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0— INTRODUCTICN  

Prior to the seperation of Bast Pakistan, Pakistan was self 

sufficient in paper. Host of the Paper Mills were located in former 

Bast Pakistan (Now Bangladesh). This was because the basic raw 

material i.e. bamboo and jute for oa2er industry were abundantly 

available there and the /Tuality of the oaper produced was very good. 

74 grave ith tho creation of Bangladesh, a 	situation arose and the 

Government imported huge quantity of 	sr to meet the requirements 

of the country. At that time oapsr industry was riven top priority 

and some Paper Mille were installed using ba(7asee at a raw material. 

But still the production of paoer within the country  is not enough 

to meet the requirements of the country. 

The covered area under forests in Pakistan, is limited i.e. 

about /°.3%. This covered area is very low as compared to the other 

paper producinr! countries of the world. Mostly wood is being used in 

most of the foreign countries for the production of oulo and oaoer. 

But in our country we cannot use wood pule,  for paper production, as 

the forest wood is limited in quantity and very coctly. At present, 

wood is being uo,,d in the constro;tion of houser,  etc. Therefore, 

in order to meet the demand of our aper industry, we have to look 

for other non—weedy raw materials. 

In Pakistan, at present the major raw material available 

for making pacer Is stigar can bagasse. A few mills have been install—

ed to use begasce as a raw material for oaoer oroduction and one 

more Mill is or000sed to be installed at Faisalabad. But it may be 

mentioned th?t the season of s'f-ar cane crue:_ing is short and 

limited quantity of a .acre is oro -:oced in these Sag.ar Mills. For 

example, toegaose oroduced in O'oarcadda sugar rills is suffloi'ant 

only for three months for the Charsadda Parer Mills. 
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In Pakistan, rice straw, wheat straw, cotton waste and 

grasses are the ether ce=len raw materials used for the manufacture 

of eulp and paper. 3ecause of their extensive use as animal feed, 

wheat etraw cannot be made available in lare quantity for this 

purpose. The use of grasses and reeds as raw materials for the 

manufacture cf paper is increasing throuehout the world. It has 

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

production of pulp and paper from grasses and reeds have been 

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

those manufactured from woody plants. In Pakistan also, some 

grasses are used in limited quantity and blended with imported 

pulp for the production of parer. 

The study cf "the utilization of pine needles for paper 

and board manufacture" was undertaTeen with a vies to utilize this 

abundantly waste forest raw material for useful industrial pureoses. 

Its profitable ude, for paper industry will not only add to the 
• 

economy of the country but at the sarne tiee it will create job 

opportunities for the down trodden people of these hilly areas. 

Eoreover, the presence of these needlec in the forest is itself a 

nuisance and is the cause of fire in these forests. Therefore, 

the removal of these needles. will be of assistance to the forest 

in 

In this report pine needles are used as a raw materiel 

for the production of pulp sy the sulphate proceec. The report is 

composed of Giz chapters related to different aspects of produc—

tion of paper from pine needles. It is nosed that the utilization 

of pine needles as a raw material for paper will centeibute to the 

development of the country. 
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1. RAW rzAT3Tua 

1.1. Raw material for  pule and 'Geer: 

Wood is generally used as e raw material for the manufac—

ture of pulp and paper. At present, most of the co=on species of 

both soft and hard wood are used in some of the foreign countries 

for the sroduction of .ul:7 and p Por. The.so called soft woods or 

coniferous woods are generally preferred for the manufactu e of 

strong pacers, because of the greater fibre length of the cellulose 

isolated from these woods. The hard woods, however, are finding 

increased use because of their abundance and because of modifica—

tions of manufacturing methods which make them more desirable for 

certain grades of Paper, either alone or mied with pulp produced 

from coniferous wood. 

Plante and ot,aer non—woody materials have been used to 
produce cellulosic pula fer more thana century. They were 

actually employed for paper manufacture lon7. before wood. Eodern 

industry, however, developed on woad because this material was 

available in large quantities from comearatively small areas. 

Eoreover, wood supplies were plentiful and could be obtained 

cheaply from natural forests. Since moot of the 7Jorldts accessible 

forests have now been exploite , wood is not so cheap as it used 

to be. Non—woody matarala are , terefore, being used increasingly 

all over the world to produce pacer and euln in order to meet the 

increasing demands. Countries short of wood are paying particular 

attention to their develoorient and are trying to base their 

industries purely on those materials. :::eeds, bamboo, bagasse, 

esparto, cereals, straw, flax, jute and hemp are being used for 



the manufacture of caper, boards etc. in most of the countries of 

the world. 

1.2. Position of raw materil for 7ulp  and paper in Pakistan: 

The entire need of pp per in the country was met by the 

paper produced in former 7ast Pakistan. After the creation of 

Banladesh, moot of  the paper :.a‘c to be ±:ported. At that time, 

there were a few Pa7..er Board Fills in West Pakistan. The latest 

position of paper and Paer .73oard Mills in various ?arts of the 

countr7 is given in table 1.1. These Mills are mostly usinp wheat 

straw, cotton linters, waste pP,Ter and bagasse  nu raw materials 

for paper profuction. The Mills are producing different types of 

paper as given in tte Table. The use of bagasse as raw material 

for paper production is increncin in the recent ppst and Pakistan 

ap er Corporation at Oharsadda is running exclusively on bagasse. 

The :7;o7rn7r,ent 	pinhninp to set uo more Paper Mills which wjll 

use baPasse as raw :e'terial. 

Tale 1.2 s?:ows a 1y  of of. 7:oard Millsin the country. 

These Millo are utili:zinr,  the sL:zle raw material as used in the 

raper Mills. '27iit mostly wheat straw is be in used in the Mills 

for board orouction. Corts of the Lino i.e. Packages limited and 

Adarnjee Paper & Board Mills are manuf-,ctarin7 pap ,--r as well as 

board. Apart f r om those Mille, there are other small 171—ate 

producin7 board' of various ty2.es. 

Pakistan is extremely poor in wood resources and most 

of the wood is beinp used in the construction of houses etc. The 

pulp industry will, therefore, have to de end on non—woody raw 

materials. The country is, however, fpirly rich in non—woody 

fibrous raw materials like reeds, P.rasses and agricultural 



PAP3a MILLS CF i AKI6TAN  

S.No.: Name of. ind,Istry 	Location 
►  

Raw material Products 
• I 

1. Packages Limited 

2. Adarnjee Paper & 
no ard Mills. 

3. Mandiali Pager 
Mills. 

4„ 	Allied Paper 
Inductries Ltd. 

7)adabhoy Paper 
Mills• 

6. Pakistan Security 
Printing Corpora—
tion. 

7. Pakistan Paper 
Ceri-,,, a,tic, n Ltd. 

oikhunura 

Gh arc 

Karac'.i 

Karachi 

Wheat Straw, 
Cotton Linters 
Waste 	er. 

Kahl grass, 
Cotton linters 
3agasse 3erwe—
Za 

Wheat Str aw 

Wheat straw, 
Cotton Linters 

Wheat Straw, 
Waste Paper. 

Rags, 
Cotton Linters 

Brown Kraft 
Printing, 
Paper,Envol—
ope Tissue 
Paper etc. 
Writ tin g and 
Printing Lir 
Fail Paper. 
7:tand Paper, 
Ciparitte 
Paper. 

Printing 
rap e r Wr .=—
in g Paper. 

Printing 
Paper,Writt—
ing Paper, 

Pap.e.r. 

Kraft Papor, 
71r ai.:., ping 

Bank Note, 
Security 
Paper. 

Writting 
Pa-oer,rrint—
in g Paper, 
Duplioatin7 
Paper. 

Lahore 

No wsh 2 r a 

Chareaficia 	Sugar Cane 
b agasse. 
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TABLB NO-1.2 

BOARD  MANUPAC'rURII7G MILLS OF PAKISTPN 

S..No. : Name of Industry : 

1. 	Set!Ii Straw Board 	Rahwali 7,1:- eat Straw 
Rice Straw, 
Waste Paper. 

Products 

Straw Board, 
Chip Board, 
Paper Board 
Grey Board. 

Location t Raw material 

Kar &al 

Lahore 

Wheat Straw, 
-taste raper. 

Wheat Straw 

'W.lieat Straw 

Wheat Straw, 
Wacte Paner. 

,r-... eat Straw, 
Waste ra::, er. 

Wheat Straw, 
Cotton Linters, 
Waste Paper. 

Straw Beard. 

Grey Board. 

Straw Board. 

Straw Board, 
Chip Board, 
Parer Board.. 

Card Board. 

Duplex, 
Kraft Linerl, 
Ply Board, 
Grey Board, 
Card Board. 

2. 	Lasani Straw Board 

Mehr Straw Board 
(Aziz Industrial 

4. Ghul sal qadir 
Straw :hoard. Mills 

5. DaN-al Paper & 
Board Mills, 

6.. 	Central cord 
board Industries 

PacYazes Limited 

Gu j r an--
wala. 

Hyderabad 

Gu -j r an—
wala. 

Gu j r an--
w al a • 

8. 	Adardee Paper 
& Board Mills. 

Nc we's er a Cotton linters, 
Wheat Straw, 
Ba?..asse l Kahi 
E=raso. 

')u-Aex, 
Grey Board, 
File Board, 
Card Board. 



resides. All these material c can be used for the nroduction of 

paper. gush materials are being utilized for the manufacture of 

a wide range of pulp and paper products in countries like 

Netherlands, Italy, Prance and r-;ermany which are shorter in wood. 

As to the quality of the products and the economics of production, 

it has been proved that non-woody material compares favourably 

with wood. 

In Pakistan three raw materials from agricultural 

residues i.e. sugar cane bagasse, wheat straw and rice straw are 

being used but are not so abuadently available to meet the 

growing need of the ,-'raper industry. 74e will have to look for other 

raw materials to meet the future demand of our paper industr37. The 

use of bagaase for raper industry has drawn special attention 

after the eneration of our :astern 	t,  few paver Mills have 

been installed which are using bagasse as a raw material and other. 

Mills are being set up. Bagasse is a waste product of sugar 

industry and unfortunately most of it was burnt by the sugar ills 

in their boilers. Sui gas is now 'eing used in these boilers. 

70wever, most of the bagasse is utilized as a fuel by the Sur 

manufacturing units and small sugar units in the country. Paper 

made from bagasse is of gacd Quality and is also blended with 

imaorted good quality i)ula for proCucinr duality papers. 

Rice grows abundantly in Pakistan and in recent years, 

it is a major exrortable commodity. As straw obtained from rice 

is poor in nutrients, so it is very rarely used as a cattle fesc. 

It is used to some extent ac littar in cattle yards and as a 

f' asking riaterial for glass-ware but moot of it is burnt or just 

left unused in the fields. It hoc recently been used for manufac- 



-1.9- 

2.3. Pulping of  Pine noodles: 

Sulfate nro c cc was used for making pulp of the pine 

needles. As the needles contain oils and resins, it was therefore, 

appropriate to use the sulfate method. 

In the sulfate process, 1500 greme of the needles were 

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

alkali percent of 22,20,18 were introfneed into the various 

cooking trails. Then the digester was switched on and after about 

30-37 minutes the temperature reached 105 °C. At this temperature, 

the pressure was released and then it was allowed to continue 

raising. After about 90-95 minutes,the temnereture reached 170 °0 

and at this temperature the nressure woo at 9.5 Kg/CM2. This 

temperature and pressure w-e,s, k nt constant for fear hours. At the 

completion of the cooking time, the pressure was blown oat of the 

digester. The black licuor woo collected for alkali recovery and 

find2ng the- resin .al alk ali, at the 5eee of the digester. The 

pulp was then taken out into a mesh tray where it 	wao thorou— 

ghly waehed to remove the 	and the colnle lignin compounds. 

After thorough washin 7 , 	c crude yield was calculated. 

The results of various cooks have ieen recorded in 

Table 2.1. The sulphidity % of the various cooks was  Lent  et 20. 

The total alkali cencentraticn has been varied. 'for each cook. The 

liquor concentration of cook 1 is 21% which is maximum of all the 

cooks. The liouor concentration was then gradually lowered for 

the nreceding cooks i.e. for cook. 11 it is 20% and for cook III 

le% respectively. 

At the end of table the oracle yield of pub is 

recorded. It is clear that the higher the liquor concentration, 
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the lower is the pulp production. In cook I, where 2,-% alkali 

has been used, the percent yield is 25.6, whereas in cook II at 

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

cook No.III i 28 where 18% total alkali has been used. 
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3. 31/ALUATION CF PULP 

The ,culp from the digester is then subjected to the 

process of screening. After screening the pulp is treated in a 

valley beater. The pulp is heated for different timings and the 

freeness value is determined. The processes of screeninq and beat—

inc arc discussed in detail below. 

3.1. Screening: 

The pulp from the digester contains incompletely cooked 

chips together with other foreign matter that enter the system 

such as stone, sand etc. To produce n top quality pulp as well as 

to protect subsequent equi7ment, such meteriAs must be separated 

from the pulp. Thus screening has two functions (i) To remove the 

dirt, non fibrous cells and fibrge bun:lec with a minimum loss of 

good fibre (ii) To improve fibre djsperson. The first function, 

dirt removal is 0.one:rally carrief cut en screen in the pulp mill. 

ThGscreens just ahead of the pa7:gr minn a 	used to remove any 

dirt remainin in the stock and to improve fibre disgersion. 

Screening is normally accomplished by usin: a perforated 

screen having 3.25mm slit tc remove the over—sized material, the 

pulp being in the form of 	dilut solution, so tat it will pass 

throur - 	h prcaa.z-ntic-no Gasily. In processes of screening and 

cleaning the consistency of pulp (per eentefe by welt of pulp in 

lisuid) is k25 on  the lower side in order to ce7, arate the 

contamination from the pulp thorou7h1Y. 

Kraft pulp does not rGcuire as fine screening as do 

bleached sulfite and su/phate eulf)s. In come krft Fi31s, only high. 

frequency rotary screens are used but in moot mills of this type 
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the. pub is further screened in centrifual or flat screens. Kraft 

pulps have traditionally been screened in the pulp mill, but with 

the trend towards more blenching an •d higher grades, more screening 

is being done in the paper mills. The screenino. data (Table No.3.1) 

shows that percent-7re loss on oven :.;ry rulp is greater in cook 

No.I,II while tkat of cook ITo.III is least (6.8%). However, the 

rejects (%) is almost negligible and are the same in the three 

cooks i.e. 0.1 — 0.2%). The brightness of thc 1Daoer sheet of 

cook No.I,Il is almost the same i.e. 14% while that of cook No.III 

is loos (11.3%). 

Tha Kaepa Number or pul:.) is useful in determining 

cooking degree, that is, whether the oulp has been cooked to a 

high degree of removal of non—cellulosic constituents of wood or 

whether a considerable amount of lionin remains in the pulo. For 

bleached nulp, it indicates the eJlount of chlorine that will be 

required. Thus kaopa number is determined before bleaching so th•,It 

tho condf_tions for bleaching are set up. From table 116.3.1 it ia 

also evident that cook No.1 will require less chemicals for 

bleaching as compared to cook No.III. Cook No.II occupies inter—

mediate posit ion. 

3.n Freon; ,e of ':alp: 

The freenr:es tester is :in inst-tn:n which js comnonlY 

used to determin e the degree of beating. The freeness value is 

measured by the ease with 7,elich water -.asses through raper making 

fibres, while Z:',,e7 	being  formed into a wet mat on the r;srfora— 

tcd plate of the freeness tester. Freeness is, therefore, a 

measure of the rate of drainage of the ulp. 	"free" pulp drains 

readily, whereas a slow :uro its. water sbo.wiy. There are 
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TAT:71,13 N0-3.1 

Screenin2 data of the various Cooks 
of pine needle pulp. 

Particulars Unit Cook No. 
i 	I II III 

Crude Yield 25.6 25.0 

Screened Yield 22.0 22.5 76.0 

Actual loss on 
C.D. Raw material 3.5 3.4 1.8 

Rejects 0.11 0.20 0.13 

Loss of C.D. pulp 14.0 13.2 

Eirightnesc.), % GOB 13.5 14.0 11.5 

Kappa No 30.7 33.5 35.3 
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several different freeness testers commonly used. The TAPPI Officia 

Standard calls for the Canadian Standard Freeness Tester. 

The freeness value decreases with increased beating and 

consequently, the freeness test is used to measure and control the 

results of the beating process. ,7ith most pulp, the freeness 

decreases in a slightly 	curve as the time of beating is 

increased. The cereal straw are exceptions, since they show almost 

a straight line decrease in freeness with beating time. In the 

case of pine needle pulp (Table 3.2), the freeness decreases with 

beating time. Freeness at 45 SRO  (schopner — Rieslar) or 550 ml 

(Canadian system) are regarded ac standards. At this freeness 

value, the physical properties of the hand made sheets are taken. 

For chemical pulp from softwood in the unbeaten stati have a high 

freeness of 700 ml or more. Hard wood and semi chemical pulp are 

considerably lower in freeness. Ground weed pulp have a 1c7aest 

freeness of all bcin in the range of 50 to 200 ml. 

One of the weaknesses of the freeness tester is the diffiaul-* 

of interpretin and applyina the results. A low freeness value may 

result either from splitting and fraying long fibres which still 

essentially retain their length or from cutting and formation of 

much fines and debries. Fibre fines and debries have a major effect 

on strength proacatiee of paaers. Therefere, it must he concluded 

that the freeness test is only useful for ccntrol purposes of the 

refining of a given type of Fulp over a comparatively narrow 

range of beating or refininc contl_tion. 

3.3. Beating: 

3eating is probably t;-.e most fun':isalent.al important process 
in paper making. Paper m7de from unbeaten stock is low in strenath, 
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fluffy, porous and unfit for most uses, whereas paper made from 

beater stock is high in strenath, dense and hard in texture. Veil 

beaten fibres can be readily formed into a uniform sheet of paper. 

The principal effects of beating are physical and among the most 

important are fracture and partial removal of the primary wall of 

the fibres, decrease in fit re length, increase in fibre flexibility, 

formation of fibree (fibrillation) and increase the external 

specific surface of the fibre. 

In general, beating improves acme properties and has a 

bad effect on others. Thus the paper maker must select the proper 

beating conditions to bring out certain properties without 

detracting too much from other properties. 3y changing the beating 

procedure, it is nossible to produce papers from the same pulp 

possessing radically different properties. 

In general, increased beating within the commercial ranFe 

increasea beating strength, tensile strength and folding endurance 

but gradually tends to decrease tearing resistance. Stretch increaa. 

se  by beating to the highest consistancy. Increased beating tends 

to increase smoothneos, hardness and amount o2 fibre bonding of the 

fibres, but on the other hand, tend to decrease the opacity and 

lower the bulk and dimensional stability of the aaper. Fries lists 

two important reauirement of an easy beating pulp, it ahould 

reach its maximum bursting strength in a short time and it should 

only show a slight drop in tear and burst after it reaches its 

maximum. 

Beating data of the various cooks of pine needles pulp 

is given in table 3.2.dith heating , the freeness (Canadian System) 

decreases and the drainage time increases. The most important 



TABL3 NC-3.2 

Be,,ting Data of various cooks of Pine Needle pulp 

        

Cook: 
No. : 

BeatinP, 
Time 
_Win)  

Volume 
(ml) 

     

Drainage 
Time 
(Sec)  

  

Freeness 

 

 

( 3R) 

 

ml 

       

        

1 	 C 	554 	5 

	

22 	 785 

	

10 	554 	_w ,, 

	

'jzi„. 	 670 

	

20 	626 	15 	 45 	 550 

	

30 	600 	24 	 54 	 460 

	

40 	576 	40 	 51 	 390 
rr,, 

	

..,J, 	600 	60 	 65 	 320 

II 	0 
	

575 	7 
	

27 	 730 

	

10 
	

576 	13 	 45 	 550 

	

20 
	

575 	25 
	

55 	 440 

	

30 
	

576 	68 
	

57 	 330 

III 	0 	533 	6 24 	 760 
10 	533 	13 	 43 	 570 

	

20 	533 	17 	 56 	 440 
33 	533 	33 	 f-r,- ,,,.. 	 350 
40 	533 	75 	 71 	 290 
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factor in the beating data is the beatinc' time in which S freeness 

of 45 Mohlgrade or 550 ml (Canadian System) is obtained. In cook 

No.I it takes 20 minutes to reach that freeness. Cook No.III III 

take approximately the same time i.e. 10 and 11 minutes respectively. 
0 

At 45 SR (Mohlgrade) or 530 ml (Canadian System), the properties 

of handmade sheets are measured and are considered to be standard. 

It is concluded that cook No.II,III are good as it takes less time 
0 

to reach freeness of SR 45 or 550 ml. 

A comparison of unccreened, screened and after beating 

sheets s'17.,ow that unscreened sheet is .rough, uneven, vary weak, 

unwanted material and long fibre visible on the sheet, whereas 

screened sheet is uniform to some extent, smoother and stronger 

than screened sheet. Sheet after beatin is uniform, even and 

stronger. The properties of the sheet improve remarkably after 

beating. 
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4. FI37.13 3IF3N5ION  

Paq)er making fibre generally comprices a great variety 

of size and share. Not only there is a wide range in fibre dimen—

sion among such different plant neces as confi"erous wood, 

deciduoun wood, cotton, flax, hemp; . 1  straw etc. but also the fibre 

of any one plant varies, considerably in size and shape. Fibre 

dimensions are important in c aper making because they influence 

the density, strength, flexibility, smoothness, sizing and dyeing 

properties of the paper. 

4.1. Fibre Length: 

A long fibre in essential for making strong paper and 

no paper of high strength is made from short fibre. Nowever, there 

is a limit to which longer fibre will contribute to paper-strength 

because they result in sheets with "wild" and uneven formation. 

A poorely formed sheet with thick and then areas will have more 

strength. .The limit for most paper maing is in the order of 3 to 

6 mm. Thic value varies considerably due to ouch factors as ratio 

of fibre length to diameter, head box coiasintency and pressure 

of colloidal agents. 

Fibre length is not GC imoortant measure of fibre It:alit:7 

as it uccd to be in the pact. In fact fibre length is an exceedin.cjly 

important index of fibre quality but it is'oubordinate to the 

wetting or fibrillating equalities, since ade:ulate sheet strength 

can be obtained only by means of high degree of fibre to fibre 

bonding, which oreventn the fibre from olisp age hest one another. 

For example, Perth American pulp from spruce and pine usually 

produces caper with hi -9_ buoctin strensth (but lower tear) ttan 

pulps from the southern end western areas of the United States, 
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although the latter has a greater fibre lenPth. It has been shown 

that the burstino strength of straw oulas which have an average 

fibre length between 0.30 to 0.46 mm may a1 ,  roach under soecial 

conditions the bursting strength of spruce pulps having a comparable 

average fibre length between 1.2 to 1.8 mm. Furthermore, beating 

increases the bursting, tensile and folding strength even though 

it tends to decrease 	length of the fibre. Table (4.1) shows 

the mean fibre length and fibre diameter of nine needle bleached 

pulp. It is clear that fibre length varies from 0.96 to 1.71 mm. 

The thickness of the fibre is in the range of 16 to 21 microns. 

Comnaring this with Table No.4.2 where fibre length and fibre 

diameter of other sources of paper have been given for comparison, 

it is clear that pine needles pulp has aooroximately the same 

fibre length and thickness as other non wood raw material. Its 

fibre length is comparable with esparto, straw, corn, poplar and 

reeds. 

It is necessary to know that a sheet of paper contains 

how much short and long fibreS. Thio i0 best illustrated by the 

fibre length distribution of inc fibre Culp (Table No.4.3). It is 

clear from tnis table that the fibre length ranges from 0.25 mm 

to 1.82mm. Fifty aercont of the fibres are in the. range of 0.79 

to 1.82 mm. It may be mentioned t`_: '.t bleaching aad refining of 

paper stock result in cutting and bruising of the fibre and in 

creation of short fragments of "fines". With rare exceptions, 

therefore, ooper sonsists of fibrous particles of a wide range of 

dimensions. It is generally accented that many raper products 

benefit from being c000sed of bot long and short fibres or 
Thc•short fine fil'or s terld to fill the spaces among 
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TABLE F0-4.2   

Comparison of varicur,. 2aper makin3 material for 
fibre lenEth, 	fitre'diameter and ratio of fibre 
lenst!, to 	diameter. 

SoN04 species  
1 

;Fibre LenFtN Fibre Diameter', Ratio of Fibre 
-101n) 	 Micron 	ilenpth to 	dir‘mter 

1. Esparto 1.5 r , .,..., 166:1 
2* Vlert straw 1.5 13.3 11311 
3.  Linen (flax) 25.0 16.0 156:1 
4.  Cotton 	(Stanle) 18.0 23.0 90:1 
5.  Bamboo 2.7 14.0 200:1 
6.  Jute 2,0 20.0 100:1 
7.  Ramie 1/10.0 50.0 28:1 
8.  Manila hemp 7.0 18.0 39:1 
9.  3agas,:e 1.7 20.0 85:1 
10.  Corn 1.5 1C.0 83:1 
11.  Nemo (True) 20.0 22.3 91:1 
12.  Coniferous wood 2.7-3.5 3-43 75-90:1 
13.  Deciduous wood 1.3-1.6 33-50 50:1 
14.  Poplar 1.1 21.0 54:1 
15.  l'inus longifolia 3.9 36.3 107:1 
16.  Rice straw 1.5 8.5 170:1 
17.  Reeds 1.0-1.8 8-20 80-90 
13. Pine needle i.2 19.4 63:1 



longer and coarser fibres. The• reeultant sheet shows a favourable 

combination of strength, uniform surface brought about by short and 

fine fibres. 

One of the disadvantages of short fibre sills is that it 

-'-aes lower tear re `stance. 7aper made o2 fssrt fibre pulp has in 

goner al"''.
,. 
a lower tear resistance then paper of the snme specifi—

cation made of long fibred pulp. 

4.2. Coarseness of pulp fibre: 

Tile coarseness or ratio of fibre length to diameter is 

an important fundamental property of paper making pull. The 

coarseness is more important factor in paper mekins than fibre 

length, since it determines the felting characteristics of the 

fibre. In the past only fibre length was conoidersd important but 

recently ratio of fibre length to diameter is considered more 

important than fit re length. 

The ratio of fibre length to diameter is given in Table 

4.2 for a number of paTeer makin7 materials. In cone raw material 

i.e. bamboo, coniferous wood, pilaus longifolia and linen which 

have longer fibre length, the ratio of fibre length to diameter 

is higher. But in other cases i.e. esparto, straw, reeds, bagasse, 

even with less fibre length, the ratio of fibre length to diameter 

is higher . In the ease of pine needles, this ratio is 63 which is 

comparable with other saper making materials. 

L4 a general rule, pulp fib res tend to increase in width 

with increaoing fibre length up to a certain point beyond which 

width remains fairly constant in any further increase in length. 

Other things remaining unchanged, puls fibre with a high ratio 

of length to diameter will contribute more towards the strength 



----- 	 I -----„ 	er Intval 	• , 

	

, 	No of Fibres
------,..1  u) 	, 
`, 

---..„ 
0.25 - 0.39 130 20.33 

0.40 - 0.50 CC 13.66 

0.51 - 0.6C 62 9.65 

0.66 - 0.78 56 C.73 

0.79 - 0.90 63 0.82 

0.91 - 1.04 82 12.74 

1.05 - 	1.16 7E 12.23 

1.17 - 1.30 32 4.94 
-,, 

D 1.31 - 1.45 22 3.94 

1.44 - 1.65 22 3.94 

1.56 - 1.69 8 	, 0.01 

1.70 - 	1.82 6 0.01 

1 7e2cent ase o£  
fibree 
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TA313 NO-4.3 

Fibre i.ncthdi_strit, ,,t- i_on of gin e. needle 
bleached pulp. 
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ture of board and writing paeer. :ace. straw possesses very good 

chemical and ehysical properties and its chemical pulp is almost 

equal to coniferous culphate 1-_,ttlp in etrength eroeerties except 

tearing streneth4 Its pulp can be used in the manufacture of paper 

board, wrapping paper, and writine paner, after blending with 

imported pulp..

Anoter material available  in the country is the waste 

paper, which is beino. use widely in the erode.ction of Pag,er ocerd 

and is eases used in the manufacture ofmany kinds of paeer. There 

are many grades of waste parer, r e7in7 from clean trimminee and 

cutting from converting plants, to mixed street collected waste 

aper. The better grades or carefully sorted erades of waste p per 

are quite. suitable for use in many furnishes and can be substituted 

for at least a portion of pulp that would have to be imported 

otherwise. The better grades can also be used for board preduction 

in the furnish for top and bottom liner. 	re are a number of 

advantages to use the waste parer. The ':'ice of waste paper is 

generally below than that of virgin pulp, whether the vire..in pulp 

is produced locally or imported. In areas where no source of long 

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

extent, the quantity of lone fibred pulp that has to be imeceted 

if the clean paper was originally of lone fibre pulp. 

1.3. Pine Needles: 

Pine needles are found abundantly in north west region 

of Pakistan i.e. air, Swat, Karhan, 7azara, Murree Fills and parts 

of Baluchistan. The pine needles refereed in this report are the 

matured needles that hove fallen on the ground. 	needles become 

dry and are of brownish colour. 	eresent, the needles are not 
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Tt21,3 IIC-1. 3 

22oCcctioa oe :Tine 'rind; er in 1' & ictan  
(1974-75) 

•••••••••••• 

F rc. vi a/ Te t•ri tory 
f 	

1 f 	 r  1 
 

'2 , 	• W:-...-.3.1i c'zi : 	7 • R 0 xbu r ri - 

	

c, 	, , 	, 	Tot al 
, 	( c bm ) 	I 	(cbm)   	I 	( cbstr) I 	 t  
t 	 1,.. . 

 

§.1.F.2.4.F.P. 	 33,705 	16,781 	50,437 

Tribal areas 	 16,359 	 - 	 15,359 

Punjab 	 1, nse, 	13, 20E 	1§ ,105 

Northern areas 	 1,932 	 - 	 1,982 

Azad Icz.,,s1-lini r 	 43,417 	19,590 67,5'07 

Tot al 	 121,762 	49,579 	151,441 
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put to any use and in fact the or  Bence of needles in the forests 

itself is a hip problem for the forest department due to the 

following reasons. 

i) They hinder the P.,rowth of grasses an chec7:7. the 
ri.rowth of new plants. 

ii) They can easily catch fire. The 20est Oepartment 
destroys these needles in order to avoid fire 
hp ard. 

iii) They _.. ccc the srowth of young plaelts and thus 
create hindrance in tc exsansion of these forests. 

Thus, it is clear that the removal of these needles is 

a great service to Forest 7fepartelat end it will also 'zslp in the 

improvel:.ent of past',:rec. 

The srodu.ction of sine tillSer in Pakistan is riven in 

Ta5le 1.3. It gives an idea of the avpilability of pine needle in 

various sarts of the country. Biot of the sine trees are located 

in Lzad Kashmir alA:1 Nort:, -lest Frontier 7:rsvince. Therefore, it is 

stlested thet a Pper Fill 	 eine neeclle as raw materiel 

s:.oul v. be to2rte:', near 	ece ,m.'^ea , 	1 ? suita?ele location for 

Ouch a Pao o r Mill is Fansehra, as it is a central place. Recently, 

the GovermMent 'nas anns!Inced tc establish a racer Mill at 

Eansehra. The re _ .,e:.:Ients of thie Mill can partly be met by 

utilizins pine needles for the srorction of pult and paper. 

1.4 1n9.1yeis of pine needles: 

With a vie to Tetilize pine needle for paper/board, it 

is escsntial to det -=ine its shsmical comressition.. Therefore, 

const4 t(2: 	_ 	az. cellulose, 	in, pentosan, 

ash content, solvent sslable part and water soluble •r rtion were 

deterniLed, accordine to the follewin7 procedur: 



Cellulose deter;:lin tisn: 

The cellulose centents 	t_e :needles were determined 

!):1 the kncwn Bevan chlorination metho -:. according to which the 

disintegratisn of lignin comrcunds te7T2:e place and they are, thus 

rinderef solu'ele in sodinm hydroxiJe and water. During this process 

other non—cellulosic materials are also dissolved. The sample 

after chlorinetion and thoreu7h wasing, is treatef with sodium 

Lire followed by boilinr with soLtium Lydroxide. It is then 

waeine an! imelersed in .1% petaecium permanganate solution and 

finally treated with eatic acid. 

Li'nin determination: 

The percentaf7e of linin of needles was determined 

accordn7 to the methe0 of Mlle and :o—werers. This  Cvnsists 

Cf treatine the accurately weirhed s.pmele first with Alc.3en.(1:2) 

and then the sa.:7ple is treated with water at 103 (D C for few hours, 

?after d:yinr, 	 is then treated with 7n% cold sulphuric 

acid for two hours. The centants were diluted to 3% and allowed to 

stand for sometime. It is then filtered end the per 	lignin 

is calculated. 

Pentosan  content:  

The pentooan contents of the needles were determined 

b the A.C.A.0 me 	d. It cono:_cte of convertinF the rentosens 

into furfurn1 with stronr hot hydrectleric acid. It is then 

distilled,  and phlorerlucinal sol,etien is adde1. Greenish black 

pct of 1/!rfural phloroe;lucide is 271-mer. Pfter settli , it is 

filtered and weighed and finally the .ercen`ar of aentosan is 

calculate. 
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Chemiczi compcsition of pine needle and comparison 
raw material -;, recently use,d in Paper / 

]3oard villa,   

Ra9 material x— 
celltloea 

Alcohol 
r3ErIZCile 

t 	I 	 I 
LiEnin ; lentos an ; noisture 	; 

t 	% 	 1 	% A 	I 
I 	

t 
t 

I 

Ash 	• 
% 

at straw 15.9 19.2 1C.0 7.5 

Rice straw 4C . C 	7.2 20.3 7.0 9.5 

L''';.:7,ar 	cane 
haEra:-.1ce 

35.1 	•-•, • 21.0 23.1 1.7 

Kahl e 	E.9 17.0 2/-4 14.2 2.2 

Sine needles 331.5 	11.5 .254 10.2 10,3 3. 
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Ash content: 

One Pram sample after initial ionitioa was heated at 

tomoeoatore between 600-730 O  
	 o "- o, for v-4 000Ls. The resilue so 

resulted, was taken as a measure ,- ash content. 

Alco-Den soluble oortion: 

Accurately wei3hed sanole of pine needles was extracted 

in a soxhlot aooaratus for 3-4 ha'. ro. The ratio of alcohol to 

loonzene was !,,elet at 1:2. 

Moistore contents: 

Mcistuoe centeatr weos determined by olacino the sample 

in an oven at top-ic:5 00 till constant weicht is of)tained. 

The reoolts of cLemicol analysis of pins needles are 

recorded in table No. 	• The chemicol constituents are compared 

with the raw materiels whir-_ are commonly used for the manufacture 

of roner and naoeo hoard  in vaoiouo mill° of the country. 

Prom the table it is evident that x-oellol000 content of 

the pine needles is rencoolly of he Oder of 	o a of sugar cane, 

1:agacce and kaki. The liooia coat-onto,  of the needles are hioher 

than those of the non-wood materials oho-in in the table. The 

lignin contents_ eorreoo 7 To  to the softwoo species. Coxoarino, the 

oentooan eon-toots: 	o needles with t'..oce of the other raw 

materials, It is otoio 	tot it ic moo.% looer thrn the other raw. 

materials. Lotoally, 	ie in V..7o  raooe of orood species. The ash 

contents of needles are almost similoo to the loahi grass. This 

percentaoe is ooficientio h 	then most of the sioecies of 

hard and  `sett woolo. Ti,uch i 	eh oercentage affects physical 

pronertieo of polo and its baeachi 	and eookino reooirements. 

The moisture oercontoo,e 	the needles is within the 
reasonable limits, therefore, thore are remote chances of the 
deterioration of  pine  needles on stooaoe. 



2. -PROCSGCBC  na  PULP raeDUCTICIT 

2.1. Brief discrietien of cooking, processes: 

Pulpinq is the starting 	cal operation in the paper 

manufacturing. In this nrocese the wood chins are converted into 

seperate fibres, by the 	/ reaction between lignin and the 

active chemicals in the ceoking liquor such as so -:7ium hydroxide, 

sodium sulphide and sodium eulphite. The binang materials of 

fibres are mostly the ceeh hydretes and lignin. Besides, soluble 

mineral salts, resins, fats and tannine are also present in the 

wood chips. The  77,resen se of thcse materials, in various species, 

of wood or ot:'aer agricultural proects varies considerably. For 

example, the nereentese lignin in hardwood varies between 17-24% 

whereas the soft wce,':. conteins ;: '-33%. The structure of lignin of 

hardwood species are ales somewhat different than the lignin of 

softwood. In view of this difference in the structure, the kraft 

pulp- require lon:7er neriods for lignin dissolution than sulfite 

puln of comparable lignin content. Furthermore, !;raft chlorolignin 

is mone difficult to retnove from the eule  by alkaline extraction 

than oulfite lignin. The reeson for these differences generally is 

ascribed to the belief, thet 	 •as cemeare to oulpLite lignin, 

kraft lignin is More conienced i.e. it cemprised of larger 

molecule angreeatee and hence, requires 	longer period to effect 

the size reduction necessary for water and alkali solubility. The 

processes 7.4lieh are use*:. for eu117 Makin ar 	w:l  

i) Acid sulfite:  

In the acid sulfite recess theprimery reaction 

between the.bisulfite ions and the lignin takes niece to form 
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pulping depends on the con ,--entr,-,tion sf chemicals. 

The pul7 yield of the ne,utral sulfite method is; much 

!4igher (more than 60%) than the acid sulfite method which is 

40 to G07.. Th,,  chip size in this methorl is less than the size of 

chiss used in other 	pinv m ,.:;thcods. The conoumntion of chemicals 

is relatively less in this orece(-s. 

iii) Soda Process: 

In this procc7s, 	:,.r_lro;:ide is used for pulf,ing. 

In fact it is an old m --t'od. Since the discovery of sulfate 

p7scees, most of the mills usin soda process have now changed to 

the use of sulfate process, as the soda process is much expensive. 

In cases whore more, ,.. r:,:tness is desired, the soda 

process can be used as the pulc obtained from sods process can be 

easily bleached to more br zhtness than the nul,-;, o2 tha sulfate 

e:  recess. In this process nifLer chemical concentration is. re.,.:uired. 

2.2. Sulfate Process:  

This is also called the !craft process. Kraft is a Clerman 

word,the me.Tnin of which is "Ctronr". The sulfate 17rocess is in 

fact a moific:tion of the soda , rocess. With a view to reduce the 

cost of c:le_1! 	7rsrass has been develot•ed. The ulp 

obtained from thio 7.rfJ": irA  not only ^hearer but also stronper. 

The process has some of the 	 over the other chemical 

procesr...so use for pulp 	 arc piven below. 

1. The 	obtainod hae 	ci strenoth. 

2. It 3: -,  uce-T. for makil 	.117 of great variety of 
wro,1  sscies. 

3• Thc,re  is choice of usin in.expensive chemicals in 
diffe r ent combinrtion fer various raw materials. 

4.  There is multichoicc of bleaching nrocesses for 
tyne of rarer orodt:ct dccired. 
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4, 5. After ccokinyhe excess chemical in the liquor 
can efficiently be recovered. 

6. Wood species containing resinous matters can be 
cooked without muc'2. hint:.renee. 

7. Various grades of -ule can to obtained for use in 
different frade of °seer or board. 

This ?rocecc has also some :'isadvantages such as: 

i) The pulp obtained from the process is darker in 
colour. 

ii) Coot of bleaciang, is comparatively hi5h when white 
pulp is required. 

iii) The yield percent ie 	w  in comparieon to  arid 
sulfite Process. 

The sulfate pulpinp process usos an alkaline solution 

of caustic coda (sodium hydroxide) and sodium 3u/fide, termed 

"white leeor t,' to remove the lignin  binfling  the cellulose fibres 

together in the wood. The cooking lieuo:: also converts the fats, 

oils and resins p,resent in the wood to soaes ,whieh are soluble in 

the lie;lor.  This is one of the principal advanta9es of the sulfate 

over t::e. sulfite oroccoc. 

The chief ingredients of the cooking lieuor are: Sodium 

hydroxide, Sodium Sulfide, Sodium Cart ate, Sodium Sulfate and 

Sodium Thiosulfate. The last three  ,c_emicals are not active in the 

cr‘ohinp procesc. 

Active alkali :Cs'nt in the cookinP liruPr varies 

consideratly frem mill to mill dependine upon the pulp bein^ made. 

Usually, 18 to 20% of tlee alkali bas ei: on oven dry weight is used. 

Th e  rate of pulpin-: is hiehly tcmp,-rpture dependent. The tempera- 

ture is kept at 170 °C to 
	

°C and t.te pressure is usually 

between 8 to  la Ka/ 	. 
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Tk31,3 NO-2.1 

Making of 7ulo of Pine n:-,edlee by sulphate process 
under varyint; concentration of cooking liquor. 

Cooking condition 
I 
: Units 
r 
1 

I I 
t—_. Cock 	Ij.uiytt.,r 
I 	i t  II 	j 

t 
1 
t  

-1........"=.  III 

Weirht of sampl c to --,n g 1200 1500 1500 

Sulphi,aty % 20 20 20 

Total Alkali as 2G20 % 22 20 1C 

li aOli as Na20 % 17.6 16.0 14.4 

TTa28 as Tia20 
% 4.4 4.0 3.5 

Liquor Ratio Ratio 1:6 1:6 1:6 

Tina to roach 105°  Tem.:). Min. 30 37 32 
( release preseure) 

Timc., to reach tlazimum 
(tems,eraturo 170°C) 

Tan. 93 99 9.9 

Time at Maximum Temp. 7-7r s. 4 4 4 
,. 

Pressure Kg/CM'.' 9.5 9.5 9.5 

Temperature °C 170 170 170 

Crude yield % 25.6 25.0 26.0, 

Fa2 consumed on Na25 addition % 100 100 100 

NaOH consumed on NaOH addition % 95 96.2 96.3 
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factor than broader fibres of similar lenpth. For example, baga se 

(depithed) which are fairly short but have a hi ph ratio of length 

to diameter make good paper makinp material exceat for tearing 

strength. 

Blending of Fibre Length: 

In Pakicten, usually bacacce and other raw materials are 

being uc 	for oacer manufacture. These raw material have a lower 

fibre lenpth. In order to pet a strong paper, pulp of /onper fibre 

lenroth is importedand !o..ized with locally available short fibred 

pulp, with the result that the resultinp paper is stron7. 

Bxeerience of niakinc crecial kind of paper shows that 

better results can be obtained by usinc more than one pulp in a 

finish than by uoinr7 one pulp alone. Bach fibre of the finish will 

contribute a characteristic property aosociated with it which 

could not be easily obtained from the other fibre. 

Lathrop has indicated that long fibred pulp produced from 

fibres like sisal, abaca, ramie when added to the short fibre 

bagasse pulp will preduce paper of very high tear resistance. Pulp 

from other long vegetable fibres like ounn fibre, true hemp, 

linseed or oil flax fibres of the agave species, rag, thread waste, 

cotton waste, bamboo Pulp and soft wood chemical pulps can also 

be used to improve the ouality of the raper. 
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G. PHYSICAL PROPERTIES OF HAND MAD; s:-7auTs  

Handmade sheets were made on the sheet machine, pressed 

and dried under controlled conditions i.e. 70 F°  and 50% relative 

humidity. To secure the comparable data, the test sheets of paper 

must always be formed in the same way and under the same conditions, 

so 	ti?-  a...t differences in the eaper will be caused only by differences 

in the 	 of the pulp. The purpose of hand sheet testing 

to derive iriforraation about the pulp as a paper making material. 

Ideally, test data derived on standard handsheets should provide 

some means of controlling or modifying the properties of paper by 

suggesting adjustments to the pulp treatments or fibre furnish. The 

sheet; were tested for various physical ropertie such as basis 

weight, thickne s bulk, bursting strength, burst factor, tearing 

strength, tear factor, tensile strength, breaking length and foldin: 

endurance. 

5.1. Dimension or Paper: 

Since the basic dimensions of parer i.e. weight or 

substance, thickness, and bulk affect nearly all strength deter—

mination of paper, they must be determined in the firet instance. 

1) Gramm re or ba.sis 	t: 

The weight or grammage per unit area is obviously funda.-

mental  in all paper c, ror:uets. Paper is usually measured in ream 

which comprises 430 sheets, but now el so used to signify the sub—

stance of a lot of paper. The paper weight shall be expressed in 

at least two of the following ways (a) The equivalent basis weight 

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

grams per square metre. The weight of oaeer affects: all its 

physical properties and the ratio of strength to weight varies 



with the weight. In general, highest strength in relation to weight 

is obtained on paeer higher than 35 lbs /ream. The, basis weight 

(g/mm) of the three cooks No.I„11,III at 45 SR is 65.1, 58.7 and 

61.0 g/mm respectively. 

ii) Thickness or Caliner: 

Like-weight, thickness also affects all physical properties 

and is measured in a micrometer as the distance between two circular 

plane surfaces under a r.rescure of 8-9 Y.S.I. The thickness of sheets 
0 

of cook 143.1,11,11i at 45 SR is 109, 102, 159 microns respectively. 

iii) Bulk: 

Bulk is the reciprocal of density of o'er and is 'expressed 

as Bulk = Averape thickness of pacer in micron  , 
Substance in gms. oar square meter 

The bulk of sheet of cook No.i,11 (Tables 5.1, 5.2) is the 

same (1.7) while that of cook No.1I1 is highest (2.5). 

5.2 Tensile Strength: 

Tensile strength of caper is determined from the load 

required to pull apart a strip of paper of known dimensions. The 

tensile strength of paper iS determined by the combined effects of 

the fol3_07-7ing factors. 

a) The strength of the individual fibres of the stock 
furnish. 

b) The average length of the fibre. 

c) The inherent bonding ability of the fibre surface 
both in terms of bonded area and strength per unit 
of bonded area. 

d) A factor determined by the formation or fibre 
orientation within the, cheet. 

The great importance of the interfibre bonding in paper 

has led to the belief thnt this, is the predominant factor in tensil:-. 
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strength, fibre strength playing a secondary role. The inherent 

bonding ability of the fibres of a paper stock is of outstanding 

importance in paper strength. It is well recognised that some-

pulps have a strong tendency to form interfibre bonds while others 

----------1-1.Q 

have only a slight tendency to do so. The beetin.g and refining 

ac • n has the effect of s!wi-.=.11inr! the fibre by increasing the 
-.. 

imbibitn of water, of zu.I- turinr.:, and fi'orillating the fibre 

surface an\r: of rendering the fibre more flexible and better able 

to mat and contact neighbouring fibres. Ail these effects enhance 

the interfibre bonding ability of the stock. Pressure exerted 

upon the wet sheet is also an important factor in promoting 

bonding. 

The tensile strength of pine pulp is increasing with 

beating time for all the three cooks (Tables r.:;.1, 5.2, 5.3). The 

tensile strength for cook No.I,II, is the sane (3.1 Kg/mm) at 
0 

SR 45. However, the tensile strength for cook rTo.III is less 

e. 2.7 Kg/mm. 

Breaking length is calculated from tensile strength. 

Breaking length is the length of a strip of Paper which if hanging 

from one end willjust see7.-,eort its own weight. 

Breaking Length= 13000 x Tensile. strength _(Kg) percent width  
Substance- ire per. per square metre. 

For pine needle pu12, the breaking length increases with 

beating time.The breaking length of cook No.II at 45 SR is highest 

( 3543 metre). Therefore, it is concluded that as regard breaking 

length, cook No.II is the best. 

5.3 Tearing Strength: 

Tearing strength is one of the moot important properties 

of the paper. The force reTiired to tear a sheet of paper is an 
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TALILB NC-5.1 

Physical oro-,-)erties of 	the 	stantard Hand Made Sheets 
of unbleached pine needle pu1,2 	( 	Cook No.1 ). 

Particulars 'Units ' 

Bea 	

__ _J 

tinr? Time min 
o 

0 10 20 30 40 50 

Freeness SR 22 34 45 54 61 68 

Freeness 
(Canadian). ml 780 660 5E0 460 410 230 

Basic weight g/m2  63.0 63.7 65./ 63.4 60.9 62.0 

Thickness micron 144 114 109 99 83 81 
Bulk - 2.2 1.3 1.6 1.5 1.3 1.3 

Bursting strength its/ 
sci.inch 

11.5 14.4 20.4 21.3 21.4 22.6 

Bursting strength Kg/ cm2 
0.802 1.008 1.425 1.492 1 .498 1.533 

Burst f actor - 12.7 16.6 21.8 22.1 24.5 25.5 
Tearinp strength g 30 29 27 23 21 19 

Tear factor - 47.0 47.0 41.0 36.0 34.0 30.0 

Tensile strength Kg/15 mm 2.43 2.80 3.19 3.44 3.74 3.38 

Breaking Length metre 2570 3075 3266 3579 A394 4172 

Folding Endurance D/F 5 3 8 10 14 15 
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indication of its Derformance in use. Feavier papers will have more 

• tearing resistance than light paper. It is often important to deter-

mine the inherent tearing quality of fibre independent of the factor 

of sheet weight. Tor trio tear factor is used. 

Tea Factor = 100 x tearinP strene,  	(g) 
Basis weight 

'hie moot important contribution to tearing 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 subjected to severe cutting all 

demonstrate that any reduction in fibre length will cause a signi—

ficent reduction in tearing strength. This is because the Ioniser 

fibres tend to distribute the stress over a greater area, over more 

fibres and more bond°, while short fibres allow the stress to be 

concentrated in a smaller area. 

The tearing strength and tear factor of pine needle pulp 

is decreasing with beating time. (Tables 5.1, 5.2, 5.3) for all 

cooks. The tear factor of cook No.I at zero beating time is 47 and 

is decreasing with beating time. :7owever, at 
0 

SR 45 its value is 41. 

In case of cook No.II, the tearing factor is constant i.e. 30 up to 

beating time of 20 minutes (Table 5.2). In cook No.III initially • 

(at zero beating), the tear  factor is the same as in cook No.I but 
0 

at SR 45, it is the highest i.e. 4G. It is concluded that as far as 

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

G.4 Bursting Strenpth: 

One of the eldest and most wicly used of the strength 

tests for parer and paper board 6-• the bursting test. Bursting 

strength according to T071 io the hydrostatic pressure required 
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TAL4LB No. 5.2 

Physical properties of stand rd I-7 and Made Sheets 
of unbleache,d pine needle pair, (Cook No .11) . 

cu 1 a ro Unit .  

Beat in; 	Tim 2 E in 0 10 20 30 

O 
Freeness SR 27 45 56 67 

Freeness( Canadian) ml 670 550 550 330 

3 a si s wei ght 
• 2 g/m2  58.7 5 8 . 7 53.3 7.7G 

Thickness micron 123 102 92 83 

sulk — 2.0 1.7 1.5 1.4 

Bursting strength lbsi sq.inch 12.0 16.6 17.4 13.4 

Bursting strength K el 0112  0.840 1.162 1.218 .1.334 

Burst factor — 14.3 19.7 30.5 22.2 

Tearing strength 3 23 20 19 16 

Tear factor — u:..il qr, 30 30 20 

Tensile strength Kg/ 15mm 2.71 3.12 3.48 3.72 

Bre aking Length metre 3043 3543 3979 4298 

Folding 33n du r an co Di 7 3 .5 n c, 8 

........•••••••••••••• 
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to rupture pnper when deformed in an approximate sphere of 1.20 

inches in diameter at a controlled rate of loading. The primary 

function of the bursting test is to indicate the resistance of 

a paper product to rupture in use. It is quick and easy and one 

test is sufficient for both directions of machine made paper. For 

tn 	reason the bursting teat has found almost universal use 

througAput the paper industry. 

Burst factor is often used for comosrins two papers with 

regard to their burstins otrength and is determined as follows. 

S 
Burst factor = ICCO x Eurstiny strength / Kg/cm )  

Basis weight 

The bursting strength and the bust factor are increasing 

with beating time in all the three cooks of pine needle pulp 

(sables F).1, 502, 5.3). Initially at zero be sting time, the burst 

factor of cook No.I is 21.8 and that of cook No.111 is 17.0. The 

burst factor of cook No.11 at 45 S
0 
R is 1S.7. T;Aus cook No.II 

occupies intermediate position as regards bursting strength. 

5.5. Folding Endurance: 

Folding enduril,oce is an impo -2at test relating to the 

durabilit7 of paner. This test is a performance test and gives the 

best idea of serviceability of paper. Folding endurance measures 

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

small cylinderical curfsoc and back again in the opposite 

direction under stand :'dined tension till it finally breaks at 

the crease point. 

The great limitation of t?.,e folding endurance determinatipr. 

• is the fact that each test severs a very small area and slight 

imoerfeetion in this small area gives entirel a wrong indication. 

A large number of tests should be made in each direction and  the 



TAUB NO.5.  

Physical .propzrtics of stand rd 7-7and Made Sheets 
of unblcaced pine needle pulp (Cook ro.III). 

Units 

Min 0 10 4,0 30 ACi 

0 
SR 24 43 56 65 71 

ml. 760 570 440 350 290 

8/m
2 

 60.0 61.0 59.5 559.5 59.5 

micron 194 159 133 118 111 

— 0 •=9 	.- ..1 2.6 2.2 1.9 1.8 

lb s/ sq.incL /0.6 14.5 16.618.5 21.8 

Kg/ cm'' 0.742 1.015 1.142 1.295 1.526 

— 12.3 16.6 19.2 21.7 26.6 

• g 29 29 27 26 23 

48 47 43 43 35 
3 '2 ' 	e 

Kg/15mm 1.74 2.73 2.99 2
?
.06 3,48 

metre 1933 2983 3350 3428 3899 

D/F e, , 2 4 4 7 

Pa111 are 

Beating 	_',1.. 

Freeness 

Freeness (Canadian) 

Basis weight 

Thickness 

Bulk 

Bursting st rength 

Bursting strength 

Burst factor 

Tearing strength 

Tear factor 

Tensile strength 

Breaking Length 

Folding 2ndur all ce 
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TA:31,1U NO. 5.4 

Streat7th pro.oerties interpolated values at 
4G 311 (Degroo or freeness). 

cal ars 

	

t 	1 
: 

	

t 	t Units 	 Cook  Numbers 
9 	 t 

1 
I 	I 	.1 I.... 	II 	 1 	III 

	

......A. 	 ........... 	 f   

  

  

   

Totes All( al i as N a20 % 22 20 if, J.. c; 

Beating time Min 20 10 11 

Drainage time Sac, 16 13 11 

Bulk — 1.6 1.7 2.5 

73u r;.,,t 	factor — 21.5 1&.7 17.0 

Tear i actor — 41 30 46 

Ten. pile strength K g/ 15mm 3.19 3.12 2.73 

Breaking length metre 3266 35. 43 3000 

FoldingUndu ran ce D/F 3 G J 2 
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average taken. 

In the case of pine needle pulp, folding endurance 

increases with 5eati - time of all the three cooks. At 45 
0 
SR 	the 

folding endurance of cook No.I is 	rhect i.e. 8 and lowest (2) in 

cook No.II s cook No.III has a folding endurance of 5. It is conclude( 

thT\the foldinp endurance of the three cooks is fairly low. 

.5.6. Coivarison of the "ilysical properties: 

It is important to know the Properties of ot!a ,?.r raw 

materials being used in Pakistn for the production of paper. It 

is also of interest to know the work already done on some of the 

possible future raw mat rials produced in the country. We will 

first discuss the later portion. 

Table 5.4 gives the interpoloted values at 45 S
0 
R freeness 

of the three cooks. Comparing the physical properties of some of 

the raw materials not used in the country with that of pine needle 

(Table 5.5), it is evident that the properties of 3uclyptus, 

banana and coconut arc 

Table 5.6 shows 
0 

sheet at 45 SR freeness 

the country. The various raw materials tat arc being used are 

lickerin (cotton waste), 1;arwcza Rrass, Kahl_ grass, rice straw, 

wheat straw and baCasce. The physicalproperties of lickerin, 

barweza grass, Kahi grass and wheat straw are superior to those 

of pine noodle sheets. 7.7owever, the properties of rice straw are 

comparale with those of pine needles. The tear factor of rice 

straw is less than that of pine needle. The burst factor is almost 

ccc ci to t1 .71t of pine needle. Breaki 7 lenf7th was ,water in the 

case of rice straw and t7az folding endurance of rice straw was 

superior to that of pine needle. 

a comparison of the in needle handmade 

of tjae already used raw !laterial found in 
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TAUB NO.5.5   

Phypical properties of various 
not used in the country. 

- • - 

raw material 

t 
 F articular° 	t 3anna 

t 
t 

t 

I 
-1.-- 
1 cm 

B ucal yptu 3 	t  Coconut '  mine needle 
aldulensis 	I 	 ' Cook No.I 

I 	 / t 	 . 

	

—
: 

	

PI i G ne r di e 

	

T 
	Cook No6II. 
I 

ern Na OH% 

N r2  SO3  3% -  

12.0 15 22.0 23.0 

Cooking time(hourc) OMB 1+ 4 4 

••••• Cooking Ter 	C
o — 170 170 170 

0•110 Deatias time(min) 47 — 20 10 

Drange tine 	(3cc.) 17 — 16 13 

Bulk 	 2.1 1.2 — 1.5 1.7 

3urst  f acto r 	23.0 53.6 16.9 21.8 19.7  

Tear factor 	 61.6 40.0 83.5 41.0 30'3 

BreakinF, ten ate metre 4980 8600 33603265 3545 

Poldin33ndurpnce 27E 12 8 5 
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TAT3L3  	• 

Physical properties of the various raw material 
used in paper Mills. 

Farticul ,2.rc 
! 	 1 	I 
I Lickerin:Barwc-za ; Bagasse 

I 	Depith , 	 t 	! ...---..s. 

! 
: 	Bagass.z..- 
' 	Raw 1 . 

	

 	! 
: Kahioat 
: 3S' 	SR 
I 

I 
; Rice straw 
I 
I  	I 

, 
' Wheat sAraw I 
I  at 16 	Stk I 

Na OR% 10.0 3.2 3.5 3.5 - 5.0 

. 

Nat Co 3  3% 
Na2  So3% - 12.5 14.0 14.0 - 12.5 10.0 
Cooking time(;aJurs) 6 3.5 3.5 3.5 - - 3.5 
Cooking Temp C°  170 170 170 170 - - - 
Beating time (min.) 50 31 17 21 53 30 - 
Drainage time 	(Wee.) 10 31 12 11 12 25 
Bulk 1.85 1.75 1i85 1.8 1.4 1.8 2.3 
Bur,-,•t 	factor 36.0 46.0 15.4 1/.9 30.6 24.2 31.2 
Tear factor 250 74.0 31 33 34.5 27.0 41.9 
Brakinz lengt1- (w.etre) 4930 - 2890 2000 4934 4620 6100 
Foldin-F.: 3ndurence 	(D/F 210 68 2 2 8 3 
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less than that of pine needle. It is concluded that the properties 

of pine needle hand m,7de sheets are cemparatle with those of rice 

straw. 

Comparing the properties wit7a bagasse (depith) and as a 

whole, it is evident that "ins needle handmade sheets are superior 

to 	se made from bagasse. The tear factor of pine needle (cook 

i superior, while that of Cook No.II is the came so that of 

bagasse, 'hc burst factor of pine needle is far greater than that 

of bagasse. Similarly the breaking length of pine needle sheet is 

greater than tht of bagasse. The folding endurance of bagasse is 

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

Properties of sheets of pine needle are superior to those of 

bagasse. 

The crude yield of bagasse depith is 34 to 37% while that 

of bagasse as a whole is 4.3  to 48%. It shows that little difference 

occurs in the yield of ainc needle which is 25.6%. Owing to the 

good properties of pine needle seets anl. low cost of raw material, 

the low yield of pine needle can be cu7plemented. 

prom the above comp,  ricon, it is concluded that to improve 

further the properties of pine needles handmade GaGet and to 

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

to be blended with long fibred wood pulp. 
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6. BLBACHEIG  

Bleaching is an important step in the pulp and paper 

manufacturing. This follows after the cooking process i.e. the 

pulp obtained from cooking and its subsequent screening and beating 

then subjected to the process of bleaching. Actually bleaching 

is a clkntinuation of the fibre purification beginning from the 

pulping process. 73uring the cooking, the adhering hemicelluloses 

arc dissolved to a considerable extent because of their low 

resistance to hydrolyses. An appreciable portion of the lignin is 

also dissolved during cooking. The residual lignin is modified 

slightly, and is larp/y removed by the bleaching process. 

The main object of the bleaching process is to remove 

residual lignin material and the colouring material in the fibres 

and to obtain white pulp havins satisfactory physical and chemical 

properties. In soda and sulfate pulps, the 	and hemicellulose 

residues are modified to a greater extent. These pulps are darker 

and, therefore, require more bleaching to produce the desired 

brightness. The water used in the bleaching operation, must be free 

of hardness, organic extracts, becteria and undissolved solvents 

as these impurities adversly affect the bleachinp and colour of 

pulp. 

The careful selection of the type of bleaching system 

and the operating conditions, such as time, temperature, pulp 

consistency, concentration of chemical, pH etc. are essential for 

obtaining the desired properties for the blenched pulp. 

Chlorine and its compounds such as hypochlorous acid 

sodium hynochlorite, calcium hypochlorite, chlorine dioxide and 

sodium chlorite containing "available chlorine" are commonly used 



for bleaching wood pulp fibres, chiefly because of their low cost. 

The "available chlorine" content of :2:1s7:7. a bleaching agent is a 

measure of its oxidizing capacity to react with the residual lignin 

and colouring materials in the unbleached fibre. Bleaching of pulp 

is usually made by either Single—stage Hypochlorits Bleaching or 

Mu j.stege Bleaching. 

6.1. Sitv erstage  Hysoehlorite  Bleaching: 

Hypochlorites react readily with unbleached pulp to 

whiten or bleach them. The simplest bleaching process comprises a 

single stage operation, using either calcium or sodium hypoch—

lorite on a chemical pulp, sulfite, soda, or sulfate. A great 

number of pulps, especially those produced by tho sulfite or sod  

process, can be bleached to a brightness of 80% with a single 

stage hypochlorite treatment but with serious loss of fibre 

strength. Single hypochlorite stage is usually not applicable to 

sulphate pulps unless a low brightness is desired. 

The pH is maintained between 9-11. This is maintained by 

using buffered hypochlorite containing an excess of alkali to 

neutralize the acidic substances: formed during the operation. At 

a pH range of C-6 undesirable reactions, resulting in the weakeninT 

of fibres, occur. This may he caused due to the great activity of 

hypochlorous acid in this'pH range. The consistency varies between 

4% and 15% and the temperature is kept between 30 Co to 3C °C. 

Higher temperature is avoided ac oxidation of cellulose may occur 

which will result in the loss of fibre 0,rength. 

6.2. Multistage 31eachinP: 

1. Chlorination stage: 

In the 1st stage, the pulp after screening and beating, 
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is treated with chlorine water. Ths concentration of chlorine is 

usually kept at 7% of the weight of pulp. Higher percentage of 

chlorine can be used keping in view the nature of pulp being used. 

The reaction proceeds rapidly and recluires 4 to 1 hour for comple-

tion. The pH  varies from 2-3 while the temperature is maintained 

about 20 °C. The consistancy at this stage is kept at 3 to 4%. 

The control of pH is essential in this stage as chlorine solution 

varies kn composition under different pH (degree of acidity or 

alkalinity). At the pH range of 2.-3 it is present in the form of 

elemental chlorine and hypochorous acid. 74ith the rising pH it 

changes to more hynochlorous acid and hypochlorite. Thus, the pH 

of the system is an important factor because it controls the 

proportion of chlorine, hyeochlorouc acid and hy7ochlorite ions 

in the bleaching solution. 

2. Alkali Extraction  3tage: 

The soluble chlorinated compounds formed in the chlorina-

tion stage arc removed by washin the pulp. Then the pulp is 

subjected to hot sodium hydroxide extraction. The concentration is 

msantained at 1 to 2% or more and the temcratTirG is kept between 

60 oC to 70 oC. The reaction time is usually from 1 to 	hour one  

the pule consistency is kept at 13 to 15%. 

In this stage, most of the constituents of fibres which 

are alkali soluble are removed. The lignin removal depends on the 

chemical nature of the lignin, the physical nature of the 

chlorinated lignin and the- chemico-physieal nature of the fibres. 

The extraction conditions such as 	temperature, time and 

concentration play vital role in the alkaline extraction. 
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3. ,Hypochlorite Bleachini: 

The final brightness or whitening of pulp takes place in 

the hypochlorite stage. In the let and 2nd stages actually the fib—

res purification takes place tut no bleach 43. To.minimize chemical_  

and physical degradatien of the fibres, the 	range of this stage 

b41,9uld be preferably between 9 and 1 7.. Pulp strength decreases as 

the i5-1,1 drops below 9. The stability of the colour of pulp is also 

affected below this pH. The initial pH is by far the moot important 

variable in the hypochlorite bleechin,g etage. Other variables fall 

in the following order, to 	percentage of available 

chlorine and time. The pulp consistency is kept at 5% whereas, the 

temperature varies between 40-4 0 5 C and the time period. is two 

hours. The hypochlorite concentration can be altered for obtainin 

the desir ;iz whitening of the pulp. 

6.3. 31eaching of pine needles pulp: 

The bleaching of pulp, obtained from pine needles, was 

carried out in the multistage bleaching operntione. As the pulp 

obtained by sulfate peocesc is darker, so they need thorough 

bleachin. 

The results of bleaching of pine needles pulp are recorded 

in Tables 6.1, 6.2. In table 6.1 one sample each of cook I, II and 

III has been bleached. The bleachinP conditions are similar for all 

the three samples in all the bleaching stages but the concentratior± 

of chemicals (Total alkali) varies in the three samples. It is 

evident from the results that, actually, brightness results in the 

hypochlorite "tn"c.' blenching i.e. in the lot sample the trir,htness 

in the lot stage is 24%, in the 2nd stage it is 28% T,711ile final 

bri:::..tness of 61% is obtained in the lest otege of bisact:ing. 

Similar is the case w:th the  samples of II and III cooks. The 
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TABLB NO, 5.1  

Multi- st age bleaching of pulp of Fii3c need/cs 
obtained from different cooking. 

Particulars f 

fUnt''' - , 
I 

1 

f 

,  Cook No. 
f' 

1 	 1 
i 	

I 	' ..1...-.. 
I 

II 	 III 0 

ulfidity 

Tot a . Alkali as Na,0 

Chlo ri?ration 1st of age 

X, 	20 	20 
% 	22 	20 

% 	7 	7 
% 	3.0 	3.0 

(pH was not maintained 

18 

7 

3.0 

during 

C11  addelk,  on 0.D. Pulp 
Consist an cy 

PH 
chlorination due to short time) 

Bleaching temp. oC 25y30 25-30 25-30 
Bleaching time firs. 1.0 1.0 1.0 
Residual 014  ,, % - - - 
Losses during chlorination % 3.5 4.3 z.G 
Brightness GBo 24.0 19.0 13.5 
Bxtraction 2nd stage 

NaOH added on OD Pulp % 2.0 2.0 2.0 
Cons/ st an cy % 10.0 10.0  10.0 
PH - Over 10 Over 10 CV2 r  10 
Temperature °C 60-70 60-70 60-70 
Time Hrs. 1.0 1.0 1.0 
Losses % 2.6 urf 	r  ..) 6. 2 
R e si du al N 0.011 % - - - 
Brightness - GE

O  
emn ,--,c, 22 .0 14.5 

Ca-hypo chlo rit_e 3rd stage 

Nypochlorite addefL on Cl) Pulp % 3.0 3.0 3.0 
Consist ancy % 5 5 5 
pH - 7.6 7.6 7.5 
Temperature °C  A0-45 40-45 43-45 
Time : i 	. 2.0 2.0 2.0 
Losses % 2.0 3.2 3.1 
Total Losses % 8.6 13.0 13.8 
Bleached yield of pulp % 91.4 87.0 86.2 
Bleached yield? en R.M. % 19.4 
Brightness G°B 61.0 49.0 21.0 



-53— 

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

been attained in the case of I cook i.e. at the total alkali concen—

tration of 22%, the •brig.ttnecs is 51%. Ac the total alkali concen—

tration is lowered i.e. 20% and IC% in the II and III cooks respec—

tively, the corresoondino brishtneos of 49% and 21% was obtained. It 

therefore, evident that pulp obtained at higher chemical concen—

trati -  are liable for more briotnecs than the pulo produced at 

comparayely low liquor concentration under similar bleaching 

conditions. 

It is further evident that the higher the brightness, the 

lower is tie bleached yield on raw material, or in other words the 

higher the chemical concentration, the lower is the,pulo yield on 

the raw material. In cook III, the pulp yield has imaroved consider—

ably but its brightness hao become much lowered. The results of the 

table indicate that pulp of cook III has not been completely purificO 

i.e. greater portion of lignin remained undiosolvee. The residual 

non—cellulosic portion in the pulp of cook I has been less whereas, 

the pulp of ccok II has contained slightly more residual lignin 

than cook No.l. The bleaching conditiorBohon under Cook I and II 

in the table are, therefore, suitable for obtaining white pulp of 

pine needles. When higher whiteness is desired, the conditions of 

cook I may be followed. 

The percentage lo oro in the weiirht of pulp in each stage 

of bleachin7have been given in the table. It can be distinctly seen 

that the loss percent in each otage of bleaching is less in the 

case of cmple of cook I than the other twe oamplec of cook II and 

III. The loss % of ccok Ii samole is also less than the sample of 

cook III. The minimum loss percent is indicated in the different 

stages of cook III sample. This also revealed the fact that the more 
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TABLB NO.6.2   

Multi-stPe blachinP of the rule: of Pine needles 
of Cook I and II. 

Particulars ; Unite 

; 	- 

t 
f 	Cook No t 
1 	 1 
1 
1.-... 	I 	 i II 

Sulfidity 
alkali as 11a20 

Chlori 	ation: 	1st staPe_ 

% 
% 

20 

22 

20 

20 

C12  addOd on O.B. Pulp % 10 10 

Consictancy % 3.0 3.0 

PH (pH was 
nation 

not maintained durinp chlori-
due to short time). 

Bleaching temp. °C 25-30 25-30 

Bleaching time Hrs 1.0 1.0 
Residual Cle;  % - 
Losses during chlorination % 4.0 4.7 
Briphtness G  so 16.0 17.0 

B: traction: 	2nd stare 

NaON added on 0.D. Pulp % 2.0 2.0 

Consietancy 10 10 

PH - Over 10 	Over 10 

Temerature °C 60-70 60-70 

Time Nrs. 1.0 1.0 
Residual NaCH.  ONO OOP 

Losses % 4.3 r,5 

Brightnesc 0 G2 36.0 22.5 

Ca-hypochlorite: 	3rd ,;t ale 
hypochlorite added on 0.D.puip % 
Consistancy % 5.0 5.0 

PH - 7.6 7.6 
Temperature oC 40-45 40-45 
Time 	 Hrs. 

	

2.0 	 2.0 

Losses 	 % 	 3.1 	 3.5 
Total Losses 	 % 	 11.5 	 13.7 
Bleached Yield of pulp 	% 	 CC.5 	 86.3 
Bleached yield on R.M. 	 % 	 17.9 	 19.4 

o Brightness 	 GB 	 70.0 	 54.0 
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properly the 	arc formed, the lose arc the lessee in the 

bleaching. As in the cases of sample II and III the remaining 

lignin arc higher, hence more loss reoults in the bleaching. 4hercac, 

in the case of the pulp of canmbe I, thes7 have been almost fully 

purified, hence little losses result in the bleaching. 

In table 6.2 the pulp of eine needles has been bleached 

by altering the concentration of the bleaching agent. Here, sample 

of two cooki II have been treated. Pulp of cook III has not been 

included as the cooking in this cace has not been completed and no 

brightness: is obtainnble. As distinct from the table in the 

chlorination stage, the percentage of chlorine is 10 instead of 7 

in the normea case. Similarly the hypochlorite concentration in the 

last stage is 5% instead of 3%. The bAghtness after the 3rd stage 

bleaching is 70% and 64% for the samples of cook I and II respec-

tively. It is clear that by increasing the concentration of bleach-

inginp chemicals, improved bri7:1tness can be obtained. The increase 

in concentration of bleachin agents, decreases the pulp yield as 

evident, the blenched yield of cook No I in the table 6.1 is 18.5% 

and under increased bleachin!; agent in Table 6.2 it is 17.9%. More- 

over, thc degree of bri 	is greater in the case of cock 

than in the II. It is also evid'nt fr.pm the table that bleaching 

affect of the pulp in the I and II stage, is faster for cook I thaL 

the II, whereas the bleaching in the last stage is fester for the 

pulp of II cook then the I. 

Percent losses in different stages of bleaching have been 

recorded in t;le tal-;:le 6.1, 6.2. Higher loco percenta-0 is evident 

in the case of cock II sa:-.*.ple. This further reveals thc fact that 

at comraritivaly lower alkali concentr ,tion the extraction of the 

lignin material is less and as a result of this, hi-her looses 



occur in the bleaching. Moreover, it is clearly indicated that 

maximum losses occur in the 2nd stage of bleaching. In fact, in 

the chlorination stare the nen—cellulosic constituents of the 

fibres are converted into alkali soluble compounds which arc 

removed in the ,receding stage of bleaching. in the 3rd stage 

minimum o.' the losses arc indicated as most of the fibre binding 

\t miL, erials are removed in the 1st and 2nd stage of bleaching. In N 

the;:,,.-.d stage, Tr7plie,engnr. of pulp tnkcs place. Comparing the 

results of tat le 6.1 with the results of table .../.21  it is evident 

that at hi5her concentration of bleLchiar arants, higher blenching 

losses results, which subsoluently improves t.;:le,  bightness. 
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7. CONCLUSIOPS  

1. For any raw material used for ;:.aPer manufacture it is 

important that the material should be cheap aad abundantly avail—

able. Pine needle is a waste product of the forests and, in fact, 

the very removal of these needles is a great service to the 

Fo :st Department ac it is the cause of fibre hazard in the 

forests. The Foreot Department collects these needles annually and 

then these arc burnt. Therefore, the cellection of pine needles 

will not be a problem. The importance of this work will further 

enhance an the Government proposes to set up a Paper Mill at 

Mansehra. As Mansehra is a central place and almost all the forests 

are lying in that region, the transportation charges of the needles 

will be less. The Mill will utilize Dine needle with other raw 

material. With the lice 'e of the pine needles in the pr poeed paper 

Mill, the people of the area will be benefited and also the forests 

will be free of pine needles which will create a good pasture 

condition for the animals. Therefore, tha utilization of pine 

needle will. result in the develoments of the forest.c>/--  

2. The various trials of the cooking conditions show that 

as the quantity of total alkali is increased, the crude yield of 

pulp decreases. Tiy ucinr. 18% total alkali, the crude yield of pulp 

is 28%; However, wen the concentration of total alkali is increased 

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

case, the screened yield is 26.0% while in thy; latter case, the 

yield is 22.0%. Although this yield is leso so comeared with 

other paper producing; raw m.aterial, yet the pine needles will net 

be a costly raw material. As the pine needle is a useless product 



of forests and, moreover, its removal will be in the interest of 
• the development of forest in the country. 

3. Chemical analysis chews (Table 1.4) that pine needle 

contains 31.5% of cellulose, 25.6% lignin and 13.2% pentosan. It 

is comparable with sugarcane bagasse and Kahl grass, which contain 

a.3 K 

 

out 35% cellulose. The percentage of lignin is hieter than that 
ee 

of bagasse and kahi grass, while pentosan percentage is lower. The 

ash percentage of pine needle is 3.3% which is lower than wheat 

straw and rice straw and almost equal to Kahl grass. Much higher 

ash percentage affect bleaching and cooking properties of pulp. It 

is, t herefore , concluded from the chemical analysis that pine 

needle is suitable for the manufacture of paper board. 

4. An important aspect of the bleached pine needle pulp 

is that its fibre length is 1.23mm and diameter is 1944 micron. 

This fibre length is comparable with other materials being used 

for paper production. The ratio of fibre length to diameter is 

63 which is also greater than most of the raw material forpaper 

production. )3agaose ha short length fibre just like those of pine 

needles pulp, generally short fitred pulp is mixed with long 

fibred pulp in order to increase the strength of the resulting 

paper. It is better to blend ac each fibre will contribute a 

characteristics property associated with it which could not be 

easily obtained from the other fibre. 

Bleaching is en important property of the pulp. The pulp 

which can be bleached to a high percentage of brightness is con—

sidered to be a good pulp. Reoults of pine needle pulp show that 

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

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



total alkali is decreased, the brightness also decrease with the 

result that by applying, 18% total alkali, a brightness of 21% is 

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

of 49% is obtained. The yield of the bleached pulp varies between 

18 to 20%. Usually when the paper is of low brightness, it is 

better to colour the paper, as now-.a-days demand of coloured 

paper is increasing. Pine needle pulp with less brightness can be 

used for coloured paper. 

6. The physical properties of the hand Made sheets show 
0 

that at 45 SR freeness, the pine needle properties are comparable 

with other non-woody raw material and g,r-asset. The physical 

properties of the three cooks differ (Table 5.4). For example, the 

buret factor of cook No.I (22% total alkali) is highest, while 

tear factor in cook No.III (18% total alkali) is highest. The 

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

The breaking length of cook No.11 (20% total alkali) is highest 

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

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

is required, then cock No.i is best. If high tearing strength is 

reouired then cook No.III is good. For paper board and wrapping 

p aper, the pine needle may be used as such (without bleaching). For 

this cook No.III is best as at this cook, highest yield (28%) is 

obtained. 

7. A comparison of the hand made sheets at 45 0 
SR with 

other paper making materials used in the country shows (Table 5.7) 

that the properties of pine needles pulp are superior to those of 

bagasse pulp. The teat" factor, bursting strength, folding endurance 

and breaking length of- pine needle are superior to those of bagnosc. 

Bagasse is at preseat widely use.d in the nnlin t -rr 	fl 9 	-,, 
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imported pulp for the production of paper. At present 25% of the 

imported pulp is mixed with 75% bagasse. As the physical properties 

of sheets made from pine needles are superior tc those of bagasse, 

so it means t7aat less percentage of imported pulp may be used with 

pine needle to get a strong fibre. It is, therefore, concluded 

that pine needle may be used as an alternative to begasse for the 

production of paper at places where bagasse is not available. Pine 

needle may also be uced as such (without bleaching) for wrapping 

paper and paper board. 

8. 	 Most of the raw materials, which are used, at present, 

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

other useful puraoses i.e. rice straw and wheat straw are being use, 

as animal feed, bagasse as fuel and Kahi grees in the construction 

of houses, but the pine needles are not used for any useful purpose. 

Beside this, there is another aspect which imparts it unique value 

for use in the pacer mills. It concerns with the abundant and 

constant availability of these needles, which distinguishes it froa: 

the other raw materials, mentioned above, as their availability 

depends on the crop- condition i.e. poor crep would yield less raw 

material. Moreover, pine trees do not require cultivated land. The 

coct of this raw material is comparatively very low than the other 

paper producing raw materials. It is, therefore, concluded that 

the use of pine needles would be more beneficial than the raw 

materiel used at aresent for paper/board• making. 
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1- INTRODUCTION 

After the creation of Bangladesh, Pakistan faced a grave 

situation in packaging industry, as earlier, the entire need of the 

country was met by the jute produced in former East Pakistan, but 

after 1971, jute became an import liability. At present large 

quantities of jute 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 

quantity of jute is being produced which is not sufficient for the 

home consumption. Therefore, the need for other raw materials to 

partially substitute jute is evident. 

The Natural Fibres Technology Division of PCSIR Laborat-

ories, Peshawar, has started investintions on utilizing the 

natural fibres of the country for the purposes of substitution 

of jute. A number of fibres such 
	

Sisal, Bindi, Sunn, Elephant 

grass, Kenaf and Ak were selected and a detailed study was made 

on these fibres. Sore: work on Khip fibre was renorted by 

Agricultural University Faisalabad and on Banana and Mazri fibre 

by PCSIR Karachi. But most of these raw materials -re largely 

scattered and supply is irregular and limited in quantity. There-

fore, an industry based on these raw materials may not be 

economical. 

Pine needle is a waste nroduct of the forests and is 

abundantly available in North '“estern areas of Pakistan. The 

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

and also the material is the cause of fire in the forests. The 

Forest Department collects these 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 advantage 
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of pine needle ic that no extra land is required for its culti-

vation as the pine trees shed the needles regularly. 

Usually, rotting is employed for the extraction of 

vegetable fibre, but the pine needle is hard and the chemical 

methods only are suitable for fibre extraction. The chemical method 

Employed for the extraction of nine fibre is cheap and simple. The 

fibre obtained is harsh and, therefore, methods have been devised 

to make the fibre soft. The fibre obtained can be bleached and dyed. 

It is important to know the physical and chemical charac-

teristics of - fibre to evalu-te the Fibre for snecific purposes. 

The physical properties such as filament length, linear density 

and strength characteristics of the pine fibre have been deter-

mined. The composition of the fibre such as cellulose content, 

lignin and ash etc. have also been found out to evaluate the 

suitability of nine fibre for v-rious uses. 

The report consists of four chanters covering all aspects 

of the problem. Apart from nine fibre, other vegetable fibres 

found in the country have also been included in the report for 

comnarison. Likewise, the rettinn processes have been discussed 

in detail, apart from the chemical process for the extraction of 

nine fibre. Physical ond chemical properties of some of th, 

vegetable fibres hove been included to make the report interesting; 

and informative. It is honed that utilization of pine fibre as a 

jute substitute will provide job opportunities for the poor 

people of the hilly areas. It will also contribute to the further 

development of the jute industry. 
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2 - RAW MATERIAL 

2.1. 1ydes 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 etc. Of all the vegetable fibres, cotton is used 

extensively. Flax and jute are also best known for their exten-

sive use. Of the estimated 30 billion lbs. of vegetable fibres 

produced annually on commercial scale
1 
  , it is estimated that one 

Quarter of the said quantity 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, located 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 continuous 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 jute, 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 and 

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 ; Name of 	; Drain fibre 
fibre. ; family  

• 

76untries(availability) 

Bast fibre Lime 
(Tiliaceae) 

11 
	

Flax 
(Linaceae) 

Pae 
(Leguminosae) 

Mulberry 
(Moraceae) 

Mallow 
(Malvaceae) 

Sterculia 
(Sterculaceae 

Leaf fibre Pine apple 
(Bromeliaceae 

(Agavaceae) 
Agave 

If 
	

Banana 
(Musaceae) 

Palm brush Palm (Palmas) 
fibre 

Jute 

Flax 

Sunn-or 
Sunn-hemp 

Hemp 

Kenaf 

Abroma 
augusta 

Pine apple 

Agave 

Abaca or 
Manila hemp 

Coir or 
Co-conut 

Bangladesh, India, Burma, 
Thailand, Brazil. 

Russia, Belgium, Japan, 
Luxumburg. 

India 

Yougoslavia, China, Chile, 
Philippines, Brazil, China. 

India, Argentina, China, 
Egypt. 

Philippines, Congo. 

Philippines, China. 

Brazil, Haiti, Eastern Africa. 

Philppines, Singapoure. 

Ceylon, India, Mexico, Jama=ica 

Palm 
	Para Paissaba 
	

Brazil 

Miscellenous Bombax 
	

Kapok 
	

Indonesia, India, Thailand 
fibre 	(Bambacaceae) 
	

Combodia. 

Milkineed Akund 
	

India 
(Asclepiadaceae) floss 

R.H. Kirly, vegetable Fibres, Leonord Hill Books Limited 
London 1963. 



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%, 

man 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 , like Pakistan, 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 India, 

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 
:1000 Tonsrercent:1000 TOnslpercent ; 	1000 Tons QPercent 

Flax 	 630 	3 	650 	3 700 3 

Hemp 380 2 400 2 400 1 

Jute 2,580 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 1,500 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 comprises the "hard fibres" and includes sisal, manila and the 

like. The volume of their production hao not changed over the period 

discussed here and amounts to about one 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 ve(Yetable fibre industEy_in 

Prior to the separation of east Pakistan, Pakistan jute 

industry ;:as on firm footing. Apart from meeting the demand of the 

country, considerable forei- n exchange was earned by exporting jute. 

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

situation, as at th-t time only a few jute mills existed in 'Test 

Pakistan. Jute nroducts were imported in large quantities to meet the 

demand of the country. Priority was r;iven to the establishment of 

jute industry in Pakistan with the result that in a neriod of 7 years, 

three jute Mills were added to the already existin, four mills. 

(Table 2.3). l!ith the establishment of more jute mills in the country, 

the import of jute products is decreasing, but the import of raw jute 

is increasin=g as evident from Table 2.4. 

The jute industry in Pakistan depends largely on imported 

jute. Jute is imported especially from Bangladesh, India, Burma, 

Thailand and China. The quality of jute from Bangladesh is superior 

as compared to the jute imported from other countries. In order to 

place the jute industry on firm footing, it will be necessary to 

cultivate more jute on more area and to exaloit other ve,etable fibres 

of the country in order to use it as such or blend it with jute in 

order to minimize the import of raw jute. 

2.2. Vegetable  Fibres already investi,ated in Pakistan: 

Pakistan is rich in various types of vegetable fibres. But 
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TABLE NO. 2.3 

List of Jute Mills in Pakistan 

S.No. : Name of Jute Mill : Locat-ion 	: Raw material used 

1.  Crescent Jute Products 
Ltd. 

Jaranwala 
Faizalabad 

About 1-5% local jute 
Imported jute. 

2.  Thal Jute Mills Muzaffar Garh About 1,-5% local jute 
Imported jute. 

3.  Amin Fabric Kotri About 1-2% local jute 
Imported jute. 

4.  Indus Jute Mills Dhabeji- 
Thatta 

Imported jute. 

5.  Pakistan Jute & 
synthetic Mills. 

Korangi 
Karachi. 

Imported jute. 

6.  Mehran Jute Mills Korangi 
Karachi. 

Imported jute. 

7.  Latif Jute Mills Bela 
Baluchistan 

Under installation. 
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TABLE NO. 2.4 

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

-r 
S.No. : Jute and products ;July 1975 ;June 1976 ;July 1976 : June 1977 

*_Ik.d.T. 	'Rs. (million 	M.T. 	'Rs. (million) 

1.  Hessian Cloth 4,675 18.911 2,378 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 12,126 32,413 9,587 34.461 

6.  Hessian bags 775 3.337 539 1.637 

7.  Old bags 214 0.573 28 0.634 

8.  Jute yarn 1,728 6.197 1,835 7.006 

9.  Jute cutting - 6.197 - 7.006 

10.  Others 254 1.006 578 2.561 

Total 69.862 58.530 

M.T= Metric Ton. 

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 East Pakistan. The Govt. 

also gave top priority to the cultivation of jute in the Punjab 

and Sind, but so far with little 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 list of fibre which 

have already been done investigated. 

1. Typha Elephantina Roxb  (Elephant grass): 

Typha Elephantine is a leaf fibre abundantly and cheaply 

available in marshy places such as the indus Delta, Jhelum and 

Gujrat Districts. In a study of PCSIR Labs., Peshawar5 the 

fibre was obtained by retting. The plant was soaked 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 Elephantina, 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 chemical analysis show that the fibres have 

approximately the same proportion of cellulose and lignin as com-

pared to leaf fibres. The ash % is, however, 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 crenm 

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 

The mean diameter (26.8 u) is higher than that 

fibres. The tensile strength is 37.2 Kg/mm2  is 

of the bast fibres, but it is close to that of 

The cellulose content of Okra fibre is 

of jute, flax and ramie fibres, but lower than 

wax content is higher than that of hemp fibres 

that of flax and ramie fibres, and is close to  

than the bast fibre. 

of jute and flax 

smaller than most 

jute fibres. 

higher than those 

hemp fibres. The 

but lower than 

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 reveal 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.I_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 have rigid leaves while other 

have flexible leaves. Yucca Glauca (S.R) lily 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 931% yield9. 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 

strands of the fibres are brown to creamy colour like jute. 

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 tore 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 has 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 production 

is the lowest, reed length is low and the produce is entangled10. 

Light beating of the stems in the beginning 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 diameter were 19.2 to 22.8 u with a mean of 

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 cultivaible 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 flowing 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 methodsl soil and climatic conditions. 

The reed length ranges from 4 to 5 feet11. The mean fibre strength 

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 u and its mean length is 5.23mm. 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 (Shang): 

Cannabis sativa is abundantly available throughout 

Pakistan, especially in the tribal belt. It is a wild plant and 

grows ever-y where up to 9000 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 dependinr: 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 inches12. 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. Khiaile.atadenialyrotechtda): 

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 inch13  

The average strength is 104.7 thousand lbs. per square inch. Khip 

fibre has, however, been found quite suitable for hand spinning 

in'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 agricul-

tural waste and continues to pose disposal problem. PCSIR Labs. 

Karachi have therefore extracted fibre from the leaf of banana 

tree. 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 

from economic point of view14  . 

9. Mazri fibre: 

PCSIR Labs., Karachi is working on the extraction of 

fibre from mazri plant. Mazri plant is found abundantly 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 economica]Ao extract fibre from 

mazri. However, the fibre extracted may 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 

Pakistan. 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 

ropee 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 available 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 for 

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 gate the raw material 

should be available at a cheap price ind it should be available 

abundantly and regularly. At the moment, the only major use of 

these fibres is in the cordage industry. 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 Hazara, 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 Gains, 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 altitude15 

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 big problem for the Forest Department due 

to the following reasons. 

1. 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 human life. 



-20- 

TABLE NO. 2.5 

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

-- Provinces 	T Coniferous ;Irrigated : 	Scrub 
-1 

; Rangelands 

N.W.F.P. 

Punjab 

854.7 

67.2 

- 

115.3 

269.5 

328.2 

1.7 

2,702.1 

Sind - 69.6 13.4 454.4 

Baluchistan 115.7 0.8 596.9 371.6 

Northern Areas 284.9 0.8 658.0 2,104.4 

Azad Kashmir 367.5 - 12.9 202.4 

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 

burns,t. Therefore, the collection of these needle is not a 

problem. Moreover, the very removal of these needles 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 hectors16. 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 

chemical process. Various processes for 

vegetable fibres are discussed below. 

3.1 Retting_processes: 

Retting is the most important 

of fibre. If retting is not carried out  

of extraction is the 

the extraction of 

process in the production 

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 process, 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. 
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The process used for this isolation is retting or 

rotting, by which the stems are submitted to the action of water, 

fungi and bectarie, which decompose the material surrounding the 

woody part of the stem but leave the fibre bundles intact. The 

soaking in water softens and separates out the straw and at the 

same 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 break down the straw. The organisms which are commonly 

responsible Cor the rotting 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 rotting 

should be stopped. 

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 ratting 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 rotting techniques 

are dew retting and water rotting. 

1) Dew retting: 

Dew retting is best done in the spring, as in late 

autumn 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), warmth and 

freedom from wind, provide the ideal conditions for dew rotting. 

A shower of rain just after the plant (flax or jute) has been 

spread on the ground not only helps the retting but also 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 rotting. Moulds and 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 seperate out easily, although the best method 

of testing is to dry the straw and scutch it. 

Dew retting is cheaper than other methods of rotting, 

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. acre the cost of labour is high spreading 

and turning can also be expensive. From the commercial point of 

view, the main disadvantage is that no control can be exercised 

over the process and this is why it is used for poor quality straw 

which is not considered worth rotting in water. 

2) Water rotting: 

The better quality grades are netted in water, either 

in rivers or ditches or in rotting tanks or vats which have been 

especially installed in factories orAn water rotting. However, 

whichever medium is used, the principles involved in the retting 

process are much the same. Before rotting, the straw should be 

classified into different qualities or grades and any bad straw 

should be removed from the beets or bundles. Sometimes the beets 

are put into the water singly or sometimes two beets are tied 

togather with two or three bonds. Rotting in rivers or ponds may 

take between two to three 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 considered unsuitable. 

3) Warm water rettin: 

The modern method of rotting, however, is with warm 

water and in this method the rotting process is made to start and 

proceed more quickly. From the commercial aspect, the method is 

more efficient, as a proper control can be kept over the rotting 

process, so that the best results can be obtained from the point 

of view of fibre quality. However, the capital cost is high 

compared with that for cold water rotting in rivers, ponds etc. 

One of the chief causes of faulty or difficult rotting is the 
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use of two little water for the amount of straw which is being 

retted. Unless sufficient water is used to dilute the acids 

produced during retting, the bacteria will be destroyed or reduced 

in number and retting will take much longer time. The temperature 

should be never above 76 F° . 

4. Double retting: 

This process is used for good quality flax or other 

vegetable fibres. The main retting process is almost completed in 

the 	first ret, while the second ret is only complements u 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 rettetdin 

rivers or ponds, it is 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 again for the second rut, alternatively 

it may be stacked and kept until the next season for the second 

ret. 

The second ret will normally only last for abo-it one to 

two days. If warm water rutting 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 variation 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 rut 

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 unloading and re-loading the tanks and drying the straw before 

the second rut. 
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The advantages of the double ret ore that most of the 

obnoxious materials are removed in the 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 for less danger of over retting than with the single ret. 

One great advantage of double retting is that it gives the retter 

on opportunity to examine the straw thoroughly after the first ret, 

so that'he can estimate with fair accuracy the time that is likely 

to be required for the second ret. 

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. 

Ci) Hand stripping method: 

The hand method consists of drawing the strips or 

"tuxies" while the leaves are still fresh, between the edge of a 

knife and a hard smooth wooden block attached to a light frame. 

The knife usually has serrations in its edge and the more numerous 

the serrations are and the 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 ore low, there is a 

tendency to produce the coarser fibre which requires less work and 

involves less waste. After stripping, the fibre is hung on bamboo 

poles or wire lines and allowed to dry in the sun as quickly as 

possible. It is thentied up in bundle and graded. 

(ii) Mechanized Hand  Stripping: 

Hand stripping is laborious work and by this method only 

small quantity of fibre con be produced per man per hour. There-

fore, to obviate some of the hard work which is entailed in hand 
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stripping, a machine known as the "Hagotan" is used. In principle, 

this consists of a slightly tapered, cylindrical block attached to 

a spindle in front of the knife. The tuxies are inserted under the 
• 

knife in the usual way and the other end of the tuxie is wound 

around the block on the spindle, but the extreme end is still held 

in the hand by the s—triTyocr. The spindle is driven by a small 

engine and ^s it revolves, the stripper gives the tuxie a steady 

pull outwards, away from the knife. The revolving spindle helps 

to pull the strips under the knife, thus saving the labourer the 

hard work of pulling the "tuxie". The block and knife used are 

similar to those used in hand stripping. '::hen one half of the 

tuxie has been cleaned, the tuxie is reversed and the other portion 

is cleaned. Despite the obvious advantages of the "Hagotan" machine, 

however, 	considerable portion of the crop of the fibre in the 

Philppines is still produced by the ordinary hand—stripping methods. 

This is rather costly for growers, who only produce small quantity 

of the fibre. 

(iii) Decortication machines: 

Decortication machines have been built in Philippines 

and Indonesia for decortication of Sisal and abaca leaves. There 

are minor differences in the machines but the main principle is 

the same. 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 and the whole stem is put through 

it, no attempt being made to seperate the outer and inner sheaths. 

For the extraction of abaci fibre, a Japanese firm has 

made a machine known as "Kawahara machine". In this machine the 

tuxie is fed in by hand. Decortication is done in two continous 

stages, one half of the tuxie being cleaned on one decorticating 
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drum and the other half on a second drum, following which the 

fibre is delivered at the end of the machine on a conveyor belt. 

Table No.3.1 shows o list of fibres of the different 

families and their extraction methods. It is evident that all the 

fibres are not retted. Some of the fibres like ramie, sisal, 

217.5C X X "x 	 x pine apple , abaci 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 scale. The only vegetable fibre used in the mills i.e. 

jute is produced in limited quantity in the Punjab and Sind. The 

limited jute produced in the country would result in low quality, 

because the farmers do not know the retting methods and moreover 

sufficient water is not wail able: for retting purposes. In other 

jute producing countries like Bangladesh, Thailand and India etc., 

the people are fully trained in the retting process and sufficient 

water is available for extraction of the fibre. In Pakistan , the 

cultivation of jute is introduced recently. The farmers are not 

aware of the retting process with the result that the quality 

of jute produced cannot be maintained at - high level at present. 

The concerned authorities may start an elaborate programme to 

train the farmers in retting process, so that in future the 

quality of jute is not lowered due to retting process. 

3.3 Chemical extraction of pine fibres: 

The pine needle is very hard and it is not possible to 

extract fibre with the common retting 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 and the extraction process. 

S.No.: Name of Fibre 	I Botanical name 
r--- 

Extrnction process 

1.  Jute Cnrchorus Cnpsuloris 
colitrius 

Rutting 

2.  Flax Linurn usitntissimum Retting 

3.  Sunn-or Crotalarin juncen Het-Ling 
Sunn-hemp 

4.  Hemp Cannabis Sativa Retting 

5.  Ramie Bochmeria nivea Hand/Scrapping 

6.  Sisal Agave Sisalann Crushing/Scrabbing 

7.  Henequen Agave fourcroydes Crushing/Scrabbing 

8.  Abacn Musa textiles Hand/ Scrabbing 

9.  Coir, 	Coconut Cocos nucifern Retting 

10.  Para Piassave Leopoldinia piossnba By hand 

11.  Kenaf Hibiscus Cannabis Retting 

12.  Abroma august: Abromn nugustn 	. Retting 

13.  Pine Apple Annnos'Comosus By hand /Crushing 

14.  Kapok Cieba pentandra Collection as such 

15.  Akund floss Calotropis procera Collection as such 

16.  Broomroot Muhlenbergin macroura Collection as such 
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the chemical used should be cheap and the process should be 

simple. In the present work two methods of extraction are used. 

In the first method commercial sodium hydroxide is used while in 

the second method commercial sodium carbonate is used. The two 

processes hove been discussed below: 

1. Sodium hydroxide method: 

The following methods were adopted for the extraction 

of fibre by varying the concentration of sodium hydroxide, 

temperature and time of treatment. 

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

ii) In this method, the concentration of sodium hydroxide 
was kept at 2%, but the time of boilingwas increased 
to one hour. The colour of the fibres obtained was 
brownish and the fibre yield was about 53%. 

iii) In this method, the concentration of sodium hydroxide 
was kept at 4%. The needles were kept at a temperature 
of 35-40 C°  for 24 hours. Usually this temperature 
occurs in the summer season. The fibres obtained by the 
method were brownish in colour. Fibre yield was higher 
(about 61%) than the other methods. 

iv) In this method, the needles were treated with 2% sodium 
hydroxide soption for 48 hours at a temperature ranging 
from 35-40 C . Fibres obtained were brownish in colour 
and the fibre yield was about 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 elongation by using 4% 

sodium hydroxide for 30 minutes boiling time. There are large 

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

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

Pa-ticul7,,rs 	:Sodiun Hydroxide Method . : 	Sodium Carbonate Method 
% yield 	I__ 	yield % 

Sample No.1 51 52 62 80 69 - 68 

• Sample N o.II 50 51 60 75 72 65 

Sample N o.III 52 54 63 79 70 66 

Sample No.IV 53 53 62 74 71 68 

Sample N o.V 50 55 61 72 72 55 

Mean 51 53 61 76 70 66 

M=IIN.I.M.Mimm•••••• 

Sodium hydroxide 
4 2 4 4 4 4 

Time of treat- 
ment (Minutes) 30 45 60 30 45 60 

Temperature Co  100 100 100 100 100 100 
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TABLE NO.3.3 

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

S.No. Strength 
(gm.wt.) 

Elongation 

1.  63.5 3.7 

2.  69.1 5.1 

3.  61.8 2.9 

4.  61.2 5.5 

5.  73.1 5.0 

6.  56.1 8.5 

7.  52.9 8.3 

8.  53.2 5.6 

9.  53.8 6.7 

10.  52.8 7.3 

Mean 58.1 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 carbonate method: 

As in the case of sodium hydroxide method, in this 

method also, the concentration of commercial sodium carbonate, time 

of treatment and temperature have 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 range of 72-7036. 

b) The needles were boiled for one hour viith 4% commercial 

sodium carbonates solution. The fibres were thoroughly washed. 

While the treated semi-fibrous needles are still moistened, they 

are rubbed against a hard surface or thoroughly with hands with 

the result that the fibres are senernted out. The fibres were light 

brown in colour and the yield was in the range of 55-68%. 

c) The needles were boiled for 45 minutes with 4% commercial 

sodium carbonate solution, The fibres were washed thoroughly and 

beaten lightly to obtain fibres. The fibres 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 and 66% respectively. 
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TABLE NO.3.4 

Strength and elongation (%) of fibres 
extracted by sodium carbonate method. 

Fibre 
No. 

Sample No.I 1 	Sample No.II 	: Sample  
Strength ;Elongation ;Strength rElongatiOn:Strength Elongation 
(gm.wt.)1 	% 	L (gm.wt.).1_ (%) 	t (gm.wt.)_ 	(%) 

1.  76.7 6.1 67.7 6.8 60.9 7.1 

2.  72.9 6.1 61.8 1.6 53.9 7.5 

3.  66.5 6.4 56.3 5.0 76.5 7.6 

4.  73.9 5.5 60.5 10.8 71.0 6.4 

5.  58.0 8.3 50.2 6.3 59.4 4.8 

6.  70.0 8.6 67.6 9.4 63.2 7.6 

7.  63.0 7.3 52.9 7.7 57.6 7.5 

8.  69.0 5.9 62.0 8.3 53.0 7.1 

9.  71.3 7.8 64.0 9.0 61.0 7.2 

10.  - - 59.5 6.2 55.4 6.0 

Mean 68.0 7.0 61.8 7.6 61.1 6.8 

Concen-
tration% 4 4 4 

Time (Min. )30 45, 60 
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Table No.3.4 shows the strength and elongation using 

4% sodium cnrbonnte for 30,45 and 60 minutes boiling time. It is 

evident that the strength is maximum (68.0 gm.wt.) at 30 minutes 

boiling and about the same (61.0 gm wt) at 45 and 60 minutes 

boiling. 

It is concluded that sodium carbonate method is 

superior to that of sodium hydroxide method as the yield (%) is 

highest at 4% sodium carbonate and 30 minutes boillftL,-and about 

the same (61.0 gm.wt.) at 45 and 60 minutes boiling. 

It is concluded that sodium carbonate method is superior 

to that of sodium hydroxide method as the yield (%) is highest 

at 4% sodium carbonate and 30 minut,..s boiling. The yield is 76%. 

The strength is also maximum (i.e. 68.0 gm.wt.) at this condition. 

Beside this, the fibres are superior in feel and lighter in 

colour in comparison with the colour and feel of the fibres 

obtained by sodium hydroxide method. Moreover, the use of sodium 

carbonate is not only economical but also harmless, whereas 

sodium hydroxide is expensive as well as corrosive and in certain 

cases it reacts with the vessusls used for extraction. 
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4. CHARACTERISTICS OF  PINE FT - - 

4.1 Physical properties of nine  fibre: 

There seems 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, 
• 

climatic conditions, retting process etc. Therefore, large 

variation occurs in the properties 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 not 

ultimate fibre. 

1. Fibre Fin-eness/Linear Density: 

The fineness of a fibre is the diameter or thickness of 

its cross-section, normally this will be the thickness of a single 

strand or filament, which is itself made up (in cross section) of 

a number of ultimate fibres. The fineness will depend, therefore, 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 a stem or a leaf fibre. 

The fineness can be expressed in a number of ways, either 

in terms of the di=eter of the cross sectional area or the weight 

per unit length ( linear density)17. The tex system has been 

adopted by the A.S.T.M. as a standard unit for designating the 

linear density of a textile fibre. The tex value is the weight 

in grams of 1,000 metres of the fibre. The linear density of the* 

fibre is determined by direct weighing on a vibrascope. In the 

present work pine fibres of various length were weighted by an 

accurate chemical balance and the corresponding lengths were measured. 



-38- 

Table 4.1 gives the linear density of 17 sanplcs of pine 

fibres. It is evident th t there ore large variations in the values 

of linear density between the samples (range 90 to 137 ug/cm), the 

mean value being 114 ug/cm. 

2. Strength  Characteristics: 

A certain Minimum strength is a necessity for any fibre 

that is to be used for raking yarn18  Because of this fact attention 

has been paid to the measurerlent of s trength of fibres and to the 

effect of the method of ranufacture. In the course: of these opera-

tions the fibres are combed with steel pines and m-de to bend round 

v^rious fluted rollers moving at fast speeds, so that unless the 

fibres are sufficiently strong,thoy will not be able to withstand 

such treatment end the strength of the final yarn will be unsatis-

factory. 

The strength and binding properties of the fibres ore 

thus very important and in the case of hard fibr s it is estimated 

that fibres in the sliver will have lost as much as 20 percent of 

their strength owing to the bending and piercing activities of the 

gill pins and the fraction of the fibre against fibre and of fibre 

against the pines. 

Table No.4.2 gives the strength char-cteristics of 

individual pine fibre. The fineness is expressed in micron and in 

tex. systems.. The tenacity is expressed in tex only. The fibre 

fineness ranges from 145.2 u to 165 o u, mean being 153.7 u. In 

tcx value, it varies from 24.0 to 27.6. There are great variations 

in the strength at breakin point of pine fibre (range 41.0 g wt. 

80 gm wt) the mean value is 58.7 gn wt. The mean tenacity is 2.17 

g/tex and the mean tensile strength is 3.14 Kg/ mm2. Elongation 

at break is 2.7% (range 2.0 to 4.1%). There is no relationship of 
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TABLE NO.-.1  

Linear Density of Pine fibres   

SFr-pie No. : 	Length 
(cm) 

eight 
(mg) 

Linear Density 
ug/cm 

1. 18.9 2.20 116 

2. 20.8 2.-10 115 

3. 19.2 2.25 117 

4. 17.8 2.10 118 

5. 21.2 2.33 110 

6 	. 19.3 2.38 123 

7.  15.9 1.43 90 

8.  20.5 2.49 121 

9.  18.1 1.90 105 

10.  17.1 1.80 105 

11.  10.3 1.13 109 

12.  13.1 1.40 101 

13.  9.1 1.06 116 

1.. 10.4 1.26 121 

15.  10.9 1.50 137 

16.  11.5 1.25 108 

17.  9.9 1.15 116 

Mean 15.5 1.76 114 
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TABLE NO.4.2 

Strength characteristics of individual pine fibre 

  

StrengElriongation:TenaCITTI Tensile 
Vtex  0  strength  

 

Fibre: 	Fineness 	 
No. : Tex 	 Micron lujnon

2 

 

1.  26.7 152.8 '..x4^  tt 3.1 1.65 2.38 

2.  26.2 151.6 50 2.0 1.91 2.76 

3.  31.0 165.0 65 3.1 2.10 3.03 

4.  26.9 153.8 73 2.0 2.71 3.91 

5.  27.5 155.4 80 4.1 2.91 4.20 

6.  26.3 152.0 75 3.1 2.85 4712 

7.  24.0 115.2 34 2.0 1.41 2.04 

8.  26.0 151.2 73 4.1 2.81 2.05 

9.  27.6 155.8 11 3 1.49 2.14 

10.  26.0 151.0 52 2.0 1.93 2.78 

Mean 26.8 153.7 58.7 2.7 2.17 3.14 
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breaking strength with diameter or area of cross section in the 

case of pine fibre. This is not in accordance with Stout and Jenkin's 

observation who have shown that the breaking strength of bast fibres 

in-creases as the area of cross section decreases. 

Table 4.3 gives the mean values of strength characteristi-

cs of pine fibres. There are variations in individual samples, but 

the overall pattern is the same as given in Table N o.4.2. The 

overall mean elongation (%) is 3.1 and tensile strength is 2.87 

kg/mm. 

3. Comparison of wet and dry strength: 

The strength of fibres alters when they become wet and 

it is important for some uses to know their wet strength as well as 

their dry strength. Although cellulose absorbs water, it is never-

theless insoluble in water. The fact that fibres are atle to 

absorb water internally is extremely important from the point of 

view of their end-use; for if they could not absorb moisture 

internally in,damp atmospheres, surface condensation would take 

place on the::_ and clothing made from then would become clammy and 

unpleasant to wear. 

It is important to know the behavious of fibres soaked 

in water. In most of the cases, the strength properties change by 

soaking in water for 24 hours. In the cases of Sisal and Elephant 

grass, the strength increases and also the elongation (%) increases. 

In the case of pine fibre (Table No.4.4) the strength of the 

individual fibre decreases and the elongation increases. The mean 

strength of 67.7 gm. wt. decreases to 32 gri. wt, thus strength of 

each fibre is decreased by overall 36 gm wt. The mean elongation 

(%) changes from 5.4 to 7.9% an overall increase of 2.6%. In 
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TABLE NO.4.3 

Mean values of strength characteristics of pine fibres 

r- 	 1 	 I 	 t 

Sample; Fineness 	:Strength 	;Elongation; Tenacity 
' 	/Tex No. 	; 	Tex 	J ED.rt. 	J 	% 	t.,_ g 

t 

; Tensile qrength 
, , 	g/rm 

0. 
1.  33.5 55.7 3.8 1.67 2.42 

2.  33.0 57.4 4.0 1.74 2.51 

3.  29.8 54.5 3.8 1.83 2.61 

,. 26.4 57.1 3.1 2.17 3.13 

5.  28.7 57.1 3.4 2.01 2.90 

6.  26.0 53.1 3.2 2.17 3.14 

7.  24.9 56.1 2.8 2.25 3.25 

8.  26.9 58.7 2.8 2.18 3.15 

9.  26.1 50.0 3.2 1.89 2.73 

10.  27.4 54.5 3.1 1.99 2.87 
411M11•0••=M•br.11. 

Mean of 28.3 55.7 3.1 1.99 2.87 
means. 
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TABLE NO.4.4 

Comparison of dry and wet strength of pine fibres 

Fibre 	DRY 	I 	WET , 	 
Decrease in :Increase in No. 	Strength:Elongation: Strength:Elongation 	strengh 	:elongation ,....t.7t, L. _._.% 	L.gT.t.wt  

--1 

1.  70 7.1 50 11.4 20 
2.  30 2.9 18 11. 12 
3.  130 5.7 50 7.1 80 
-..c. 55 5.7 30 10.0 25 
5. 60 7.1 10 8.5 20 
6. 65 7.1 25 7.1 -10 
7. 65 5.7 23 -1.3 42 
8, 57 5.7 26 7.1 31 
9. 52 4.3 18 7.1 34 
10. 90 7.1 10 7.1 50 
11. 45 5.7 26 5.7 19 
12. 35 2.9 22 8.5 13 
13. 70 4.3 26 7.1 ., 

--,---t 
14. 106 4.3 52 10.0 54 
15. 85 5.7 30 5.7 55 

Mean 67.7 32 7.9 36 

4.3 

8.5 

1.1 

4.3 

1.-1 

0.0 

1.4 

1:4 

2.8 

0.0 

0.0 

5.6 

2.8 

5.7 

0.0 

2.6 
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deterring the suitability of any fibre for textile purposes 

fibre which becomes strong in wat-r or in sea water is suitable 

for fishing net and marine rope respectively. 

4. Dimension of ultimate fibre: 

The determination of dimensions of ultimate fibres is 

important as the properties of yarn of a vegetable fibre depend 

largely on the dimension of ultimate fibre. One strand of jute 

fibre as used in spinning, which may be about 5 to 10 feet long, 

will be made up of five to twenty or sometimes more ultimate 

fibres in its cross section, whilst a strand of flax will contain 

about 10 to 40 ultimates in its cross section. Such a fibre strand 

is, in fact, a single fibre bundle as it occurs in the plant. A 

single strand of jute about 6 feet long may be made up in its 

length of as many as 700 ultimate fibres overlapping each other 

along the length of• the strand. However, as in the case of ramie, 

the ultimate cells are comparatively long, the single ultimate 

cells can be used for spinning on there own. Generally, the ultimate 

cells ere too mall to be used on their own except for paper 

making and the fibres used for spinning are strands consisting of 

numerous single ultimate cells bound togather. 

Table 4.5 shows the length and diameter of ultimate 

fibres obtained from fibres. It is evident that the diameter 

varies from 27.2 to 36.2 u, a mean value of 32.3 u, There are 

variations in fibre length also (range 10 to 16 rim), mean being 

13.3 mm. 

4.2 Chemical composition of pine fibres: 

All vegetable fibres are priMarily cellulosic and in 

cost instances, before fabrication into textile products, the 

non-cellulosic compounds are removed by various purification 
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TABU', NO.4.5 

Ultir—Ac fibre: dimension of pine fibre. 

: 	Diameter 
, 	u L 

Fibre No. 
--__ __ 

• r 
, , 	Length 
, 
L 	 Irr. . 

1. 36.6 12 

2. 36.2 14 

3. 27.6 11 

4. 31.8 15 

5. 32.4 13 

6. 34.6 16 

7. 29.0 14 

8. 29.-1 10 

9. 34.6 16 

10. 31.4 12 

Mean 32.3 13.3 
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procedures. Cellulose is the most abundant natural polymer, being 

a major component of all plants. In the solid state, cellulose is 

strongly hydrogen bonde;1, both inter and intramolecularly through 

many hydroxyl groups. Because of this hydrogen bonding and also 

in view,  of its molecular weight, cellulose 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 a cellulose chain is known 

as its degree of polymerization (d.p.). Since cellulosic fibres 

consist of many chains of different lengths, the d4. of any 

cellulosic fibre represents the average length of many chain 

molecules of which it is composed. The physical properties of 

cellulosic and other manromoleculnr fibres depend to a great 

extent on the d.p., the.degree. of crystallinity and the orientation. 

Crystallinity involves an orderly arrangement in only One direction 

or dimenAon. Usually hiAn d.p. and high orrientation contribute to 

increased tensile strength. High crystallinity usually makes the 

fibre less swellable and less easily penetrated by dissolved 

substances subh as dyestuffs. The cellulose content of the fibre is 

the residue after chlorination or exposure to chlorine gas for 

some time, followed by extraction with hot sodium sulphite 

solution. The higher the percentage of cellulose in a fibre, the 

greater will be its value. 

The ash, which is obtained by igniting most native 

collolosic fibres, contains sodium potassium, calcium and magnesium 

as its orinciale 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%. The percent of water n1-1(1 nioni,, 
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TA31-j-  NO.4.6 

Chemicql colflosition of pine fibre 

Sample: 
Uo. 

Cellulose : Lighin Extractive: Moisture Ash 

1.  60.2 17.5 11.2 7.7 3.3 

2.  59.3 18.0 11.0 8.3 8.2 

3.  60.0 17.2 11.4 7.8 3.4 

4.  60.5 18.1 11.1 5.9 3.3 

5.  60.2 17.7 11.0 7.6 3.4 

Mean 60.0 17.7 11.1 7.7 3.3 
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Lignin is found mainly in the woody core of the stem, 

but also in the epidermal and cortical cells of the plant. It is, 

however, .often found in the walls of the cells of the ultimate 

fibres. It occurs chiefly towards the outside of the walls and 

particularly when the plants have been allowed to become over 

mature before havesting. Lignin is insoluble in water and does not 

swell when wetted. It is not removed in the rotting process to 

which the stems are subjected for the extraction of the fibres. 

The percentage of lignin in the pine fibre is 17.7%. The method 

of Ellis and co-workers was followed for lignin determination. 

4.3 Comparison of characteristics of  pine  fibres: 

1. Comparison of the physical properties: 

Literature on vegetable fibres, with the exception of 

jute, is limited, because jute is widely used. among the vegetable 

fibres. The proporties of vegetable fibres varies because the 

grades, maturity and retting methods differ considerably. Moreover, 

the different methods of measurements of vegetable fibres are 

applied so that comparis 	is difficult. 

In physical properties, two types of "fibre characteristics 

hove been reported; one is for the filament or strand fibre and 

the other is ulti:- ate fibre. In this report fibre generally means 

the former. Table No.4.7 shows the filament length, width and 

ultimate fibre length is generally shorter than the other fibres, 

fibre width being equal to that of Sisal fibre. The length and 

diameter of the ultimate fibres is comparable with other vegetable 

fibres. The ultimate length and diameter of pine fibre is less than 

that 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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TABIT 110.4.7 

Fibre dimensions of ultimate fibres of. 
various vegetable fibres. 

Fibre Fibre length Fibre width: 
(cm) 	(u) 

Ulti=te length 
(ii) 

: 	Ultimate 
diameter(u) 

Flax 20,140 40-620 4-66 127.76 

Jute 150-360 30-140 0.8-5 10-25 

Hemp 100-300 - 5-55 16-50 

Ramie 10-180 60-904 60-250 16-126 

Abaca 180-360 10-280 3-12 12-46 

Sisal 75-120 '10-460 1.5-4 16-32 

Pine 9-12 140-160 11-16 27-36 

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

(Harris Research Laboratories, Inc Washington DC 1954) 

P 115. 
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characteristics is scattered and different. In the present work 

no data is reported on the strength characteristics of ultimate 

fibres of pine fibre. Comp7rison with other vegetable fibres is 

not directly. possible in some cases on account of differences in 

units etc. In Table No.4.8 strength charapteristiCs of various 

vegetable fibres is given. The fineness (in denier) of sisal, 

henequene and abaca is given. The fineness of pine fibres is 

approximately the same as that of sisal fibre. The elongation (%) 

of pine fibre is almost the same as that of other vegetable fibres, 

but greater than that of jute and 'flax. 

2. Comparison of chemical properties: 

Chemical composition of a vegetable fibre is important 

in order to assess its suitability for end use. Moreover, the 

chemical constituents of bast and other vegetable fibre vary 

considerably. The relative proportion often varies renarkedly as 

a result of differences in crop, variety, state of maturity, soil, 

feltilizer treatment, cli=tic and enviromental conditions. There- 

fore, there are large variations 

the individual fibres as evident 

main constitutent of a fibre and 

in most of the vegetable fibres. 

in the chemical composition of 

from Table 4.8. Cellulose is the 

usually it varies from 60 to 70% 

Pine fibre contains 60% of 

cellulose. Other vegetable fibres such as jute, kenaf, abaca and 

kapok contain about 65% cellulose. Hemp, Sisal and Flax contain 

high percentages of cellulose i.e. 71 to 77%. All the vegetable 

fibres contain lignin which varies from 5 to 25%. Pine fibre contain 

17.7% of lignin. As most of vegetable fibre is used as such i.e. 

without bleaching. Therefore, the presence of lignin will not 

effect the fibre duality. Water and alcohol extractives of the 

various vegetable fibres have also been given in Table 4.8. It 
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TABLE N6.4.8 

Comparison of the physical properties of 
various vegetable fibres. 

Fibre 	: Fineness' Tenacity 
' denier' 	Biden. 

: Tensile -strength; Elongation 
PSI x 10-3 

Jute 	20 	 3 57 1.5 

Flax 	5 5 96 1,5 

Hemp 	6 4 76 2.0 

Ramie 	5 5 97 4.0 

Sisal 	290 4 , 74 • 3.0 

Heneoure370 3 56 5.0 

Abaci 	190 5 93 3.0 

Pine 	242 0.21 — 3.1 

H.F. Mark, N.G. Gaylord, 'Polymer Science and Technology 

Encyclopedia (Interscience Publishers, John Wiley & Sons, 

New York 1967. 
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TABLE NO.4.9 

Comparison of chemical co::.position of 
various vegetable fibres. 

Tibre 	Cellulose: Hemi-cellulse: Extractive: Ash :Moisture :Lignin & 
& pectin 	:pentosan 

lute 71.5-63.2 13.3-22.2 	 0.68 9,9 24.4,10.8 

temp 	77.5-7-1.3 	10.1-17.9 	2.7-,.0 	0.82 	88 	3.7-9.3 

asal 	77.2-71.5 	18.1-13.3 	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 10.5-2.2 

arie 	91.0-76.2 	1,5-8.0 	6.2-5.0 	0.12 6.±-5.0 5.6-0.7 

cnaf 65.7 	 - 	1.9 	1.0 9.8 21.6 

loaca 	63.7 	 2.1 	1.10 	6.1 	21.8 

ine 
pple 	81.5 	 2.1 	1.10 	6.1 	9.2 

unn 	80.4 	 3.0 	0.6 	9.6 	6.6 

YPa 	' 
lophintia63.0 	 8.7 	 7.8 	2.0 	8.9 	9.6 

'aindi 	80.0 	 - 	3.1 	0.6 	10.2 	9.4 

aDok 	64.0 	 23.0 	 2.3 	 - 	- 	13.0 

inc fibre60.0 	 - 	11.1 	3.3 	7.7 	17.7 

M. Harris, Hand book of Textile Fibres, First Edition (Harris 
Research Laboratories Inc, Washington D.C. 1954). 
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is evident that most of the vegetable fibres contain less 

extractive i.e. the percentage extractive varies from 2 to 6%. 

Pine fibre contains the highest percent of extractive i.e. 11%. 

Similarly the percent of ash is also highest i.e. 3.3% in the 

case of pine fibre, other vegetable fibres contain about 1% 

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

5.1 Softening of pine fibres: 

Vegetable fibres, other then cotton, consist of bundles 

or bunches of ultimate fibres and as such their diameter is usually 

higher than the cotton fibre. Most 

coarse and harsh. Softness, is one 

for a fibre to be used for textile 

fibres soft, they are treated with 

of these fibres are, therefore, 

of the essential requirements 

purposes. To make these vegetable 

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 operationnot only 

induces suppleness to the fibres but it also makes the fibres.  

suitable for spinning4into yarn. Elasticity or stretchability of 

vegetable fibres is of 

industry. Unelastic or 

operations. Therefore, 

ing of such fibres. 

Pine fibres  

significant ina?ortance in the textile 

brittle fibres may break in the spinning 

greater fibre losses occur in the process— 

also consist of bundles of fibres and as 

such they are harsh. Therefore, like other vegetable fibres they 

are to be treated with softeners, emulsifying agents or oil before 

being utilized for the textile nurnoses. 

Keeping in view the. physical structure of these 

fibres, it was considered necessary to apply various softners, 

presently used in textile industries. Softening ,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 different soaftners 
under varyin conditions. 

•,-• 

Type of Softener: 	''.'t.' of 
' Samolp(g):aryolied% 

I ,Softener : Treatment 
: Time 	(hr.)' 

Temperature 
(°C) 

Softex 2 	8 i hr. 20 

(B) 2 10 i hr. 40 

Irgamine S.F.0 (A) 2 5 1 hr. 80 
extra. 

(B) 2 10 1 hr. 30 

Sapamine O.C. (A) 2.5 3 1 hr. 13 

(B) 2.5 5 2 hr. 60 

Cirrasoft XL (A) 2.5 14 3 hr. Room Term. 

(B) 2.5 14 24 hr. Room Temp. 

Cirrasoft PN (A) 2 3 2 hr. 30 

". (B) 2 1 2 hr. Room Temp. 

Cirrasoft ACN (A) 2 3 2 hr. 40 

(B) 2 1.5 2 hr. 40 
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Procedure:  Each softener was tried on pine fibres under varying 

conditions of temperature, time and concentration of the softner. 

Each softener was tested on fifteen samples of fibres. The-

treatment conditions of each sample varied from one another. Then 

the subjective method, for selection 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 selected samples (two of each softner) 

were again examined 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 treated with softeners were 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. 1st 

selected sample woo alloted six marks and four marks to second 

sample and 2 marks to 3rd sample. The selection procedure 

is indicated in Table 5.2. It clearly shows that out of fifty 

research workers 25 have elected cirrasoft ACN as the first best 

softner. Fifteen research workers hove given it the second 

position and five workers were of the 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 1st 

selected softner. Similarly, 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 

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

Subjective Score for selection of 
the best softner. 

position. 

Cirrasoft ACN 
-(A) 25 15 5 220 

Cirrasoft XL 
-(A)  10 5 5 90 

Cirrasoft ACN 
-(B)  5 5 15 80 

Sapamine OC(A) 5 5 5 60 

Sapamine OC(B) 0 10 5 50 

Irgamine SEC(A) 5 10 50 
Extra 

(B) 5 50 

Total 50 50 50 GOO 

1st = 6 Score 
2nd 4 Score 
3rd - 2.Score 

• 
• 

Softner No.of per- No.of persons No. of nerson8: 
sons in fav, 
our in 1st: 

in favour of 
2nd position 

in favour of 
3rd rosition 

Total Score 
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The results of strength and elongation, of the selected 

sanples of pine fibres treated with the six softners, have been 

tabulated in Table 5.3. 

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 softening 

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 and also the treatment is done either at room temperature 

or lower temperature. As regards the time Meter it is slightly 

greater than the first three softners. It is also clear from the 

table that higher percentage of the Cirrasoft XL has been used 

but its softening effects are quite distinct. This can be easily 

understood from the table 5.2. 

The most economical result has been shown by the 

Capamine OC where minimum of the time, temperature and concen—

tration have been indicated but in the overall selection (as 

shown in table 5.2) it is placed in 5th position. 

The usefulness of the softeners has become more 

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

occupied the Ist, 2nd & 3rd position. Here the extent of softness 

of Cirrasoft ACN (A) is evident by the last column of the table. 

The selection position, of Cirrasoft XL (A) and cirrasoft ACN(B) 

at second and 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 maximum extent by 3% Cirrasoft ACN (A) when 

treated for two hours at a temperature of 40 C°. 
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TABLE N0,5.3 

Strength and elongation -properties of pine fibres 
sam7des treated with various softners. 

S.No. Softner used Strength 	: Elongation % 

1. Cirrasoft ACM (A) 56.3 5.8 

2. u (13) 48.2 6.0 

3. Cirrasoft XL (A) 55.7 6.8 

4. (a) 71.4 5.3 

5. Irgamin SFC (A) 50.? 7.5 

6. u (3) 55.8 4.8 

7. Sapamine OC (A) 62.4 6.2 

8. u (B) 68.6 4.3 

9. Cirrasoft PM (A) 69.9 6.1 

10. II 
(B) 65.8 6.0 

11. Softex (A) 72.7 5.4 

12. u (B) 78.9 5.1 
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In Table 3 the strength and elongation of the pine 

fibres, after softening, have been recorded. It is clear from the 

results that samples Cirrasoft PN result in comnnratively hider 

strength and elongation, whereas in the case of the samples of 

Softex, although the strength is maximurl but the elongation is 

lesser. The samples of Cirras ft XL also contain improved strength 

and elongation properties. 

5.2 Bleaching of 74 ue fibres: 

Bleaching is one of the most important operations in 

the processing of textile materials. The main objective of bleaching 

of fibres is to remove the admixtures which arc associated with 

the fibres. These include most of the non-cellulosic materials, 

such as carbohydrates, pentosan and lignin. By eliminating these 

substances, the wettability of fibres is substnnAnIly increased 

and this assists the fibres in successful dyeing and printing 

operations. Wettability is one of the requirements for dyeing. 

The bleaching of bast fibres is done with difficulty as 

they contain higher percentages of non-cellulosic ma-erials. The 

presence of higher percentage of lignin is one of th,  

in the process of bleaching. Due to the 7resence of 	materials, 

most of the bast fibr s, even after bleaching, contain slight 

tint of yellow colour. 

The pine fibres, which are brown in colour, were treated 

with the oxidising and reducing bleaching agents to impart 

whiteness to the fibres. The following bleaching methods were 

carried out: 

1. 	The brownish pine fibres were treated with sodium 

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

temperature of 20 C°  for 2 hours at a pH of 11. The pH was 
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controlled with 4g/L solid sodium hydroxide while the bath ratio 

was kept at 1:6. The bleached fibres were rinsed throughly with 

water and subsequently with 2% sodium thiosul7Dhate. 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 with 3 g/L sodium dithionite at 85 C°  for 

30 minutes. The fibres were then thoroughly rinsed with water. Th. 

degree of whiteness of the fibre has been greatly inmreved by the 

second bleaching method. 

2. 	The bleaching of fibres was carried out with hydrogen 

peroxide. The bleaching bath was -prepared by addition of 40 cc/L 

hydrogen peroxide (20 vol%), 1.2 g/L sodium hydroxide and p g/L 

sodium slicate. The fibres were treated with the prepared bleaching 

solution for two hours at the temperature of 80-85 C°. The pH of 

the solution was kept at 11. The fibres were thoroughly rinsed 

after completion of the bleaching period: The fibres obtained were 

still having yellow colour. To fully bleach the fibres, these were 

treated with 3 g/L sodium dithionite at 85 C°  for 30 minutes.. The 

fibres were then rinsed thoroughly with water. After this bleaching 

method 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 xtrystalline and 

amorphous regions. The crystalline regions are those in which the 

cellulose molecules are arranged in an orderly manner. As in the 

crystalline regions the cellulose molecules are density packed 

together, therefore, in the dyeing nrocess, the comparatively coarse 

dye molecules are fixed between the cellulose molecules with great 
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difficulty. ',hereas in the amorphous reion, where the cellulose 

molecules are arranged in disorderly fashion, the water and the 

dye molecules moves in and between the cellulose molecules readily. 

This situation is thus more convenient for satisfactory dye absorp-

tion. 

The bleached Dine fibres were dyed with direct dyes with-

out any 7,rcliminary processes. The following procedure of dyeing was 

followed:- A cold dye bath was prepared by addition of n direct 
dye and 20% common salt. Then 5 go of pine fibres, after wetting in 

water, were placed 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 oranFc were obtained by 

treating the Dine fibres with direct blue, red and organee dyes. 

Other types of dyes such as acid, sulfur, azoic and vat may be used 

with varying degrees of satisfaction. 
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CONCLUSIONS 

1. Pine needles are abundantly available in North Testern 

areas of Pakistan. These needles are a waste aroduct of the forests 

and constitute a hinderance in the development of forests. The 

forest department collects these needles annually and subjects them 

to burning. The main 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 any economic use and in 

fact their very removal will be a great service to the forest 

growers. 

2. Among the vegetable fibres jute i,  the most widely used, 

and its world production is next to cotton. Pakistan is rich in 

vegetable fibres, but so far some of thc vegetable fibres have been 

studied at-  the laboratory level only. Exceat 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.  

vegetable fibres.. Moreover, these vegetable fibres need detailed 

study on their actual nroccssins. Pine fibre has not been investi-

gated on a pilot plant scale because no pilot plant facilities 

arc available in the country. 7:e will be able to utilize these 

fibre after carrying out due pilot nlant studies on individual 

fibres. 

3. Jute cultivation has recently been introduced in the 

country, especially in the Punjab and Sind, but with little success, 

because rotting and other field operations of home produced jute 

are not yet being carried out properly by the farmers. The country'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 aboi,evcry thing else, the ouality depends on 

the efficiency of retting. If the fibre is properly rutted, many 

of the defects found may be eliminated. The present inferior 

Quality of home produced jute is due to the unawareness of the 

farmers in respect of retting and other preparatory processes. 

The Quality of jute is lowered if care 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 jutc.is not affected due to the retting and associated 

processes. 

4. Pine needle is very hard and therefore mechanical methods 

for the extraction of fibres cannot be of much use. The only 

method of extraction of fibre is the chemical process. Two types 

of chemical extraction methods have been developed. One is 

extraction of pine fibre with the help of coomercial sodium 

hydroxide solution. In this process 4%, 	solution of sodium 

hydroxide were applied at the boil for 30 and 60 minutes respec-

tively and pine fibres were extracted. Longer period was 

required for keeping the needles at 35-40 °C. In the second 

process, sodium carbonate is used. The needles were boiled for 

30, 45 and 60 minutes in 4Z sodium carbonate solution. Pine fibres 

were extracted by mild beating. Sodium carbonate method is 

superior to that of &odium hydroxide method as the yield is highest 

(76%) at 496 sodium carbonate solution and 30 minutes boiling and 

the strength of the fibre is also maximum at this condition. 

5. Properties of pine fibre show that the fibre length is 

15.5 cm and width is 154 microns. Ultimate fibre length is 13.3 

mm and diameter 32.3 micron. The mean strength of fibre is 55.7gm 
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wt.and elongation 3.1%. The strength of nine fibre on wetting is 

decreased and elongation increased. The fineness is approximately 

the same as that of sisal fibre. However, the strength is a bit 

low than that of jute, Chemical comnosition of pine fibre shows 

that it contains 60% of cellulose, 17.7% lignin, 11.1% extractive 

and 3.3% ash. It is comparable with jute, kenaf, abaci and kapok 

which contain about 65% cellulose. Extractive matter and ash 

content of pine fibre are highest among the available vegetable 

fibres. 

6. Pine fibres as such are harsh and are not suitable for 

conversion into yarn. The pine fibres can be conveniently softened 

by softeners which are economical and eneily available in the 

market. These softners are already being used in the vegetable 

fibre industries for softening. A number of softeners were 

applied by varyin7 time of treete!ent, temperature and concentration 

of the softeners. It as found that pine fibres are softened to 

the maximum extent by 3% Cirrasoft `RCN when treated for two hours 

at a temperature of 40 °C. The strength of fibre is not affected by 

the softener but the elongation ((Z) increased considerably. 

7. The nine fibres can be bleached to almost whiteness by 

the ordinary bleaching procedures. Two methods ere applied. The 

first method is by bleachine with sodium hypochlorite (2% active 

chlorine at a tempereture of 20 °C for two hours at a pH of 11). 

The fibres were further bleached with 	sodium thiosulphate. 

After this the fibres still contain yellow colour and were, 

therefore, subjected to reductivcbleaching. By this treatment 

the degree of whiteness is improved considerably. In the second 

method, the blenching were carried out with hydrogen ?eroxide 
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(20 vol.%), 1.2g per litre sodium hydroxide and 3g per litre of 

sodium silicate. The fibres wore treated for two hours at a tem-

perature of 80-85 °C at 11 pH. To fully bleach the fibres, 

these were treated with 3g per litre sodium dithionate at 

85 °C for 30 minutes. 

8. Generally vegetable fibres are not bleached and dyed. 

But in some cases, as in the case of carpet yarn and for producing 

fancy effects, the yarn is dyed. The bleached nine fibres were 

dyed with direct dyes -ithout any preliminary arocesses. Good 

shades of blue, re l and orange were obtained by treating the pine 

fibres with direct, blue , red and orange dyes. Other types of 

dyes such as acid, sulphur, ozoic and vat may also be used. 

9. Vegetable fibres of importance in the textile industry, 

other than cotton and flax, are jute, hemp, ramie, alpaca and 

sisal. Jute and hemp are used extensively in package industry 

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

and upholstry. The principal use of ramie and flax fibres is in 

the production cf various household fabrics. Abaca is extensively 

used in rones and, twine. The present studies reveal that pine fibre 

may be used for most of these purposes and esnecially in ropes and 

matting. It can also be blended with jute, and other vegetable 

fibres for use in package industry. 
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