A G v g
i G . 0 oo o w b A 7 ‘ 2 4 £ & Ol by £1
(0] (6] .r/ ok o o o ““ © l it = ® (8] ey o P
€ 2 U St liged [0} o P 5 © tla Q 7 ol | 4 ) o
w mw Qo 4 or ¢y €4 £ i i i m_L x| .”J._ qlt—“ .w..” o |
(&) (3] ) : Y g % i L2 . ot o4
@ S 3 o a3 » .r i : w,. S > o P o @ o
e , ol e 3T = S gy R R R B e o Q.
.oy X ® (3 0 » o » o % % N bt © O
£ O Lo T oo 0 e ¢ 3/ i ; & & 15 0
o) e ) O v 0 i 5 + 2 B Mp W s pes &
(e o) o oid) © 63 o ] o ) Q G}
Hor: + vl Pl ©) P, . .L ﬂw t €3 42 (4] Lva G,
2 ® @, ™y v o n X mw ey s . 3!
f M SEER 0 i mzu Pl (&} LR © -t o )
2 6] RN I 5 ol 00 € o G © , (4] o) o /
£ ey w 0 o aa o o 2 St 71 ey i s
& g~ 3 o ® 1) & i o o o) L) o) 3
i o S ~ ) © - ’ o . 3 tt o i e e)
0 4 © £ I o 4 13 3 i ® o O A
- g0 g R = e & Ay
v e sy )] _J.s. 01 IR o) T @ ot
S| £ © - i 0 9) @ © v Q ) 0
i) - 13 G g 32 o e A o " vl ; A o owd ot
£A @ e o e 0 e ~y © 3 0 P b o 2 ; () @ ol (R ™
d (o O o © 0B O o il g o fai 4 v & [0} o o = o
(L8] Q o£3 6y el T St M < AN = ; bl B fol ¢ e o
Q) ael D = o S T 3 o gy " A wl . e SN R s
W e a3 R o i abin o i 2 © o) %3 3] Wi el
3 v e S o — i mn. 0] ot i o
d 4 R s ~~ & m-_ Y et “ v, = Mw cu. m.,w v 4] 2 vl 0%
™ o A : : '3 o - = o, o 8 it 0 7
T A e 4 g el R of = G e
R e ‘a4 7 are . e i g e e o L
4 o Wa u ¥ @ s (5] O] ¥ oo - i L o J
(o R ¥ = @ & ” % LA e 2 M o ) i
2 ) () ® © 4 0 nw sl o Q ot 3] ] 4 ) &
[ ] by Q > m) w4 4o (0] i <g I3 by i
L 2 - o Al . o o
gLy ; y TS e R
e e w i B, 3 R Bl
R 9] (%] 0 - = =] L o 0 S



(5] — - &)
@ (& (6] 1) ]
© (8! -~ 4 o e
o (e} £ - ! o oo ) o
ks € = & ) 0 e SR &~ © TH (] ™ (9] ©
- (N o v w o 4 . S| o) > o ) o Q - -+
v ~ ) @ (%) (o} .« (&) ! Q 0 €
N [} £ e} L ™ o (0] = YIS = 12 = Lt = o
®© o5y 1SS © =} 04 © 4a] @ v~ v W v o @ L ] @
e © o S e i e Sty B »
& $2 [ vt or4 v D 9] @ @ S o R R o
i * & © ] 4 L, 4 © © ® Lol S
> = © s 42 o S Y © il (-] el 2 fa (5] ad o o
(0] o o3 = = v W (%) tht v~ 9 0} (U] | ot ord (J]
- o B o) = -4 o (o} Q o 9] (0] e (it
4 (] Lo . © (0] o] 32 L ) ® £ o] » () I8
i . @ (V] o e L g 50 w (O] 42 = £ 4 .y
T M b 42 ) ® = R o S e 0} O
o] (0] (5] “iq 3 © . (@) (A ') o ty . (%}
Y - > [0} " @ (] © 42 (o) S 42 @ K 1 < . (0]
1 ¥ il €4 [®) o = £ (0] L o o o w5 £ L
(] Q () N 4 ol o &« = o 42 (%) A (4] (0] 0] ai
) » 0 ) €l (%] S o 49 + (0] o) & (o) o » 4
(0] 5 (%] 0] oy o ®» [ Uy (5] v R -l @ 2] U o
L fd o w4 o « - (% g o o L) 5 @ < 10}
(% ey = " = ! Y] ) (#)
'O : & © 1 v ) e
» 1 o o (0] (] O T ) o [O)
- (& © v (a8 s} © 9] {
o v L) ()] (] (W]
42 & O ) ) £ (0] O @
(6] (&) o O] 42 o3
o (9] (4] Lo, .4 v Q 42
e} 151 o : - [0} o I )
"y o3 - @ L] 0] o (0] oy [} %) ™
- o e 5 o o Q) = o e
Q . () = 4 O v v ) (. o} (W) v
£ ey = O (5y] o [0} [0 A o ) et @
E o 0} (V] iy m = 15 0 . o p
Q v 4 o © « 0 ¢ LY Q d
) % R B i Qe 55 O Q e
¥ 0] A v 1 e [e) fe) = §4 © (0] D 4]
.. o o CV ) 2 oyl - (6] (6] 3 Sl ey t )
Led 8 v k) 03 (0} b @ h® + O s} ¢!
) o © 3 Fall i © o Q 9 (& Koy » . £ (3]
o] o (] = .. (O [ o =~ =4 o L) KR
49 ef © > and ) » 42 S (o] ) @ )
W = o, - O <) = O & ) 5 0} . 16) O o
3 o] e} - ¥} o V] o o (4] « o vl (0] 0 12 o
“q Lo | (1} {1 O O ) (6] 2.4 - 3] o3 % © = .e 0 10} )
£ v~ > ) Q) v | 0] €4 ] 1 5k ) ol 4 o] & e
£ ® @ 4 o 9 = 0] ] ) 19) a 12 L P I )
D © 2] (% 2 v i Q = el &N £ ©® 0} . © o VRGO &
4 o o - 4 ] o & e ~ = ke 0 4
V] (0 [~} e | (] o el o £ [$)) O £h (@) (&} [} o @ g A
kv £ ® 4 O Q fut (] [ e $ " = © IR o o . o .
= O () %) i o .y I B~ o] ) 3 O = & 3 %]
(0] o ft o e [} t) = £ 1 . @
¢ & 03 ¢ ny O 0} : o o ) £ o) = o < o) t
O W @ 3 Q {9 > w4 g i < [ Q (6] © &
= w 2 $4 Ry ed ot o) ) o 4 p [0) € Al
o oo & o St §4 4 ® i od €4 e S 60 ol (o] o (0] o
L) + B! © © ¢ [ o o € o 42 ) " o 0 3 3 1) + <
v Q ] o1 42 ™ @ =] G «Q ) 3 o @ o 0 o v~
o o - v 42 €Ut o a3 -vq v 0 U &l o (8] 42 @ @ ™ (o ol [
o 0 Lv) §ur fo) « © = (o -3 o (8] o <5 w© @ | fu 0 v G (%)




1.4

-2

TAZLE I'C-

[ 5] (19 ] [y 0 ]
4 - B . . .
28 DTN e S
<&
=
\.U / Ll I
@
wf
~ Q (0}
@, &
oy, @ o
£ + (e T~ B cu o)
(@) (&) . . . . .
QO o ) B @) B @ < O
- (o) = -{ Al
) =
1ﬁ. 1
@ ﬁ ) - e e
(6] (o}
®» 5]
v @
b b RS (@) (=] (&) 4 <8 (o}
Q) p=d 49 . . . . .
@ o R W o) N < (&)
8 [ s (o] €9 N v
® fia
0 ® WA
i @
(&)} ) 2 D €
- - . - -
(&) e ] o % Tl
o Ll (4} v (&
] £ ey o0
. - . -
o (@] (59} -
4
€ <o b < L
- - - - .
ND o o i =
< < 2} s 2]
v @
Y] £ 0]
ol o} = 9] 4
= ~ @ [} 4]
] 2 §< 3 Q
13 w 42 (S (0]
(o] ® o) o
= EA [ ()
@ ) @i
= @ ©Q <9 v > ol
¢ £ vl L o et
(o4 = =AY ¢ W R - gy




w13

< 0]
© o =
L () 4 33 @® < v
® o4 a &~ (5] (i}
= [k [a oA o
RA} Q (&) et ‘o o $4 B (K] q ®© o
s} o © 4 3 £ o = 9} 0 oot e} & Lo
(%] 1 (6] o} (4] ) £ i 4 >y B S
L) 3 .M £ 42 e (%3] &
w » ¢ G} ® ¢} © » © (21 a2
= ] @ o <5 [0} € [0 4 - (3] o of (e}
(&3 i 0 » v & £4 0} 0 9} O G &
()] o] (5] QL Ll ol £t 0] « [6] * 2 (5]
i ® (0] el (o3 0] &) 4 o 4 i « o @
® = W ol ® + O o W o) 6] ) ey
(] 2 v = ¢t @ o Uy e
o Gl s (8] Y i ) o -l el (%) o«
X ® @ O it W o Lt 4 © el o] e
£ ™~ =y © o 32 © L a5} L4 (8]
—~ . L] Q ) oot o] ol (C] 0 At W a O
Iy ia @ H o O o L o Ly Lo o o o
o © 32 AL ® () Q (o) 8800 el ol e
() ot g 0 (O s () = 4 ) Ay
= S e Q (&) o3 (0] 5} 4 & O D
! (65} e <) RR) 4} v vy O ) < O @
o) e @ O] © O o) © O Q o e
] e & e Ca o« o2 i = Ry R ]
i 6] 5] (o) ER ) 0] o Lo SR . T
< o Kl > ) o € o 4 S5 W R
1 ) G . 4 1 B & R 2 T (1
[P fis O © w 0 £ £ Q
! .w_ © £ @ ) ) O
v & ey 2 @ ol J£3 g - % 4 (@
o 0 O $) (] 8} 1> o 5. £ [
- (] = ) e ) (@] [4F IR i UES 1
m ) ) o e « 0) 6
O £ <§ a 3 Q 2 Q) o
o ot 1 ® e L o t o R R S
(0] ] KY v = vt [®] £ S e D
(&) o -4 . (%) £ G
ot @ f ) » L = () ! © SI T o
o~ m .o O L (9] le) o} o 5] 43 | & < gl
@ 1 ! oy . b ) ol S 0 , ) O v o
i) ) o ) Qe L% w1 Z e 2 w L e
Qe il 2 (o) 1 0 - £ Q
5= (73] © ') = o i} . o © o CRE )
) [\ €4 O ) W (o] (o) (¥ f4 et
(i3] ¢l 0 ™ [ L] 3 = <) i (6] = o]
) Lo} (2 1 { i (#] U £ 49 2
B Q (W) 0] ) O o () 53 Q 8 v (&)
@ o4 : ) L 0 e (T o 0 5] v o
€ ) i 4] o3 =} o g A= ()] w Y Q (@]
Lo o ) £ 4 - o k8] 0] £
0 b o 4 R @ ey + & an o
[} (#] =4 O ool i (0] (o} © (@] @ £y
2 W O 2 Q £ o g £ A
© = @ < = P [0) ] o ¢ © = 2
@ 0 ) [0 0]
w3 [ () -3 ¥ © L ) Q 9} (5] (i) b -5 4
0] (0} 4 (o] ] o D (oo} 0] o3 33 4 s +2 O
3 (AR 4 o 0 v & + oy . £ « S b
o 1 iy [ [ o o &) ot ] [ (6] ¥
o O )] o [a) P, o, (6] -1 [ L8] «Q %2 i m
¢} Q ] Q 4 @ 3) o 3 & £ £ O +
o (5] Q €1 (0] o] .y o [ s ot [ o o 12 @
4 < o o = vd =1 = e} A o +2 =i &) a8 il [ &




2. PROCHBS55BS PO PULEY FROJUCTICH

2.1 Brief discrigticn of cooking orocesses:
Fulping is the startine chemical cperation in the paper

manufacturing, In this procesz thes wood cains are converted into

active chemicale in the cooking liquor such as sodium hydroxide,

sodium sulphide and scdium eulphite., The bind ling materials of
fibres are mostly the carbohydrates and lignin, Bes ides, solubdle

mineral sglts, resins, fats and taanins are also present in the

wood chips. lhe nresence of thcse mgterisls, in various species,
of wcod or othir agricultural profucts varies considerably., For

eXample, the percentage lignin in hardwcod Varies between 17-24%

)

kraft lignin is more condsnsed iece 4t comprised of larger
Mmolecule aggregatzss and hence, requires a longer period to: effect
the size reducticn neceesary for watzsr asnd alkasii solubil itye. The
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factor than broader fidbres of gimilar lenpth, For example, bagagcsce

(depithed) which are fairly short but have a2 high ratioc of length

to diameter make good faper making material excent for tearing

€3

strength,

and other raw materials are

5 us&d for psper manufacture, These raw material have a lower
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length is imported and mixed with locally available

pulp, with the result that

= opecral kind of paper shows that

better results can he obtained by usine more tlan one pulp in g

finigh than by using one pulp alone. Bach fibre of the finish will

Lathrop has iadicated that long fibred pulp produced from

3

fibres like sisal, abaca, remie when added to the ghort fibre

[¢

-~ < o ~ 71 oy - Fd Gy - = e
bagasse pulp will produce paper of very high tear

g

esistance, Pulp

from other long vegetable fibreg like sunn fibre, true hemp,

linsced or 0il flax fibres of the agave scecies, rag, thread waste,
cotton waste, bamboo pulp and soft wood chemical pulps can also

be used to improve the quality of the paper,



5. PHYSICAL PROFBRTIBES OF HAND KADE SUEBETS

Handmade sheets were made on the gheet machine, pressed
: S . o] ;
and dried under controlled conditions i.e. 70 F° and 50% relative

humidity. To secure the comparadle data, th

\“ﬂ\\—ﬂict always be fornod in the same w2y and under ths same conditiong,

so titat differences in the nzner will be caused cnly by differences

in the qdglities of the pulp. The purpose o
. s N\~ 5 7 2, e .

to derive information about the pulp as a paper mazking material,

Idea

L

L1y, test data derived on ctandard handsheets should provide
gome means of controlling or modifying the properties of paper by

suggesting adjustmente to the pulp trecatmants or Fibre furnish, The

5¢1. Dimension of

raser i.ce weight or
substance, thickness, and bulk affect nearly all strength deter—

determined in the first instance.

minaticn of paper,

¢ &

0}

i) Grammage or basis weights

unit area is obviously funda=

mental in all paper products. Papcer is ususlly measured in ream
which comprisec 480 sheete, but now sleoc used to cignify the gub-

stance of

U]

liot of paper. The paper weirht shall be exprecsed in

i._l.

at least two of the fellowing wayec (2) The equivalent basis weight

"

in p

(@)

unds for a ream consisting of 500 sheets. (b) The weight in

.

[
i ]
©]

. e 1. = 2 2 = fal: - o
uare metre., The weight of paper affacte 221 its

grams p

1



with the weight, In general, highest strength in relztion to weight

g
2
l\'l

L
W
v

o

s
14

i o

D
3

: ;
is obtained on

{

o C
& . — — . -
(g/mn”) of the three cooks MNo.I,II,III at 45 SR is 66,1, 58,7 and

61.0 g/mm respectively,

ii) Thickness or Caliper:
N Like weight, thickness also affects all physical propertice
and is nieasured in a micrometer as the dictance bstween two circular

of cook H0.I,IX,III at 46 SR ic 109, 102, 159 microns respectively.
iii) Bulk:
Bulk is the reciprocal of density of pacer and is expressced

(W]
(4]
i
o
[
b
|

Averape thickneegs of saner in micron

s
g
Substance in gms. per cquare meter

Tensile strength of npaper ie determined from the load

of known dimengions. The

of the individual fibres of the stock

3 s 1 e -~ Pl
b) The average length of the fibre,

¢) The inherent bonding asbility of the fibre surface
both in terms of bonded area and strength per unit
o

o}
f bonded area,

a)

~ 2 Tn - i 2
L

gt 3 > 1 o B T R . o : 2 PN
Eiat Tialdg is the predominant fesctor in telisile

has led to tie belief

plane surfaces under a nrecsure of 8-9 F.5.I. The thickness of shecta



strength, fibre strength playing = secondary role. The inherent
bonding ability of the fibres of s raper stock is of outstandine
importance in paper gtrength, It is well recognised that some.
pulps have a strong tendency to form interfibre bonde while others
have only a slight tendency to 4o so. The beatins and refining

the

< e o [

actdign has the effect of swelline fibre by increasings

imbibition of water, of runturing and fibrillating the fibre

N . e A =
surface an¥ of rendering the fibre more flexible and better able

-
o

an

(@]

to mat and contact neighbouring fibrese 411 these effecte en! e
the interfibre bonding ability of the stock., Fressure exerted
upon the wet sheet is also an important factor in promoting

bonding.

The tensile strength of pine sulp is increasing with

beating time for all the three cooks (Tables 5.1, 5.2, 5,3)., The
tensile strength for cook MNo.I,II, is the same (3.1 Kg/mm) at
0 T L) . -
SR 45. However, the tensile strength for cook No.III is less
iece 2,7 Kg/mm,

Breaking length is calculsted from tensils strength,

B}

! o

S
5]
b}
(Q
=t
o3
(]

ip of paper which if

Breaking Eength= 1,00,000 x Tensile strength (Kg) percent width
) i gquare metre.

For pine needle pulp, the breaking length increases with
o
beating time, The breaking length of cook No.II at 45 SR is fighest
(3543 metre)s Therefore, it is concluded that as regard breaking
length, cook MNo.II is the best,

563 Tearing Strenpth:

. g 2
ar a sacet of naper is an

o

of the paper. The force reguired to t
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TABLE NO=0,1

Physicel properties of the standard Hand Made Sheets
of unbleached pinc needle pulp ( Cook No.I Yo :
i Sy
Particularg . Units !
. . L.
B::B Time min 0 10 20 30 40 50
o
Frecnscs : SR 22 34 45 54 61 6e
Freences
(Canadian). nl 7¢0 660 5§50 450 41C 280
< o
Basis weight g/m” 63.0 60,7 65.1 6.4 6.9 62,0
Thickness micreon 144 114 109 9¢ 83 81
Bulk - Ze2 1.8 1.6 1.5 1.3 1.3
Bursting strength 1bsg/ 11.5 1444 20.4 21.3 2i.4 22.6
Sgedinch
2 ~
Bursting strength Kg/cm C.802 1,008 1,425 1,492 1,498 1.583
Burct f:ctf‘r‘ - 19.7 1‘5.6 21.8 (:2.1 24.3 25.5
Tearing strength g 30 29 27 23 21 15
Tear fac’COr - 47,0 47,0 41,0 36,0 34.0 SO.C
Tengile strength Kg/15 mm 2.43 2480 .19 e ld 3.74 3.88
Breaking Length metre 2570 3075 3266 3579 4094 4172

Folding Bndurance D/R 5 8 8 10 14 15
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indication of its performance in use. Feavier papers will have more

tearing resigstance than light papers It is often important to deter

5

mine the inherent tearing quality of fibrc independent of the factor
cf sheet weight., Por this tear factor is used,
i
\\/\w ™ £\ o
TeanFactor = 100 x tearing strensth (g)
B Basis we

~

N

fhe most important contribution tc tearinc strength

appears to be the effect of fibre length and interfibre bonding,

The tearing strength of pulp fractions, of blend of long and short

fibres and of pulps which have been cubjected to severe cutting all
demonstrate thst any reduction in fibre length will cause a oignie

ficent reduction in tcaring strenpth, This ic because the lonrer

£i

ibres tend to distribute the stresc over a greater area, OVEeT MOre
fibree and more bonds, while shbort fibres allow the stress to be

concentrated in g smaller

The tearing strength and tear factor of pine needle pulp

cook lo,II, the tearing factor is constant i.e. 30 up to
beating time of 20 minutec (Table 5.2). In cook No.III initially
(at zero beating), the tecar factor is the same as in cook No.I but
at SR 45, it ic the highest iecs 46, It is concluded that as far ac

tear factor is concerned, it is hipghest in cook No.III.

leét and most wid
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TARLE N0, 5.2

properties of standard Hand Made Sheets
g

d pinc needlc pulp

(Cook No,.,I1).

ke : - s
Farticulars s hndts
N '
: § z
Beating Tiame Min v 1C 20 30
Q ;
Freeness SR 27 45 56 87
Freeness(Canadien ml 67C 550 560 330
2 2 ) B 59 B
Bagis weight g/ 58.7 58.7 58.3 577
Thickness micron 123 102 92 83
Bull{ "o Q.O 107 1‘5 1.4
Bursting strength ibg/sqg.inch 12,0 15,6 17.4 18.4
Rl
Bursting strength Xg/ cm 0.840 1,162 1.218 1.284
Burst factor - 14.8 196 20.5 22.2
Tearinp strength I24 23 20 19 16
Tear factor - 30 &0 30 20
Tensile strength Kg/ 15mm 2¢74 3.12 S48 Je72
Breaking Length metre 3043 3543 a379 4298
Folding Bndurance D/ 3 5 e 8




to rupture paper when deformed in an approximate spherec of 1.20

incheg in dicameter at 2 controlled rate of loading. The primary

function of the bursting test is to indicate the resistance of
a paper product to rupturc in use. It is quick and easy and one

test is sufficient for both directions 6f machine made paper. For

thdg reason the bursting test has found almost universal use
-
‘\

throughout the papsar industry,.

Burst facter is often used for comparing two papers with

regard to their bursting strenzth and is determined as follows.
& [}

&
Burst factor = 1CCO x Bursting strength ( Kg/em®)
Basis weight

Tables 541, 542, 543)s Initially at zero beating time, the burst
’ b J 9

factor of cook No.I is 21.8 and

burst factor of cook Ho.II at 45 SR ie 19.7. Thus cook No.II

occupies intermzdinte positicn as regards bursting strength,

8e5s Foldingz Bndurancec:

PFolding endurance ig an

durability of

"3

apere This test is a performance test and gives the

best idez of scrviceability of paoper. Folding endurance measures

the number of times a strip of paper can be bent arocund a very

5 |

1 Wy 2 & REE 0 ; R SR S AT 0 . 23
mall cylinderical surface and back agoin in the onposite

0
]
(1

direction under standardized tension till it finally breaks at
the crease point.

ooy Te Aot SR T ~ SRR S o S B,
Ihe great limitation of the foldinpg endurance determinatior

1
9]
b
i
W
L]
3]
Q
ot
g
ot
W
%
o
]

Ve R =
EGL COVErs g very sn

imperfection in thic small area gives entirely a wrong indication,

th

(aX

- I : s
in each direction an

& large number of tests shotld be

«
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TABLB NO.E.3

Physical propertice of standzard Eand Made Sheets
of unbleacied pine needlec puln (Cook MNo.IIX).
1 1
- o . ' 1 ’
Parsigulars { Units !
p ' :
. 1 L
‘ e,
Beating timc Iiin O 10 4O 3C
2
Freeness SR 24 43 56 65
Freeness (Canadian) ml. 760 570 440 350
=3
Bauls "7\,1.!?;.‘?, g/m 60,‘\/ 61.u 59.5 59.5
Thickness micron 14 159 133 118

Bursting strength 1bs/sq.inch 10.6 1445 16.6 18,65
S o

Bursting strength Kg/em® 0e742 1.015 1,142 1,295
Burst factor ~ 12.3 166 1S.2 21.7
Tearing strength g 29 29 27 26
Tear factor - 48 47 43 43
Tengile strength Kg/ 16mm 1,74 2,73 2.99 5,06
Breaking Lengtl mctre 1933 2983 3350 3438
Polding Bndurance D/F P 2 & 4




TABLE HNO.

5,4

Streggth propertics

internclated values

45 SR (Degrcc of freenese).

Humbers

O
o
Q
w

o't e
e
o]
FJ.
(e}
@]
o = o+ = =

!
po <=

11 !

IIX

Tensile
Bregking lcngth

Folding Bndurance

metre

D/F

(0% ]

as Na,0 % 22 20
Ifin 20 10

Scce 16 3

- 1.6 1+7

- 21.8 19.7

- 41 30

gth Kg/ 15mm 3619 3.42
3266 3543
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average token,
In the casc of pinc necedle pulp, folding cndurance
- . - . ~ - 0
incrcases with bestings time of all the threc cooks. At 45 SR s
folding endurance of cook Mo.X is hichcst i.e., 8 =nd lowsst (2) i
cook No.II,cook Me,III hac a folding cendursznce of 5, It is concl
‘-\~
that\the folding endurance of the thrcs cooks is frirly low.
\.
‘5406s Comparison of the physiczl propcrticss
it is important to know the propertics of other raw

materials Pakistan fo

r

N

o

(4]

S

&

is 21s0 of intcrest knew the work alrc

possible future raw matcrialc produced in the countrys We will
first discuss the latcr portion,
o
Table 5,4 gives thc interpelotcd values at 45 SR frecnecs
of the three cooks., Comparing theo phyeical propcrties of somc of
the raw matcrials not usced in the country with that of pine needl
(Table 5,6); it is that the propertics of Buclyptusg,
banana and coconut arc superi to that of pine nece d;c.
Table 5.6 shows a compariscn of the pinc ncedle handmade
¢)

sheet at 45 B8R freenese of the already uscd raw material found in
the country. The various raw materials that are being uged are
lickcrin (cotton waste), Larweza Brase, Xahi grass, rice straw,
wheat straw 2nd bagasce, The physical propertics of lickerin,
barweza grass, Xahi gracs and wheat straw are superior to those
of pine necedle sheets, the properti cf rice straw are

omparable with thosce of pine ne €se The tear factor of rice
straw is lese than that of pine ncedle, The burst factor is almos

qu to that of pinc ncedle. Breaking length was grcater in the
case of rice raw and the folding cadurance of rice straw was

ady donc

production of papare.

on

It

gsome of the

>t
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TABLE NC.5.6

Physical properties of the various raw material
used in paper Mills.
i T T ' i T i
Farticulars i Lickerin {Barweza | Bagasse ! Bagasse  Kahioat ! Rice straw ' Whcat straw
' ! 1 Depith ! Raw y 39 SR : !at 16 8
2 : M e H H 3
Na OH 10.0 3¢2 3e5 345 - 5.0 N32 Co3 3%
Nz, So % - 12.5 14.0 14.0 - 12.5 10.0
Cooking time(iours) 6 365 3¢5 3¢5 - 4 3.5
Cooking Temp C° 17C 170 170 170 - 4 &
Beating time (min,) 5G 31 17 21 50 3G —~
Jreinage time (3ec.) 10 31 12 i1 12 25 -
Bulk 1.85 1.75 185 1.8 1.4 +f8 2¢3
Burst factor 3640 46,0 16.4 11.9 306 2442 31.2
Tear factor 250 74,0 31 33 3445 27.0 41.9
3reking lengtlr (nictre) 4500 - 2890 2000 4934 4620 6100
Folding Bndurz~ce (I/F 210 68 2 2 8 3 -




less than that of pine ncsedies It is concluded thst the propertics

of pinc ncedle hand made arc comparable with those of rice
straw.

Cocmparing the propcertics with bapasse (depith) and as a

ce made from bagasse. The tcar factor of pine needle (cook

N
No.I) ih; superior, while thot of Cock No.II is the same as that of

\
bagasse, The burst factor of pinc needle ig far greater than that
of bagasses 8imilarliy the breaking length of pine cdle sheet is
greater than that of bogasce., The folding cndursnce of bagasse ise

low as compared to that of pine needle. This shows that the

are superior to those of

properti of shecets of pine
b a aETOSSCe

The crude yield of bagassc depith is 34 to 37% while that
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of bagasse as a whole is 43 to 48%. It shows that

occurs in the yield of pine needlec which is 25,6%. OCwing to the

whole, it is evident that dinc necdle handmade gheets arc superior

good propcrtics of pinc ngcdle sheets =and low cost of raw material,

amentcd,
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From the above comparigon, it is concluded that to improve

utilize pine necdle for writing and printing purposes, it will have

to be blended with long fibred wood pulp.



6. BLBACHIIG

Bleaciing is an important stcecp in the pulp and paper
manuf acturing, This follows after the cooking proccse i.es the
pulp obtained from coocking and its subsequent screening and beating
g then subjcected to the process of blcaching. Actually bleaching

.

is a cyntinuation of the fibre purification beginning from the

X

pulping process. Juring the coogking, the adhcring hemicelluloses

beceausge of their low

registance to hydrolysss. An apprcciable portion of the lignin dis
also dissolved durine cooking, The residusl lignin is modified
glipghtly, and is largly rcecmoved by the blesachin

The main objcct of the bleaching proccss is to remove

fed
(2.
o3
o
o 5
)
r
[
Lo
]
(b}
(9]

residual lignin materiazl and the coleurine matcria

and to obtain white pulp having satisfacteory physical and chemical

properties. In sodz snd sulfate pulps, the lirnin and hemicellulosc
residues are modificd to a grecater extent, Theecec pulps are darker
and, therefore, reguire morg bleaciiing to produce the decirecd

of hardness, organic extracts, becteria and undissolved solvents
as these impurities adversly affcct thc bleaching and colour of
culpe.

The careful selection of the type of bleaching system

(6]

and the operating conditions, such as

consigtancy, concentration of chemical, pH etc. are esscential for
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Chlorinc and its compounds such as hypochlorous acid
hlorite, calcium hypochloritc, chlorine dioxide and

sodium chloritc containing "available chloring" are commonly used



for bleaching wood pulp fibres, chiefly becausc of their low cosot

The "availablec chlorine" content of ocuch a bleaching agent is a
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measurc of its oxidizir

and colouring matcerials in the unblzached fibre., Bleachkine of ruls
o L > -

is ugsually made by either Single-stage Hypochlorite Bleaching or

0

\\\\‘7§a}tistage Blcaching,

\
Gels Sinole~gctape Hypochlorite

B g . - .
Hypochlorites rcact readily with unblcached pulp to

ss compri

8.0

[0}
()

whiten or bleach them, The simplest bleaxching proce

()

single stagec operation, uging cither calcium or godium hypoch—
lorite on a chemical pulp, sulfite, gsoda, or sulfate. A great
number of pulps, especially those produced by the sulfite or soda
process, can be blcaciied to a brightncss of 80% with a single
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strength, Singlc hypochloritc stagec ic ustially not
sulphate pulps unlcos a low brichtness is descired.
The pH is maintaoincd betwesn S=11., This is maintained by
using buffered hypochlorite containing an eXccss of alkali to
neutralize the acidic substoncez formed during the operation, &t
a pH range of 8=6 undecsirable reacticns, rcsulting in the wenken
of fibres, occur, This may b: causcd due to the grecat activity of
hypochlorous acid in thic pH rangec. The congistancy varies betwe
4% and 16% and the tomperature is kept between 30 €° to 38 Cc.
Higher tempcrzture is avoided ac oxidation of cellulose may occur

which will result in the loss of fibrc strength.

62, Multistase Bleaching:

1. Chlorinztion stage:

1

In the 1st stage, the pulp aftcr scrcening and becating,

en
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i3 treated with chlorinc water., Thec concentration of chlorine is
usually kept at 7% of the weight of pulp. Higher poercentage of
chlorine can bec used keping in view the nature of pulp being used.
The reaction procceds rapidly and requires 4 to 1 hour for comple—
tion The T o« Son Prom Qw3 Nile thes temneratiire 40 maintaine
tion, ila¢ pid varics from 2-3 whilc the temperature igc maintained

= BEea 5} O, mae P S 4+ 4 ot 5 e mm 4

about 20 "C, The consistancy at this stage is kept at 3 to 4%,
The coutrol of pH is csscntisl in thic stage as chlorinc solution
varies in composition under Jdifferent pH (degrec of acidity or

Ty

9

3t

c¢lemental chlorine

h

changes to more hypochleorous
of the system is an importan
proportion of chlorine,

2

in the bleaching solution,
2¢ Alkali Bxtraction Stasgc:

vy

su!

nmaintainad

and hypochicrou

Tk

kalinity)e At the pH range of 2-3 it i

form of

2%

s acide With the rising pH it
id and hypochloritc. Thusy the pH
nctor Decause it controls the

hynrochlorousz acid
o oL

and hy-ochlorite ioans

60 °C to 70 °C. The reaction tim is usugally from 1 to 14 hour an
the pulp consistancy is kept at 10 to 16%.

In this stage, most of thec coastituents of fibres which
are alkali solublc are removed., Thc lignin rcmoval depcnds on the

of the lignin, the phycical nature of the

chlorinated lienin and thg chemico-~phycical nature of the fibres.
The extraction conditions such as pH, temperature, time and
concentration play vital role in the alkaline extraction.




3s Hypochleoritec Bleaching

The final brightness or whitening of pulp tokes place in

[0}

the 1ot and 2nd stages actuslly the fib-

ot
e
M

hypochlorite stage. in
res purification taokes place but ne bleoclhing, To.minimize chemical

and ghysical degradaticn of the fibres, the pH range of thigs gtage
Blould be preferably betwsen 9 and 17, Fulp strength dceccreases as

the pH drops below 9, The otability of the colour of pulp is alco

o~

affccted below thic pH, The initial pH ic by far the moct important

variable in the hypochlorite blcoching ctaze, Other voriables fzll

«©
J

in the following crder, temperature, percentage of available
chlorine and time, The pulp consistancy is kept at 8% whereas, the
temperature varies between 40-45 °C and the time period is two

obtaining
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hourg, The hypochlori

the desired whitening of the DUlp.e

6.3, Blcachine of nine needleg puln:

The blcaching of pulp, obtaiancd from pinc necedlcs, was
carricd out in the muitictass bleaching opsratiocne. As thé pulp
odtained by sulfzte process ie darker, sc they need thorough
bleachineg,

The results of bleaching of pine needies pulp are rccorded

in Tables 8e1, 642« In table 6.1 cne sample each of cook I,II and

III hac been bleachcd, The bleaching conditions are cimilar for all

the three samples in all the blenchinge stagee but the concentration
of chemicale (Total alkali) vardics in the threc samples. It is

evident from the reesults th=at, actunlly, brightnccs results in the

hypochloritc stase bileaching de.e. in the 1st gsample the brightness
in thc 1ot stage ic 24%, in the 2nd stage it is 28% while final

Drightnese of 61% is obtained in the lest stage of blcaching,

Similar is the cage with the somples of II and XII cookgse. The
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TABLB NC,6,1

Multi-stage bleaching of pulp of Pinc needles
cbtained from diffcrent cooking,

e

Particulars Cook lNo.,

<
)
e
ot
Q

b e e e o

I .- ; IXII

\\“\lefidity % 20 20 20
Totad Alkzli ac Na.0Q % 22 20 18
Chloriﬁaticn 1st s:gge
C1, added on O.D. Pulrp % 7 ¥ )
6 eteteniay % 540 3.0 3.0

pH (pH wasc not maintained during
chlorination duc to short time).
Bleaching temp, oC 25«30 25=-30 25~30
Bleaching time Hrs, 1.0 1.0 0
Residual Ci, 7% - - -
Losses during chlorinstion 7 3eb D 4,

Bxtraction 2nd stase

NaOH added on OD Puln pA 2.0 2.0 2.0
Congistancy % 10.0 10,0 18.0
pH _ - Over 10 Over 10 OCver 10
Tempcerature e 60~7G  60~-70 60-70
Time Ers. 1.0 1.0 1.0
Losses % 26 5.5 6.2
Regidusl NaQHE % - = =
Briphtness - o 28 22.0 14,5
Ca=hynochlorite Zrd stase

Hypochlorite added on OD Fulp % 3.0 340 3.,C
Congistancy % 5 5 5
pl - 746 746 7+ 6
Temperaturs °C 40-45  40~45 4045
Time Hrge 2.0 2.0 2.0
Losses % 2.0 Se2 Se1
Total Losses % 8.6 13.C 13.8
Blcached yield of pulg % 9i.4 87.0 86,2

=
-
=R
[
0
.

19.4 22.4

49,0 21.0

Bleached yicld on R,

()}
= 0
-
O N

3 <, b~ o~
Brightness G B




results of the table also revesl, that maximum of brightness has

o

been attained in the cage of 1 cook isece at the total alkali concen-—

tration of 22%, the brightness ic 61%. 4s the total salksli concen—

=

tration is lowercd i.e. 20% and 18% in the II and III ccoks respec=

tively, thc corresponding brightnecos of 49% and 2i% was obtained., It

he brightness, the

or in other words the

hipgher the chemical concentration, the lower ie the,pulp yield on
the raw materiale In cook III, the pulp yield has improvad consider—

cme much lowercds The results of the

0
s
o}
(5]
o
@
()

table indicate that pulp of cook III hac not becen complcetely purified
i.c. greater portion of lignin remaincd undigsolved, The residual
non-cellulosic portion in the pulp of cook I has been less whereas,
the pulp of ccok II hsas contzined slipghtly more residual lignin
than cook MNoels The blcaching conditioms chown under Cook I and II
in the tsble are, therefore, suitabl: for obtaining white pulp of
pine needlesse When higher whitencss is desired, the conditions of

cook I mavy be foliowed.

The percentages losscec in

of blcachinghgwe bsen given in the table., It can be distinctly seen

that the loss percent in each stage of bleaching is lese in the

oo > o A~ o 2 b 1
hio Balso revealies the fact that the more
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TABLE 110,642

—

Multi—-stage blecaching of the nuln of Pine needles
of Cook I and II,
2 ! ]
FParticulzars ! Units 4 Cook No
4 ] T
1 -
fo 1 I ! II
Sulfidity % 20 20
Tétal alkali as Na,0 % 22 20

alkali
Chlogénaticn:
C1, added on O.D.

i1st gtage

Consistancy

Bleaching temp,
Blcaching time
Residual Ci1,

]

Losses during chlorination

Brightness

L

i)
2
=
(a}

Bxtractio
NaOH

Regidual Naz0H,

chlorite: 3rd stage
oritc added on Q«J,pul

pH

Temp eratu i"O
Time

Losses

Total Lossecs

Bleached Yield of pulp
Blecached yield on Re.li.

Brightness

(pE was not maintagined during chlori-
nation due to short time).

o

Cc 256~30C 25-30

rs 1Q‘O 1.0

Hrse

p %
%

2,0 2,0
10 10
Cver 10 Cver 10

e -
Zed 5B
36.0 22.5
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properly the pulp

blecaching. As in

lignin are higher,

in the casc of ey have

. In tab pine cdic

“—

R

by fering the concentration of the bl

of two'cook I,II have bcen treated.

S

includs the cooking in

in Similarly the hysochlcori

S

(s o

6]

8 st

1

70%

bicaching ig

tivelye.

ol

inging fai
in concen
evident,

and under

$1° ¢cobk théen the I,

been

has

C

tabla

[N

S

afte

almost fully

the bleaching,.

bcen bl:

ompleted

in the

2

: o ti‘;e t_'rd

pulp yicld as

6.1 is

17.9%.

Percent losces in different stages of blgaching havec been
recorded in thc table 6.1, 6,2, Hinmler locs percentace ic evident
in the case of cock II canple. This Further rcoveals the faet thet

at comparitively lower alkali concentration

)

£

i

lipgnin m sult o S

i

th e

S

ext

’ hi

raction of the

rher 58ES

[0

18.5%

Me re—



maximum lossss occur in the 2nd stage of blcaching, In fact, in

the chlorination stage the non-~ccllulocic constituente of the

P

fibres arc converted into alksli soluble compounds which are

chinge, In the 3rd stagec

i

renoved in the

I

i/

minimum of the locses are indicstzd as most of the fibre binding

erials are removed in the ict and 2nd stape of bleaching. In

1 gubecequently improves thc brishtncss.
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7. CONCLUSIONS

1. For any raw materi or paper msnufacture it is

important tihat the material should be chear and abundantly avail-

ables Pine needle is a waste product of the forests and, in fact,
t service to the

% fo . . b . 1 . .
rest Jepartment ag it is the cause of fibre hazard in the
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ecdles annually and
then these arec burnt, Therefore, the ccilection of pine needles
will not be a problem. The importance ¢f this work will further
enhance as the Government proposes to set up a Taper Mill at
Manseihrae. As Manschra is s central place and almost all the forests
are lying in that regicn, the trangportaticn charges of the needles
will be icsce The Mill will utilize pine needle with other raw
materiale With the usage of the pine ncedles in the propogsed paper

Kill, the people of the area will be benefited

will be free of pine needles which will create a good pasture
condition for the qzlma? o Therefore, the utilizastion of pine

needie will result in the developments of the forestg}///,

2 The varicus trials of the cooking conditions show that
as the quentity of total alkali is increassed, the crude yield of
pulp decreasese. 3y ucing 18% total alkali, the crude yield of pulp

is 28%. HYNowever, when the concentration of total alkzli is increased

to 22%, the crude yield of pulp decrecasecs to 25.6%. In the former

yield ig 22,0%. Althouph this yield is less as compared with
other paper producing raw material, yet the pine needleg will not

be a costly raw msasterial., As the pine needle is a useless prcduct
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of forests and, moreover, its removal will be in the interest of
the development of forest in the country.
3 Chemical analysis chows (Table 1.4) that pine necedle

contains 31.5% of cellulogce, 25,6% lipnin and 10.2% pentosan, It

-

is comparable with sugarcane bagasse and Kahi grass, which contain
about 35% cellulose. The percentage of lignin is higher than that
of bagasse and kahi grass, while pentocan percentage is lower. The

ash percentage of pinc needle is 343% which is lower than wheat

L

etraw and rice straw and almost equal to Xahi grass., Much higher
ash percentage affect bleaching and cooking properties of pulp, It
is, therefcre, concluded from the chemical analysic that pine

needle is cuitatle for the manufacture of paper board,

O
)

4o An important aspect the bleached pine needle pulp

igs that its fibre lenpgth is 1.23mm and diameter is 1S.4 micron,
This fibre length is comparable with other materials being used
for éaper productione The ratio of fibre length to diasmeter is
63 which is also greatsr thaa most of

1.

production. Bagacse has short length fibre just like thoge of pine
needles pulp, generally ghort fibred pulp is mixed with long
fibred pulp in order to increase the strenpgth of the resulting
paper. It is bettar to blend ae each fibre will contribute a

7 associated with it which ccoculd not be

easily obtained from the sother fibr

(0}
-

(341

. Bleaching is an important property of the pulp. The pul:

b

which can be bleached to a high percentazec of brightnecs is con=
sidered to be a good pulpe Results of pine needle pulp show that

by applying multi~stage bleaching, 10% chlorine applied can produce

a brightness of 70% for cook No.I (22% total alkali). When the

2



total alkali is decreascd, the brightness also decrease with the
result that by apslying 18% total alkali, a brightness of 21% is

obtained, In cook No.,II by using total alkali of 20%,a brightness

=

3.

of 49% ie obtained, The yield of the bleac

3
4

&

pulp varies between

t ds

.

18 to 20%. Usually when the paper is of low brightness,
better tc colour the paper, ac now-a~days demand of coloured
paper is increasinge, Pine needle pulp with less brightness can be
uged for coloured paper,

6. - The physical properties cf the hand made sheets show
that at 45 S% freeness, the pine needle properties are éomparable
with other non-woody raw material and gr-assec. The physical
properties of the three ccoks differ (Table 5.,4), For example, the
burst factor of cook No.I (22% total alkali) is highest, while
tear factor in cook Nol.III (18% total alkali) is highest, The

tensile strength of cook No.I,II are the same ieece (3.2 Kg/mm) o

The bregking length of cook No.II (20% total alksli) is highest

m

(3543 metre)s. The choice of selection of any one cook dependg upon

the purpose for which the paper is to be used, If high brightness

pi tearing strength is

o

-
-L

e

is required, then cook No.I is best, If

per board and wrapping

L“)

required then cook No.IXI is good, For p:

[]

rmay be used as such (without bleaching). Fer

2

paper, the pine needl

this cook NosIII is best as at this ccok, highest yield (28%) is

0

obtained,

-

o)
the hend made sheets at 45 SR with

Lan]

7 A compariscn o

C)

other paper making materials used in the country shows (Table 5.7)
that the properties of pine needles pulp are superior to those ef
bagasse pulpe The teatr factor, bursting st rength, folding endurancc
and breaking length of pine needle sre superior to those of bagasse.

Bagasse is at preceat widelv uged in the canntry and do mivad wdeh
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imported pulp fcr the prcduction of paper., At pregsent 25% of the
imported pulp is mixed with 75% bagasse. 4&s the physicasl propertiec
of sheets made from pine needles are superior tc those of bagasse,

50 it means that less percentage of imported pulp may be used with

s
P
"
0]
L d
b=
¢

pine needle to get a strong fi t ig, therefore, concluded

that pine needle may be used as an alternative to begasse for the
production cf paper at places where bDagasse is not availables Pine
needle may also be uced as such (without bleaching) for wrapping
paper and paper board,

S Most of the raw materials, which are used, at present,

for paper and board making in the various mills, are also used for

rice straw and wheat straw are being usc

©
@®
@0
M.
-
@
.

other useful pure

as animal feed, bags fuel and Kahi graes in the construction

<

cGe

D
o
©

of houses, but the pinec needles are not used for any useful purpose.
Beside this, thers is another aspect which imparts it unique value
for use in the paper mills., It concerns with the abundant and
constant availability of theoee needlesg, which distinguishes it from
the other raw materials, nentl;x ed abové, as their availability
depends on the crop condition i;e. pcor crep would yield less raw
materiale. Moreover, pine trees dc not reguire cultivated land,. The
cost of this raw material is comparatively very low than the oOthe
paper preducing raw materials. It is, therefore, concluded that

the use of ‘pine needles would be more beneficisl than the raw

material used at present for paper/board making,

,,,,,, 52
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1- INTRODUCTION

After the creation of Bangladesh, Pakistan faced a grave
situation in packaging industry, as earlicr, the entire need of the
country was met by the jute produced in former East Pakistan, but
after 1971, Jjute became an import liability. At present large
quantitics of Jjute are being imported to meet the requirements of
the jute mills in Pakistan. Efforts are being made to cultivate
Jute on large areas of Punjab and Sind, but so far only a limited

qucontity of jute is being »roduced which i

not sufficient for the

(I’J

home consumption. Therefore, the nced for other raw materials to
partially substitute jute is evident.

The Notural Fibres Technology Division of PCSIR Laborat-
ories, Peshawar, hac started investigotions on utilizing the
natural Tibres of the country for the purnoses of substitution

of Jute. A number of fibres such as Sisal, Bindi, Sunn, Elephant

graoss, Kenaf and Ak were selected 2nd a detailed study was made

g

on these fibres. Somc work on Khip fibre was renorteld by
Agricultural University Faisalabad and on Banana ond Mazri fibre
by PCSIR Korachi. But most of these row materials are largely
scattered and supnly is irregular and limited in quantity. There-
fore, an industry basel on these row materiols nay not be
cconomical,

Pine needle is a waste nroduct of the forests and is.
abundantly available in North ¥Western areas of Pakistan. The

isposal of pine needle is a big problem for the Forest Department,

and also the material is the caouse of fire in the forests. The
Forest Department collects thcse needles annually and burns them.

Therefore, the collection of pine needle will not be a problem

for concerns intrestel in its utilization. One of the advontage
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of pine needle is that no extra land is required for its culti-
vation 2s the pine trees gshed the needles regularly.

Usually, retting is employed for the cxtraction of
vegetable fibre, but the pine neeldle is hard and the chemical
methods only are suitable for fibre extraction., The chemical method
employed for the extraction of nine fibrec is cheap and simple. The
fibre obtained is horsh and, therefore, methods have been devised
to meke the fibre soft. The fibre obtained can be bleached and dyci.

It is important to know the physical ~nd chemicel charac-
teristics of ~ fibre to evaluste the fibre for snecific purpoaes,
The physicol propertics such as filament length, linear density
and strength characteristics of the pine fibre have been deter-

= P )

mined. The composition of the fibre¢ such 2s cellulose content,

e

lignin ond ash etec. have also becn found out to evalunte the

J_"ﬁl.\ -

suitability of pine fibre for vorious uses.
The report consists of four chapters covering all aspects

of the problem. Apart from pine fibre, other vegetoble fibres

-

found in the country have 2lso been incluled in the renort for
comnarison, Likewise, the retting nrocesses have becen discussed
in ‘detail, apeart from the chemical process for the extraction of
pine fibre, Physical ~nd chemical properties of some of the

vegetable fibres have been included to make the report interesting

9

nd informative. It is hoped that utilizotion of pine fibre as a
Jjute substitute will provide job opportunities for the poor
people of the hilly areas., It will also contribute to the Purther

development of the Jjute industry.
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2 - RAW MATERIAL

2.1. Types of vegetable fibre as available in different
countries:

Fibres of plant origin are used in a variety of
textile and industrial products such as hessian cloth, bags,
carpet yarn ete. Of 2ll the vegetable fibres, cotton is used
extensively. Flax and jute are also best known for their exten~
sive use, Of the estimated 30 billion 1bs. of vegetable fibres
produced annually on commercial scalel, it is estimated that one
quarter of the said quanitity are other than the vegetable fibres
mentioned above, In this report all vegetable fibres are discussed
except cotton.

Vegetable fibres are generally classified in four
groups of fibre (Table No,2.1). The most important is the bast
fibre group. The fibres occur in the portion of the fibrovascular
area, generally termed the phloem, lccated around the woody,
central portion with the fibres under the outer bark or
cuticle of the stalk. The so-called "true" bast fibre or
ultimate fibre occur in bundles, with the end overlapping so as
to produce continuoas filaments throughout the length of the
stalk. The bast bundles of fibres are held in place by the
cellular tissue of the phloem and by gummy and waxy substances
that also hold the fibres to each other within the bundles. The
function'of the bast bundles is to give strength to the stalk
of plant, With the exception of flax and ramie, all the other
bast fibres are utilized commercially in the form of full
length bast bundles, In the case of flax and ramie, the

individual fibres are seperated during the spinning process for
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making fibre yarn., Bast fibres are also termed "soft fibres"
and the principal textile fibres in this group are Jjute, flax,
sunnhemp ramie and kenaf,

The second group of fibres is the leaf fibre. Here also
the fibres occur in bundles i.e, aggregates of individual cells,
with the end overlapping so as to produce continous filament
throughout the length of the leaf. The fibres are held in
place by the cellular tissue of the leaf and by gummy and waxy
substances. These substances also serve to hold the fibres
to each other within the bundles. The function of the leaf fibre
is to give strength and rigidity to the leaf and to give support
to the water-conducting vessels, Leaf fibres are often termed
"hard" fibres, because they are generally harder, stiffer and
coarser in texture than those of the bast fibre group, which
were utilized for textile purposes on a large scale before the
leaf fibres were discovered. Agave, abaca and pine apple fibre
are the most important leaf fibres.

The third group of vegetable fibre is the palm brush
fibre, which is usually harder and mostly used for brush making
and matting. Coir or coconut and para piassaba are the important
fibres of this group. The fourth group is the seed fibres,
which is attached to the seed-pods. Kapok and Akund floss are
the fibres of this group. The fibre of this group is especially
used for packing, insulation and life jackets.

If we look at the Table 1.1, it is evident that most
of the vegetable fibre are produced in Asia, Brazil end
Indonesia i.e. in less developed countries of the world. In
fact in some countries, like Bangladesh, the whole economy of

the country depends on jute., Thailand, Philippines and China
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TABLE NO, 2.1

Type s of vegetable fibre and their availability

Type of | Neme of ' Main fibre P Countries(availability)
fiore, ! femily ! :
Bast fibre Lime
(Tiliaceae) Jute Bangladesh, India, Burma,
Thailand, Brazil.
" Flax Flax Russia, Belgium, Japan,
(Linaceae) Luxumburg.
s Pae Sunn -or
(Leguminosae) Sunn~hemp India
o Mulberry Hemp Yougoslavia, China, Chile,
(Moraceae) Philippines, Brazil, China.
Mallow Kenaf India, Argentina, China,
(Malvaceae) Egypt.
’ Sterculia Abroma Philippines, Congo.
(Sterculaceae) augusta
Leaf fibre Pine apple Pine apple Philippines, China,
(Bromeliaceae)
2 Agave Agave Brazil, Haiti, Fastern Africa.
(Agavaceae)
o Banana Abaca or Philppines, Singapoure,

(Musaceae)

Palm brush Palm (Palmae)
fibre

" Palm
Miscellenous DBombax
fibre (Bambacaceae)

g Milkineed

Manila hemp

Coir or
Co=-conut

Para Paissaba

Kapok

Akund

(Asclepiadaceae) floss

Ceylon, India, Mexico, Jamseica

Brazil

Indonesia, India, Thailand
Combodia,

India

i

R.H, Kirly, vegetable Fibres, Leonord Hill Books Limited

London 1963,
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have also developed vegetable fibre industry. However, in
developed countries large quantities of synthetic fibre are used
as a substitute for vegetable fibre.

World production of textile fibres:

Table 2.2 shows the world production of textile fibres,
which shows that cotton constitutes 52%, vegetable fibre 23%,
men made fibre 17% and wool (scoured) 8%. The production of
cotton declimed slightly, while that of synthetic fibre have
increased considerably. The production of bast fibre has remain
almost constant. For developing countries , Iike Pekistan, the
exploitation of vegetable fibre is more economical than synthetic
fibre, Moreover, the exploitation of vegetable fibre requires
the use of indigenous raw material which are abundently available
in the country. But in the case of synthetic fibre, we have
to rely on imported raw material which is not in accordance with
the present Govt's policy.

Jute dominates the group of bast fibre, followed by
hard fibre, flax and hemp. Data with regard to the production
of these materials in 1960, 1965 and 1970 are presented in the
table 2.2. The volume of production of jute and related fibre
rose from 2.6 million tons in 1965 and has reached to 3.5
million tons in 1970, showing an increase from the 1960 level
by 36%. The production of other fibres i.e. flax, hemp and hard
fibre remained almost constant in 1960, 1965 and 1970.

Practically all jute comes from Bangladesh and Indisa,
each of these countries producing about 45% of the world supplies
of the material. The remaining 10% is grown in Brazil, Burma,

China and the Soviet Union.
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TABLE NO.2.2

World production of textile fibres in 1960, 1965

and 1970,
Type of fibre} 1960 | 1965 | 1970

"TOO0 Tons WPercent 11000 Tons Percent , 1000 Tons Percent
Flex 830 3 650 3 200 3
Hemp 380 2 400 2 400 1
Jute = 2580 13 3,300 14 3,500 12
Hard Fibres 940 5 1,000 4 1,000 4
Cotton 10,150 52 11,400 48 12,900 46
Wool (Scoured) 1,450 8 $,500 6 1,500 5
Silk 30 - 30 - 30 -
Viscose 2,360 12 2,965 12 3,600 13
Acetate 252 1 273 2 400 1
Synthetic 704 4 2,035 8 4,000 14
Glass fibre 100 - 175 1 300 1
Total 19,626 100 23,728 100 28,330 100

The LODZ Textile Seminars, Textile Fibres, United
Nations, New York, 1970.
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The second group of vegetable fibres that is of some impor-
tance compriscs the "hard fibres" and includes Sisal,‘manila and the
like. The volume of their nroluction has not chanzeld over the period
discussed here and amounts to about cne million tons. It is very
unlikely that the production of these fibres will expand further. The

reason for this is the increasing competition by synthetic fibres.

Position of vegetcble fibre industry in Pakiston:

Prior to the sepcration of east Pakiston, Pokistan jute

,I‘

industry was on firm footing. Apart from meeting the lemand of the

country, considerable foreisn exchange was earned by exporting jute.

b

Withe the creation of Bangladesh in Dec. 1971, Pakistan faced a grave

situation, as at th-

P

time only a few jute mills existed in West
Pakistan. Jute nroducts were imported in larze oquoantities to meet the
demand of the country. Priority was given to the establishment of
Jute industry in Pakisten with the result that in a period of 7 years,
three jute Mills were odded to the already existin: four mills.

{Table 2.3}, Uith the

o}

stablishment of more jute mills in the country,
the import of jute prolucts is decreasing, but the import of raw jute
is increasinz as evident from Table 2.4.

The Jjute inlustry in Pokistan devends largely on imported
jute, Jute is imported especinlly from Bongladesh, India, Burna,
Thailand and China. The qunlity of jute from Bangladesh is superior

1

as compared to t

+

1€ Jute imported from other countries. In order to

R

ndust

.

CD

place the Jjute y on firm footing, it will be necessary to
cultivate more jute on more area 2nd to exnloit other vegetoble fibres
of the country in order to use it 2s such or blend it with jute in

order to minimize the import of raw jute.

2.2. Vegetable Fibres already investigoted in Pokistan:

Pakistan is rich in various types of vegetable fibres. But
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TABLE NO, 2,3

List of Jute Mills in Psakistan

8 1
S.No, ! Name of Jute Mill ! Locat-ion ! Raw material used
Crescent Jute Products Jaranwala About 1-85% local Jjute
Ltd, Faizalabad Imported Jjute.
2e Thal Jute Mills Muzaffar Garh About 1-5% local Jjute
Imported jute,
< = Amin Fabric Kotri About 1-2% local Jjute
Imported jute,
4, Indus Jute Mills Dhabe ji- Imported Jjute,
Thatta
S Pakistan Jute & Korangi Imported Jjute,
synthetic Mills. Karachi.,
O Mehran Jute Mills Korangi Imported Jjute.
Karachi.
T Latif Jute Mills Bela Under installation.

Baluchistan
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TABLE NO. 2.4

Import of jute and jute products for 1975-76
and 1976 to 1977.

Jute and products

S.No. | \July 1975 June 1976 iduly 1976 ' June 1977
: P XN S o(adilficr WP B, (million)
53 Hessian Cloth 4,675 18,911 S0 18 6.127
2. Ropes 449 1.837 622 2.274
3. Twine 1,076 4,262 2,456 8.637
4. Bags, heavy Socks 1,259 7,523 639 2.199
5. Gunny bags 12,196 32,413 8,587 34,461
6. Hessian bags 775 3.337 539 13687
7 014 bags 214 0.573 28 0.634
8. Jute yarn 1,728 6.197 1,835 7. 006
v 35 Jute cutting - 6.197 - 7 .006
10. Others 254 1.006 578 2.561
Total 69.862 58.530

.x.

M,.T= Metric Ton. s

Monthly statistical Bulletin (1975-77) Statistic Division,
Ministry of Finance, Planning & Economic Affairs, Govt, of

Pakistan,
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unfortunately very litte effort has been made to exploit the
natural vegetable f-ibre wealth of the country. This need was
felt especially after the seperation of FEast Pakistan, The Govt.
also gave top priority to the cultivation of jute in the Punjab
and Sind, but so far with 1little success., The Wool Research
Division (Now Natural Fibres Technology Division) of PCSIR :
Laboratories Peshawar started an elaborate programme to investi-
gate the natural fibres of the country as a substitute for jute,
Some work on Mazri and Banana fibre has also been done in PCSIR
Laboratories Karachi and on Khip fibre at the Agriculture
University, Faisalabad, The following is the 1list of fibre which

have already been done investigated.

1., Typha Elephantina Roxb (Elephant grass):

Typha Elephantina is a leaf fibre abundantly aﬁd cheaply
available in marshy places such as the indus Delta, Jhelum and
Gujrat Districts. In a study of PCSIR Labs., Peshawars the
fibre was obtained by retting. The plant was scaked in water for

about a week, when the plant became soft and the fibre could be
removed easily. The fibre yield was about 40%.

As regard properties of Typha Elepheantina, the mean
diameter is 40.1 u and breaking strength is 83.4 gm. wt. It was
also found that the strength of root end is greater than tip
end, thus confirming Berkley6 et al results for abaca leaf fibres.
The strength of the wet fibre is greater than that of fibres at
65% R.H, which makes the fibre suitable for marine ropes. The
stress and tensile strength are inversely related to diameter.
This is in general agreement with Stout and Jenkins7 who showed
that the breaking strength of bast fibres increases as the

area of cross section decreases.
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The results of chemiceal analysis show that the fibres have
”approximately the same proportion of cellulose end lignin as com~
kpared to leaf fibres. The ash % is, héwever, high, The percentage
of hemicellulose is less than that in other leaf fibres. In view
of the above properties, the fibres may be used for coarse :

textiles, marine ropes and fishing nets.

2. H ibiscus Esculentus Okra (Bindi)

Okra (bindi) is a popular vegetable of the summer season
in Pakistan and is grown in almost every part of the country. After
fruiting, the plant is usually burnt. If the stock is collected
in the green condition and subjected to retting without drying,
useful fibres can be extracted. The fibre is white, light eream
or yellow, silky, strong in nature and of fine to coarse qualities
depending on the type of retting and maturity of the plant.

The characteristics of okra fibre, show8 that the mean
length of the fibre is 5 inches, which is less than the bast fibre,
The mean diameter (26.8 u) is higher than that of jute and flax
fibres, The tensile strength is 37.2 Kg/mm2 is smaller than most
of the bast fibrés, but it is close to that of jute fibres,

‘The cellulose content of Okra fibre is higher than those
of jute, flax and ramie fibres, but lower then hemp fibres. The
wax content is higher than that of hemp fibres but lower than
that of flax and ramie fibres, and is close to that of jute fibres.
The ash content is lesser than that of all bast fibres, but it is
equal to that of jute fibres. The above study reveak that okra
fibres are close to jute fibres with the exception of filament
length and cellulose content, all the other characteristics
resemble the characteristics of jute fibre. Okra fibre can be

used for ropes etc,
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3. Lilaceae Yucca, Glauca (Bear Grass):

From the point of view of fibre production, there are
two types of Yucca, the low growing stemless types and the long
stemmed Yucca which are tree like in growth, The yucca also differ
in flexibility of their leaves. Some heve rigid leaves while other
have flexible leaves, Yucca Glauca (S.R) 1lily family (Liliaceae),
comes under the later group of fibres, The plant grows wild in
abundance in Hazara District, but in some cases, it is cultivated
as ornamental plant, irrespective of the other types of the plant
of the same botanical family such as Sisal, The leaves are softer
in handle and the fibres could be extracted from the leaves
very easily giving a 90% yieldg. Even after two or three days
retting, the skin of the leaf and the fibres could be seperated
very easily. The fibres are obtained in bundle form and the
strends of the fibres are brown to creamy'colour like Jjute.,

Filament length of yucca fibres is 11.6 inches and the
diameter 40.1 u. This indicates that yucca fibre's maximum length
is greater than the minimum length of flax and ramie but smaller
than hemp and jute. The fibre diameter is higher than all the
four types of bast fibres., It is less elastic than all the bast
fibres. The cellulose content of yucca fibres in the present
investigation is higher than jute, flax and ramie but lower than
the hemp fibres.-The wax content is higher than jute and hemp
but lower than flax and ramie, The ash content is greater than
jute but less than flax, hemp and ramie, Due to its higher degree
of flexibility, with kore stiffness and less brittleness, it

can be easily used in the cordage and brush fibre industries,
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4. Ak (Calotropis Procera) Fibres:

Ak (calotropis procera) is a common wild plant of our
plains. It hes fibre in the seed floss as well as in the stem,
The former is short but the latter is long and strong. The fibre
when bleached can be spun by itself or mixed with cotton.

Direct extraction without steaming, retting etc.,, yields
the best fibre in terms of strength and colour but the productiop
is the lowest, reed length is low and the produce is entangledlo.
Light beating of the stems in the beginnfing with a mallet as
well as steaming assist in extraction. Retting in water, in
general, reduces fibre strength considerably., This results in
fibre breakage and consequent shorter reed length, A further
disadvantage of the use of water is that, the bark sticks more
securely with the pith and when removed results in much shorter
reed length, However, mild retting followed by partial drying
for a few hours facilitates extraction, Stripping off the bark,
followed by mild retting is considered to be the best approach
as retting does not then lead to consequent breakage of strips
and the reed length is high. _

The reed length varies between 2.7 to 40,0 cm, The colour
also varied from white to dull and the feel from soft to harsh,
The mean strength at "standard" atmosphere is 50.36 + 2,9 g/tex.
Under these conditions, the strength varies from 44.4 to 56.4
g/tex. These results are expected in view of the differences in
origin of the samples. Strength increases slightly with maturity.
At 65% R.H, the specific stress increased from about 42.5 g/tex.
to 46.0 g/tex. from the pre-flowering to the late flowering
stage, The values for dismeter were 19.2 to 22.8 u with a mean ol
21.6 u and for length were 18,3 to 21,8 mm with a mean of 19,71

mm, Diameter increases slightly with maturity. This increase
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is nominal up to the flowering stage. Length also increases
slightly with maturity. The ratio of length to diameter (L/B)
virtually remains constant averaging 927. There exists a positive
correlation between L/B values and strength i.e. the higher the
L/B value, the higher the strength. A comparison of strength of
twine of equivalent spyndle made from Ak and jute reveals that Ak
not only compares favourably with jute but is slightly stronger,
indicating the suitablity of the fibre for the range of end uses
dependent largely on such level of strength.

5. Sunn-hemp(Crotalaria Juncea) Fibres

Sunn-hemp (Crotalaria Juncea) is a cultiyaible plant
moustly, grown in India, Pakistan, Uganda, the U.S. and several
other countries. In the sub-continent two varieties of sunnhemp
are known i,e, Rabi and Kharif varieties.

The fibres are extracted either by retting in stagnant
water or in slowly flowgng water. Beside this, stripping and
retting techniques with mild alkaline solution also lead to fibre
extraction, The colour of the fibre varies from white to dirty
yellow,with the extraction methods,soil and climatic conditions.

11. The mean fibre stirength

The reed length ranges from 4 to S5 feet
is 32,06 g/tex. The strength of fibre increases with the increase
in relative humidity. At 100% r.h. the average fibre strength is
35.36. g/tex. The mean diameter of sunn~hemp ultimate fibre is
26.71 4 and its mean length is 5,¢3mm. The length to diameter
ratio i.e. L/B is 221.4.

The sunn-hemp fibres are used in ropes, twine, cordage,
fishing nets and canvas. Besides, the fibres are also used for

paper making particularly for cigarette and high quality tissue

paper.
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6. Cannabis Sativa (Bhang):

Cannabis sativa is sbundantly available throughout
Pakistan, especially in the tribal belt. It is a wild plant and
grows ever-y where up to 9900 feet and even higher, It is some
time called "true hemp", Three products are obtained from the
plant, i.e. fibre, oil and narcotics. In Pakistan, cannabis
sativa is a neglected plant but in some other countries of the
world, the plant is cultivated commercially for fibre.

The fibre is e=xtracted either by water retting or dew
retting. The latter method is common in Europe, while in Russia
and India, water retting is the common practice. The stalks
are tied in bundles and immersed in ponds or slow running streams
until the bark including the fibre seperates out from the woody
inner portion. The duration of retting varies in different
localities depending upon the temperature of water., In hot and
damp weather, 3-4.days may be sufficient, In cool and dry weather
1-2 weeks are required.

Cannabis fibre is white and lustrous. Fibre Length varies
from 11,7 to 17.4 incheslz. The length can be increased if the
method of retting is improved., The fibre is of 22 u thickness,
The bundle strength of the fibre shows that breaking strength
varies between 1006 to 1773 gm.wt. The linear density is also
comparable with other vegetable fibres.

Cannabis fibre may be used as a substitute for jute as
its fibre resembles that of jute in softness, length and fineness.,
The fibre may be used as a packing material, for the manufacture
of fine cordage, twine and carpet back yarn.

7. Khip (leptadenia pyrotechria):

Khip is obtained from wild plants grown over 30,000

square miles of desert area in the Divisions of Bahawalpur,
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Khairpur, Hyderabad, Quetta and Kalat. The length of Khip fibre
is about 1,5" and fibre finness 5.1 to 5.8 micrograms per inch%3
The average strength is 104,7 thousand 1bs. pef square inch. Khip
fibre has, however, been found quite suitable for hand spinning .
iﬁ'blends with wool. Good quality rugs and carpets can be prepar-~
ed from wool~khip mixture and wool~khip industries on a large
scale can be established in the cholistan area of Bahawalpur
Division.

8. Banana fibre:

Banana cultivation has been increasing for the last 10
years, The best species found is Musa cavendishii., Its local names
are Basari and Harichal., Banana tree constitutes a huge agricu}-
tural waste and continues to pose disposal problem., PCSIR Labs.
Karachi have therefore extracted fibre from the leaf of banana
tfee. The leaf ribs of banana tree are used for cordage. The
fibre content in the banana stem is 4-4,5%. The leaf stem fibre
is of superior quality, being higher in cellulose content. Fibres
in the outer sheaths are strong, while the fibre in the inner
core are soft, tender and thin, In view of smaller percentage of
fibre banana fibre is unsuitable for commercial exploitation

14

from economic point of view °,

9., Mazri fibre:

PCSIR Labs., Karachi is working on the extraction of .
fibre from mazri plent. Mazri plant is found abundently in Baluch-
istan and NWFP provinces. In the raw state, it is extensively
used in matting, ropes and a variety of handicraft. Due to high
price of mazri, it would not seem economicalfo extract fibre from
mazri, However, the fibre extracted mey be blended with jute

for package industry.
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10, Sisal:

Sisal is obtained from the leaves of the plant, Agave
Sisalana, which is available in Hazara and other areas of
Pekistan., The leaves are fleshy and require mechanical decortic-
ation for seperation of the fibres. The strength of the fibre is
higher than jute. It is mainly used in the manufacture of twines,
ropes and cordages, Sisal fibre is especially useful for marine
ropes due to its moderate resistance to deterioration in sea
water,

11, Other vegetable fibres:

Work on Kenaf, Jantar Kapok and some other fibres is
being carried out in the Natural Fibres Division of PCSIR Labs.,
Peshawar, But so far no data has not been published.,

From the above, it is evident that a number of vegetable
fibres are aveailable in Pakistan, but so far only Laboratory work
has been done on these fibres. Actually no fibre is being used on
commercial scale at present in the country. The major reason fgr
this would seem to be that no pilot plant facilities are avail-
able for conducting such trials in the country. Moreover, data on
economics of the fibre, the estimated quantity etc. is not
available, The main criteria for any fibre to be suitable for
package industry is that at the factory géte the raw material
should be available at a cheap price and it should be available
abundantly and regularly. At the moment, the only major use of
these fibres is in the cordage industiry. In order to utilize
these vegetable fibres for commercial use, it is suggested that
feasibility reports of individual fibres be prepared and actual
trials of individual fibre and in blend with others be carried

out to know which types of end product can be made from them,
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2.3 Production of Pine Needles:

Pine needles are the product of species of "Chir" pine
(Pinus longifolia) which are abundantly available in North _
Western areas of Pakistan. Pinus longifolia is abundantly avail-
able in ngara, Murree Hills, Azad Kashmir and to some extent
in Swat and Dir areas. These needles are longer than other
species of pine and in the range of 6-10 inches. Generally
pinus longifolia is found in the forest up to 6000 feet altitude.
The other type of pine i.e. " blue pine". (Pinus wallichiana)
is found abundantly in Gallis, Kaghan and to a lesser extent in
Murree Hills, Azad Kashmir and Baluchistan. The needle of this
type is shorter in length than chir pine. Blue pine is usually
found between 6000 to 12000 feet in altitudelsv
The mature dried needles from pine tree that fall on the
ground are dark brown in colour., They lie under the trees of
these forests in the entire bed of the forests area, These
needles are not put to any useful purpose., In fact, the presence
of these needles is a bjg problem for the Forest Department due
to the following reasons.
5 They check the growth of new plants and thus create
hinderance in the expansion of these forests,
2% The needles stop the growth of grasses which are
essential for the animal life,
3. The most stricking disadvantage of these needles is
that sometimes, they prove to be the cause of fire in
the forests,
4, When the needles are moistened, they are slippery and
occasionally result in incidents causing servere

injuries or loss to humen life.
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TABLE NO. 2.5

Area of Forests and Rengelands under the control
of Forest Departments (thousand hectores) 1976-77

Provinces ; Coniferous Irrigated ,; Scrub ., Rangelands
1 ! e ! 1

NW.F.P, 854,7 - 4 269.5 $at

Punjab 672 115.8 328.2 2;702.1
Sind - 69.6 13.4 454,34
Beluchistan 2307 0.8 596,9 37 1.6
Northern Areas 284.9 0.8 658,0 2,104.4
Azad Kashmir 367 .95 - 129 202.4
Total 1,690,0 186.5 1878.9 5,836.6

General Directorate Bulletin No.9 (Forest Economics
Branch) Pakistan Forest Institute, Peshawar,



The Forest Department collects these needles annually and
burnsit. Therefore, the collection of these needle is not a
problem, Moreover, the very removal of these ncedles will result

in the development of the forests. :

. Table No.2.5 shows the area under forests of coniferous,
irrigated, scrub and rangelands. It is evident that most of the
areas of pine trees are located in NWFP, Northern areas and
Azad Kashmir, The total area of coniferous forests is 1,690
thousand hectorslG. The pine tree sheds the needles throughout
the year. Therefore? the supply of these needles will be constant
throughout the year. The best and economical way is to establish
small plants near these hilly areas like Mansehra, Murree hills,
Kaghan, Swat and Azad Kashmir for the extraction of pine fibre.
The pine fibre can be transported to a nearby jute mills, thus
reducing the transportation cost. In this way the people of hilly
areas will benefit as they will get employment and the waste pine

needle will become a useful industrial raw material.



3. EXTRACTION OF FIBRES

Generally the bast fibre is extracted by retting

" process and leaf fibre is extracted by crushing and beating. For
this, special decortication machines have been manufactured for
extraction of the fibre. Pine needle is very hard and the fibre
cannot be extracted by retting. Beating or crushing will not‘be
of much use, The only suffessful method of extraction is the
chemical process., Various processes for the extraction of
vegetable fibres are discussed below,

3.1 Retting processes:

Retting is the most important process in the production
of fibre, If retting is not carried out properly, the fibre may
be ruined or the quality lowered. Retting cannot improve the
fibre which is in the plant, but proper retting can ensure that
the original properties of the fibre are maintained and not lost.

To understand the retting orocess, it is necessary to
consider the nature of the bast fibre and the position in which
it is situated in the stem, If a stem be examined in cross section,
certain definite layers can be observed. The outside layer
consists of a waxy covering called cuticle which envelopes the
next layer, the epidermis, The epidermis has stomata or pores
and it is through these that the bacteria enter the stem at the
beginning of the retting process., Beneath this epidermis is
the 'cortex' and inside the cortex are the bast fibres. These
fibres occur in bundles in the pericycle, each bundle containing
individual fibres or ultimate fibre cells and one bundle

represents one strand or filament of fibre,



<on.

The process used for this isolation is retting or
rotting, by which the stems are submitted to the action of water,
fungi and bectaria, which decompose the material surrounding the
woody part of the stem but leave the fibre bundles intact. The
soaking in water softens and seperates out t he straw and at the
seme time expells the air and extracts the water soluble materials.
The various bacteria and other micro-organisms which are present
on the stems, or in the small pieces of soil that are attached
to the stem, then develop rapidly if conditions are favourable
and bregk down the straw. The organisms which are commonly
responsible for the retting are sporeforming bacteria which are
regarded as variants of a single species. During retting the
bacteria enter the stem through the stomata. If, however, the
retting process is allowed to go too far, the cementing material
binding the fibre together in the bundle will also break down.
The great art in the retting is to know exactly when to stop
the process so that the natural characteristics of the fibre
are unimpaired, This art can only be acquired by experience and
although the retting process itself is a very complex bio-
chemical and biological process, there are no scientific yards-
ticks which can be used on their own to indicate when the retting
should be stopned.

The time taken for retting depends on a number of
factors e.g. the temperature of the water, the nature of the
water used and the crop itself which varies, of course, from
season to season and from batch to batch., One of the most
striking facts about the retting of fibre is that is a highly
complex scientific process which is carried out by persons who

generally have no scientific knowledge whatsoever. Good judgement
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and considerable experience on the part of the retter are required
if best results are to be obtained. The two main retting techniques
are dew retting and water retting.

1) Dew retting:

Dew retting is best done in the spring, as in 1ate
autumh or winter the temperature is often too low and difficulties
are experienced in drying the retted fibre. Moderate humidity
(which can be provided either.from dew or from rain), wermth and
freedom from wind, provide the ideal conditions for dew retting.
A shower of rain just after the plant (flax or jute) has been
spread on the ground not only helps the retting but 2lso helps
to weigh the plant down, preventing it from being blown about by
wind,

The time taken for dew retting depends on the prevailing
weather conditions and the present in the soil of the necessary
bacteria or fungi to start the retting. Moulds gnd other fungi
are the principal retting agents in dew retting. The average time
taken seems to be from about three to seven weeks, but under
really favourable conditions retting may take only two weeks,
whereas under very unfavourable conditions it may take as long as
three months. To test the progress of the ret, stems are taken
out periodically, dried, and broken at short intervals along the
stem and moved backward and forwards, If retting is completed,
the wood or shive sepecrate out easily, although the best method
of testing is fo dry the straw and scutch it.

Dew retting is cheaper than other methods of retting,
as it requires no capital expenditure. However, it has many
disadvantages. It may take long time, depends almost entirely on

weather conditions and requires the use of fairly large areas of ..

=
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ground which cannot be used for any other purpose entil retting

is finished. Where the cost of labour is high spreading
eand turning can also be expensive, From the commercizl point of
view, the main disadvantage is that no control can be exerciscd
over the process and this is why it is used for poor quality straw
which is not considered worth retting in water.

2) Water retting:

The better quality grades are retted in water, either
in rivers or ditches or in retting tanks or vats which have been
especially installed in factories orAn water retting. However,
whichever medium is used, the principles involved in the retting
process are much the same. Before retting, the straw should be
classified into different qualities or grades and any bad straw
should be removed from the bects or bundles., Sometimes the beets
are put into the water singly or sometimcs two beets are tied
togather with two or threc bands. Retting in rivers or ponds may
take between two to threc weeks or longer, but much depends on
the speed of flow of the river and its temperature. The temperature
of the water is important and water at low temperature (around 60F°)
is normally considcred unsuitable,

3) Warm water retting:

The modern method of rctting, however, is with warm
water and in this method the¢ retting process is made to start and
procecd more gquickly. From the commercial aSpcct,'the mcthod is
more efficicnt, as a proper control can be kept over the retting
process, so thet the best recsults can be obtained from the point
of view of fibre qunlity. However, the¢ capitol cost is high
comparcd with that for cold water retting in rivers, ponds etc.

One of the chief couses of faulty or difficult retting is the
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use of two little water for the¢ amount of straw which is being
retted, Unless gufficient water is used to dilute tﬁe acids
produced during retting, the baeteriac will be destroyed or reduced
in number and retting will toke much longer time. The temperature
should be never above 76 F°,

4, Double retting:

This process is used for good qunlity flax or other
vegetable fibres, The main rcetting process is almost completed in
the first ret, while the sccond ret is only complementsry to it
and is carried out by the offspring of the surviving spores of the
bacteria from the first ret. Where the straw is being retted 'in
rivers or ponds, it ié retted for between five and seven days and
is then taken out and allowed to dry in the fields. It is then
commonly put in the water ogain for the second ret, alternatively
it may be stacked and kept until the next season for the second
ret.,

The second ret will normdlly only last for about one to
two days, If warm water retting is being carried out, the first
ret will last about three days and the second ret about one or
two days at the most. The varioction of the double retting method
is merely to leave the straw in the tank after the first ret, empty
the tank and refill it with fresh water in whic h the straw is
left standing for about two hours. The tank is then emptied again,
the straw being left standing exposed to the air. The second ret
is then carried out in the usual way. This method does not give
such good result but does, of course, save the labour and cost
of unlomding and re-loading the tanks and drying the straw before

the second ret.
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The advantages of the double ret are that most of the

obnoxious materials are removed in_thé first ret in which the

soft tissues have been broken down, In the second ret, although
some fermentation does go on, it is not so rapid and consequently
there is far less danger of over retting thon with the single ret.
One great advantage of double retting is that it gives the retter
an opportunity to examine thc straw thoroughly after the first ret,
so that 'he can estimate with fair accuracy the time that is likely
tq be reaquired for the second rct.

3.2 Extraction from leaf fibres:

Usually retting process is applied in the case of bast
fibre. The fibre is extracted from the leaf fibre by the following
methods.

(1) Hand stripoing method:

The hond mcthod consists of drawing the strips or
"tuxies" while the leaves ore still fresh, between the edge of a
knife ond a hard smooth wooden block attached to a light frame.
The knife usually has serrations in its e¢dge and the more numerous
the serrations are and thc greater the pressure which is put on the
tuxie, the finer will be the fibre produced but the lower will be
the yield, Owing to the harder work and the higher waste in
producing the finest fibre, when prices are low, there is a
tendency to produce the coarser fibre which rcquires less work and
involves less waste., After strinping, the fibre is hung on bamboo
poles or wire lines ond 2llowed to dry in the sun as quickly as
possible, It is thepntied up in bundle and graded,

(ii) Mechonized Hand Stripping:

Iand stripning is laborious work and by this method only
small quantity of fibre can be produced per mon per hour. There-

fore, to obviate somc of the hard work which is entailed in hand
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étripoing, a machine known 2s the "Hagotan" is used. In principle,
this consists of a sglightly tapered, cylindrical block attached to
a spindle in front of the knife. The tuxies are inserted under the
knife in the usual way ond the other ¢nd of the tuxic is wound
around the block on the spindle, but the extfemc end is still held
in the hand by the s =tripper, The spindle is driven by a small
engine and 2s it revolves, the stripper gives the tuxic a stendy
pull outwards, away from the knife. The revolving spindle hclps

to pull the strips under the knife, thus saving the labourer the
hard work of pulling the "tuxie". The block ~nd knife used are
similar to those used in hand stripping. %hen one half of the

tuxie has been cleoned, the tuxie is reversed and the other portion
is cleaned. Despite the obvious advantages of the "Hagotan" machine,
however, a considerable portion of the crop of the fibre in the
Philppines is still produccd by the ordinary hond-stripping mcthods.
This is rother costly for growers, who only produce small quantity
of the fibre,

(iii) Decorticaotion machines:

Decortication machines have been built in Philippines
and Indonesia for decortication of Sisal and abacs leaves. There
are minor differcnces in the machincs but the mein principle is
the some, The fibre from such machines is known in the trade as
"Deco" fibre or decorticated fibre, The machine can deal with
35 to 40 tons of stems per hour 2nd the whole stem is put through
it, no attempt béing made to sepcrate the outer oand inner sheaths.

For the extraction of abaca fibre, a Japanese firm has
made a machine known as "Kawshara machine", In this machine the
tuxie is f¢d in by hoand. Decortication is done in two continous

stages, one half of the tuxie being cleoned on one decorticating
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drum and the other half on a second drum, following which the
fibre is delivered 2t the end of the machine on o conveyor belt.

Table No.3.1 shoWs a list of fibres of the different
faﬁilies and their extraction methods. It is evident that all the
fibres are not retted. Some of the fibres like ramie, sisal,

XXX X xxxix x pine apple , obaca ‘are not retted at all and
special machines have been manufactured to extract the fibres,
Only two fibres i.,e. kapok and Akund floss are used as such and
their collection is the main problem. However, the majority of
fibres are obtained through retting process.

In Pakistan vegetable fibres are not extracted on
commercial scalc. The only vegetable fibre used in the mills i.e.
jute is produced in limited quaontity in the Punjab ond Sind. The
limited Jjute produccd in the country would re¢sult in low quality,
because thc¢ farmers do not know the retting methods ond morecover
sufficient water is not avaiiablc for rctting purposes. In other
Jute producing countries like Bangladesh, Thailond and India etc.,
the people are fully trained in the retting process and sufficicnt
water is evailable¢ for extraction of the fibre, In Pakistan , the
cultivation of Jjute is introduced recently. The farmers are not
aware of the retting process with the result that the quality
of jute produced connot be maintained at 2 high level at present.
The concerned authorities.may start an elaborate programme to
.train the farmers in re¢tting process, so that in future the

quality of Jjute is not lowered due to retting process.

The pine nee<dle is very hord ond it is not possible to
extract fibre with the common re¢tting process. Chemical method is

best suited for the extraction of fibre from pine needles, but
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TABLE NO. 3.1

Various types of fibres ond the extraction process,

EZNO.E Name of %EB;;k} Botanical name i Extraction process
1. Jute Carchorus Capsuloris Retting
colitrius

e Flax Linum usitatissimun Retting
3. Sunn “or Crotalaris Jjuncea Retting

Sunn-~hemp
4, Hemp Cannabis Sativa Retting
8. Ramie Bochmeria nivea Hand/Scrapping
3% Sisal Agave Sisalana Crushing/Scrabbing
T Henequen Agave fourcroydes Crushing/Scrabbing
8. Abaca Musa textiles Hand/ Scrabbing
9. Coir, Coconut Cocos nuciferan Retting
10, Parsa Piassave ILeopoldinia piossaba By hand
2 i 1 Kenaf Hibiscus Connabis Retting
i 8 Abroma augusta Abroma auguste Retting
13. Pine Apple Anonos Comosus By hand /Crushing
14, Kapok Cieba pentaondra Collection as such
13, Akund floss Calotropis procera Collection as such
16, Broomroot Muhlenbergia macroura Collection as such
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the chemicol used should be cheap ond the process should be
simple. In the present w-ork two methods of extraction are used.
‘In the first method commercial sodium hydroxide is used while in
the second method commercicl sodium carbonate is used. The two
processes have been discusscd below:

1., Sodium hydroxide method:

The following methods were ~dopted for the extraction
of fibre by varying the concentration of sodium hydroxide,
temperature ond time of treatment.

i) The pine necdlece 28 such were boiled for 30 minutes in
4% commercinl sodium hydroxide solution. The sample to
solution ratio was about 1:50., The sample wos then
rinsed thoroughly with water, dricd at room temperature
and hand carded. The colour of the fibre was brownish
and the fibre yield was sbout 51% (Table No.3.2).

) In this method, the concentration of sodium hydroxide
was kept 2t 2%, but the time of boiling was increased
to one hour. The colour of the fibres obtained was
brownish ond the fibre yicld was sbout 53%.

439 In this method, the concentration of sodium hydroxide
was képt ot 4%. The necdles were kept 2t 2 temperature
of 35~40 C° for 24 hours. Usually this temperature
occurs in the summer season., The fibres obtnained by the
method were brownish in colour, Fibre yield was higher
(obout 61%) than the other methods.,

iv) In this method, the ncedles were treated with 2% sodium
hydroxide sogution for 48 hours at 2 temperature ronging
from 35-40 C°, Fibris obtained were brownish in colour
and the fibre yield was sbout 58%.

Table No.3.2 shows the yield (%) of pine fibres by
using 4% sodium hydroxide solution for 30,60 minutes boiling. The
yield at 30 minutes boiling was 51%, while that of 60 minutes
boiling was highest i.e. 61%. Fibre yield (%) of 2% sodium hydroxide
at 45 minutes boiling was 53%,

Table 3.3 shows the strength and ¢longa2tion by using 4%
sodium hydroxide for 30 minutes boiling time. There are large

-variation in the strength of individu2l fibres ranging from
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TABLE NO.3.2

Comparison of fibre yield (%) by sodium
hydroxide =mnd sodium carbonate methods.

T : : ?
Particulars wSodiun Hydroxide Method - Sodium Carbonate Method
1

i

: % yield yield %
Sample No.l 51 52 62 80 69 68
- Semple N o0.II 50 51 60 75 72 65
Semple N o,III o2 o4 63 79 70 66
Semple No,IV 53 o3 62 74 Y3 68
Sample N o0,V o0 59 61 1e e )
Me an 51 53 61 76 70 66
Sodium hydroxide
% . 2 4 4 e B
Time of treat- :
ment (Minutes) 30 45 60 30 45 60

Temperature C° 100 100 100 100 100 100

T DI A A A 1, A A TS bk AN A5 L P S 184 s @ btk S e e




~83s

TABLE NO,.3.3

Strength and Elongation of Pine fibre extracted
by using sodium hydroxide (4%) for 30 minutes.

S.No. Strength : Elongation
: fgmawte ) o = %
1. 63.9 S 7
2 60.1 0,1
3. 61.8 2.9
4. 61.2 Oe5
S. 73+1 5.0
6. 96.1 8.5
T 52,9 8.3
8. 53.2 5.6
O 53.8 Be
30, 02 .8 7.3

Mean &8.1 5.8
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52.8 to 73,1 gm wt. The mean value of strength is 58.1 gm wt.,

2. Sodium corbonate method:

As in the case of sodium hydroxide method, in this
method also, the concentration of commercial sodium carbonate, time
of treatment and tempersture hove been varied for the extraction of
pine fibre,

a) Known quantity of needles was boiled for 30 minutes with
4% commercial sodium carbonate solution. The ratio of sample to
sclution was kept at 1:40. After the treatment, the needles were
washed with water repeatedly and softly beaten with wooden hammer
and washed again, After partial drying, the fibres were carded, The
fibre obtained were light brown in colour. The yield of fibres was

in the ronge of 72-70%.

b) The needles were boiled for one hour with 4% commercial
sodium carbonates solution. The fibres were thoroughly washed,
While the treated semi-fibrous necdles are still moistened, they
are rubbed against a hord surface or thoroughly with honds with
the result that the fibres are senerated out. The fibres were light
brown in colour ond the yield was in the range of 55-68%.

e) The ncedles were boiled for 45 minutes with 4% commercial
sodium carbonate solution, The fibres were washed thoroughly =nd
beaten lightly to obtain fibres. The fibrcg obtained were of
light brownish colour and the yield was 69-72%.,

Table 3.2 shows the yield (%) of pine needles using
4% sodium carbonate for 30-45 and 60 minutes boiling time. It is
evident that as the time of treatment is increased , the yield
decreases. At 30 minutes boiling, the yield is highest i.e. 76%.

At 45,60 minutes boiling, the yield is 70 ond 66% respectively.
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? TABRLE NO.3.4

Strength =and e¢longation (%) of fibres
extracted by sodium carbonate method.

Tibre | Somple No,I !  Semple No.IT ! Semple NowIII
No., 1Strength !Elongation ;Strength Elongotion otrength  Elongation
P {pmowk, ) ! % is(pmewt ) (%) Yo (gm,whs) (%)
13 PO Bl 677 6.8 60.9 Fot
2, 72.9 gl 61.8 4.6 53.9 769
3. 66.5 6.4 56.3 9.0 76 .9 Lol
4, 73.9 545 60,5 10.8 710 6.4
55 58.0 8.3 50.2 6.8 59.4 4.8
G 70.0 8.6 SHsNe 9.4 63.2 7«6
¥e 63.0 a3 92,9 Te 57.6 745
8. 69.0 0,9 62.0 8.3 3.0 2l
9. 71:8 7:8 64.0 9.0 61fO 7?2
104 - - 59.95 B 55 .4 6.0
Mean 68.0 7.07 61.8 746 Glad | 6.8
Concen-
tration® 4 4 4

Time (Min. )30 45 60
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Table No.3.4 shows the strength -nd clongation using
4% sodium corbonate for 30,45 and 60 minutes boiling time. It is
evident that the strength ié moximum (68.0 gm,wt,) at 30 minutes
boiling and about the some (61,0 gm wt) at 45 and 60 minutes
boiling.

It is concluded that sodium carbonate method is
superior to that of sodium hydroxide me¢thod as the yield (%) is
highest 2t 4% sodium carbonate ~nd 30 minutes boiling-and about
the same (61,0 gm.wtd at 45 and 60 minutes boiling.

It is concluded that sodium carbonate method is superior
to that of sodium hydroxide method as the yicld (%) is highest
at 4% sodium carbonate and 30 minutes boiling. The yield is 76%.
The strength is 2lso moximum (i.e¢. 68.0 gm,wt,) at this condition.
Beside this, the fibres are superior in feel and lighter in
colour in comporison with the colour and feel of the fibres
obtained by sodium hydroxide method. Moreover, the use of sodium
carbonate is not only economical but 21so harmless, whercas
sodium hydroxide is expensive as well as corrosive and in certain

cases it reacts with the vessesls used for extraction.
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4, CHARACTERISTICS OF PINE FT -#

4,1 Physical properties of nine fibre:

There seens to be little work carried out on the
characteristics of vegetable fibre in comparison to such aspect
as harvesting, retting and marketing etc, Moreover, the properties
of vegetable fibre vary with the stage of maturity of plant, soil,
clinatic conditions, retting process etc., Therefore, large
varintion occurs in the nroperties of vegetable fibres which
should be properly investigated, The word pine fibre has been used
in this study to mean the technical fibre or the filament and nét =2
ultimnte fibre.

1, Fibre Fin-eness/Linear Density:

The fineness of a fibre is the dionmeter or thickness of
its cross-section, normally this will be¢ the thickness of a single
strand or filaoment, which is itself n~de up (in cross section) of
& munber-of ultinate Tibres, The Tinencss will depend; theretore, on
the number of fibre ultimates in the bundle and the diameter of the
ultimates, The fineness depends on the plant from which the fibre
is obtained and also whether it is i sten or a leaf fibre,

The fineness can be expressed in 2 nunber of ways, either
in terms of the dismeter of the cross scctionsl orca or the weight
per unit length ( linear density)17. The tecx system has been
adopted by the A.,S.T.M. 28 a standard unit for designating the
linear density of a textile fibre,. The tex value is the weight
in groms of 1,000 netres of the fibre, The linear density of the:
fibre is determined by direct weighing on 2 vibrascope. In the
present work pine fibres of various length were weighted by an

accurate chemical balance and the corrcsponding lengths were measured,
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Table 4.1 gives the lincor density of 17 samples of pine
fibres., It is evident thot there arc large vaoriations in the values
of linear density between the samples (ronge 90 to 137 ug/cn), the

nean value being 114 ug/en.

2. Strength Choracterigtics:

A certain nminipun strength is o necessity for any fibre
that is to be used for naoking y~rn}8 Because of this fact attention
has been pnid to the neasurcnent of s trength of fibres ond to th§
effect of the ncthod of monufaocture. In the course of these opera-
tions the fibres ore combed with steel pines and mnde to bend round
various fluted rollers noving at fast speeds, so that unless the

fibres are sufficiently strong,they will not be 2ble to withstond
guch treatment ond the strength of the finol yorn will be unsaotis-
faetory.

The strength and binding properties of the fibres are
thus very inportont ond in the case of hord fibres it is estinated
that fibres in the sliver will have lost os nuch as 28 percent of
their strength owing to the bending and picrcing dctivities of the
gill pins and the fraction of the fibre against fibre and of fibre
against the pincs,

Table No.4.2 gives the strength characteristics of
individual pine¢ fibrc¢., The fincness is exprcessed in nicron a2nd in
tex, systems. The. tencecity is expressed in tex only. The fibre
fineness ranges from 145.2 u to 165 o u, nean being 1583.7 u. In
tex value, it vories from 24,0 to 27.6. Thers arc great V2 riations
in the strength at breaokincz point of pince fibre (range 41.0 g2 wt.
80 gnn wt) the meon value is 58.7 gn wt. The meon tenacity is 2.17

g/tex and the meon tensile strength is 8.14 Kg/ mmz. Elongation

at breck is 2,7 (range 2.0 to 4.1%). Therc is no relationship of
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T.A‘BLE NOo . 1

Linear Density of Pine fibres

Sample No. 7 Length E Yeight E " Linesr Density
; ; (em) & (ng) ; ug/cn
N 18.9 220 116
2. 20,8 2.40 115
5. 19.2 2,85 117
4, 17.8 2.10 118
5. 2iad Fa8d 110
6, 19.3 2.38 128
75 15.9 1,43 90
8. 20,5 2,49 121
9. 18.1 1 90 105
10, 17.4 1.80 105
11, 10.8 1313 109
12, 194 1.40 104
18 9.1 1.06 116
14. ~ 10.4 1.26 121
15, 10.9 1.50 187
18, 11.5 LR 108
17. 9.9 1,15 116

Mean 1555 1576 114
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TABLE NO.4,2

Strength characteristics of individual pine fibre

Fibre | _Fineness

T TStrength |[Elongation Tenacity

Tensile

Noe L Tex Bicron! ema.wte. | % z/tex strenzth kg/mmz
£ 3 20,7 152.8 44 3.1 180 2.38
& 2052 1616 50 2.0 1.91 2.76
3. 31.0 165.0 65 3.1 2.10 3.03
4. 26.9 1038 U8 2.0 et 3.91
5. 2748 155.4 80 .1 2.91 4.20
6. 26.3 i52:0- 75 3.1 2.85 4.12
T 24,0 145.2 4 2.0 Taad 2.0%
8. 26.0 181,878 4.1 2.81 2405
e 27.6 155.8 :1 3.1 1.49 2,14
10. 26,0 154.0 52 2.0 1.93 2.78
Me an 26.8 153.7 58.7 2ol 2417 3.14
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brecking strength with di-mcter or areca of cross secction in the

case of pine fibre, This is not in accordaonce with Stout and Jenkin's
observation who have shown that the breaking strength of bast fibres
in-creases 28 the area of cross section decreascs,

Table 4.3 gives the nean valuces of strength choracteristi-
cs of pine fibres. There ore variations in individual samples, but
the overall pattern is thc sane as given in Table N o0.4.2. The
overall nean elongotion (%) is 3.1 and tensile strength is 2.87

kg/mmz.

3. Comparison of wet and dry strength:

The strength of fibres alters when they become wet and
it is importont for some uscs to. know their wet strength 28 well os
their dry strength, Although ccllulose cbsorbs water, it is never-
theless insoluble in water., The foct thot fibres are able to
absorb woter internally is extremely inmportant from the point of
view of their end-use; for if they could not absorb moisturec
internally in.demp atmosphcres, surfoce condensation would take
place on them 2nd clothing made from then would become clammy and
unpleasant to wear,

It is important to know the¢ behavious of fibres soaked
in water., In nost of the cases, the strength properties change by
soaking in water for 24 hours. In the cases of Sisal and Elepha}t
grass, the stfength increcscs and also the clongation (%) increases.
In the case of pinc fibre (Table No.4.4) the strength of the
individual fibre decreascs ané the elongation increases. The mean
strength of 67.7 gn., wt. decrecses to 32 gre whe thus strength of
each fibre is decreased by overall 36 gn wt. The nean elongation

(%) chonges fron 5.4 to 7.9% an overall increcse of 2.6%. In
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TABLE NO.4.3

Mean values of strength characteristics of pine fibres

1

Sample ; Fineness

7 [} 1
'Strength iElongation! Tenacity

o = — = o

Tensile s%rength

Yos ) o %ex i emawEs 1 W . B/Tex g/mn
1? 88,5 55,7 3.8 1.67 2,42
2 33.0 57.4 4.0 . g5l
3. 29.8 54.5 3.8 1.83 2,64
& 26,4 §7:1 3.1 2. 1 S.18
Dié s B Stel Bfé 2t 2+30
O 26.0 56 .4 e S lY 3.14
Fe 24 .9 56,1 2.8 2,25 8,25
8. 26,9 58.7 2.8 2.18 5.18
9. 26 .4 50.0 3.2 1.89 2.%78
10. 27 .4 §4..5 gt 1.99 2.87
Mean of  28.83 §5.7 Bl 1,99 2,87

mneans.,
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TABLE NQO.4.4

Comparison of dry and wet strength of

pine fibres

Fibreg DRY 5 WET 5Decrease ianncrease in
No. | Strength Elongriion » Strength [Elongation 1Strengh relongation
e el e bl gt g : L

T 70 Tl 50 o 20 4.3

2 30 2.9 18 1.4 12 8.0

3. 130 Sl o0 Tad 80 1.4

4, 55 5.7 30 10:O 25 4?3

5. 60 el =0 8.5 20 1,4

G, 65 731 25 T 40 O?O

¥ £ 65 5?7 23 4.3 12 1.4

8. 57 5.7 26 st 81 1.4

9._ 02 4,3 18 ¥l 3% 238

10. 90 el £0 %ol 50 O?O

13 ) 577 26 537 19 0.0

ig. 35 2,9 22 8.5 28 536

13, 70 1.3 26 T 14 2?8

14, 106 4.3 52 l0,0 o4 537

15, 85 ey 30 857 58 0.0
Mean & 7+9 e 36 2.6

67«7 Dot 32
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deterning the suitability of ony fibre for tcxtile purposes a
fibre which becones strong in water or in sca water is suitable
for fishing net and norine rope respectively.

4, Dinension of ultinate fibre:

The determination of dirmensions of ultimate fibres is
inmportant as the propertics of yern of 2 vegotable fibre depend
largely on the dinension of ultimate fibre, One strand of Jute
fibre as used in spinning, which nay be asbout 5 to 10 fect long,
will be nade ﬁp of five to twenty or sometines nmore ultinate
fibres in its cross section, whilst a strand of flax will contain
about 10 to 40 ultimates in its cross section., Such & fibre strand
is, in fact, a single fibre bundle as it occurs in the plant. A
singlc strand of jute about 6 feet long may be nade up in its
length of og mony 28 700 ultimﬁtc fibrcs overlapping cach other
along the length of the strand, Howover, as in the case of ramiec,
the ultinate cells are conparatively long, the single ultinate
cells con be used for spinning on there own. Gencrally, the ultinate
cells are too emall to be used on their own except for paper
making and the fibres used for spinning ore stronds consisting of
- numerous single ultimate cells bound togather.

Table 4,5 shows the length snd diameter of ultimate
fibres obtained from fibres. It is evident that the diameter
varies from 27,2 to 36.2 u, 2 nean value of 32.3 u, There are
variations in fibre length also (range 10 to 16 mm), mean being
13.3 mn.

4,2 Chemical composition of pine fibres:

All vegetable fibres are primarily cellulosic and in
nost instances, before fabrication into textile products, the

-

non-cellulosic compounds are renovel by various purification
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Fibre No. E Dianeter i Length
Eha u bt B o

1. 36.6 12

2 36.2 14

3. 2736 il

4, 31.8 15

B 32.4 13

6. 31,6 16

7. 29.0 14

8, 29.4 10

2 58 3.6 16

10, 31.4 1%

13.3
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procedures. Cellulose is the most obundant natural polynmer, being

a major component of 211 plants. In the solid state, cellulose is
strongly hydrogen bonded, both inter and intramolecularly through
nany hydroxyl groups. Because of this hydrogen bonding and also
in Yiew‘of its molecular weight, cellrlose is insoluble in normal
non-reactive solvents, The present of cellulose in pine fibre is
about 60,0% (Table 4,6). Bevan chlormation method is employed for
cellulose determination,

The total number of units in 2 cellulose chain is known
as its degree of polymerization (d.p.). Since cellulosic fibres
consist of many chains of different lengths, the d.p. of any
cellulosic fibre represents the average length of nony chain
nolecules of which it is composed. The physical properties of

o

cellulosic ond other namromoleculor fibres depend to a great

extent on the d.p.,, the degree of crystallinity aond the orientation.
Crystallinity involves 2n orderly arrangement in only one direction
or dimention, Usually hign d.p. 2nd high orrientation contribute -to
increased tensile strength, High crystallinity usually nakes the
fibre less swellable and less easily pcnetr2ted by dissolved
substances such as dyestuffs., The cellulose content of the fibre is
the residue after chlorination or exposure to chlorine gas for

sone time, followed by extraction with hot sodiurm sulphite
solution, The higher the pcrcentoge of cellulose in o fibre, the
greater will be its volue.

The 2sh, which is obtained by igniting most native
cellolosic fibres, contains sodium potassium, calcium and nagnesium
28 1ts principle cations, together with traces of iron and other
heavy metals. These traces may be present in the form of oxides,
carbonates, phosphates or silicates. The percent of ash in pine

fibre is high i.e. 3.3%. Tht percent of water mmd alenhal
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TABLE NO.4,6

Chericql connosition of pine fibre

Sarple

1
1
1
- o -

L]
e T : :
Cellulose ! Bighin | Extroctive | Moisture Ash
=+ - > ¢ - =

60.2 . 1.2 77
59.3 18,0 11.0 8.3
60.0 1= 114 7.8
60.5 e s b 5.9
60.2 17,7 11.0 7.6

3.3
8.2
3.4
3.3
3.4

Mean
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Lignin is found ma2inly in the woody core of the stenm,
but olso in the epiderrnl and cortical cells of the plant, It is,
however, often found in the walls of the cells of the ultinate
fibres, It occurs chiefly towards the outside of the walls and
particularly when the plonts have been 2llowed to becone over
mature before havesting. Lignin is insoluble in water ond does not
swell when wetted, It is not rermoved in the retting process to
which the stems are subjected for the extraction of the fibres.
The percentoge of lignin in the pine fibre is 17,.7%. The nmethod
of Bllis and co-workers was followed for lignin determination.

4,3 Comparison of characteristics of pine fibres:

1, Comparison of the physiczl propertics:

Literature on vegetable fibres, with the ex€eption of
Jjute, is 1limited, becouse Jjute is widely usecd smong the vegetable
fibres. The proporties of vegetnble fibres vories because the
grades, naturity and retting methods differ considerably. Moreover,
the different methods of neasurements of vegetable fibres are
applied =so that conmporietsn is difficult.

In physical properties, two types of Pibre characteristics
have been reported; one is for the filoment or strand fibre and
the other is ultinmate fibre, In this report fibre generally meons
the former, Table No.4.7 shows the filarment length, width and
ultinnte fibre length is generally shorter than the other fibres,
fibre width bcing equal to that of Sisal fibre, The length and
diametgr of the ultimate fibres is conporable with other vegetable
fibres. The ultinate length ond dianeter of pine fibre is less thon
thot of jute. ’

Strength is one of the factors which is considered in

evaluating the quality of fibre. Data available on strength
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TABLE NO.4.7

Fibre dinensions of ultimate fibres of
various vegetable fibres.

Fipre ! Fibre length [Fibre width! Ultinate lensth | Ultinate
. . - () fom) L diameter(u)
Flox 20-140 10-620 4-66 12+76
Jute 150-360 30-140 0.8-5 10~25
Henmp 100-300 ~ 5=55 16~50
Reanie 10-180 60~904 60-250 16-126
Abaca  180~360 10-280 3-12 12-46
Sisal 75-120 - 10~460 1,54 16-32
Pine 9-12 140-160 11-16 27-36

M. Harris, Hand book of Tewtile Fibres, 1st Edition

b ) )
(Harris Research Laboratorics, Inc Washington DC 1954 )
¥ 1185
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characteristics is scattered and different. In the precsent work

no deota is reported on the strength characteristics of ultinat
fibres of pine fibre, Comp-rison with other vegetable fibres is
not directly.possible in sorie cases on account of differences in
units etc. In Table No.4.8 strength characteristics of various
vegetable fibres is given. The fineness (in denier) of sisal,
henequene and abaca is given. The fineness of pine fibres is
approxinately the some as that of sisal fibre, The elongation (%)
of pine fibre is 2lmost the some as thot of other vegetaoble fibres,

but greater than that of jute snd flax.

2. Comparison of chenical properties:

Chenical composition of 2 vegetable fibre is inmportant
in order to ossess its suitobility for end use. Moreover, the
chemical constituents of bast ond other vegetable fibre vary
considerably. The relotive proportion often varies remcrkedly as
a result of differences in crop, voriety, state of maturity, soilZ
feltilizer tfeatmcnt, clin~tic and environental conditions. There-
fore, there sre large vaoriations in the chenical compogsition of
the individual fibres as evident from Table 4,8, Cellulose is the
nain constitutent of 2 fibre and usunlly it vories from 60 to 70%
in nmost of the vegetable fibres, Pinc fibre contoins 60%
cellulose, Other vegetable fibres such 28 jute, kenaf, abaca and
capok contain about 65% cellulose. Hemp, Sisal aond Flax contain
high percentages of cellulose i.e. 71 to 77%. All the vegetable
fibres contain lignin which varies fron 5§ to 25%. Pine fibre contain
17.7% of lignin,., As nost of vegetable fibre is used as such i,.€.
without bleaching, Therefore, the presence of lignin will not
effect the fibre quality. Woter oand alcohol extractives of the

various vegetable fibres hove also been given in Table 4.8, It
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TABLE NO.4.8

Conparison of the physical properties of
various vegetaoble fibres.

: . -
Tensile strength! Elongation

Fibre 5 Finehcssi Ténacity {

—— réshior I - oidens PSI x 10-3 $ %
Jute 20 3 57 1.5
Mex 5 5 96 1,5
Henp 6 = 76 2.0
Ranie 5 5 97 4.0
Sisal 290 = 74 - 3.0
Heneoure370 3 56 5,0
Abaca 190 5] 93 3.0
Pine 242 0.2% - . 3.1

H,F, Mork, N.G. Goylord, Polymer Scicnce md Technology
Encyclopedia (Interscience Publishers, John Wilcy & Sons,
New York 1967.
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TABLE NO.4,9

Conparison ef chenical conposition of
various vegetable fibres,

— - —aa o

Cellulose Hemi-cellulse

"ibne E i 3 Extracfiv¢§ Ash EMoisturegiignin &
: : - 1 & pouetdin: o : ipentosan

lute 71.5-63.2 13.3-22,2 1,4-2,0 0,68 9,9 24,4f19.8

lemp 77.5=74.3 10.1-17.9 2.7=2.,0 0.82 8:8 3.7;9,8

visal 77.2-71,5 18,1-138.3 2.5-1.1 1.0 6.2 14,5-5.9

lax 76.0-71,2 18.5 9.0-6.0 1.0 9.0 10.572f2

anie 91.0-76.2 1£4.5-8,0 6.2-5.0 0.12 6.4-5.0 5.6-0.7

enaf B0 7 - 1s9 1.0 9.8 . 23.0

voca 63.7 - Sed 1210 Bl 218

ine :

pple 81.5 - Sal .30 6.1 9.2

unn 80.4 ~ 3.0 0.6 9.6 6.6

{cghintia68fo Be7 7.8 2.0 8.9 9.6

nindi 80.0 - 3.1 0.64 10:¢ 9.4

apok 64.0 28.0— 243 ~ - 13.0

ine fibre60.,0 - : 5 3.3 Tof iYL

M. Harris, Hand book of Textile Fibres, First Edition (Harris

Research Laboratories Inc, Washington D.C. 1954).
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is evident that mést of the vegetnable fibres contain less
extractive i.e., the percentage extractive varies fronm 2 to 6%._
Pine fibre contains the highest percent of estractive i.e. 11%.
Similarly the percent of ash is also highest i.e. 3.3% in the
case of pine fibre, other vegetable fibres contaih about 1%

Ash.
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5. SOFTENING, BLEACHING AND DYEING OF PINE ?IBRE

531 Softenlnr of pine fibres:

& Vegetable fibres, other then cotton, consist of bundles
or bunches of ultimate fibres and as such their dlameter is usually
highér than the cotton fibre. Most of these fibres are, therefore,
coarse and harsh, Softness, is one of the essentigl requirements
for & fibre to be used for textile purposes. To make these vegetable
fibres soft, they are treated with softners or batching oils in
the textile industries where they are used for fabrics or bags.
There is a wide variation in the structure as well as in the
physical and chemical properties of these fibres. In view of these
variations different softners or batching oils are used for different
fibres under varying conditions. The softening operationrmt only
induces suppleness to the fibres but it also makes the fibres
suitable for spinning into yarn. Elasticity or stretchability of
vegetable fibres is of significant importance in the textile
industry. Unelastic or brittle fibres may break in the spinning
operations, Thereforc, greater fibre losses occur in the process—
ing of such fibres.

Pine fibres also consist of bundles of fibres and as
such they arc harsh., Therefore, like other vegetable fibres they
are to be treated with softencrs, emulsifying egents or oil before
being utilized for the textile pnurnoses.

Keeping in view the. physical structure of these
fibres, it was considered necessary to apply various softners,
presently used in textile industries. Softfning experiments were

carried out on eight softeners, listed in Table No.5.1.
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TABLE NO.5.1

Pine fibres treated with differcnt soaftners
under varyinz conditions.

Tyoe of Softener, Vt. of ISoftener | Treatment " Tempcrature
= SR L Sample(g) lannlied® - ; Time (hr,) ! (*C)
Softex (i) 2 8 + hr., 30

= (B) 2 10 % hr. 40
Irgamine S.F.C (A) 2 5 E B 80

extrea.

e (B) 2 10 1-hr, 80
Sapamine 0.C. (A) 2 S T e, 18

= (B) 2e0 5 o b 60
Cirrasoft XL (A) 2o 34 3 hr. Room Temn.

! s 2.9 14 24 hr, Room Temp.
Cirrasoft PN (A) e 3 2Ry, 30

L (B) 2 4 2 hr. Room Temp.
Cirrasoft ACN (A) 2 3 2 i, 40

. (B) 2 1.9 g hr, 40

A o o . st
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Procedure: Each softener was tried on pine fibres under varying
conditions of temperature, time and concentration of the sof'tner.
Each softener was tested on fifteen gsamples of fibres. The
treatment conditions of each sample varied from one another., Then
the subjective method, for sclection of two best samples out of
fifteen for each softener, was used, The selected samples of each
softner have been given in Table No,5.1. The selected samples
shown in the Table 5.1 are further subjected to the same procedure
of selection i.e. +twelve. sclected somples (tiwo of each softner)
were agein exanmined for selection of the first three best samples
in the same way as done in the previous case, The procedure adopted
for selection of the samples was as follows:

The samples treatcd with softeners vere placed on a
table and .total of fifty research workers, one by one, were asked
to select the first three best samples by hand touching., As it
was not possible that every one could select the same first three
best samples, therefore we followed the marking system i.e. Ist
selected sample was alloted six marks and four marks to second

sample and 2 marks to 8rd sample. The sclection procedure

.

g indicated in Table 5.2. It clearly shows that out of fifty
research workers 25 have selected cirrasoft ACN as the first best
softner, Fiftecen research workers have given it the second
position and five workers were of thc¢ opinion of placing it in
the 3rd place. So the total marks for Cirrasoft ACN (A) are 220,
therefore, it was obvious that this was chosen as the Ist
selected softner. Simidirly, the total marks shown in the last
column in the Table5.2. indicate the 2nd and 3rd selected
softners., It is evident that the Cirrasoft XL (A) and Cirrasoft

ACN (B) are in the 2nd and 3rd place resnectively.
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TABLE NO.5.2

Subjective Score for selection of
the best softner.

— L A b L e e e

Softner

TG ok SRR L S
No.of per-, No.of persons
sons8in fav- in favour of
our in 1st, 2nd position
position. + -

SREEe N
No., 0 nersons:
in favour of
3rd position |

|

Total Score

- |

- — -

Cirrasoft ACN

-(A) 29 15 5 220
Cirrasoft XL ~
~(A) 10 o 5 90
Cirrasoft ACN
-(B) 5 o 15 80
Sapamine OC(A) 5 5 5 60
Sapamine 0C(B) 0 10 A 50
Irgamine SFC(A) 3 - 10 10)
Extra
o (B) = 15 (5 S0
Total 50 BN 50 500
lst = 6 Sccre
2nd = 4 Score
ard < 2:Score
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The results of strength and elongation, of the selected

.

the six softners, have been

-

samples of pine fibres trcated with
tobulated in Table S5.3.

In table 5.1, the different softners used for
softening of the fibres are listed. Two selected samples of each
softner are given in this table. It is evident that the softmning
effects of different softeners on the fibres are subject to the
adjustment of time, temperature and concentration., The results
show that the last two softners (Cirrasoft PN and ACN) are
comparatively economical as lesser amounts of the softners are
used ond 21so the trceatnent is done either at room temperature
or lower tenperature. As regards the time factor it is slightly
greater than the first three softners. It is also clear . from the
table that higher percentage of the Cirrasof@ XL has been used
but ite softening cffects are guite iistinét. This con be easily
understood from the table 3J.c2. |

The most cconoriical result has been shown by the
Capamine OC where ninimun of the time, tenperature and concen-~
tration have been indicated but in the overall selection (as
shown in toble 5,2) it is placed in S5th position.

The usefulness of the softeners has becone rore

3

distinct in table 5.2 where in the finnl selection the three have

e

cccuplied the Ist, 2nad & 3rd position. Herc the extent of softness
of Cirrasoft ACN (A) is evident by the last column of the toble.
The selection nosition, of Cirrasoft XL (A) ond cirrasoft ACN(B)
at second ond third position, is not very marked as the marks
indicate. So: from this table it is clear that the pine fibres

are softened to the maxinmum extent by 3% Cirrasoft ACN (A) when

treated for two hours at a temperature of 40 e
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TABLE NO,S5.3

Strength and elongation nroperties of nine fibres
samnles treated with various softners.

M e i s M SRR e Gl R SR
St Softner use& : Strenctb gm.,wt. | Elongation %
At e R o A AR B Tk PSRN R A TR S > X £ ;

> Cirrasoft ACN (A) 56 .8 5:8

1

2. 5 (B) 48,2 6.0
35 Cirrasoft XL (A) 55.7 6.8
4, 4 (B) 71.4 543
Se Irgamin SFC (A) 50,7 Fed
&, " (B) 55.8 | 4.8
e Sapamine OC (4) £2.4 Bs2
8. . (B) 68.6 458
9. Cirrasoft PN (A) 69.9 .1
305 " (B) 65.8 6.0
% A Softex (A) e 9 5.4
18, ! (B) 78.9 B.1




In Table 3 the strength and elongation of the pine
fibres, after softening, have been recorded, It is clear from the
results that samples Cirraseft PN result in comparatively highgr
strength oand elongation, whereas in the case of the samples of
Softex, although fhe strength is noxinum dYut the ¢longation is
lesser. The samnles of Cirrascft XL also contain improved strength
and élong&tion pronerties,

5.2 Bleaching of riue fibres:

Bleaching is one of the most importont operations in
the processing of textile materinals., The main objective of bleaching
of fibres is to remove the admixtures wvhich are associated with
the fibres. These include most of the non-cellulosic materials,
such as carbohydrates, pentosan 5n£ lignin. By eliminating these

-

substances, the wettability of fibres is substmnéﬁaIly increased

and this assists the fibres in successful dyeing and printing
operations. Wettability is one of the rcquirements for dyeing.

The bleaching of bast fibres is done with difficulty as
they contnin higher percentages of non-cellulosic nmaierials. The
presence of higher percentage of 1ignin is one of th - gdifficulties
in the process of bleaching., Due to the presence of - naterinls,
nost of the bost fibres, even after bleaching, contain slight
tint of yellow colour,

3]

The pine fibrcs, which 2re brovn in colour, were treated
with the oxidising end reducing blecching agents to impart
whiteness to the fibres. The following bleaching methods were
carried out:

: The brovmish pine fibres were treated with sodiun

hypochlorite (2% active chlorine on the weight of fibres) at a

temperature of 20 €° for 2 hours 2t = pH of Fi, The pH was
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controlled with 4g/L solid sodium hydroxide while the bath ratio
was kent at 1:6. The bleached fibres were rinsed throughly with
water and subsequently with 2% sodium thiosulphate. As the fibres
‘after this treatment contained yellow colour, these were, subjected
to reductive bleaching to further reduce the yellow colour. Thus
these fibre were treated vith>8 g/L sodium dithionite at 85 ¢e 55 Ay
30 minutes, The fibres were then thoroughly rinsed with water. The
degree of whiteness of the fibre has been greatly improved by the
second bleaching method.
Se The bleaching of fibres was carried out with hydrogen
peroxide, The bleaching bath was »renared by addition of éolcc/L
hydrogen peroxide (20 vol%), 1.2 g/L sodium hydroxide and 3 g/L
sodium slicate, The fibres were treated with the prepared bleachiﬁg
solﬁtion for two hours at the temperature of 80-85 c®. The pH of
the solution was kept at 11, The fibres were thoroughly rinsed
aftef completion of the bleaching period. The fibres obtained were
s8till having yellow colour. To fully bleach the fibres, these were
treated with 8 g/L sodium dithionite at 85 C° for 30 minutes. The
fibres were then rinsed thoroughly with water. After this bleaching
methgd almost white fibres were obtained.

5.3 Dyeing of pine fibres:

The affinity of cellulose fibres for dyes ie much influenced
by the way in which the cellulose molecules are linked together in
the fibres. Usually a cellulose fibre contains both erystalline and
amornhous regions. The crystalline regions are those in which the
cellulose noleculesare arranged in an orderly manner. As in the
crystalline regions the cellulose moleculesare density packed
together, therefore, in the dyeing »nroccss

, the comparatively coarsc

dye molecules are fixed between the cellulose molecules with great
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difficulty. Whereas in the amorphcus region, where the cellulose
molecules are arranged in disorderly fashion, the water and the
dye molecules moves in anC between the cellulosc molecules readily.
This stuation is thus more convenient for satisfactory dye absorp-
tion.,

The bleached nine fibres were dyed with direct dyes with-
out any »reliminary processes, The following procedure of dycing was
followed:- A cold dye bath was prenared by addition of 2% direct
dye and 20% common salt. Then 5 g,of nine fibres, after wetting in
water, were nlaced in the dye bath. The bath was stirred and the
temperature was raised to 85-95 c® in 15 minutes. The temperature
was maintained between 85-95 C° for one hour. After completion of
the dyeing period, the sample was removed and rinsed thourghly with
cold water,

Good shades of blue, red and oronge were obtaincd by
treating the pine fibres with direct blue, red and orgemse dyes.
Other types of dyes such as acid, sulfur, azoic and vat may be used

o

with varying degrees of satisfaction.
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CONCLUSTONS
1 Pine needles are sbundantly available in North Western
areas of Pakistan. These needles are a waste »nroduct cof the forests

o

and constitute a hinderance in thc development of forests. The

D

forest denartment collects these needles annually =nd subjects them

(1

to burning. The meain disadvantages of these needles are that they
are the cause of fire in the forests and check the growth . of new
plants. At the moment they are not put to sny economic use and in
fact their very removal will be a great service to the forest
growvers.,

24 Among the vegetable fibres jute is the most widely used,
and its world production is next to cotton. Pskistan is rich in
vegetable fibres, but so far some of the vcgetsble fibres have been
studied at the laboratory level only. Excent jute, no vegetable
fibre is being used commercially on any large scale. The main
reason is that no data is available on the availability of these:
vegctable fibres.. Moreover, these vegetable fibres nced detailed
study on their actual nrocessing. Pine fibre hes not been investi-
gated on = jilot plant scale becausc no pilot plant facilities

afe available in the country. e will be a2ble to utilize these
fibre after carrying out 3due nilot nlant studies on individual
fibres.

3. Jute cultivation has recently been introduced in the
country, espccially in the Punjab and Sind, but with little success,
because retting and other field operations of home produced jute
are not yet being carricd out propcrly by the farmers. The countiry's

seven jute mills depend on the imported jute., The quality of
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fibre depends on variety, agro-climatic conditions and the time
of harvesting. But aboé!‘evcry thing else, the auality denends on
the efficiency of retting, If the fibre is properiy reited, many
of the defects found may be climinated. The present inferior
quality of home produced jutc is due to the unawarencss of the
farmers in respect of retting and other preparatory processes,
The aquality of Jjute is lowered if core is not taken during
retting process, The Government may start on elaborate programme
to train the farmers in the retting process, so that in future the
quality of jute -is not affected due to thc retting ond associated
processes,
4, Pine necdle is very haord and therefore mechanical methods
for the extraction of fibres cannot be of much use. The only
method of extraction of fibre is the chcmical nrocess. Two types
of chemical extraction methods have been develoned. One is8
extraction of pine fibre with the help of commercial sodium

P
. o)

hydroxide solution. In this nrocess 4%, 2% solution of sodium

©

hydroxide were annlied at the boil for 30 and 60 minutes respec-
tively and pine fibres vere extracted. Longer period was

required for keeping the needles 2t 35-40 °C. In the sccond
process, sodium carbonate is used. The needles vere boiled for

30, 45 and 60 minutes in 4% sodium carbonate solution. Pine fibres
wvere extracted by mild beating. Sodium carbonate method is
superior to that of sodium hydrexide method as the yield is highest
(76%) at 4% sodium carbonzte solution ond 30 minutes boiling and
the strength of the fibre is also naximum at this condition.

o Properties of pine fibre show that the fibre length is
15.5 em and width is 154 microns., Ultimote fibre length is 13.83

mm and diameter 32,3 micron. The mean strength of fibre is 55.7gm
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wt,ond elongstion 3.1%. The strength of ?ine fibre on wetting is
decreased and glongation increased. The fincness is approximately
the same as that of sisal fibre. However, the strength is a bit

low than that of jute, Chemical composition of pine fibre shows
that it contoina 60% of cellulose, 17.7% lignin, 31,.1% extroctive
ond 3.3% ash., It is comparable with jute, kenaf, cobaea and kapok
which contain about 65% cellulose, Extractive matter and ash
content of pine fibre are highest among the aveilaoble vegetable
Tibres,

8. Pine fibres as such are harsh and aore not suitable for
conversion into yarn. The pine fibres can be convenicently softened
by softeners which are economical md easily available in the
market. These softners are already being used in the vegetable
Tibre industries for softening. A number of softeners were

applied by varying time of treatment, temperature ond concentration
of the softencrs. It was found thot pine fibfes sre gsoftened to

the maximum extent by 3% Cirrasoft ACN when treated for two hours
at a temperature of 40 9¢.. The strenpgth of fibre is not offected by
the softener but the elongation (%) incrccsed considerably.

s The 5ine fibres can be bleachcd to 2lmost whiteness by

the ordinary bleaching precedures, Two methods were applied. The
first method is by bleaching with sodium hypochlorite (2% active
chlorine at a temperature of 20 °C Ffor two hours at o pH of 11).
The fibres were further bleached with 2% sodiun thiosulphate.

After this the fibres still contain yellow colour and were,
therefore, subjected to reductive bleaching. By this treatment

the degree of whiteness is improved ceonsiderably. In the second

method, the bleaching were carried out with hydrogen peroxide
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(20 vol.%), 1.2g per litre scdium hydroxide and 3g per litre of
sodium silicate. The fibres wcre treated for two hours at a2 tem-
perature of 80-85 %c a1 11 piv-To fully bleach the fibres,

these were treated with 3g per litre sodium dithionate at

85 °C for 30 minutes.

L Generally vegetable fibres are not bleached and dyed,

But in some cases, 28 in the cose of carnet yarn ond for »rodueing

fancy effects, the yarn is dycd. The bleached pine fibres were

<

dyed with direct dyes without any prelirminnry nrocesses. Good

7
%
(%

shades of blue, red and orange were obtnined by treating the pine
fibres with direct, blue, red and orange dyes. Other types of

dyes such 28 acid, eulphur, ozoic 2nd vat may also be used,

9 Vegetable fibres of importance in the textile industry,
other than cotton and flax, are jute, henp, ramie, abaca and

sisaol. Jute and hemp cre used extensively in package industry

and in carpets and to 2 lesser extent in fabrics for draperies

and upholstry. The principal use of romie and flox fibres ‘is in

the proluction c¢? various household fabrics, Abaca is extensively
used in rones anl twine., The present studics reveal that pine fibre
may be used for most of these purnos and especiclly in ropes and
natting. It can 2180 be blended with jutg =nd other vegctable

fibres for use in package industry.
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