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INTRODUCTION

In India bamboo is the chief raw mate-
rial used for manufacturing variety of
papers like printing paper, writing
paper, wrapping paper etc., i.e. same
raw material is used to get different
end products meant for different uses
which require different criteria and pro-
perties.

A particular raw material suitable for
certain grade of paper may not be
suitable for- other grades of paper. But
there are means by which we can mo-
dify the pulps obtained from the same
raw material to suit different end pro-
ducts.

To start with, in cooking itself, by
varying chemicals, temperature etc. di-
fferent types of pulps can be obtained
(1), Also by adding different beater
additives pulps can be modified. There
is yet another way too. Morphological
and chemical analysis of bamboo reveal,
that 30-40 percent parenchyma cells are
present which constitute a significant
part. These fines do not contribute
any thing or very little to the strength
properties. So fines content can be
adjusted or removed completely to ob-
tain better pulps for high grade papers.
Before making paper, the pulp is sub-
jected to mechanical action like beating
and refining. During beating or refining
many things may happen to the fibres.
They may be swollen, broken or cut or
may be brushed and internal or exter-
nal fibrillation may take place. These
may occur simultaneously or individual-
ly or in groups, depending upon the
machinery used. But what happens to
the fines fraction (Parenchyma) which
is present to the extent of 30-40 per
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A Study of the Strength
Development of Bamboo
Unbleached Pulps
Bamboo contains 30-40 per cent of parenchyma material which contributes very
little to the strength properties of paper. It only adds to the pulp as a filler.
Attempts were made to separate the fines [ruction, refine them separately and
blend with the fibre fraction assuming that such pulps would gil'e better strenqtli
properties than thai of whole pulp. Studies were carried out regarding the effect
of additives.

The results indicate that the fibre fraction gives considerablij higher strength pro-
perties than that of whole pulp. Addition of 0.4 per cent guar gum (daicol) to
fibre fraction gives improved breaking length, burst factor and folding endurance
by 17•.'I-%, 23.5%, 22.5% respectively compared 10 the whole pulps strength im-
provement of 10.4%, 15.6% and 75% lor breaking length, burst factor and foldlng
endurance respectively. Over all properties of combinations of fines and fibres
with daicol also show improvement but not to the extent of fibre fraction. Pulps
prepared after refining separately and blending together of fibre and fines frac-
tion do not give any improvement ouer that of whole pulp.

cent of the total tissues present in the
bamboo? There is very little or no
information at all in this regard. It is
natural to know as to what happens to
these cells or in what way they res-
pond to the mechanical actions and
what are the contribution of these tiny
cells to the over-all properties of pa-
per. There arc so many unanswered
questions. Therefore, an attempt has
been made to open sesame - to know
about these fines and their behaviour.

Bamboo is composed of tissues divided
in two broad classes, (i) Prosenchy-
matus and (ii) Parenchymatus. Long
thick walled fibres arranged in clusters
of fibrovascular bundles are the compo-
nents of the prosenchymatus tissues
which give strength and toughness to
bamboo; whereas the parenchymatus
tissue is composed ot tiny nearly iso..
diametric cells whose function is con-
duction and storage of food material

TABLE I
CHEMICAL ANALYSIS OF FIBRES .AND PARENCHYMA CELLS OF

BAMBOO D. STRICTUS
(Percentage value based on dry weight of tissue material analysed)

Constituent Bottom inter-
fibres -nodes %

Upper internodes
fibres %

Parenchyma
cells %

Solubility in :
Cold water
Hot water
NaOH 1%
Ether
Alcohol benzene
Ash
Cellulose (C & B)
Lignin
Alfa cellulose
Beta cellulose
Gamma cellulose
Pentosans

0.76
3,75

12.58
0.05
1.18
0.71

63.23
28.66
53.9:;l

5.78
3.50

15.18

1.14
4.26

21.30
0.05
1.66
1.27

51.33
27.27
39.35

7.68
4.35

19.67

1.03
3.12

17.81
0.33
0,88
1.35

61.41
23.30
46.62

6.59
8.20

19.42
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elaborated by plants. Parenchyma tis-
sue is between 29 - 45 percent of the
total tissue by weight depending upon
the position of the cells in the bamboo
clum (2). Chemical analysis of these
tissues is given in Table No. I (2).
Typical bamboo shows the following
tissues in it (3) Fig. No. 1.

5

ous material and a much greater amount
of ash - hence inorganic matter like
silica than the whole pulp. They have
a higher per cent of degraded cellulose
material, than the longer fibres and
this is manifested in an increased alka-
li solubility, increased copper number
and decreased viscosity. They are
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FIGURE 1: BAMBOO CEPHALOSTACHYUM PER GRACILE MUNRO

1. Short, tracheid like cell,- x 270, 2. Pitted short, traeheld like cell, x 270 with
spiral thickening, 3. Pitted vessel element x 90, showing areas of contact witlt
longitndinal parenchyma, 4. Short fibre, x 90, notched at upper end, 5. Long
parenchymatus cell, x 90, 6. Cluster of parenchymatus cells x 90, Irem ground
tissue of the culm, 7. Fibre, x 90.

1. Short tracheid like cells.
2. Pitted short tracheid like cells with

spiral thickening.
3. Pitted vessel element.
4. Short fibre.
5. Long parenchymatus cells.
6. Cluster of Parenchymatus cell.
7. Fibre.

The amount of Parenchyma and ray
cells in soft wood and hard wood is
comparatively less compared to bamboo;
7.5 percent in case of soft woods and
about 20 to 25 percent in case of
hardwoods (4).

Parenchyma cells are thin walled poly-
gonal structures differing in composi-
tion physical as well as chemical from
plant to plant. Parenchyma cells con-
tain starch grains and amides. Many
parenchyma cells also contain phenols,
tannins and some mineral substances'i.
Chemical composition of fines vary mar-
kedly from the other fractions in f.bre
fractionation. These fines which are
made up of parenchyma cells, ray cells
and some broken fibres are less desira-
ble from the paper making, stand point
than the f'ibresv. For example the
fines in bleached sulphite pulp contains
approximately ten times as much resin-
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considerably inferior to the long fibres
with respect to bleachability Even
the fines of esparto pulp have a much
higher bleach ability than the rest of
the fibres". Fines are very much un-
desirable in chemical wood pulps if
present too high per cent since they
reduce the colour and the strength of
the pulp and tend to produce pitch trou-
ble on the paper machine". The exact
amount of fines in pulp depends upon
the method of chip preparation cooking
bleaching and pulp washing operations.
After studying the composition of
bamboo it was felt that if fines (paren-
chyma cells etc.j could be removed then
the resultant pulp might give improved
properties compared to the whole pulp
and could be used to manufacture high
grade papers like drawing, kraft and
sack paper etc. It was also felt that
if the separated fines could be re-
fined separately and blended with the
long fibre fraction, then the over all
properties of the pulp might be more
than that of the whole pulp. Hence
the main theme of these experiments
was to separate the fines from the
whole pulp and to study the strength
properties of the sheets w.Ih d.ff'erent
combinations.

EXPERIMENTAL
Laboratory cooked pulps and mill coo-
ked pulps were used in these experi-
ments.
Laboratory and Mill pulps were pre-
pared using flowered. sound bamboos
chiefly consisting of Bambusa arund-
anacea and some Dendrocalamus stric-
tus.
In laboratory, pulps were prepared in
a rotating digester, electrically heated
with a capacity of 16 litres tumbling
at 2. r.p.m. In each cook, hand sorted
chips equivalent to 2.0 kg. on oven dry
basis were used. Mill cooked pulps
were obtained by cooking the chips in
indirectly heated, stationery digester
of 80 m3 capacity. The cooking con-
ditions used in the laboratory experi-
ments and in the mill are given below:

Laboratory
pulp

18-18.5
2
1 to H
160
1:2.5

pulp
Mill

18-18.5
t! to 20

t!
165
1:2.5

Chemicals, %
Steaming time, hrs.
Cooking time, hrs.
Cooking temp., °C
Bath ratio

The pulps were refined hot in Sproul
Waldron disc refiner to get uniform
pulps. Pulps obtained in the labora
tory, after refining were washed free
of alkali in the hydra-extractor and the
consistency was increased to 26-28 % .
After mixing and proper sampling
moisture and found and the yield was
determined. The average y.eld was
55.5 per cent and permanganate num
ber (40 mil) 22.3.

The mill pulp samples were collected
after washing in the four stage brown
stock washer and screening through
centrifugal and tube screens. The ave-
rage yield was 50 per cent and perm-
anganate number (40 mlj 24.0. The
pulps were free from shives and
specks.

These pulps were used for further ex-
periments.

SEPARATION OF FINES
A number of trials were made to se-
parate out the fines on large scale by
using different methods. After many
trials the following methods was em-
ptoyed,

A fractionation chamber of 200 litre
capacity with a cage of 40 mesh wire,
a suction pump and a Kalle leaf filter
with a tank with suitable connections
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were used to separate the fines. A
fine strong, durable, nylon cloth with
0.4 second per 100 ml porosity was
fixed on the filter leaves. The dia-
gram is given in fig. 2.

and sampling the moisture contents of
the fines and the fibres were found out
and the yields were determined.
Microscopic examination of fines and
fibre fraction revealed that the fines

z.

FIGURE 2: FRACTIONATION EQUIPMENT
1. Fractionation chamber, 2. 40 mesh wire cage, 3. Valve, 4. Suclion pump,
5. Motor, 6. Observation point, 7. Valve, 8. Kalle fllter tank, 9. Kalle filter leaves,
10. Valve.

The fractionation was carried out in
batches for 15 to 20 minutes.' Pulp
equivalent to 1 kg. on oven dry basis
was used in each batch. The pulp was
diluted to about 1 per cent consistency
in the fractionation chamber and stirr-
ed continuously to maintain uniformity
and keep the fines and fibres loose.
At that time the suction pump was
started. The material passing through
the wire mesh was sucked and collect-
ed on the nylon cloth fixed on the
filter leaves. The water was recircul-
ated to maintain constant level in the
fractionation chamber. When the
clear water coming through the obser-
vation point, was observed, the frac-
tionation was stopped. The fines depo-
sited on the filter leaves were collected
and the consistency was increa~ed to
about 20 per cent by filtering "thi( con-
tents through a buckner funnel. The
fibre fraction from the fractionation
chamber was collected separately and
the excess water was removed in a
hydra extractor. After proper mixing

contain not more than 5 per cent fibres
and the fibre content contain not more
than 5 per cent fines content. The re-
sults indicated that the fractionation of
the pulps in the fractionation equipment
was quite satisfactory. The results are
given in Table II. Sufficient amount of
fibres and fines were collected for car-'
rying out the present studies.

TABLE NO. II
FIBRE FRACTIONATION

Fibre fraction
on whole pulp %
Fines on whole
pulp %

62.75 64.16

37.25 35.34

Different combination of pulp were
evaluated using the Sprout Waldron disc
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refiner and the Valley beater. In re-
fining the pulp the consistency was
maintained at 5 per cent and the re-
fining was carried out at different disc
clearances. In beating, in Valley bea-
ter air dried pulp equivalent to 3,60
gms on oven dry basis was used, main-
taining the consistency at 1.56 per cent.
The same way as described above, the
fines were also treated. The combina-
tions tried were as under:

Set I:

9

a) Whole pulp at five different slow-
ness levels.

b) Fibre fraction at five different
slowness levels.

c) Fines unrefined, added to the fibre
fraction at five different slowness
levels, in the same proportion as
present in the whole pulp.

d) Fines refined, to different slow-
ness levels, added to the fibre frac-
tion of a particular slowness level.

e) Fines of highest slowness level add-
ed to the fibres of different slow-
ness levels.

The results are recorded in Table III.

Set II:

To know the effect of refining on fibre
fraction and fines fraction, like drain-
age time and slowness, few experiments
were carried out using disc refiner.
After refining the pulps were fraction-
ated as described in the previous paras.
The results are g.ven in Table IV.

Set III: Use of additive
To study the effect of guar gum (dia-
col) a few experiments were carried
out. Pulps were refined to one slow-
ness level in the disc refiner and used
in the combinations mentioned below
using 0.40% Daicol, 0.6% Rosin and
2.0% Alum on pulp basis in the sequ-
ence Rosin - Daicol - Alum.
a) Whole pulp
b) Fibre fraction
c) F'brc fraction plus fines

unrefined

d) Fibre fraction plus fines refined.
Hand sheets in all the above sets were
prepared on British Sheet making rna-
chine and after conditioning, the sheets
were tested for streng.h properties using
mostly TAPPI standard methods. Pulp
evaluation results are given in Table
V & VI and in Fig. 3 to 13.
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OBSERVATION AND DISCUSSION

1. During refining of the pulps in the
Sprout Waldron disc refiner it was ob-
served that as the clearances between
the plates of the refiner were reduced,
the pulps obtained have higher degree
of slowness with the increase in the
drainage time on the British Sheet Ma-
king Machine. In case of whole pulp
as the slowness increases gradually
from 20 to 6S.5 °1)R the drainage time
increases from 9.5 to 13.2 seconds
(Fig. No.3). But in case of fibre frac-
tion a sharp rise in drainage time
could be observed for a corresponding
small change in slowness from 30 to
50 °SR compared to that of whole
pulps. Same pattern of abrupt rise in

drainage time could be observed with
different combinations of fibres ann
fines. This gives an indication as
seen in fig. 3 that drainage time and
slowness do not have a linear relation.
The strength properties are related with
drainage time and also bulk instead of
slowness.

Generally all properties increase as
the drainage time increases in all com-
binations and as the bulk decreases,
except in the case of tear factor which
after an initial increase, decreases.
In Set I where whole pulp, fibre frac-
tions and fines fractions were tested
under different conditions as given in
'a' to 'e', the following observations
could be made (Fig. 4 to 8).

Ippta, October, November & December 1971, Vol. VIII, No. ·1

Bulk :- As the drainage time has in-
creased from 9.5 seconds to 13.2 se-
conds bulk has decreased from 2.17 to
1.9'1 in 'a' from 2.39 to 1.77 in 'b'
when the drainage time has increased
from 9.7 to 24.0 seconds; in 'c' bulk
has decreased from 2.20. to 1.74 for
'a' change of drainage time from 11.2
to 26.6 seconds: in 'd' from 1.83 to
1.61 for a change of drainage time
from 23.2 to 24.4 seconds; and in 'e'
from 1.84 to 1.61 for a change of dra-
inage time from 8.3 to 24.4 seconds.
The results have been shown in Fig.
No.4.

Breaking Length: Breaking length has
increased from 2.47 to 3.53 km. in 'a';
from 2.8 to 5.61 km in 'b'; from 2.39
to 3.87 km in 'c'; from 3.18 to 4.24 km
in 'do' and from 3.27 to 4.24 in 'e' for
a corresponding change in drainage
time as discussed in Bulk. The results
have been shown in Fig. 5.

Tear faetor: Tear factor has increased
from 171.6 to 177.5 between 9.5 to 10.7
seconds drainage time and then decrea-
sed to 164.5 for a drainage time of
13.2 seconds in 'a'. In 'b' tear factor
has increased from 203.4 to 236.1 bet-
ween 9.7 & 9.9 seconds drainage time
and then decreased to 1'62.9,when the
drainage time was 24.0 seconds. In
'c' tear factor has decreased from
159.3 to 132.6 when the drainage time
has increased from 11.2 to 26.6 seconds.
In 'd' tear factor has decreased from
128.5 to 120.4 for an increase of drain-
age time 23.7 to 24.4 seconds and in
'e' tear factor has decreased from 215.1
to 120.4 when the drainage time varied
between 8.3 to 24.4 seconds. The re-
sults have been shown in Fig. 6.

Burst factor: Burst factor has increas-
ed from 18.1 to 2'6.1 in 'a'; from 20.1
to 43.0 in 'b'; from 18.3 to 29.5 in 'c';
from 24.5 to 33.2 in 'd'; from 24.6 to
33.2 in 'e' for a corresponding increase
in drainage time. The results have
been shown in Fig. 7.

Folding endurance: Folding endurance
(double fold) has increased from 26 to
158 in 'a'; from 38 to 2280 in 'b'; from
24 to 12;3in 'c'; from 56 to 448 in 'd'
and from 58 to 448 in 'e'.

Strength Index: Strength Index is cal-
culated using the formula - 100 X
(Burst factor X tear factor X log
fold) 1/3 Strength index has increased
from 1638 to 211S in 'a'; from 1862 to
2865 in 'b'; from 1591 to 2041 in 'c':

2i9



'U aa:
l! !.~.1Il

1 i...:ln....
5 II'"

I"-
co

~ Vl Vl1I .s
N

llJ

i= ~ z
••

,': ~
u I.L. ii:

N =:
(L

0
=: ..J <£ .~ :S

~ ,-
0 ::> a:

~
§ 11

Eo< n, I.L. 3: j
U w w w ~

~
In III

..J

~ 0 a: 8i III

I.LJ

-3" :r: III
Z Z

ii: Li: ;:;:ii: ii: N III ?;
-3"11I Eo<

0 =:

iiU ND rI.l

:5 .&: Z -<
Z =:

0 fo.l
0

'i ~ u

b:l ;;J
I.LJ Eo<

=:I
z

~ III

~ ....e z

~ rIi

Q
~

•••

~ ~ ~

\'

Q.

~ U

~ lG fo.l
oUJ fo.l 'It

..J
-c

UJ
:> a: a:

::E ~
"'! ~

(L IL U. U.
j:: •..

~ ...
I.LJ I.LJ UJ I.LJ

Eo<

Eo<

..J a: a: a: I.LJ
0 !! III

o fo.l
UJ fo.l

:l:
ii: .e!

-c "
~ "

~ IL U.

Z -<
-<nn ~ < z

"':c za: •..
-II: ...0 -<

c -<=0
=0~
~

13
'"

~

~

~

fo.l~ ~
\::! =0=:

;;J;;J

"" ...•
e .... r..r..

aCO

'" 0 In 0 It>III 0

'" N

0 0 0 0 ~ -3" C") M!! <D ~ 5!
I:I01:l'd.:l issna~0I..J'd .:l ~V3J.

.8i CL
1 j~ Ni

II),...Z C

0

:l •..
CO

i -
==

0

~
III

""
j::

~ c 'V Eo<~ ~
"

a.. u
ii:

'"" ~ C

Z

...J « ii:
;0:

-t

::J a:
;;J c 4.1

fo.l

a.. u, .c s
=:I :J ..

N

'""
I.LJ 'j 'i

VI VI
~ "

...J I.LJ I.LJ
u:

~ ~0 a: a: a:
••• z z Z

III I.LJ

~1Il
0 ...

J:
iL !:9 IQ

fo.l ii: ii:
!rl ~

~ u, LL
0

~
Z ~ :S s:

VI0 ... -
=0

1III Crl
Eo<

'j 'j
o?:i =:IIII fo.l z z z "'w

rIi" Q 8 ~ £;~ -e a.. l-

t- •••
0 Z ...J U

~ ~ ~
NW ... i? E LL !"z -< II:: If

~ ~=0 ~ •..I- ~ W

z Eo<
...J

W I.LJ I.LJ

.0;(
w 0 a: a: It:

fo.l "
(!) J: III !!! III

~a:

" -.'
3: ii: •..

0
<! ~ lL. lL.

~
z

(D4. fo.l

:;;=0~a: ;;J

=0
0

" t 1, a ~
...

t\"
r..

J \~ .0
l=:! ~

=0cp
;;Jl=:! 1 "6 )(-)( . ~

CIC!0 0 q 0 0ci> 10 ~ ri) N
ao

2 2 W}f Hl~N3' ~NI}fV3!:!a' WDP:> In .., ..,. :!'lI1na N ...• oN!



30

2·s"

2·6

JOe 2·4IIJ
0

~
:I: 2·2
I-
(!)
Z
IIJ 2'()a:
l-
V!

1·8

0 1·60
2
JOe

8

WHOLE PULP

FIBRE FRACTION

FIBRE FRACTION with FINES
FIBRE FRACTJoe~i~~ht'IJt?R

unrefined

12 16 20 24

DRAINAGE TIME IN SE CONDS

slowness also gave slightly better stren-
gth than whole pulp. But when the
strength properties are studied with
respect to bulk, the results show thaI
except fibre fraction no other combi-
nation gave better strength than the
whole pulp.

The pulp evaluations carried out using
Valley beater showed the same trend
of increase in strength properties as
in the case of disc refiner. However:
the strength properties were higher
than that of the disc refined pulps. The
results are tabulated in Table V.

EFFECT OF FINES ON
DIFFERENT PROPORTIONS

Four experiments were carried out. In
each case varying amounts of fines was
added to the fibre fraction with a 35
°SR slowness. Fines amount varied
were 0, 12.-5, 25.0 and 50.0 per cent.
The results show a sharp decrease in
breaking length, tear factor and burst
factor when the fines were increased
from 0 to 12.5 per cent. Then also the
.properties decrease though gradually,
as the per cent of fines was increased.
Bulk shows a decrease only between
o and 12.5 per cent fines but .othcrwlsc
remains rathehr constant in all other
cases. The results are given in table
V and shown in Fig. No. 13.

Set II: Effect of refin~:ngon fibre and
and fines fraction:

The results given in table IV show
that as indicated by the slowness of
the pulp in °SR with one pass at differ-
ent clearances, only the fines fraction
get more refining where as fibre frac-
tion do not get any or very little com-
pared to fines fraction. This obser-
vation indicates that for paper of high
strength fibre and fines fraction should
be refined separately and blended to
gether if desired.

Set III Effect of additive:

It is observed that generally all pro-
perties were increased when daicol
(guar gum) was added. But the per-
centage increase in the properties diff-
er according to the type of pulp used.
In 'a' breaking length has increased
from 2.27 to 2..51 km. i.e. an increase
of 10.57 per cent; in 'b' from 3.79 to
4.46 km; i.e. an increase of 17.44 per
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FIGURE 8 DRAINAGE TIME VS. STRENGTH INDEX

from 1672 ta 219'7 in 'd' and from 2107
to 2197 in 'e'. The results have been
shown in Fig. 8.
The strength properties studied with
respect to bulk are given in Fig. No.
9, W, 11 and 12.

When the strength properties are stu-
died with respect to drainage time, fi-
bre fraction gave considerably higher
overall properties than whole pulp.
Fibre fraction refined to different slow-
ness blended with fines refined to one

~WHOLE PULP

JC X I( X fiBRE FRACTION

I':)---&--CiJ-- FIBRE FRACTION WITH FINES UNREFINED

Q e e • FIBRE FRACTION WITH FINES REFINED TO 75SR

6·0

1·81·6 20 22 2·4

FIGURE 9

BULl< C.C.PERGRAM

BULK VS. BREAKING LENGTH
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cent; in 'c' from 3.77 to 3.98 km i.e.
an increase of 5.57 per cent and in 'd'
from 4.10 to 4.61 km. i.e. an increase
of 12.44 per cent.

Tear factor has increased by 9.6 per
cent in 'a'; by 2.93 per cent in 'b'; by
-0.87 per cent in 'c' and by -2.51 per
cent in 'd'.

Bnrst factor has increased by 15.63
per cent in 'a'; by 23.46 per cent in
'b'; by 11.69 per cent in 'c' and by
17.31 per cent in 'd'.

Folding endurance has increased by
75 per cent in 'a'; by 225 per cent in
'b'; by 46.6 per cent in 'c' and by 11
per cent in 'd'.

Strength Index: Strength Index has
increased by 17.26 per cent in 'a'; by
116.27 per cent in 'b'; by 6.71 per cent
in 'c' and by 4.77 per cent in 'd'. The
results are shown in Table VI.

The results indicate that guar gum
(daicol) gives better strength improve-
ment when used with long fibres with-
ou any fines. Next to this gaur gum
(daicol) gives better strength improve-
ments when used with fibre fraction
and fines refined separately and blen-
ded.

CONCLUSIONS:

1. Bamboo is a heterogenous material
consisting 60 to 70 per cent of
fibres and 40 to 30 per cent fines
chiefly consisting of parenchyma
cells.

2. The fibre fraction gave consider-
ably high overall strength proper-
ties to that of whole pulp.

3. Addition of unrefined and refined
fines to the refined fibre fraction
did not give stronger pulps than
the whole pulp.

4. When high strengths are required
as in the case of sack paper, etc.
it is apparent that fines should be
removed completely. The fines so
removed could be used for mixing
with the pulp where low or medi-
um strength papers are required.
Since the cost of these fines which
constitutes 30 to 40 per cent of
the bamboo pulp is quite high, it
could not be discarded.

28.~
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Addition of guar gum (daicol) im-
proves the overall strengh pro-
perties of the pulps. However, the
maximum strength improvement
was observed when it was added
to fibre fraction which can be used
for high strength papers.
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