BR AT s B E

LIS R 4
Fikh K
Eapa 4

10

W& iz

N

Rl

PRIES SRR R K
C SRR A A WIE > BB RIS R
IR o I R B
RKBR T B N R (3 900K )
- BERmamok (AT RS 80%)
o« BEE (A kF Y 60% )

Development of Paper strength( tensile index )

Tensile index Vs. moisture ratio
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Figure 3.8. Development of tensile index for paper of sulphite pulp
with decreasing moisture ratio. (Robertson).

Page equation of tensile strength

The Page equation can be written as follows:

1T=(9/82)+[(12Apg)(bPLRBA)] (1)

Where T = tensile strength, expressed as breaking length (BL)
A = average fiber cross-sectional area
p = density of fiber material
g = acceleration due to gravity
P = perimeter of fiber cross section
L = average fiber length
RBA = relative bonded area.
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To treat the fibres mechanically to give them characteristics
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Figure 16.8. Unbeaten, left, and highly beaten pulp, right. The conformability of the fibres
reatly increases with beating, resulting in a much better bonded sheet.
Photos depicting dried pulp samples. (Photo STFI).
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Stages of refining

* Removal of primary fiber wall

* Delamination and swelling of fibers
(internal fibrillation)

« External fibrillation

* Shortening of fibers (cutting)

¢ Creation of fines

¢ Decomposition of hemicellulose
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Effect of refining - ECF bleached pine

Unrefined 200 kWhit
« Freeness, ml 735 455
+ Fiber length, mm 234 219
+ Tensile index, Nm/g 284 738
+ Tear index, mNm?g 20.5 16.0
+ Air permeability, Bendtsen ml 1350 1040
+ Bulk, cm¥g 1.79 1.52
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Deformability of wet fiber

« Fiber collapsability Flexibility & conformability

Collapsability Flexibility Conformability

T il
section
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Fig.53 Parameters of deformability of single wet fibers.
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Fiber flexibility test

a) b)

according o Steadman

according to Tam Do and Kerkes
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Fiber Deformations

« Fibres are tube-like and straight whereas fibres in pulps can be twisted,
bent, compressed and so forth. The most familiar fibre deformations
might be the so-called latency in mechanical pulps, the fibres are not
straight but twisted and curled.

3 4

Figure 2. Examples of fiber deformations.
1. Folds. 2. Compression. 3. Micro-compression (dislocation)
4. Knee. 5. Twist
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Within the freeness range used, all
six of the measured paper properties
were affected by the level of beating.

Figure 1 shows that tensile strength
(measured as breaking length),
modulus, and sheet density increase
with the level of pulp beating until
they level off at moderate levels of
pulp freeness. T o

Figure 1. Tensile strength (measured as breaking length), elastic
modulus, and density of handsheets as functions of pulp
freeness
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The response of tensile strength
to beating is more complex, with
strength peaking and then
dropping at low pulp freeness.

Figure 2 shows that the level of
beating has a similar effect on
TEA, sheet elongation, and
tensile index, with these
e w o wew properties also peaking and

PULP FREENESS, mL CSF . R .
dropping at high levels of beating.
Figure 2. Tensile energy absorption, elongation, and
tensile index of handsheets as functions

of pulp freeness
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3. Breaking length as a function of light- 4. Breaking length as a function of
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10. Inverse of breaking length vs. inverse of RBA for handsheets prepared
from pulps beaten to various levels of freeness and containing no
strength additive.
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11. Calculated values (Page’s equation) of b (bond strength per unit bonded area) as
a function of pulp freeness for handsheets prepared from pulps with and without
strength additive

Table 1. Average fiber length and calculated values (Page’s equation) of z and b for
handsheets prepared from pulps at various levels of freeness

T Average et Fangth an o Cooumed viies (Pagu's equaion) ol and b or handaneets
prapared from pulps at various levess of Moen

Average Zero-span p—mdaaw".m
Pup fiber tansiio
freansss,  length, strongmn, m
mLCSF mm o additve additve’
675 (unbeaten} 220 90 800 840
04 208 134 750 120
500 204 1586 1080 1800
05 194 152 1420 210
266 184 155 . .
o 163 "3 250 3480
“Guunr Gum, based on dry Pk welght
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12. Calculated values (Page’s equation) of zero-span tensile and
average fiber length as functions of pulp freeness
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13. Bond strength as a function of relative
bonded area for handsheets prepared from
pulps beaten to various levels of freeness
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Page equation

The Page equation (13) can be written as follows:

1/T=(9/82) +[(12Apg/(bPLRBA] (1)

Where T = tensile strength, expressed as breaking length (BL)

A = average fiber cross-sectional area
p = density of fiber material

g = acceleration due to gravity

P = perimeter of fiber cross section

L = average fiber length

RBA = relative bonded area.

J ﬁ T % ( Beating or Refining)
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Targets of refining

he target of th ining is to d op fib
obtain desired properties for paper or board

FRPIEILE 5 R
«_Physical development of fibers so that they form
strong and smooth paper sheet with good printing
properties.

+ Refining is based on mechanical treatment with
metallic bars with the presence of water
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Targets of refining

primary targets of refining
# .
strength formation
“fibrillating refining” — increased “fibre cutting” - shorter fibres

bonding potential through fibrillation through fibre cutting
and flexibilisation of fibres

Figure 7.1, Two different primary targets in refining of papermaking fibres, to improve bonding ability of fibres
("fibnllatng refining”) and 1o reduce fibre length (“fibre curmng”)
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Fiber deformation

By refining, the shape of the fibers is changed. They may be
shortened, split length wise, collapsed or fibrillated.

Refining is done either

— at low consistency (virgin fibers, secondary fibers) of
about 3-6 % or

— at high consistency (mainly secondary fibers) of about 30
% and more.
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Refining processes

* Inrefining the fibers pass between the bars of the fillings of
the stator and rotor of a refiner.
* The operating parameters influencing the result in low
consistency refining are
« geometry (and material) of the fillings
* net refining energy

* specific edge load
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