INTRODUCTION

3 | Fibre morphology

Paper is manufactured from a pulp consisting of separated fi-
bres, mainly wood fibres. The tree grows from the boundary layer be-
tween bark‘®and wood, the "cambium layer", This consists of a thin7Tﬁ%

layer of living cells, which div;de and are thereby responsible for

the growth of the tree. The,camblu@;&ayer is protected by a thin bast_ﬁ

”~

layer, which'in turn is- pzpt@cted‘by the bark. 0ld layers of bark are
s //
stretched out. and brealk. ’The’saﬁ“wood lles just inside the cambium

layer, and serves to tr&gsport wﬁter and. store nutrients. Towards the
centre and bottom of the tgge liqg,the oldest wood, called heartwood.
Substances such as resins an& tanninq are enriched in the 00113 of
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the heartwood, which theréfore has & darker colour. The heartwood is
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dead and stiff. In plﬂ?ﬁj the heartwqgg 15 preserved by the pinosyls"
vin which is secreted. Rings, called the annual rings, can be seen in
the cross section of the trunk, the)inner, wider lighter part of an
annual ring is formed in spring or early summer. During the next
growing phase the darker and denser summerwood (late wood) is formed,
which appear as a dark boundary around the springwood (earlywood).
Phe width of the annual rings varies considerably, depending on the
conditions available for growth. The more favourable the conditions,
the wider apart the sontal ringsd

More than 90% of coniferous wood consists of tracheid celis.

These are 3-5 mm. The length:width ratio often exceeds 100:1, which



is the reason why they are so well suited for paper manufacture. The
fibres are cylindrical and hollow spaces (lumen) in adjacent fibres
communicate with one another by méana of valved windows or pores,
Water can be transported in a zig-zag manner through this inter-con-
nected system of hollow spaces, from the root up into the tree.

The late wood fibres are smaller and have thicker walls than
the early wood fibres. They ngW/more slowly. If a late w&od fibre
is dried, theitross sectio§>ﬁhrink§fhut it ‘retains its form. If an
early ‘wood fibre is drieﬂ,i;tzpéllapsag. (Figs 1Y,

f/ﬁpringﬁﬂpod X late wood

dry

FIG. 1'Late wood and early wood fibres Wwhen dried.

The late wood fibres are harder and more bulky. Theéy give,
therefore, a porous sheet of low strength. Early wood fibres give
denser and stronger sheets.

Broad-leaveg woods (hardwoods) consist of librilform cells,
vessels and pith ray cellswlLibrilform cells are 0.5-3 mm long with

a mean length of c.m. imm. Like the tracheids they have a hollow



centre (lumén). They account for 25-35 percent by volume.of broad-
leaved wood, but considerably more by'weight. Broad-leaved wood con-
tains abougl 50 % by volume of vessels, but only about 10 % by weight.
These short cells with large hollow centres make up the building
blocks for the vertical channels which transpert water in broad-
leaved trees. In this case, the water does not travel' in a zig-zag
manner 25 in the tracheids of cg&%;ardus woods. The pith ray cells

account for 5-35 % by volﬁﬁéﬁdi‘ﬁéggﬁ;leaved woodsg¥

- ————

S e R Iy 2"«
- Linen

/,'*;ﬁertiarygwall (83)

— $égondary wall, inner layer (SZ)

\

_,fgéqéndary wall, outer layer (51)

'AYP?iﬁgry wall (P)

~ii8dle lamella

— ————— ——— e

FXG. 2 The %#Tﬁe;gpt QQXE;Sféija cellulose fibre in
schematic fﬁrm

The structure;of g tracheid fibre dsshown schematically in
fig.» 2. The fibre is profected by a thin membrane, called the prim-
ary wall(P). Inside this, there is a so-called secondary wall which_
surrounds the lumen. It consists of a number of layers, numbered
from the outside in as 515 855 33, These layers are made up of spi-
rals of fibrils, which lie at various angles to the length direction
of the fibreﬂiThe fibrils consist of cellulode. The wood substance,

or lignin, holds the fibres together in the wood. It is concentrated

in the middle lamella, but also partially penetrate into the fibril



layers. Lignin is made up of ring-shaped carbon compounds. D. Page
and co-workersnat the Pulp and Paper Research Institute of Canada
have investigated the tensile strength of single cellulose fibres

as a fungtion of the fibrillar angle in the secondary wall S,. All

2.
fibres had been produced by the sulphate method in a comparable man-
ner. They found that the larger the fibrillar angle, the lower the
tensile strength of the fibre, in other words, the more the fibrils

are orlentatéﬁ along the 3213 of tﬁgiiibre, the stonger the fibre.

This ies also what would‘ﬁé)é?peéted iT‘the fibre is visualised as

/

a tube which is relnfoﬂgeg/pyr3@}ra1~wound fibrils. \ﬁ

The 1nveatigati@n élséfsh;ﬁed that fibres with the same fikri
brillar angle in *eneral had»the’ﬁgme strength, irrespective of :
whether they were early ﬂOQd fihres=or 1ate wood fibres and irres-

pectiveé of the wood snecz_eu Thn fact that late wood usually has

stronger fibres than &%fs\spring woodAthns depends on the lower fi-
brillar angle din late wood fibres, -

1.2 Types of pulp

* Pulps used for manufacturing are classed as either 'mechanical
pulps or chemical pulps. Mechanical pulps are those in which the fi-
bfes have been separated from the wood mainly by mechanical treat-
ment, while in chemical pulps the fibres have been separ%fed Irbm

the wood by chemical treatmentsy

1.2.1 Mechanical pulp

{ .
The basic principles of manufacturing mechanical pulp are sim-



ple, although the actual practice is quite complicated. It still

remains an art rather than a science when compared with other me-
thode of pulping. The basic operation consists of forcing by press-
ure a block of wood against a grind stone in'the presence of water.
The block is held against the abrasive surface of the revolving
stone by such force that the wood is reduced to a fibrous condition
while the water keeps the s@pna g9ql, cleans and lubricates its

surface, and carries away‘the"bﬁib;%&i
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Advantages of mechanlcaljpn*/ NS

1) Cost of p%oduc}iam‘ Isn comparlson with the chemical wood-

pulps, unbleached or bleacy@dN'apd pulps. from other vegetable sour-

4

ces, the most important adwantaga gf mechanical pulps is their low

cost. This is dué Chlufly to the fact that the yield of pulp is dou-

T

ble that of mechanical woocpuﬁps and ‘to the lower cost of production -

achieved by the use ofkgqggr {Eﬁiggg,gﬁ'fhemlcal and steam.

2) Use in printing papers, -The use of groundwood of proper
quality in the printing of, paper has been. found to improve‘printing
results. In newsprint espec¢ially it has long been known by exper-
ience and research that the printing quality of this important grade
is improved in direct proportion to its content of groundwood.

When.used in book papers and mixed with bleached woodpulps
and a considerable, amount of mineral filler, the groundwood pust be
of supgrior quality. Groundwood for this purpose is frequently given

a bleaching treatment by the use of special chemicals in order to make

the pulp whiter and brighter. The printing quality of these papers



is excellent and vastly superior té the groundwood papers of the
past, ‘

%) 1Industrial papers. In other types of paper, such as toil
let tissue, toweling, and many of the paperboard specialities, the
chief and almost only advantage is in the lower cost of mechanical
pulps in comparision with other pulpé.

ILimitations or diaadvantages. b :

There are a numbertadeiééééagggges, the chief of which is
the impermanence of papef:%gﬁpaini;éfgfoundwood. Tﬁis lack of per-
manence is due to the fg#ﬁ%ﬁ§it§ of the;noncellulose matter to oxy-
gen of the air and other/gégéé;V%Esideé'being adversely affected in
colour, strength, and durao%;ity"by exposure to sunlight, heat, and

air, also deteriorates more rapldly because chemical residues, such

as sulphuric acid from papermakers alum and sulphur dioxide when

used in groundwood bleaghlng are harmfulf

t _)‘ - . s

Besides the nature and induced lack of permanence, groundwood
papers are characterized by low strength properties, low brightness
and poor colour when compared witﬁ fully bleached chemical pulps.
While the limitations of mechanical pulps can be remoYed in part by
cafefuliy selection of the wood and its preparation, as well as by
better grinding techniques and bleaching methods, the drawback of
impermanence is inherent in fhﬂiﬁ chemical constitution.

1.2.2 Chemical pulp

1.2.2.1 Sulphite pulp

Outline of the sulphite process.



' -
The sulphite process developed around the use of calcium for

the formation of the sulphite mentioned in the Tilghman patent. Of
all the alkali earths, calcium in the form of calcium carbonate
(limestone) was the cheapest and most pleﬁtiful, and the sulphite
process became, for the most part, synonymous with its use, To keep
‘the calcium bisulphite in solution at elevated temperaturés an ex-
cess of sulphur dioxide is necessary, and hence the pH of the cook-
ing acid is low. o = /v" 4

Sulphur dioxide. in«the adld is«daflned as follows:

Total S0, Deterg}ﬁ%? pxrtitratign according to CPPA 8tand-
ard J-1 or TAPPI Standapd T 60# M 45 and expressed as percent total
SOZ' .

True free S0O,. The SQ .pfesent in excess of the amount re-

2
quired to form the blsulphlte. This ds equal to the total SO minus

twice the combined SO o 79

Mill free SO,. The sum of the true free S0, plus one-half the

802 combined as bisulphite, determined by CPPA Standard J-1 or TAPPI

Standard T-604 M-45 and expressed as percent free SOE.

Mill combined SOZ' THe SOa combined with the base as monosul-

phite, determined by the difference between the total SO. and the

2
free Soa.

More recently strength and yield advantages of bisulphite
pulps made with liquors containing little or no excess SO2 have led
to the increasing use of the more soluble bases such as magnesium,

sodium, and ammonium. The pH of the fesultant cooking liquor will



vary according to the excess SO2 preéent, and a variety of processes
have resulted. To specify the type being used, a nomenclature based
on the predominant ion concentration has been}adopted generally. Over
50% HSOB, the cooking liquor is called X bisulphite, where X is the -

cation used. The nomenclature and procéss definitions are given in

table A.
TABLE A ,
Item Nomenclature Predpmfhaggighemical Approx. initial
~é§§ﬁ? i£,éoS;ing liguor pH at 25°'C
1 Acid sulphite ,'H’Eé‘é’%’\g@msog 1-2
2 Bisulphite ,.*:{H/so} 2-6
3 Neutral sulphite Xsbs - XGOB (XOH or none) 6-9+
4L Alkaline sulphite XSO§‘+ XOH (on Naas) 10+

Acid sulphite pfoéegal'Théproceaﬁﬁin which the cooking acid
used contains a high peréentagé of free Sga (excess 502) and there-
fore has a starting pH as indicated. above. The base is usually cal-
cium but may also be a soluble base such as sodium, magnesium, or
ammonium,

Bisulphite process. The process in which the cooking liquor
_used containgcarpredaminance of bisulphite ion in the 2 to 6 pH range
with iittle or no true free (excess) 502. The base must be more solu-
' ble than calcium, i.e., sodium, magnesium, or ammonium.

Neutral sulphite process, The process in which the cooking 1i-

quor used contains a predominance of sulphite ion in the 6&to 9 pH



range. The neutral sulphite semichemical (NSSC) process is one in
which wood, usimally hardwood, 1s treated with a cooking liquor made
up of a mixture of sodium sulphite and sodium carbonate or other al-
kali at pH 7 to 9 followed by mechanical fiberizing. Neutral systems$
are not in common uce for a single-stage pulping because of the ab-
normally long cooking times or high temperatures that would be re-
gquired to produce fully cooked, chemical pulps.'Hoﬁever, liguors of
this composition are used'as/dnéiéﬁégé in certain multistage systems
and in certain single- stage/ohemimeéhanical pulping systems. Sodlum
or ammonium base may be usgé over the entire pH range; magnesium may
be used only at the lOWBr pﬂi;nﬁ becatse of solubility limitations.
Alkaline-sulphifé ﬁr@cgés.AThe\process in which the cooking
liquor used contains suiphﬁté plus'alkaline agents at a pH of 10 or

higher. This process is-likéwise nof in common use, except as it

pertains to the multlsﬁage processes. The base used would be sodium,

1.2.2.2 Alkaline pulp or sulphate pulp

The term alkaline pulping includes all methods of pulp maﬁu-
facture in which plant materials containing cellulose fibres are
treated with agueous alkaline solutions. These planf matefials in-
clude the followiﬁg:

1) Cotton or linen fibres or rags, which contain no lignin.

2) Fibfes such as those of straw, bagasse, bamboo, and es-

parto grass, which contain between 11 and 20 % lignin.

%) Hardwoods, which contain between 16 and 24 % lignin,

L) Softwoods, which contain between 27 and 3% % lignin.

~
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The sulphate, or kraft, process

In the kraft process a mixture of sodium sulphide and sodium
hydroxide is used to pulp the wood. The sulphide accelerates the de-
lignification; consequently, the chips are exposed to the hot alkali
for a shorter time than in the soda progess, and this makes it possi-
ble to produce a pulp of much greater strength than soda pulp. Acs
cording to Strachan, experlmentgﬁia Epgland during the Napoleonic
Wars (i. €4, 1805-181L4) estahiishe Z t the addition of sulphur and

/
gulphides ‘would acceleratﬁ/i/

f
alkaline nulplng of straw, but the

first patents on the uue/g%/ ﬁ}ﬁhides in.the pulping of wood are those
of Eaton in the Uniteo/ﬁfégeakiﬁ()870 and 1871.

In gpite of these//G.F.\Daﬁﬂgof Danzing Germany, is usually
creédited with the developm&ﬁt of ihe kraft, or sulphate, process in

1879. He began to subg t1tu+e sodlum sulphate (salt cake) for the so-

r\.__. —_— ——— —— r‘

¢a ash (sodium carbona%ﬁ7\u;ed to rep;ane the alkali lost in cooklng

straw. The results were at first unsatisfactory, however, and it was
not until 1884 that Dahl; obtained a patent; The process was goon ap-
plied to coniferous woods, and in 1885 the first kraft paper was pro-
duced at the Munkjo mill in JIBnkoping, Sweden, apparently because,
owing to an eérror, a digestor was biown before the chips were fully
cooked. Instead of discarding the chips, the mill manageér ordered
them to be passed-through a kollergang to make an inferior grade of
paper. The resulting pulp made a paper which, though dark in colour,
was far stronger than any paper hitherto known. It was given tha name

kraft, which is Swedish and also German for strength.



o

The sodium sulphate had, of course, been reduced to sodium
sulphide in the recovery furnace. Sodium sulphate itself is incap-
able of puiping wood, yet the method came to be called the sulphate
process because this salt has generally been used as a makeup to
replace any chemical losses. The term sulphate pulp has also be-

- come standard, rather than the more distinctive kraft pulp, the la-
tter term usually referring only/to the strongest unbleached sul-

< I
phate pulps. \Qy i /42%2;

1.3 Process of manufactufiqﬁ;hQuEGBQId/paper products in Thai Scott

Paper Mill ///( ':\

The machine whl usa&(im thisupaper mill is a Fourdrinier

7 \()

machine with machine sizg/aikammrﬁiflg 3). The first operationvof

manufacturing household paper—yreducts, i.e. . tollet tissue, facial
—
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tissue, paper nnpklns\and e%e.,uie~that the pulps (long fibre, short

fibre, mechanical pulp« o) have to 4m1x°d with wateriin a pulp-
’ hﬁa\\‘\

er (1) until the pulps are'disintegrated, which is called stock, at

a definite consistency. Byestuff and chemical are added at this point
to préduce tissue paper of required colou?. The stock is pumped to

be temporarily stored in the dump chest (4) in order to be subsequent-
1y pumped inio the high density cleaner (2) to under go a thorough
cleaning process. All dirts and foreignmﬁateiihls:whieh-Arelhsayier
than fibres will be extracted, clean stock will be passed into a
deflaker (3) which will sepérate'fibres from each other. All sepa-
rated fibres will be pumped by the deflaker up to save all hsadbox

(5)= Part of stock will over-flow into a machine chest (10) to be
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ready‘for making paper. Other part will go into save-all (6) to catch
small or short fibres which are in white water from couch pitch\(18).
The short fibres will be recovered at save-all and the clarified wa-
ter will flow down from save-all into clarified water chest (7) and
is pumped up to clean the fourdrinier wire (14) of paper machine or
o{er flow out to the drainage. The recovered fibres will be scraped
off the save-all couch roll and drop into the machine chest (10).
IThe stock in the machlne chest ié’ﬁ@nped into a refiner (8) to be
beaten to get a'right freensss Befaze it is passed into a consisten-
cy controller (11) where ;t ;g mixed with water according to a pre-
set ratio, The stock after paqsing the consistency controller into a
selectifier (12) for fiﬁél dleﬁﬁing. The above process is called stock

At %
preparation of paper manufauturln

The clean stock w1§y v§xy\1ow consistency will flow up from
the selectifier into paper machine ﬁead box t13) wherezit forms ar
'jet flowing through the lips ‘of the heé& box with the same speed of
the fourdrinier wire (14). The fibres will form as a wet paper sheet
on the wire while water-wili be removed by gravity, deflector blades,
foils, and vacuum. At the end of the wire part, the sheet will be
kissed off by pick-up felt and is taken along to be pressed and vac-
cuumed to remove water before passing to touch y;nkee dryer (15) for
drying. The sheet will be removed from dryer by meams of doctor blade
- before being calendered and reeled, at this stage oue—ply paper is

obtained, If two-ply paper is required two rcels of paper must be

rewound on the reW1nder and slitted at the desired width before send-

-y = )



FIG. 3 FOURDRINIER PAPER MACHINE..
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ing to convertor plant for #£inal finishing.

At the Thai Scott Paper Mill, four kinds of household paper
products (each kind of them are produced by different furnishes) are
manufactured. namely: toilet tissue, facial tissue, napkins, cellulose
wadding. In manufacturing these tissue papers the manufacturer en-
counters a problem, especially on napkins. The problem is that the
ratic of machine direction tens#%; strength toi cross-direction ten= ¢
gile strength is too hlgh<ﬂh;c£‘ca§géﬁ the tissue paper to be torn
easily on one side. he Qﬁgggnt 1nvesti¢at10n attemps to establish
the factors which bovern’thé/ra%;p and subsequently attemp is made
to lower the ratio w1th6ﬁtg;;g§§§q reductlon of the tensile strengths,
As the ratio is lower, %yéféuéggiy‘of the tissue paper is improved,
and the tissue paper can'ﬁd;médaia;most equally strong on both di-
rections. The ratio of tenéile st*éngthSzof the tissue paper may be
lower by vhanging the A%Q;Ajation of- tﬁg fibros (chapter 2, 2.2 Page's
theory), by redu01ng the. weak Zzones in, the cross direction (chap-
ter 2, 2.3 Statistical distribution of, papen properties), and by
changing the quality of furnish. Therefore, four factors are believed
to have strong influence upon the ratio, namely:

(1) The relative velocity between jet of stock at the slices
and the fourdrinier wire (or betwe;n head box level and theoretical
head). As the stock léaves the slices onto the wire, most of fibres
are orientated in the machine direction which cause the machine di-

rection tensile strength to be much higher than cross direction tensile

strength, consequently the ratio is high, If the fibres are orien-



‘tated more in the cross direction the ratio will be reduced. This
may be achieved by changing the jet velocity of stock while wire
velocity is set constant. I

(2) Freeness (Canadian Standard Freeness) of stock in the
head box. As the pressure between two discs of the refiner is in-

creased the freeness is lower. The fibres in the refiner are beaten

and fibrillated which increaseé sg;face and flexibility £t

a greater degree of bonaing %akeeigiace when the sheet is dried.

\—,_ b

The fibrillation along tﬁa‘siaeiof*the fibres are more than the

width and the fibres are ysualia orlentajed in the machinevdirec-

tion, this may cause theé paner tc thave less porosity in the cross
/ X

machine direction and incfeases thg tensile strength in the cross

direction more than in thé. machlne direction.

(3) Con31stenpy of stock in %he head box. Stock containing

large chumps of the fiRres c;?;ggt prodyce paper with good and even
formation due to poorly deflocculated stock guspension’in the head
box at high consistency. For uneven formation there ,are many weak
points along the cross machine direction of the paper, when the pa-
per is tested for the cross machine direction tensile strength the
value of tensile strength is from the weakest piont. As the consis-
tency of stock.in the head box is lower the paper is more even
formation, less weak points across the madhine direction of the pa-
per with higher cross machine direction tensile strength.

{ (L) Mixture ratio. The mixture ratio of the long and short

fibres influences tensile strengths of the paper in both directions,

002423
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