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Soda pulping experiments were carried out on dried bar'na and freahly cut
 
Different methods for fibre separation from. the
baxnana ps~eudo stems. 


pithy material like acid hydr&3ysis 0: the chips prior to cooking and
 
post hydrolysis of the pulp from soda cook were tried. The banana pulp
 
is slow draining and of low yield, making .the banana stems economically 
unsuitable for paper-making. 
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NOTE
 

The findings 'iven in the report are those
 

considered appropriate at "ic time of its pr:iparation 

when only laboreory results were available. The final 

findings are to be confirmed on pilot plaint scale. All 

the units used in this report are 51 units. Conversion 

factors for old units are given in Annexure 1.
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A3STRACT
 

Soda pulping experiments were carried out on dried banana and
 

freshly cut banana pseudo stems. Different methods for
 

fibre separation from the pithy material like acid
 

hydrolysis of the chips prior to cooking and
 

post hydrolysis of the pulp from soda
 

cook weru tried. Pulp is slow,
 

draining and of low yield,
 

making the banana stems
 

economically
 

unsaitable
 

for 

paper-making
 

I6'
 



SUITABILITY OF BAN]ANJA STE.i5 FOR FAPER .AKING 

t Introductin
 

o.t to evaluate th'e suitnbility'[nve tigotions were cirried 

of. banana stems for paper making.. -Earlier work carrizd" out:on banana 

stem (1,2) showed they are unsuixable for large-scale paer ,nanufac tore 

due: to their very high moisture content, ooc.- and, uneven.'hqet 

formation end slow dr.inage propartice. Studies were dcne on d.ied
 

banana pseudo stems received from"Andhra Pradesh Paper Uills Ltd.,"
 

banana pseudo stems perocured locally were
 

also used. The results of those. in.estigations'are prevented in this
 

RnJahmundry. Freshly cut 


report.
.
 

2. ' 'Aironon5.cal dato 

9anana.belongs to genus Muso, which i.1 a genus of perennial 

trec-liku thorbs widely distributed in most tropics fro Africa in the 

West to the Polynesian 131and in the East. In India about 14 spccies 

have been recorded and the areza under banana cultivation has beon 

Two third o this arca lices in Kerala,e .imated.at 303,000 acres. 

Tamil Nadu, Karnataka, Maharoshtru and Andhra Pradunh. It is cultivated 

mostly in tropical belt. In India, most satisfactory conditions for 

the roastol arco ef "cralao .:Tamil tladU,its cultivation arc found along 

Maharashtra and VWcst Bengal. The plant qrows bust. in r. ch wcll-draincd 

soil with ample moisture and dcciyud organic mntter. It c:n flourish 

also on light sandy or gravelly soil as well as otifr but wcll-drnind 

clays, if the soil is fertile -n facilities for irrigption arc 

availablc. 

The fi.br" is locatud primarily ;:dj.dcent to thc outer surface 

of the leaf sheath. Each loaf sheath consists io cross sucticn of 

three layers, the outer fibrdus layer, the middle contnining a st.all 

quantity of fine white fibres and thc inner layer which contnins no 

fibrc at all. 



The fibre consirts 6f strands ranging in length from. 0.9 t.: 

2.7 m. Each. strand is made up of bundles of fibre. cells 3 tc 12 r 

u
long and 16 to diameter', irregularly r~und of: oval with taperin;
3 2
 

end3.. The fibres contain 60-70% collulcsae. and resembles jute in 

Chemical composition (3). 

3.1 Llapingq 

All pulping exper iments w re carried out in series' 

digetr consisting of 6 bombp.each of 2.5 litres capacity, 

rotatin.g in olectrically heated polyethylene glycol bath. 

In pach bomb 150 gm. o.d. raw matoril. was taken. At the end 

of the cookin piorjd,, thn bombs w4er removed from the bath 

and cooled by inhersion in a water tank. Each bomb was opened 

aod spant liquor was collected after filtering through nylon,' 

cloth. The pulp • was disititagrated in cola water'and then 

washed thoroughly on nylon cloth as filtration was very siow.
 

Kappa number of pulp, spent liquor analysis, pulp 

evaluation studios wore carried out as per. standard methods 

(4). Pulping data and strength proporties are presented-in 

Tables I to 4. 

4. Ro.sults and discussions

4.1 	 analysis.Proximete 

The proximate analysis carried out on mil; and freshly 

cut banana stems is presented in Table 5. Bulk density of 
3.
 

banana chips is vary Low (34.6 kgs/M3). Solubilities in Alkali 

and ,atar are high. Pentosan and ash contents arc comparativell 

lowur than thoo for other agriculture residues. 

4.2 	 Studies on Mill banana stems 

Initially soda pulping was carxicd out on tie above raw' 

material w.th 5% NaOH under the cooking conditions given in 

Column I of Table 1. But the naterial remained uncooked and 



the pH nf the spent ].iquor was below 7. 
The pulp containcu
 
too nuch fine pithy material making the filtration dif.icu..'. 
Different methods Were tried.to separate fibre5 and pithy 
material from raw maturial.
 

4.2.1 Different methods of fit 
e secoaration
 

a. 
 Fibre se' ration bv_as inq-gthucvh dist refiner-
The chips wore soaked: overnight in water, then paEnu

through Sprout Waldron disc refiner at high cl.earancc . 
loosen the pith and the slurry was washod on 20 mesh cnd 
then dried. Soda 'pulping was carried out wJith 7.3% MoONt 
at 1609C for 3 hours. The results arc given in Column T' 
of Table I end the atrength properties are given in Th-'. 
Even wtith 7.5% chemical, pulp was vory dark, spocky an 
shivy with high Kappa number (03.0). The freeness of h. 
pulp was cluito low and pulp possessead poor strength
 
properties. Tuar 'indox was quite low.
 

b. Fibre separation at tow consistency -invallev buster
 
Fibre separation 3f the dried banana was carried ou'

.at low consistency (about 1%) 
in valley beater, at pH
 
2,5-3 by adding IUCl for about 30.minutas. The alur3.. 
washe. on 20 mesh screen and the material passing thrcut
screen was taken pith.as Pith content of banana foun:J 
the above method was 22.0%. Thebanana fibro retained o.i 
20 mesh was dried rnd sod* pulping w..:s carried out with 
12.V NaOH at 1600C for 2 hours. The results are given 
in Column III of Table 1 and strength properties i6 Tabl,_-
 . 
Thu strength properties era vary low. 

Fibre separation byacid hydolysis 
Fibre separation was carried out by acid hydrolysi.
 

prior to cooking, on 
chips and also by post hydrolypi
on pulp. Prehydrolysis was corried out with 5% HCI, 
at
 

http:tried.to


:4: 

1200C for one hour maintaining 1:7 bath ratio', keeping. 

tho conc'ontroticn of MCI at 7 q/fl After -prehydcoysis 

the chips .srD"wauh'.d fr-o of ncid and then: soda -pulping 

was carriud aut usin3 12.5 N.3H at. 160 0C for-bo houte., 

Thu couking conditi ns nnd r:ults' a a given in Column. 

V of Ta61c I 4nd 3trcr:gth proportius in Table 2. 5d 

pulp obtaincdt by cooking hanana chips- with 12.5% fUSOR, 

was s.ubjcc-tod to ecid hydrolysis with'68.7%. HCl and .S, HCI 

on pulp.keeping two hours at 701C at 81. consistoncy. The 

reaul- are given in Columns IV, VI and VII of Tabo 1, 

and strength p;oportics in Table 2. From the resultsthu 

following obscrvations could be madu. 

The pulp yield' from soda cook was low. The pulp was 

quite 5limy, dark in colour, containing pith in the form 

of powdory matax al clo ging.the filtering cloth and 

resulted in slow draining. The pulp obtained by 

prehydrolysis cook, was conparatively lighter in colour 

and.relatively free of slimy nature and pith. The overall 

yield Was further rnduced to 33%. There was no imnrovomeni 

in.strenqth propertic;. Post hydrolysis of the pulp.with 

8.75%HCl on pulp.( 7qpl concentration of HC1 as in 

pzrahydrolysis cook) resulted in very low yield. of around 

30% and strength properties weri comparatively bettor than 

prohydroIysia pulp. Reducing the concentrationcf KC1 to 

4 g/l (5% HC1 on pulp) yields a pulp of qood strength 

properties with not much degradation. Post hydrolysis of
 

the pulp seems to be preferable to prohydrolysis for 

removal of pith. 

4.3 StUdies on freshly cut banana stems 

Freshly cut banana stcm.owere collected. Shcaths'-were
 

peeled off and central hard core'rOJL-ted. Dryness of-banana
 



stemo u 12%. The sheaths were c-.jshed and de'v-tcred by

passing throuqh paper machinz- rc!'s repeatod,y. 
 The loosened
 
pith was 
removed by retting the c:uahod material -nd hammoring.
 
The longthy fibres were cut 
to 
I inch length und dried. Pulpint
 
experiments were carries out 
on :a above depithed banana chips. 
Soda pulping wau carri-o out varz. the nriical dosage*from
 
7.5 to 15,;. Cooking conditions =.=e givn in colurns.I to IV 
of Table 3. and sttcnath properties in Table 4. Rcsul ts of 
prchydrolysis and post hydrolysis troatnbnts carried out on 
the dopithod banana arc 
given in :olumns V to VIII of Table 3.
 
Prohydrolysis troatmont reduced be yield from 45% to 32% and
 
severe degradatio
n of the fibre ws evident from the low
 
strength proportiuo though pulp w s of light colour and free
from pith. Post .hydrolysis t.eat..cnt, though tis certainly, 
bet-or than prehydrolysis treatreit, the improvement in strength 
properties was not appreciable. 
Fibre separation carried out in 
valley.boazcr at low consistency et 2.5-3 pH, had not yicldcd 
pulp of good strength proporties :n soda pulping. 
The pulping
 
results arc given in 
Column IX of Table 3 and strength
 
properties 
are given in Table 4.
 

Conclusions 

i/ Baonan ps(:udo stum conaoins ajout 22, pith. 
Pulping 'as
 
such is 
not aovisablo a, the resulting pulp is quite s]imy
 
and contoins lot of pithy raztcrial and is slow draining.
 

ii/ Removal of pithy material by prchydrolysis is not quite
 
effective, resulting in considerable degradation of the
 
pulp and low strength propcr:ios. 

iii/ Post hydrolysis with lower ccncontration of HCI, than
 

used in prchydrolysis, rocults in'coparativoly bettor
 
strength properties. 

iv/ The overall yield of fibre on frcgh banana is very low. 

0
I
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TABLE 

PULPIFNG .ATA OF ;,-ILL 'ANArNA 5rEl. 

I . it .. I IV. V 
as .Depi- Opi- as 

;uch . th.'d 'thed Such 
(in

,;il ey ..'. 

Particularms _eater) 

Prchvdtol, it S tog, 

HCL % on raw maturial S.C 

Chips to liquor ratio 1:7 

HCI concontration in the 
liquor g/l 7.0 

Tompuratura C 120 

Time, main, 60 

Rosidual HCI, .g/l 

Pulreirt sane 

Chemical aa NaOH, S A;0 7.5 12,5 12.5 12.5 12.5 12.5 

ChiOG to liquor ratio- 1':6 1:7 1:7 1:7 1:7 1:7 I:7 

Cooking temnprature OC 160 160 160 160 160 160 160 

.Cooin hedule 

Raising -ir-se to eO0C, min. 30 30 30 30 30 30 30 

From I000c to 1604C, min. 90' 90 90 90 90 .90 90 

At..1600C, min. 4t4O 180 120 120 120 120 120 

Podt hvdrolysis stge 

lCI %on pulp not - - 8.75 5.0 

Pulp consistency, % cooked 8.0 8.0 

HC1 concentration in the 
liquor g/1 7.0 4.0 

Temperature, OC 70 70 

Time, min. 120 120 

Residual MCi, g/l 3.0 3.0. 

Total yield,% .56.7 58.7 42.8 32.8 29.3 37.5 

Kappa number of the pulp 83.0 - - - -

5pcnt liguor 

pH 6.5 7.8 11.4 9.7 10.2 -

Total.sol-ids, % w/w 8.3 5.7 7.6 8.1 6.1 

Residual NaOH, g/1 Nil Nil 4.3 1.0 1.4 



TAKE 2 

STRQ16TH PROMRErS OF UIVBLA 

Sample 

Palp from 11 

-Im., 

Pulp-from I-II 

- .Pulp .ro..[V 

Pulp from V, 

P 

.v .. 
0 

0 

5ao 

-
0 

0 
Sam. 

Fee-

160 

40 
--

290 

70 
. ..... 

60 

120 
0 

Appa-D ant 

timo den 

29.4' 0.64 
- .100 0.66 

- :-I 

11.4. 0.56 

62.2 0. 

106 0.64 
- •-8.0 

51.2 "0.75 
83.4 * 0.4690 

Burst 

iy ndex 

kPo m 
2.10 

-

2.55 

0.65 

SS" 

2.70 

3.65 

. 

Ton
s 

index 

. / g 

34.0 
- ..-

43.S 

2d.7 

34.0 

43.5 

59.0 

Kohlor 
Stretch. Ao'ir. 

l o g . " 

3.5 1.92 " 
.- .4.6 .60 

2.4 

3.8 1.34 
1 . 34. -

1.9 2.49 
9- 2.4 

21 24-
2.4 3.08 

Te Ai,.andrX AirG y 

nN : ' g :s/f10 0 ml 

.25 1800 
; 

4.50 iO 

1.774 0 16.4 

4.25 

5.50 1800 

7.300 
5 1800 

Pulp-from VIiI 
2000 

240 
135 

15.2 
28.0 

0,67 
081 

6.50 
7.25 

80.0 
82.5 

3.0 
303 

3.48 

3.49 
7.70 
6.05 

1800 
-00 



TABLE :3 

Pyi~L ~ Ok FRE.SPILY -JUT BAAI , 

Particulars 
I II Il xV V. VI VI! V ix 

'iCl, % on raw material 
-hips to liquor ratio 
;C. concentration in tha liquor g/l 
rempee ture "C. 
Time, min. 
qesidual HCI, g/1. 

9 t 

-" 

.0 
t:T 
7.0 
120 
60 
2.67 

Chemical as NaOH, % 
;:hipsto liquor ratio 
looking temperature IC 

fooking Schduls 
Raising time to IOUo, .min. 
rrom 100tC to 160C. min.-
At 1600C, min. 

Post hydrolysis tae 

7.5 
1:8 

160 

30 
90 
180 

10.0 
1:8 

160 

30 
90 

180 

12.5 
1:8 

160 

30 
90 

180 

15.0 
lttL 

16"0 

30 
90 

180 

1 2.5 
1:7 

160 

30 
90 

120 

12.5 
17 

160 

30 
90 

120 

12.5 
1:7 

160 

.3u: 
90 

120 

12.5 
-:1:7. 

.160 

30 
.90 

::120 

12.5 
1.-7 

160 

30 
90 

120 

HC1% onPulp 
Pulp consistency, ' 
•HCI concentration.in the liquor g/lTemperature 6C . i 
rime, 'min.. 
Residual HClp g/I 
Totaliyielc, % 52.1 
Kappa nuber'of-the pulp 70.4 

PH 9.2 
Total Soiics, %.w/W.. 6.3' 
;esidual NaOH, 1 0.2 

47.7 
- :54.3 

-10.8 

6.0b:" 

0.8 

45.0 

38.5 

12.4 

7.2 

2.2 

44.2 44.6 
3.3 

12.7 11.8: 

7.8 0' 57. 
4.6 2.87 

32,0 

31.3 

.11.9 

4.73 

2,26 

.75 
8.0 

7.070 

120 
2.60 
36.P 

36.3 

:5.0 
8.0 

'.070 

120 
.25 
03 

33.0G 

. . 

50.0 

80 
1.25 



STRENGTHPROLERTIES.,O UNSLE_NA C H D PUA ,1 ,IFTSAy'CUT_ _E_

.. . .... .o.d---.. .- .. :. 
Appa-Ton- Fold 

- ." 

free- "urstBunt il a Sttt- Kohide T cat Air es 
Sample PVI ness time defnuty -inde I ndex ch folin indoic Gurley 
particulorR- rev. •SP. .4 ) g/ci kPa.... N -/g - :€ log.... a 41./06:. 

0 
500 65 79.6 .0.6d - 4.85- 5.0 .4 3.25 9.10 1800 

Pulp .ro, 175 41.5 .0.64 3.75. s.5 4.2, 3.18 6.50' . 10 

Pulp fom AU 235: 38.1 0.59 4.05 .52.0 2.4: 3.1-9 "" .o50- .1860 
Ii 500 90 69.3 0.t5- 4-.15 .0, 367 3A" "9I80 

Pulp fram 0 '10 34.8 0..69. .'.30. .6.D 4.6 3.28 7.00 Ib 
I T 500 .110 50.2 . 3,'3 .60• -... • 72-,b -5't. • . 3.46 . .- 7.;0:

-. 
• 0 

-
-

Pulp.from 
IV 

0 
SU 

145 
100 

37'.7 
58.5 

' o . 
0.71 

4.65 
5.35 

- 65 5 
;1.0 

5.2 
5.4 

3.36 
2.38 

.. 7..0 
7,15. 

. . . 8 0 

. 1600 

Pulp from L) 525 5.87 0.56 0.30 19.0 0.8 - .2.2 • 5 
Vi 2000 

4000 
*115 
185 

1,8 
.328 

0.84 
.0.86 

1-.50 
1.80 

34.0. 
35.0 

Z4 
22 

0.40-
0.70 

1.9 
lS . 

1000 
1800 

Pulp..from- .0320 16.3 0.6$ 4.60 :60.0- 4.3 2.7 9.60 1800-

VII 1000 100 14.6 0.69 6.65 67.5 4. 3.48 7.60 
 1800"
 

Pulpfrom . 0 365 54.7 0.70' .20 64.0 4.4 3.1 8.8 " .000 
. VIII 1000 110 '66.0 0.7o " 7S70o650 5.0 . 3..52. 7 35 :1Ut 

•*Pulp from " 105 S8.0 0:.66. 2.25 49.5 .2.6 2.-2 4.1 1800 
Ix -.. 50 -66.6 -0.67 -2.90 54.0 .: 3.0. 2.60. ..4.0 

.*false CSF
 
**Evaluated 
in valley beater. 

1800 



S Sample 
No reference 

1. Unpithad
t4ill banana 

stem 


2. Depithod"

Mill banana 

Stum
 

3. Freshly cut
 
depithod 


stem

-banana 


4. 
 Pith from'
 
freshly cut 


banbna s'tem .. 

-. 

TAflLE 5 

PROXiMATE. ANALYSS.0F. MILL AND FRESHLY CUT BANANA EMb'
 
(.AlI results expressed on % o.d. basis) 

N NaOH
 
Water - LC:BEN 10 Halo - Acid 
soluui- solubi-
 solubi-
 cellu- Klason solublo
 
lity lity lity 
 losa lignin lignin 

24.0 3.2 42.8 68.2 13.2 


6.2 3.1 34.1. 69.8 15.2 1.8 

13.7 1"3 43.8 " 13.2 1.3 

19.2 1.3 51 .8 - 11.0 .4 

- . -

Bulk'density of mill-banana :star* chips. t 34.6 kgs/m3 
on o.d. b'sis ) 

'un t-osan Ash 

13.2.T4 114
1
 

16.0 4.6
 

"12.1 .3.2 

1.1.2 .5.9 

http:ANALYSS.0F


AJ44EXURE I 

ONERS1 CN' FACTORS" FROcm5[ITO OBSOLESCtNT- CkG'-M UOITS. 

IseO (1nterrtiontil Organisetion f br' 5tindalpdisati:on). mtIds. 
were used. in this.investigatiun for.pulp and paper testting. All results 
and c~lculations are expresseo in 5I' units (Systenme International d'Uni'tas) 
as th.issystem was .dopted.in India,, 

.Convsrsion, to 
Some,besic SI. unite Obsolese sn.t units 

Mass' s Kg, g 

Len~th "= m 

Are I. m2 

Time : second (s) 

Force : Newton (N) milliNewton. (nNm' ). *0, 102.kp 

Pressur'. " Pscis .(P), Kilopaecel (kPa) 1Kp -, 0.0102 "kp/cm; 

Dyndmic'viscosity Ps.a (Poscms second) 1P . 
lcPm 

0,1 .m 
10 3 p a.s 

F om.SI-_unit To obsoles~ent unit MupLtLy by 

Tonsilea idox N.m/g rma.kin.g'length km 1,102 

auriR't indm4kP"kPe. /g: Burst factor 10,2 

Tear index ,r../q Tear factor 0, 

Scatt'ering' i.ef ficient Scetturing coeff icient 10 

m /k.9/
 

For dptox'r to indication tensile index .can'be convorted to. 
bremking length by dividinj by -10, .burst index o.'nvartd to burst factor 
by.tihiiiplying b. 1.0, tuer i-ndex converted to tear, factor by multiplying.

by :tO. 

It should bo mgntioned thot in ISO standirds tha tasting data 
are .apresiaed'on..thes,,b*sis .of weight. of conditioned sheet whereas other 
standards (6.g' APPITA) xpress redulta on basis of 0.0D. wcight' which 
makev exact converiio'n dilffcult. 


