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Intreduetlon
Earlier work' with fractioned pulp

of Dendrocalamus strictus showed
that fibre dimensions accounts for
77 to 90% of the variation in
strength properties namely brea-
king length, burst factor and tear
factor. But when this investiga-
tion was extended to 12 different
species of bamboo, it was found
that sheet properties of various
species of bamboo cannot be pre-
dicted from fibre dimensions or
from chemical composition".

In order toinvestigate the factors
responsible for the development
of strength in bamboo pulp, the
effect of beating variables like
consistency and temperature were
studied. The effect of these vari-
ables on fibre morphology a~
well as orientation of the fibres in
the hand sheets were also investi-
gated and related with the sheet
properties. The results are likely
to be useful in a better under-
standing of the sheet formation
properties of bamboo pulp.

Material and Methods
Bleached bamboo pulp of Dendro-
calamus strict us was beaten in
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Effect of beating variables on
sheet formation of bamboo pulp

The effect of beating variables like consistency and temperature on
strength development in bamboo pulp was studied. Variations in fibre
morphology as wellas orientation of thefibres in the hand sheers w~re
also investigated. No significant difference wasfound in the strength
properties of the hand sheets examined but significant difference in fibre
dimensions was observed when the temperature was varied.
On bearing, various cell wall layers of bamboo fibre open up leaving a
gap between them. This gap not only increases the percentage of void
area in the sheet but also does not allow the fibres to bind to a compact
mass. Tl.is appears to be the main handicap of the bamboofibres.

valley beater at 15°C and 35°C
keeping the consistency of the
stock at 1.0%, 1.5%, 2.0% and
2.5%.
An arrangement to heat the pulp
in the valley beater was rigged up.
The temperature was achieved by
circulating the wa ter at controlled
temperature through a copper
pipe Ir' diameter immersed in the
pulp. The position of the pipe
was adjusted so as not to obstruct,
the flow of the pulp in the beater.
(Table I to iv).
Standard sheets of 60 g.s.m, were
made at 550, 400, 250 and 100
ml (C.S.F.) freeness and were
dried using plates and rings. The
sheets were conditioned at 25°C
and 65% RH and were evaluated
for physical properties. ,

For determining the fibre charac-
teristics, a suspension of each pulp
was prepared. A few fibres were
placed on a slide mounted in
water and data collected for every
fibre and fibre fragment. Average
fibre length was determined from

300 measurements. Average fibre
diameter and lumen width were
also determined from 300 measu-
rements, from the maximum
point of fibres and fibre fragments.

For studying the orientation of
the fibres in the hand sheets, smaIl
pieces were embedded in epoxy
resin following Kosakai's" embed-
ding schedule for light microscopy
with some modifications. Instead
of Epon or Araldite a mixture of
Dobeckot 505 C and the Hardener
750 was taken as the embedding
medium. After dehydration the
material was passed through ace-
tone series and different mixture
of acetone and the embedding
medium. Finally the material was
placed in a gelatin capsule filled with
the pure embedding medium. The
capsules were then left, uncapped
at 60°C for 3-4 days for hardening.
When the blocks were ready, 5-81'
thick sections were cut on a sliding
microtome. The sections were
placed on slides coated with 1.0%
gelatin solution and dried at 40°C.
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After drying these were stained in
Iron-Alum Haematoxylin and
mounted in the em bedding medium.
Photomicrographs were taken with
a Zeiss microscope. Average width
of the paper was determined from
measurements taken at 5 different
points from the sections. From
the same points void areas were
calculated from the portion of the
imaginary line across the section
not covered with fibres or debris.
Results and Discussions
In table I and III the results of

the sheet properties at 15°C and
35°C are respectively recorded.
Statistical analysis of the data
reveals that both breaking length
and burst factor increase with
decreasing freeness whereas in
tear factor there is no significant
difference at 550 and 400 ml
(C.S.F.) but it is significantly
lowered at 250 and 100 ml (C.S.F.)
(Table V). It was observed that
there is no significant difference
in case of both breaking length
and tear factor when the consis-

tency was varied from 1.0% to
2.5%, burst factor however showed
a significant difference at 5% level
of probability. The best strength
was observed between 1.5 to 2.0%
consistency (Table VI). Similarly
there was no significant difference
between 15°C and 35°C in brea-
king length and burst factor but
tear factor gave significantly higher
values at 15°C (Table VlI).

In TabIcs II and IV the results of
the fibre dimensions at 15°C and

Table-V
Mean values of strength properties of different freeness, their significance and bar-diagrams.

Strength properties Freeness Significance Bar-diagram

550 ml 400 ml
Breaking length (m) 2992.8 3952.1
Burst factor 16.7 25.2
Tear factor 103.0 97.2

** ** **Significant at 0.1% level of probability.

250 ml
4789.0

30.9
84.8

100 ml
~220.4

34.4
74.2

**
**
**

100>250>400>~50
100>250>4CO>550
550 400 250 100

Table-VI
Mean values of strength properties for differen t consistencies, their significance

Strength properties Consistency Significance

Breaking length (M)
Burst factor
Tear factor

1.0%
3969.6

25.5
87.8

1.5%
4472.1

28.5
93.5

2.0%
4213.5

27.0
93.2

2.5%
4299.0

26.3
84.7

*
Not significant at 5% level of probability.
Significant at 5% level of probability.

N.S.

and bar-diagram

Bar-diagram

N.S.
* 1.5 2.0 2.5 1.0

N.S.

Table-VII
Average values of strength properties under different temperatures fooled over all consistencies

and freeness along with their slgnltlcance

Strength Properties Beaten at Significance Bar-diagram

ill

15°C
Breaking length (m) 4147.6
Burst factor 26.5
Tear factor 95.5

** Significant at 1.0% level of probability.

35°C
4329.6

27.1
84.1
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25°C are respectively recorded.
Analysis of the data showed that
as expected the fibre length deer-
eased with increase in beating but
both diameter and wall thickness
followed an opposite trend (Table
VIII). With the change in consis-
tency although there is a significant
difference in fibre characteristics
there is no definite pattern
(Table IX).

Higher temperature on the other
hand reduces cutting of fibres and
increases flattening and also incr-
ease the wall thickness of the fibres
as will be evident from Table X.

The three fibre characteristics
namely fibre length, fibre diameter'
and wall thickness are observed
to be significantly correlated with
each other and their correlation

coefficients are given below :-
Fibre length Vs

diameter = -0.375*
Fibre length Vs wall

thickness -0.477** .
Fibre diameter Vs

wall tbickness =+0.976***
Though tbere is a good correlation
between the fibre dimensions and
strength properties when 11 the
data are pooled (Table ), the

, Table-VIII
Average values of fibre characteristics of different freeness pooled over aU consistencies and

temperatures along with the significance and bar-diagram
Fibre characteristics Unbeaten Freeness Significance Bar-diagram

pulp ------------ __

Fibre length (u)
Fibre diameter (u)
Wall thickness (u)

1709.7
. 14.235

5.865

550 ml
1564.4
15.465
6.555

400 ml
1461.5
15.Q30
6.960

250 ml
1349.9
16.545
7.350

100 ml
1251.3
17.145
7.770

***Significant at 0.1% level of probability.
Table-IX

Average values of fibre characteristics of consistencies pooled over all the freeness
with the Significance and bar-diagram.

Unbeaten Consistency
pulp 1.0% 1.5% 2.0%

1709.7 1338.5 1454.3 1427.1
14.235 15.870 16.215 16.140
5.865 6.980 7.185 7.065

• TabJe-X
fibre characteristics of different temperatures pooled over all

along with significance and bar-diagram.
Unbeaten Beaten

Temperature
15°C 25°C
1368.7 1444.3
15.853 16.687
6.945 7.390

Fibre characteristics

Fibre length (u)
Fibre diameter (u)
Wall thickness (u)

Average values of

Fibre characteristics

Fibre length (u)
Fibre diameter (u)
Wall thickness (14)

pulp
1702.7
14.235
5.865

***
***
***

550>400>250> 100
100>250>400>550
100>250>400>550

and temperatures, along

2.5%
1405.7
16.860
7.395

Significance Bar-diagram

* * *
* *

*

1.52.0 2.5 1.0
2.5 1.5 2.0 1.0
2.5 1.5 2.0 1.0

consistencies and freeness

Significance Bar-diagram

* * *
* * *
* * *

35°C > 15°C
35°C > 15°C
35°C > 15°C •

Table"':'XI
Values of correlation between different fibre characteristics and strength

Strength propertiesFibre characteristics

Fibre length
Fibre diameter
Wall thickness

182

properties

------------------------=----Breaking length
-0.675***
0'697***
0.765***

Burst factor
-0.740***

0.689***
0.778***

Tear factor
0.454**

-0.667***
-0.556***
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relationship anpears to be a chance
one. As already stated earlier
there is highly significant difference
in fibre dimensions of pulp beaten
at 15°C and 35°C while this
difference is not reflected in the
strength properties. Evidently
factors other than fibre dimensions
play a more important role in
strength development. The other
factors which could possibly be
responsible for the differences
in the strength properties are fibre
orientation and interfibre bonding
in the sheets.

To investigate. both these aspects,
sections of the hand sheets, embed-
ded in epoxy resin, were examined
under the microscope (Plate I
Fig. A to H). As expected' the
thickness of the papers and the
percentage .of the void area of the
paper decrease with increased
beating (Table XII). The minor
discrepancies observed may be
due to the variations in the

thickness of hand sheets or be due
to the fact that only a small
portion of the sheet was examined.

From Table XII, It will be obser-
ved that the percentage of the
void area at different; consisten-
cies and temperatures, remain
more or less similar at different
freeness. This probably is the
reason for lack of significant
differences in strength properties.
Increase in the compactness of
the sheet with beating is apparently
due to the mechanism of surface
tension as proposed by Campbell",
The individual fibres are drawn
together and the points of contact
are enlarged resulting in increased
bonded areas.

At higher magnification it is obs-
erved that various wall layers
open up with increased beating
thus resulting ia more exposed
surface area. This indicates that
fibrillation also takes place though

it is not clearly discernible with a
light microscope. Krishan Gopa-
Ian et al" have clearly demonstrated
it in their study of the bamboo
pulp with electron microscope.

It is interesting to note that the
various cell wall layers (Plate
I Fig. E to H) open up leaving a
gap between them (Plate A to
D). This gap not only increases
the percentage of void area in
the sheet but also does not allow
the fibres to bind to a compact
mass. This also reduces {he chan-
ces of hydrogen bonding. This
appears to be the main handicap
of the bamboo fibres. Further
work to investigate this concept is
in progress.

Acknowledgement
Thanks are due to SjShri D. S.
Phalke and Swarn Singh' of the
Statistical Branch of the Institute
for carrying out the statistical
analysis.

Table-XII

Valuation in the thlckness of the pulp sheet and void spaces with beating at different temperatures
and consistency.

1.5% consistency 2.5% consistency---------------- ------.---- -.----
550 400 250 100 550 400 250 100

;:; ml ml ml ml ml ml ml ml

Thickness of sheet at 15°C (u) 176.6 170.8 130.0 II7.3 127.5 126.6 109.0 100.3
Void spaces at ] 5°C (%) 42.5 40.0 36.6 32.0 37.3 36.2 27.3 27.9
Thickness of sheet at 35°C (Ii) 166.6 145.3 110.2 99.5 129.2 129.2 96.9 62.0
Void spaces at 35°C C%) 41.8 40.9 35.5 20.9 42.9 36.2 31.6 24.7

••.•-c-
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Effect of Beating on bamboo (Dendrocalamus strictus Nee.) pulp
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ExplanatiOD Of Ibe Plate
A-D Cross sections of pulp sheets showing gradual increase in compactness with reduction

in width and void spaces with beating. X 65. A-550, B-400. C-250. and 0-100 ml
(C.S.F.). Pulp beating at 1.5% consistency at 15°C.

E-H The same at higher magnification (X 1000)showing changes in the fibre structure
with beating, Note the opening out of the different layers ofthe cell walls and increase
in the amount of debris, especially in G & H. .
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