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A regular kraft paper has a
good tensile strength but little
extensibility, particularly in the
machine direction, accounting
for its poor energy absorption.

"~ Itis now recognised that tensile

energy absorption (TEA) is the
main requirement of a packaging
paper-as it denotes the toughness
of the paper, thatis, its ability
to absorb a large quantity of
energy before breakage occurs.
The TEA value is obtained by
the area under the paper’s stress/
strain curve, its units are cm.
kgs/cm?® or ft.lbs/ft2.. The stress-
relation of a typical North
American kraft paper is shown in
Fig. 1. At 50%, R.H., the tensile
energy absorption of this kraft
paper are 4.2 ftlbs/ft? and 7.2
ft.Ibs/ft® in the machine and cross
directions respectively.

Table 1 gives comparative test
results on North American and
European regular and extensible
kraft clupak papers. It can be
seen that TEA values .in machine
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Various Considerations in the
Manufacture and Applications
of Extensible Kraft Papers from
Bamboo Pulp Furnishes

The paper touches briefly on the various methods in practice

 for the manufacture of extensible kraft papers. Actual results obtained

by clupak technique on Central Pulp Mills’ unbleached kraft pulp

are discussed. The applications for extensible kraft papers as well as
their advantages over regular kraft papers are discussed.

Commercial applications of clupak technique prove that satis-
factory multi-wall saeks could be produced from furnishes having
around 607, bagasse pulp. It is feasible fo manufacture quality exten-
sible kraft papers from 705, bomboo pulp and 30% softweod pulp -
Sfurnishes or perhaps even 100%, bamboo pulp furnishes, after research
into necessary modifications on equipment and process parameters.
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Figure 1-Graphical Representation of T.E.A. (Ref. 1)
direction due to compaction in small gain in cross direction

extensible kraft paper have in-
creased by as high as 300 to
4007, of the uncompacted
papers. This increase is essenti-
ally due to the increase in the

Fort Songad, Dist. Surat (Gujarat) machine direction streteh. A
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tearing strength is also obtained.

The present methods to increase
extensibility in paper:

The presently used techniques in
manufacturing extensible kraft
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TABLE 1

Comparative Physical Test Results On Regular And Extensible Papers (Ref. 1)

. Sheet Norta American Paper (1) European Paper (2)
Properties Direction Regular Extensible Regular Extensible
Basis weight, g/m? — 81 ‘ 81 80 80
Caliper, in — 0.0051 0.0049 — -
Tensile strength, Machine 32.3 23.2 343 28.8

Ib/in Cross 20.0 ‘ 18.7 22.5 18.5
Stretch, per cent Machine 1.9 9.6 3.2 108
K Cross 4.2 5.6 6.0 7.3
T.E.A,, ft Ib/ft? Machine 4.2 16.8 10.8 . 324
: Cross 7.2 8.4 17.7 16.4
‘Tearing strength, g Machine 130 136 — -

. Cross 150 172 — -

Air permeability, — 1 - —

"+ sec/100 cm?® : ‘

Air permeability. cm®/min — - —_ 260 240

., fibered pulp from

(1) Tested at 50 percent RH

papers are the widely practised
clupak method, differential speed
technique in the paper drying rolls
patented by Scott Paper Com-
pany and the air-flotation drying
system (Flakt drying). These
techniques have been commer-
cially used to achieve varying
degrees of extensibility in
commercial papers. High consi-
stency refining and treatment of
paper with ammonia or alky-
lamines also improve the stretch
in regular kraft papers. Yet
another method that could find

some application, especially in

non-wood pulps, is the Black
Clawson’s technique of separating
the short
thelong fibered fraction in the pulp
furnish through fractionation and
then individually treating the
long fibered fraction for kraft
liner and the short fibered frac-
tion for corrugating medium.
The TEA value of the long fiber
fraction will be certainly higher
than that of the composite pulp
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having both the long and short
fibered fractions.

Among all the techaiques re-
ferred to above, clupak technique
has been widely used on short
fibered pulps in the manfacture
of extensible kraft pulps. In
Latin American installations, for
example, bagasse pulp has been
successfully used in clupak
technique replacing over 50% of
the long fibered wood pulp in
the furnish for extensible kraft
papers. The successful utilisation
of bagasse pulp in extensible kraft
papers paves the way for up-
grading bamboo pulp (bamboo
being an inherently strong:r
fiber than bagasse) by clupak
technique for use in multi-wall
sack constructions.

In the clupak method, the moist
web of paper while still in plastic
form is subjected to the recoila~
ction of an endless elastic
surface, a rubber blanket. Fig 2
illustrates the set up for the
rubber blanket and the funda-
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(2) Tested at 65 percent RH

mental parts of the unit. The
unit is. installed in the dryer
section of the paper machine at
a point when the paper is about
65% dry. '

Laboratory and pilot plant work
on Indian Bamboo kraft pulp by
clupak :

Clupak, Inc. worked on the suit-
ablility of Central Pulp Mills’
unbleached bamboo kraft pulp.
The details of this pulp are given
in Table 2. Extensible .papers by
clupak technique from clupak’s

experimental paper machine are -

compared with papers produced
on the same machine under the
same operating conditions ‘using
100% North American long fibe-
red softwood pulp. ‘These results
are shown in Table 3 and illus-
trated in Figures 3 to 7. (Ref.:3).
The following conclusions could
be drawn from the findings :

1. The increase in TEA as a re-

sult of compaction was 140~
3309 more than that of the
uncompacted sheet. The TEA
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" TABLE 2

Details Of Central Pulp Mills’ Bamboo Kraft Pulp
Sent For Compaction Study .

Raw Material : - Bamboo .
Species : — Dendrocalamus Strictus
Forest : , — Dangs and' Vyara Districts of

Gujarat State.
Unbleached Bamboo Kraft.

Quality of pulp :

Process - _ Sulphate

Cooking Condi tions :

Chemicals — 157, as Na,O on OD chips
Chip to liquor —_ 1: 2.5 (direct steaming)

Time to temperature 21 hrs. (includes impreg- -
nation perjod)
Temperature — 155°C
Time at temperatare — 2 hours

Permanganate number = — 24 (on 40 ml test)
Pulp Evaluation Report (Valley Beater)

Initial freeness (m] CS) 700
2. Final freeness ( ,, ) 250
3. Burst factor- 394
4. Tear factor (Elm) 97
5. Breaking length (M) 5900
6. Double folds (MIT) 77
7. Bulk (cm3/g) 1.58
8. Beating time - (Min) - 48
9. Fibre Classification (%)) Clark
- 420 + 50 + 65 +125 —125
mesh mesh mesh mesh mesh
40.5 - 64.0 . 70.5 75.0 25.0
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of the compacted sheet with
1009, bamboo pulp is almost
40% more than that of the
uncompacted sheet from 100%;
North American long fibered
softwood pulp.

2. The machine direction stretch

registered a dramatic increase

- by clupak compaction tech-
nique.

3. The tear values of the sheets

improve in compaction by 10
-~ 15%.

4. The compacted sheets regis-
ter a drop in tensile strength.
The percent loss in tensile
strength is independent of the
percent bamboo pulp in the
furnish.

5. Thetensilestrength of the com-
pacted bamboo sheet (100%
bamboo) is 1.53 kgs/15 mm
while that of the  sheet
having 75% wood pulp and
25% bamboo pulp is 1.73,
only a gain of 12% roughly
paralleting the gain of 15%
in tear at the same compo-
sition.

6. 70% bamboo pulp in admix-
ture with 30% soft-wood pulp
could be used to produce
quality multi-wall sacks to
meet Indian 'market require-
ments.

Applications :

Extensible papers are used where
toughness, resistance to impact,
puncture and tear are required
such as in multi-wall sacks, wet
strength and saturating grades,
plastic and foil laminates,
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TABLE 3

Physncal Tests Of Uncompacted And Control Sheets vs. % Bamboo Kraft Pulp In Furmsh

% % TENSILE ELONGATION T.E.A. iNTERNAL TEAR (gms)
Kraft Bamboo  (kg/15 mm) VA (cm kg/100 cm?) M.D. C.D.
Pine Kraft Comp- Con- Comp- Con- Comp- Con- Comp- Con- Comp- Con-\

acted trol acted trol acted trol acted trol acted trol
100 0 2.20 3.35 17.1 3.6 14.0 5.7 120 88 152 96
+£0.19 4013 408 0.6 +1.0 +0.9

75 25 ~-1.72 2.44 16.2 2.0 11.2 2.7 120 88 128 122

+0,08 +0.05  +1.0 102 +0.6 +0.5

50 50 1.66 2.39 15.4 1.9 10.9 2.5 100 80 120 96

+0.05  +0.16 +0.6 +0.5 404 +0.3 N
25 75 1.63 2,25 13.7 2.4 10.6 2.8 96 96 4 104
+0.11  +0.11 +1.1 +0.8 +09 +0.6
0 100 1.53 1.85 11.3 2.9 7.8 2.5 26 89 112 96
+0.08 +0.08 +£0.7 102 +0.6 403
NOTE : A|l values average of five tests from centre of web.

Tear values are averaged during test so that no measure or variation is available.
All values reported are corrected to 83.0 gms/m? basis weight.

Basis weight variation was from 82.0 gms/m? to 84.8 gms/m? on uncompacted
sheets.

Cross direction tensile, stretch and TEA tests are not reported because of edge
effects of the narrow machine.

laminated kraftliner, cable papers,
insulation . board and pressure
sensitive tape stock.

Table 4 lists multi-wall sack
constructions in regular and ex-
tensible kraft paper. It can be
seen from the results that exten-
sible multi-wall sacks will contain
less paper than with a regular
construction, thus showing a
substantial financial saving and

at the same time outclassing the

regular sack in performance.

The actual drop test results for
regular and extensible = kraft
multi-wall sacks are given in
Table 5. These observations con-
firm the findings of Mckee and
Whitesitt® that a sack drop
test performance is improved
with increase in machiae direction
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stretch. The data in Table 5 also
show the substantial savings in
paper for extensible kraft multi-
wall sacks over regular kraft for
various applications. Another
advantage with extensible kraft

paper is its stability with changes
in relative humidity, an important
factor with hot packing such as
cement. A

Indian Scene :
Market survey reveals enough

CoMPACTED

-
(2]

M, D, ISTRETCH
o

w

" —
—

Figure 3-Machine Direction Stretch Vs. Bamboo
Proportion of Furnish (Ref. 3)
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demand for extensible kraft
papers for packaging cement,
sugar for export, refuse sacks,
fertilizers, etc. Extensible kraft
papers not only help in packing
these materials better but also
result in substantial paper savings
thus conserving valuable
cellulosic fiber.

The teehnology for the commer-
cially produced extensible kraft
papers from furnishes having
over 50% short fibered pulps is
well established. It is hence quite
possible to produce satisfactory
extensible kraft papers from rela-
tively much long fibered bamboo
pulp furnishes, especially with
mixed bamboo pulp and pine
pulp furnishes where bamboo
pulp percent is around 70%.
After some research on the vari-
ous process and equipment par-
ameters, even 100%, bamboo pulp
furnishes could perhaps be used.
Certainly it is not essential to
use 100% softwood pulp for exs
tensible kraft papers, exceptin
exceptionally” tough multi wall
sacks. The premier softwood pulp
which is not so abundant in India
could ,be set apart specially for
the manufacture of high quality
speciality papers.

It may not be economically feasi-
ble to have a mill by itself for
the manufacture of extensible
kraft papers. It could perhaps
be so planned sa to produce
partly extensible kraft papers
and partly other varieties on a
paper machine, providing for the
introduction of clupak unit in the
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& docii-LN B
PRSPy o NS U il e~ < o ‘extE‘nsrble kraft'] pap\.rs None of
- = =
S REENTER the Indian kraft and sack kraft
1 rz.‘ o ‘ papers in the market today ade-
* r - quately fuifil the requifémgflts
. f i L for multi-wall sack constructions.
S N SO T s
Figurc 7—Machme Dn'ectlon Tensile Vs' Bamboo Propo;'tlon s -
‘ of Furnish. (Ref. 3) - - e -
_ - ! TABLE 4 L -
Multl-Wall Sack Constructnons In Regular And Extensnble Kraft Paper (Ref 1)
. ?’ e
Weight of - Product Original *,: Total . Ncw;qenstlruetiani : Total basis = Baving
filled sack filling . - .Contruction* basis _. extensible paper .. ~wc1ght, g/m2 { percent
the sack . regular paper wel%ht L3 ’ o
- i’ -l i 3L
- N : o “ .— - e ot - N - i
110 Ib Saltpetre 1/75PE 3/75 1/90PE 1/90 ‘
. . 1/75PE b 335-. -~ 1/90PE 270 e 28
—_ Refuse Sack 2/80 160 2/75 150 ! 6
B S | g e OLUI20WS 120025
110 1b. Cement 3/80 ‘ 240 T 2/90 ‘ 180 25
10 Ib Cement for . 3 © or"2/‘lCD 200 T
‘ export 4/80 3207 T 3/90 , 270 ., . 6.
S vt 380 T S
11016 . Iron powder  6/80 480 4/90 360 25
110 Ib Sugar . . 4/80 320 3/90 270 16]
751 Phthalic
anhydride ) ‘ ]
flake 4/88 | 352 2/80 1/80 WS 240 32'
501b Polystyrene i %
. pellets 1/88 PE4/88 440 2/88 1/88PE1/88 342 297
; J WS
501b - Polystyrene 3
: pellets 1/88PE 4/88 o
for export 2/80 600 3/88 .1/88PE . 440 27
1/88WS f
110 1b Cement for ‘ L
. export ' 5/75 375 3/90 270 281

!

P

*Construction details give plies with their basis weight in g/m?, the inside plies being listed first,
PE=Polythene-coated }
4
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WS =Wet strength
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hne oericlen! marEebs ol
Drop Test Results For Regular And Extensible Kraft Multi-Wall Sacks (Ref 1

1R W VE TIPS y il s
Weight of Product Original New construction* Paper ., Flat dropbf A ft
ﬁllpq Y8y ;ﬁ)ﬁng e ?rCOI]StT}lCtmIf* -1 ~sextensible ¢y T saving, Orlgma] Exten-
sack hé sack regilar paper ~ paper per cent - $ible
94 1b Cement 2/65 2/81 3/81 17 38 11
g, 2416 Mortar . 4/65 L6 1/81 19 3.0 .., .57
" 31'lb “‘Animal feed "2/65 """ 1)81 2/98 8 9.0 18"
bann80 1 “Ferti= v - - 1/45 AL 2/65 ~ 1/162 ~AL'"‘' 1/65- 140+« 40 - 8
Vet ockizer oo o 8L e 181 T PR i

v R Constructlon ‘details’ glve ‘plies w1th theu: bas1s welghts in g/m’ the 1ns1de plies belng listed
S « first )
Cond,ucted under standard laboratory condmons of.
. .50 percent th, 73°F . AL= Asphalt lammated

Réferences 1 v ' ¢ v 3, Burrow, E.M., ‘Tappi''Non- 5. Mckee, R.C. ..and Whitsitt,
¢ oenl. v e oo wood plant fiber pulping pro- - WT.”'
1. Hamrick, H.L., Ippta Souve- P et pu pl‘n.g pr

gress report No. 6, commit- (EPPFINRIATE

nir, P 109, 1972.

e e g i gL e assignment, Report (CAR) between multi-wall sack per-
2. Burfow, E:M., Paper Techio- No. 58, P89 A ' formance and properties of
»q: - logy, P423, Vol 6, No, .5, 4 Tate, Robert C., Paper Trade the sack paper”’, Tappi 1965.

A 1965, e o b Journal, P26, July 15, 1976.
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