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_ The findings 2iven iﬁ the repqrt are ﬁhose
cons;detcd sppropriate at *1c time of its proparation
when only laboratory results wcre-uvailable. The‘final

findirge aravto be confirmed on pilot pluqt scale. All '
the units used in this repert sxe S1 units. Conversion

factors for old units arc given in Annexure 1.
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Souda pulping expcrimentg were carrined out on dried banana and
fresﬁly cut banana pseudo stems. Differcnt methods for
fibie separation from the pithy materialvlike acid
hydrolysis of the chips prior to cooking and
bgst hydidlysis of the pulp from aoda
qook-ueru tricd. Pulb ;B slow,
draining and of low yicld,

making the banana stems
economically
unsuitable
- for

paper-making



SUITABILITY OF BAlAHA STENS FOR FAPER MAKING

1 . lntroductzon

lnvethgatxons were c:rrzcd Ont to evaluate the suxtabxlxty
‘of: banana stems for -paper making.. .Earlier work car'x ad’ out: Qh_hangna-
' stom (1 2) showed they ‘are JnSulLdble {or. 1avgo-suala raser ménuf&cturc
due to thpxr very highk nozsture contcnt, ooc .and uncven ahuct' .
formation and slow drainage propcrtxca. Studxas were dune on dried
banana pscudo stems received from"Andhra Pradcsr Paper ills Ltd.,
.Rajehmundry. Freshly cut bsnana pscudo stems procurcd lacullj wore
also ugcd. The results of thosc_in»eutigqt:ons,ape prasqnted in this

ruport.

25' : 'Agrnnonical dato

~ Janana. belongs to genus Musa, which 1*'0 genus of peronnial

treo«lxku horbs w;dely distrabutod in nost tropxcs fron Africa in thu
‘West to the Polyncsian I3land in the East. In Indio. about 14 spccies
have baen rocoxded and the arca undcr banana cglt;vaticnlhus beon

es “imated at 383,000 acres. Two third of this arca lics in Kerals,
Tamil Nadu, Karnataka, Moharashtrn and Andhra Pradcah; If'is cul tivoted
‘mostly in tropical belt. In Indie, most satzsfoctory cond;t;ons for

its cultxvaexon arc found along thg roaatnl arca~ “ef Kcrala._Tamzl nadu,
1ahatashtra and Vcst Bengal. The plont qrows bust in vich WLll—d.aincd
$0il wzth amplc moisturc and decayud organic mntfor. It can flou*zah
alsc on lxght sandy or gravclly soil os well as o&aff but uull-dx11ncd
cloys, if the soil is fertile nno facilitices fot_xx.xgatzqn are

availablc.

The fibrs is located prirnrily dJnC(ﬂt o the outer surface
af the lcaf shcath. €ach lcaf sheath cnnaxats in crosa suct;cn of
' thrcc lnycrs. the outer fibrous layer, the niddle contn;nxng a srall
quantity  of fine white fibres and the inncr layor which cunthns no

tibre ot all.
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The fibre consicts ¢f strands . ranging in iength from 0.9 <=

€ach strand is mede up of bundles of -fibre cells 3’ tc 12 rr’

'lcnd and 16 ‘to 32” diemeter, irregulerly rsund of oval‘with tapering

end.-‘, -

The fibreq ccntaic'60-70$'c011ulc§e“and Tesembles jute in

Chem;cal composzt;cn {3).

-3,

3.‘

4.2

Exgcrinnntal

Fulping

All pulping exper*montc were carr;cd aut in ser;cs
digcﬂter connistinq of 6 bombs. cach of 2. 5 litres capacity,
rotating in olectrzcally hpatcd polynthylenc glycol bath.
In gach bomb 150 gm. o.d. rew msgoriel;yua‘tukon. At the end
of the cooking ﬁoricd tha bombs were reboécd f:oc fhe bcth
and cooled by - -immgrsion in a water tank. Esch bomb was bcanad
and spcnt liquot wae ccllcected uftar filtering tﬂrcugh nylon
cloth. The pu!p wa9 dxuzntog:atcd in colo.watec and then

washad thoroughly on nylon cleth as filtration wes very siow.

Kappa number of pulp, spent liquor onalysis, pulp
evaluation studics were carried out as per.stendard mctheds
(4). Pulpxng data and strongth Fropcrties are prescntecd-in

Tahles 1 tc 4.

Epsults and discussions

.  Proximete analysis

The proximste anolysis carried out on mil) and freshly
cut banano stcms is presentod in Tahle 5. Bulk donsity of
banana chips is vory low (34.6 kgn;n ). Solubilitics in alkeli

and wator arc high. Pentosan and ash contents arc comparativel:

lowaxr than thoso for other agriculturc rosicucsa.

"Studics on Mill banana stcms

' Initislly soda pulping wss carricd out on thce abov: Traw’
materiol w'th 5% NaOH under the cooking conditions given in-

Column [ of Table 1. But the materisl remained unccoked and



the pH aof the spent ligquor wat below 7. The pulp containcu
too nuch fine pithy material meking the filtro*zon dif7 icuIL
Different nethods were ‘tried. to separate fi brua and pltnv

matorial from ray maturlal.

‘Different mcthods of fit -e sepaxration

8. Fibre se- 3rat10n bq_paf81qg th such dzsr rcf;nc*

The cths wore aoaked overnzght in aa.er. then pasceu
through Sprout Waldroh disc refiner at high cleerance e
loosgn the pith'and the slurry was waahod on 20 mesh cnrd
‘then dried. - SQdd'pulping'wbs cerricd out with 7.53% MaCii
at 160°C for 3 hours. The results aro given in Column T
of Table 1 and tﬁe-;treﬁgth properties asre given in Tail
Even with 7.5% chemical, pulp was vory dark, spocky anc-
shivy with high Ka#pa number (83.0). The frceness of :h.
pPulp was (uito low and pulp pogseasad poor strangth

propertigs. Tuear indox was quitc low.

b. Fibru scparation at low consistancy in valley buater

Fibre separation 3f tho dricd banana was carricd ou

at low consistoncy (about 1%) in: valley bcatcr3_at pH
' 2,5-3 by adding HCl, for about 30 minutos. . The sluryy
washe! on 20 mesh scraon and thao mater1u1 passing threcug-
screcn was taken as plth- Pith contont of banann oun:l N
the above mothod was 22, Oﬂ The'bunana.fibrc reteinad o
20 mesh wes driad - c1d soda pulping w.a carricd out with
12,57 NaOH at 160°C for 2 hoursn. .Tho zcaulte arc given
in Column I1I of Tablc 1 and atrength proporties in Tobls -.

Thoe strength propertics ara vory low.

€+ . Fibrc soparation by acid hydzolysis

Fibre separaticn was carriud out by acid hydrolysis

prior to cooking, on chipo and also by post hydrolysi-

on pulp. Prchydrolysis was corr;cd out with 5% HC1,


http:tried.to

lZO'C fnr onc hcur maintaining 117 bath ratxo, kccpxng
'thr conccntratzcn of HCl at: 7 q/l Aftcr plchydrolyszs,}n
“the chlps worc ‘washid froo of  acid and then -soda- pulpxng =

was carrzud ou. usxng 14,3 NadH at’ 160°C for: in houragt
}Thc coukxng conaiti ns nnd r'sultq ora g;vun Ln Column .
U of Tablc 1 and “t:crg*h propcrtius in. Table 2. .Sada e
Pulp obtaincd by cooking hanana chips with 12.5% NabH, -
was subjcctod vo ecid hydrolysis with 8.75% HCL and .55 HC1
on pﬁlp‘koeping two hours at 70°C at B%,congistuncy.- The
resulto oro given in Columns I¥, VI and VII of Table l,
and gtréngth bxobértics in‘Tublu 2. From the fédulfs'thu 
fallowiﬁg Obsérvations'could be madce. )

The pulp ‘vicld from soﬁé Eook wa§ low. The pulp'was
quite’ u‘imy, dark in colcu:, conta;nxng pith in the form
of pnwdory mataxisl clogg;ng the f;lte:xng cloth and
resulted in alow droxnlng. Thc pulp obtaxned by
prmhydxolysin cook, was compaxatively lighter in colour
snd.relatively frae of slimy nature and pith. The overall
yicld_Qaslfurther reduced to 33%._ There was no imnrovement

"ip.utrcngth’propettic;._ Fost hydroly919 of the pulp with
8.75% HC1 on pulp (7 gpl cancentratxon of HCl a8 1n
‘pxhhydrolyszs cook) resulted in vcry low yield. of e:uund
30% and strength properties wers comparatively buttcg than

- prohydrolysis pulp. Roeducing the coﬁccntratibn'cf'ﬁC1 to
4 g/% (5% HCl on pulp) yields s pulp ‘of good atrungth
properties with not much dogradatxon. Post hydrolyaza of
the pulp scoms to bc profgrable to prohydrolysis for

remnvul of p;th.

3;3 §tdd105'on frcshlyicut bénéna séams

Freshly cut banana stems were collccted- Shcatha'werc

peeled off and cintral hard core rejected. Dryness of banana



Stema = 12%. The shcaths were crished and dew~tered by
passing through paper machings rcl's repeateday. The loosencd
pith was removed by retting the czushed material znd hammoring.
fhelionﬂthy fibres were cut to 1'.nch length und drxcd. Pulping
oxperiments were carrle“ out on -2 above dcpi hee banana chqu.
Soda pulplng wWas carr;cu out var.-nq the Lﬁnnxcal dos agc from.
7.5 to 155, fooking condxyzcn’ T2 given in colurnf 1 éo Iv

of Table 3. and sttcnuth ptopcrtx-‘ in Tablg 4. Resul'ts of
pxchydroljsxs and pDJt hydrolys*s troatmunts carried out on
the dopithed banane arc givaen in Zolumns V t¢o VIII of Table 3.
Ptchydrolysxs troatmunt zeducod the yiecld from 45% to 32% anc

' sevoxe dcgradation of the fibre w2s evident from thc low

'strcngth proportica though pulp was of light colour and fr

from pith. Post hydrolysis trcatnent, though vas ccrtainly
bot’ er thon prchydrolysis trcatﬁeﬂt, the improvement in atrength
kraporties was not appreeioble. Fibre sapération'carriod out in
valley buater ot low consistency »t 2.5-3 pH, had not yiclded
pulp of good strength oropertics =n soda nulping. The pulping
results arc ngen in Column IX of Table 3 and strength

properticg arc given in Table 4.

Conclusiony
i/ ‘Bdnanq pscudo stem contains =iout 22% pith. Pulping as
 such is not aavisable as the resulting pulp is quite glimy

‘;nd contnins lot of pithy mzterial and is slow draxning.‘

e
e
~N

Ronovcl of pithy material by prrhyurulysxu is not quitc
effcctzvn, resulting in considerable degradotion of the

pulp and low strength properczies.

iii/ _Post hydrolySLa with lewer c"ncantratzon of HCl than

used in prchydrolysis, xeculss in' comparatLVoly butter

strength propertics.

Av/  Tho ovorall yicld of fibre on fresh bonana is very low,
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TABLE

PULPING-DAIA OF :ilLL TANANA STEM

TR T TS SR TN
“as . .Depl- lopi~ as .
such. ” thad thed  ‘Such

{in= -
Lowdlley - .
‘ Partxgula:s ) . : L . tcater) N —
iPrchyd;glxsiB stege. - '
HEL % on raw matur;al : ' “'." - o . 5.C__H- -
Ch;ps to lxquot ‘ratio - - o - ‘ A 137 S
HC1' concontration in ‘tho | o
~ liquer @/l . : T.0
Tumperature °C - - 2120
. Timg, min, 60
Rosidual HCL, /1 -
_ Pulgzng _ﬁﬂﬁg . i
Chomical as’ NaQH, *. 8.0 7.5 12,5 ‘12.5 12.5 12.5 12.5
'Chiba to liguor ratio - 146 4T 1:7 1T T 1T 137
| Caoking temperstura °C - 160 160 16C 160 160 160 160

Cogkxng sghedule _ ' , .
Reining time to 100°C, min. 30 30 30 30 30 30 - 30
' From 100°c to 160°C, min. 90 900 98 90 90 - 90 .90

At-160°C, min. © - .. -~ 190 .:180- 120 ‘120 .120.. 120 120
Fost hydeolysis st_g_ ',i N . : L _ ' ;

* HCL % on pulp ' not - - - - 4 8.75 5.0
Pulp conasistency, % cooked : ' T 6.0 8.0
HCl concentration in the . - | S
liquor g/1 - : 7.0 4.0
Temparétdra, °C : | 70 710

.. Tima, min. | | ~120 120

};Ras;dual HC1, g/1 3.0 3.0

 Total yield, % (56.7 58.7 42.8 32,8 29.3 37.5
Kappa numbqr ot the pulp o 83.0 - - - - -

- Spent: ligunr '

" pH . S 6.5 0 T.8  11.4 9.7 0.2 -

* Total solids, % w/w 8.3 . ST 7.6 Bu1 6.1

Residual NaOH, g/l Nil  Nil 4.3 1.0 1.4

Vv



'STRENGTH PROTERTIES dr'uNaggig“gg“gugg;gu@ggLggkgg'7

JABLE 2

Sample ~ = © . PFI
particulars

Free-
. ITev. ness

D.

timo

 (3).

Appa- .-
“rent’ :
density  index -
- 9/em”

 ‘Burst

kPomgb

Ten-
8iln . .'. . -
index . Stretch..

bl L SN——

' Pulp from H 0 160

-.5nn - 40

29.4

.t00 .

d.64

2.10

- 2455

e - -

34.0

43,5

%

Fold -

Kohler  Tear
f‘hlir.
‘log.

Andex .. Gurley .
nN.r_n?-.'g s/100 ml

4.6

1.92

2.60

1800

Pblpﬁf:pq'ril lp 290

500 70

62.2 -

0.58

0.65

1,55

C. 34,0 ..

2.

3.8

d.17-

1.4 "

Pulp from IV -0 60

- - .

106

0.64

pin——"

" 2.70

- 43.5

2.49

Pulp from vl -~ g 120

Cson0 - 5p

-

TS

. 834

l0:75

:;3.65-

0.72 4.55

'59.0
§9.0

2.1

2.

Puipffiom Vili' ‘3fa,' 240  a

2000 435

15,2

- 28.0

0,67 6.80
0.8t

7.25

2ty
3,08

- 5.95 . ‘4800

_BO;Of

82,5 -

- '”3'.04.

<343

' 3.49

N

R IR T i —

7.70° . jeoo .

©.6.05  ypno

— - . “*
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gygpxﬁg‘naj]ng;fngsnLv GUT. BANANA STEM

- .- e - - L

Particulars . .. A I Ty v v vir
'Frehld'i‘c’ ;s_-;i-s~rstagj_"' ’ —

‘€1, % or row matcrzal - . - - - - 5}0 C -

ths to liquor rat;o : t:7
"HCl- concentration in the liquor g/1 " 1.9
remparatute *c. ) o " 120

Time, min. _ 40

fesidual ‘HC1, g/1 . - 2.67

2ulping stége ‘ o

Chemical as MaOH, % .. 7.5 10,0 12.5 15.0 - '12.5 12.5 {2.5
ihips to liquor ratic ~1:8 1:8 1:8 11 17 147 1:7.
1.ooking temperaturo °C 160 160 160 160 ~ 150 . 1860 160
fooking Schedule - A ' : '
Ra;sxng time to 10U9Z, .min. : 30 30, 3o 30 30 30 3u
From 100°C to IGO'C, min. 90 . %0 90 g0 " 9g 90 90
At 160'C, min. R . 18067, 180 180 180. 120 120 120
Post hyd:alysis sthe _

4C1 % an pulp . A SR - - - - - n.75 ¢
,hupcmSthcw 2 T ' . B.0 -
'HC1 concentration in the liquor g/1. 7.0
Temperatu:o °C - A 70
fime, min, - - 126
ResidUal‘HCI,’gll_ . o S o . 2.6
Toteli yielc, % - : 52.1 ATLT 450 44.2 4446 32.8  36.p
Kappa number of the pulp v70.4 154.? ;3535 :3?13 - 31.3 3§.3:
Apent lgios =~ - - oH 5.2 °10.8 12.4 13.7 1.8 11,9 -
Total 8011('8, x H/U ' 603 608 . Te2 7!8 6057 4.73

0.2 0.8 . 2.2 4.6 2,87 -2.26

12,5
EEREY
] ﬁqu .

" sg.0

St
00 N

«esidual NaOH, g/l

1,25
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IARE
JﬂBLEACHED PULPS g;g__gﬂg .n_g 'g"u'r.’g "-r‘unk" STEH.

‘Sample -
Eg;ticullrs~

PFI
T rev.

Free-
‘nesa -

- CSF °

D‘

{s)

time

-arme

. Appa-‘}

" Fent
densgty
g/cn

T Sp—

Buiit
inde

kPang

" Bile .;
<ndex *  ch

omm .3 e

Ten-

Nig/g - %

Strute

Fold e
KoNler Toat
- Medin
~log .

.A m"-‘ b

Lndox ‘

. .
- e - 0l aune ..-..--.—.

o A‘i::j r_CB
: Gurley-
8/100 n;

Pulp
.

from

. 500

175
85

41,5
79.6

©.0.64

‘0. 66}:-

4085

s7.5 4,2
88.0 4.4

3.8
. 3.25

;'a so
9, 10

s51600'
. 1809;

Pulp
It

from

.500

235°
90

0:59
. .85

4.05
. 4;15

52,0 2.4
63.0. 3.7

. ..--....

Pulﬁ

Sxom

58 SN

‘500

*10
110

0.69. .

-3,61131'*

5. 304

.65.0 © 4.6
F 724000 5.1

BERT IS
S 3.43

'*9g50-

.---'—

4800
- 1800

13.28°00
23,40

< 7 30

1. 00

1.15°6ﬂ_
'j’BOOﬁ'

Pulp.

from

v

'$UD

145
100

0.0
':Q.71 .

4;655'

535

658 5.2
TV s

’;'3a3‘;f

o gt

SO LI

1800+
1800

Pulp
\'2 &

from

2000 -
‘4000

523

#1185

185 -

.328

5. Bf

1358

© 0.56
D..a.‘ -‘
'-0;86

U 0.30
14,80

‘19.0

, L;.j§  f

'35.0

.. 0 a -A
2.2

sy
. ’1800
-, 1600

Pylé;f:om-
OVIE

1000

320
100

16.3
14.6

B.65
0 69‘

4.60
6.65

160.0- f.aéfA [Li
67.5 4.8

Pylp‘f:nmA
VIIT

1000

365 .
110

54.7

"66.0 -

0.76
"0, 75

- s.20
6.50

64.0 4
’ 17?0 ) '54"

+#Pylp from -

X

105
50 .

SB.q
66.0

0466
. 0.67

. 2.90

o
0 .
49,5 .2:6 | 2.12 .

54.0

1800,
1800’
{‘ieoa'Q
g 1800'

- . o men’ --.——_.-

1800

*False CSF.

: "EVQluatcd in velley beatar..

—

1800

ot
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PROXiMATE. ANAQlﬁlS .OF . MILL AND FRESHLY CUT BANRNﬁ_éTEMb
(All results exprassnd on % o. d besis)

-rr @ G & v -

‘ . N NaOH o S
Water - ALC:BEN .~ 10 - Hole - s -0 Aeid
Sl - Sample -8soluci-  ‘'solubi-’ . solubi-- cellu-  Klasan  soluble . o o
"No  reference lity =+~ lity - ity lose lignihf_'liqninl .Fentosan  Ash

1. ,Uﬁpithud' o .

sten . . ' :
2. Depithed : B o S

Mill ban_ana 6-2 301 3401 69)8 15-; 1-8 16.0 4.6

stum : . ‘ ’ X : '
3. Freshly cut - L oo - :
) depithad 13.7 1.3 43.8 - 13.2 1.3 12.1 3.2

-banana sten

‘4. Pith from - : - s o |
freshly cut 19.2 1.3 51.8 - 1t 1.4 1.2 5.9
banbna stem - . : e = :

Bulk density of mzll banana stem chips. i 34.6 kgs/m?
( on o.d. basis ) ’

__.'.... e

o)

SURE]
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130 (lnturnntxonal Orgunxsntaon fot Standardxlatxon) mctbpds
‘were used. in this 1nve5tlgatzun for pulp and paper teating. All results
and calculdtions are exprossed in ST units (Systeme Intarnntzonal d'Unztcs)
‘&S this system was adopted in Ind;u,

-Cnnvbrsioﬁ'tO'

Sore basic SI units . Obsolescent .units
.Masﬂ e Kg, gf o -

Length -3 B N

I . A

“Hpql‘“ffmd&mm (s) . .
Force "1 Newton (NY mnwauton (n") N = 0, 102 kp
Prossure. '3 Pascel {Pa), Kilopucnl (kPn) 1Xpa ‘= '0,0102 "kp'/c.’nz

'Dynumic vzacosity Pu.e (Poscnl’ cacond‘ . ‘1P'.'0;1=?oia*
, L _ 1cP= 10=3pn.s -

anvrrﬂion af - pupex tesfznq deta -

mzom SI-unit ’ To obsoleaqent unit f.Multiglg-bg'
Tonailw inasx M. m/g o Bruaking lcngth km - 1;1021{'
Burst ludwu kP& .o.m /g .Burst factor _";0,2;
.Tmax indox mN.mz/g . ; ,.'Tcar factor o fd,zﬁ
AScnttorxng coe?ficient o Scuttnrzng conffxcxent I 10..

m /kg | '/9

be mpprdkinnﬁc andicbtiunliensila .index .can be convarted: to
bresking langth by dividing by 10, burst index convartud to burst factor
by. multxply:ng by 10, tonr index conVettad to toat fnctor by multiplying. .
by 10.

_ It uhould bo mentioned thot in IS0 stendsrds tho tosting dota
are expressed on.the basis- of wc;qht of conditioned sheet wherell other
‘stendsrds (n‘g. APPITA) P ess re&ultu on beeis of 0.D. wcight which
meken exoct convexoion difficult.
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