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Production of paper grade pulp from bagasse
by a novel pulping process
HOANG QUOC LAM*, WES LE BIGOT*, MICHEL DELMAS-I AND GERARD AVIGNON+

SUMMARY

A novel  pulp ing process us ing lormic
acid/acetic acid/water to selectively separ-
ate cel lu lose,  hemicel lu loses and l ign in
from bagasse was optimised and the
bleaching response and pulp properties
were determined. The process is suitable
for use with high sil icon containing raw
materials because the sil icon oredom-
inantly stays wilh the pulp and does not
complicate chemical recovery. Key pulp-
ing var iables were the percentage of
formic ac id and water  in  the pulp ing l iquor ,
the I iquor  to f ibre rat io  and pulp ing t ime.
This cooking method produced unbleach-
ed paper pulp at  atmospher ic  pressure.
High qual i ty  b leached pulp was produced
using a TCF sequence.  This process has
the potential to be very environmentally
effective. Pilot scale evaluation is olanned.

Keywords
Formic acid, acet ic acid, water,
pulping, bleaching, TCF sequence,
DAOASSE

Sugar cane resirlue is a raw rnaterii i l  avail-
able in large quantit ies flom susar extrac-
t ion p l ; . r r t t r .  r rnd r r l ' lèr :  r r r r  in te lest i r rs
clpport u n it1, to create a-gl'o- i ndustrial com -

plexes based on aclding value to each
rnajor constituent of the r,egetable mi.rttel '.
i .e .  sugar.  ce l lu lose f ibres and l i -enin.

The paperrnaking evaluation procedure
of  sugar cane baqasse that  we propose
in this article falls within this framework.
It furthers the work of Delrnas et al . (-1-8)

relating to the breakdown of plant rnatter in
a fbrnric acidiacetic acid/water environ-
rnent. Moreover. this method of refining
pl i ln t  rnr t t ter .  uhieh does n() t  use anr  inor-
ganic cornpound.  reta ins the s i l icon in  the
unbleached pulp that is init ially present in
the raw rnaterial. The level of pollution

-lenerated by this method is potentially
lower than with other existing methods.
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App i ta  fou rna l

EXPERIMENTAL

Vegetable matter

The raw' rnaterial used in this study was
bagasse (5. olJi<'ittururrrl obtained trom
the sugar extracting plant in Viet-tri . i i
towr.r situated -5f) kilonietres north of
Hanoi. Vietnarn. The pith. u'hich is mainlv
conrposed of  palenchyma cel ls .  conta ined
ver l '  fèrv cel lu los ic  f ibres (15%) and i t
wets removed befbre pulpin-q the basasse.
The nxristure contellt of thc clepithed
bagasse u as l0(,, i . ancl its chenrical compo-
s i t ion as lb l lor is :  - l l .591 cel lu lose.  19.6%
l isn in.  l f i . - l% I )cutos iu l .  1 .91 ush lnd
I .3% sil icon (basc'cl on clr\ rratter).

Cooking

Cookin-s in an orqanic acid mediunr was
done in a one- l i t re  g l i iss react ion vessel
at  atmosphel ic  pressure.  T l ie  bagi isse
130 g o.d. ) .  wi th the p i th removed and cut
approxirnately into 3 cnr len-gths. was first
inrplernatecl u'ith the cookin-q l iqiror at
-50"C lbr 30 rri inutes arrd thorou-!rhlr
nr ixed bv mechanical  shaking.  The l isc to
tenrperature \\ 'as set at -10 ntinutcs. Alter-
impre-unat ion.  cooking uas c lone uncler
l 'arious conclit ions as rl iscussed late.r.

The pulp thus obtainecl u as first f i l terctl.
pressecl ancl r" ashetl tu,ice r.r, ith fresh
orsanic ucid solution. thcn n'ith hot u'ater'.
Tlre fibrcs ç'ere then sepaluted in a pulper'
(defibrator). carel'ully washed witlr cold
water. and screened on 6-5 and 100 mesh
sieves us ing pressur ised uater .  The under-
cooked pulp (rejects) was collected on the
6-5-rnesh sieve. while the 100-ntesh sieve
collectecl the accept f ibre. and both were
dried and analysed.

Pulp rvas refined in a Valley beater:
handsheets *'ere rnade using a Frank appa-
ratus with two drvers (AFNOR sti indards
NF Q-50-002) and testecl t 'or mechanical
propert ies.

The chemical and rnechanical charac-
teristics of the pulp were cletermined in
irccorclance r,vith the fbllowing stanclards:
Kappa number AFNOR NF T l2-018.
Mechanical
propertres

AFNOR NF Q 03-00:t.
AFNOR NF Q 0-r-053.
AFNOR NF Q 0-3-001.

Whitenes AFNOR NF T 12-030
index

Ash/s i l icon ChineseStandard
content  G.B 2677.3-81 .
' lo 

determine the viscosity (expressed in
cm'r/g) the unbleachetl pulp rvas fi lst tri ins-
lorrrred into holocellulose using a solution
of sodiunr chlorite in a butlèred rnecliunr
(acetic ncid and sorlu: pH 4.9t. The viscositl
of the holocellulose was r.neasured in
accordance with AFNOR NF T l2-00-5.

RESULTS AND DISCUSSION

Pulp del igni f icat ion and
characterisation

A series of tbrmic acid/acetic acid pulpin-u
trials vu'ele carried out to stud)'the int-luence
of the fir l lowin-s fhctors on the delignifi-
cation rate and chernical characteristics of
the pLrlp:
. The percentage of fbrnric acid in the

cooking solut ion.
.  Cookins t i r r re.

The l iquor /dry Inat ter  rat io  (L/M).
The fbrrl ic acid/acetic acid/warter rlt io.
This latio is deterntined takin-s into
rccoul t t  the antount  of  rvater  in i t ia l lv
present in the plant mattel '.

Effect of formic acid content and
cooking time on pulp properties

Previous studies showed that  increasing
the percentage of lbrrnic acid in the cook-
in-v l iquor and increasin-u cooking time
greatly inrproved the delignificatiolt rate
ivhen intp lentent inc th is  process rv i th
diflèrent plant matter such as rice straw.
suqar sorshurr.r and trit icale straw (,5-.1).
Controll inc these flctors is therefbre rrery
in.rportant when cookin-s takes place in a
tirrrriic iic icl/acet i c ac id/wate r ( fa/aa/water )
envilonnrent. Btrsecl on tl.rese earlier stud-
ies the fbllowine levels were chosen lbr
study:  fb lnr ic  ac id in  the cooking l iquor .
10. 30 and .10(,t viv: cookin-q time. 2.
-i. .1 and 5 h: water in the cooking l iquor.
20% vlv'. temperatLlre. 107"C: and the
l iquor / t l r r  n l r r t ter  r i l t io .  l0 /1.  The resul ts
are showu in Table I .

Table I shows that increasinq the cooking
tinre fiom I to 5 h.lbr 10.30 or -10 % forrnic
acid in the cooking l iquor. considerably

a
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Table 1
Sample characterist ics for the old (80 Vd) deinking l ine.

Sample no*. ERIC Flakes
(ppm) (mm2/kg pulp)

'2'  represents the 250 Vd deinking l ine. The other symbols are as deTined in Table 1

F.th(B-C)T.R. means total theoletical
cleanin-s efïiciency of the 2nd sti iqe on
total removable f-lakes ( % ) in the 2nd line.

p. tc1S'-C)S.E.  means actual  c leaning
rate of the 2nd stage on stage eutrance
f lakes (% )  in  the 2nd l ine.

F.rc(B-C)T.E.  means tota l  actual  c lean-
ing rate of the lnd sta-se on total entrance
f l akes  (%) in  t he  2nd  l i ne .

Calculated results of cleanin-r etïiciency
and cleaning rate fbr the two deinking l ines
are siven in Tables -5 and 6.

Tables 5 and 6 show that the theoretical
cleanin-s efïiciency and actual cleanin-q
rate of the 2nd stage are hisher than fbr
the other sta-ses. trnd are hi-cher fbr the
2nd sta_se in the 2nd line than in the lst
l ine.  This is  because a smal ler  s lot  width
is used in the fine screen in the 2nd line
(0 .15  mm)  than  i n  t he  l s t  l i ne  (0 .30  mm) .
Tables 5 and 6 also show that the actual
and total actual cleaning rates more clear-
ly show performance dif ' ferences than the
theoretical and total theoretical cleaning
efïciencies. This sug-eests that the actual
cleanin-u ri ite and total actuzrl cleaning rate
are more useful tools to evaluate the clean-
ing efïiciency. Also flakes deterrnination
is much more convenient in a mill environ-
ment on vir-l in pulp than on alurn-fixed
pulp and hyperwashed pulp.

Tables 3 to 6 show that the actual
deinking rate and total actuarl deinking
rate. and the actual cleanin-q rate and total
actual cleanin-s rate are higher in the
lst stage than with other sta_ees. This
confirms the overridin-e importance of the
first stage in n deinking l ine.

Brightness
(rso%)

Tensile index
(N.m/s)

1 A a
1 B a
l C a
l D a

627
384
327
267

65735
39623
1 7 1 9 1
7822

50.74
53,88
56.71
57.38

20.93
25.09
25.22
29.24

1 A b
1 B b
1 C b
1 D b

20846
1 0684
5427
2028

52.75
56.52
58.59
59.1  6

27.33
30.27
30 .1  6
3 1 . 9 1

620
334
296
264

1 A c
1 B c
1 C c
1 D c

t f , l

148
t J o

B4

1 0946
9036
4292
720

58.52
58.33
60.44
61 90

25.50
25.38
26.44
3 1  . 2 7

'1 ' represents  the  B0 t /d  de ink ing  l ine ;  'A ' , 'B ' , 'C 'and 'D ' represent  sampl ing  po in ts  de f ined in
the text; 'a '  represents pulps that had ink ' f ixed'with alum, 'b'  represents untreated pulps (no alum
fixing or washing), and 'c '  represents pulps after hyperwashing.

Table 2
Sample characteristics for the new (250 Vd) deinking line.

Sample no* ERIC
(ppm)

Flakes
(mm2/kg pulp)

Brightness
(rso%)

Tensile index
(N.m/s)

668
336
281
z t ô

2Aa
28a
2Ca
2Da

61 058
38000
1 1 1 0 1
551 0

54.76
58.86
59.37
59.99

21 .48
23.47
26,63
28.27

2Ab
2Bb
z}b
2Db

688
336
209
197

31 595
14822
4007
1312

53.84
58.21
58.89
59.47

28.41
28.66
29.52
30.39

2Ac
28c
2Cc
2Dc

206
1 7 4

148

9742
6574
1 893
987

53.46
5 8 . 1  4
58.90
60.69

22 46
23.58
z o . t  I

Table 3
Theoretical deinking efficiency of the two deinking lines.

Stage Theoretical
deinking efficiency

based on the
stage deinkable

ink (%)

Stage

Table 4
Actual deinking rate of the two deinking lines.

Total
theoretical

deinking eff iciency
based on the

total deinkable
ink (%)

Stage Actual deinking
rate based on
ink entering

the stage (%)

Total actual
deinking rate

based on the

total ink

entering (%)

Stage

E l th (A -B )S .D .

E l t h (B -c ) s .D .

E1 lh (C -D)S .D .

E1 lh (A -D )S .D .

El th(A-B)T.D.

E l i h (B -c )T .D .

El th(c-D)T.D.

E l t h (A -D )T .D .

50.7
23.0
24.7
66.3

44.8
1 0 . 5
1 1  . 0
66.3

46.1

1 1  . 4
1 0 . 8

57.4

46.1
cr.  I

5 . 2
57.4

E lac (A -B )S .E .

L l  \ e  v / v . L

E lac (C_D)S .E .

E l  ac (A -D )S .E .

El ac(A-B)T.E

El ac(B-C)T.E
El ac(C-D)T.E
El ac(A-D)ïE

E2th(A-B)S.D.
E2th(B-c)s .D,
E2th(c_D)s .D.
E2rh(A-D)S.D.

E2th(A_B)T.D

E2th(B-c)T.D

E21h(C-D)T.D

E21h(A-D)T.D

E2ac(A_B)S.E

E2ac (B -C)S .E

E2ac (C -D)S .E

E2ac (A -D)S .E

E2ac(A-B)T.E
E2ac(B-C)T. E

E2ac(C-D)T.E

E2ac(A-D)T.E

67.2
33.5
5 1 . 1
87.5

63.8
1 0 . 6
1  3 . 1
87.5

5 1  . 2

37.8

5 . 7

7 1 . 4

3 t . z

1 8 . 5

1 . 7

7 1 . 4

Note: S.D. represents - 'Stage Deinkable Ink'
T.D. represents - 'Total Deinkable Ink'

January ZOO4

Note :  S .E.  - 'S tage Enter rng  Ink '

T.E. - 'Total Entering Ink'
continued on page 39
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allaa/water Time (h)

lo/o vlvl

Table 1
The effect of formic acid percentage in the cooking solution and cooking time
on unbleached pulp propefties.

Effect of water content of the
cooking l iquor  on pulp qual i ty

The main airn of these trials rvas to study'
the role of water on delignification when
cooking in a flr/ ira/watel euvironment. and
on the chemical characteristics ol 'the pulp.
The experiment results are shown in Table 2.

It is seen fl 'orn Tablc 2 that the cleligni-
f  icat ion of  ba-gasse wi th a mix of
fa/aa/ualer is at its n.rArir.r.unr lvith 1,5%
water in cooking l iquor. Bey'ond this i 'ai lue.
a declease in delignificaticln lvits noted as
shown by an increase in Kappa nur.nber.
When cooking lvith \\ ' i l ter conteuts of 2
and 309t rejects ale very' hi-rh. 28..1 and
12.3c/(  respect ive ly .  Cooking wi th a
tir/aa/water ratio of 3(y5-5/l-5 produces a
good vield pulp with the hi-chest viscositl".
A certain precise amount ol \\ ater is there-
fbre verv important fbr optimal pulping oi
bagasse . This is because the bleitkdou n of
plant matter in an clr-eanic i icid environr.nent
is tr.rvoured b1' the pl'esence of solvate
protons firrnrerl .,vhen water is added as
fb l lows:

R c o o H + H . o  <  
>  R C o o  +  H r o + u l

In a concentratcd organic ac id solut ion.
nrolecules are closely l inked to each other
bv hy'dlogen bonds and protons are there-
lbre not readily, available. The addition of
uater  is  l i rs t lv  used to break the l inks
between the n.rolecules of organic acid
lnd then to favour (he ionisation ancl
d issociat ion of  these acids.  which then
suppll '  the protons. When the cluarrtitv of
$ uteI  r r r0 lee u lcs i r r  the err r  i ronrnent  is  Ver l
low (fa/aa/water of 30/68/2). the acid
nrolecules, fornric and acetic, are closell '
l inked and liberate very f 'cu' protons
resLrlt ins in a lo"r' abil i ty to clestroy organ-
ic nratter'.

Yield (%) Rejects (%) Kappa Viscosity
number (cm3/g)

20t60t20

30150120

40t40t20

2
3
À
5
2
3
À
5
2
3
^
5

28.5
37.0
48.3
50.3
+ 3 .  I

50.0
45.7
46.9
46.8
+ 3 .  t

4 1  . 3
38.6

19.7
17.9
3.2

6 .3

68.0
57.7
52.8
48.1
47.7
3 7 6
34.1
30.4
37.0
32.O
28.5
2 5 0

900
954

1012
1022
972

1 055
.1026

990
1022
1 007
892
851

1 338
1 427
1523
1 540
1457
1 595
1 546
1 486
1 540
1 5 1  5
1325
1 258

i rnproved del igni f icat ion wi th a pro-
gressive decrease irr rejects ancl Kappa
number. Pulpin-l was not suftlcient ll'hen the
percentaqe of fbrrnic acid in the cooking
liquor was limited to 20(,t: a relativell
long cookin-s tirne r.r 'as requiled (5 hours)
to reciuce the re.jects to zero. Hort"ever. t lre
l eve l  o f  r es i c l ua l  l i gn in  (Kappa . l 8 . l )  i n
the pulp renra ined h igh.  An inc lease in the
percentage of fbrrnic acicl in cooking liquor
(up to 30 or  J0%) is  thereÏore necessarY
fbr sat i sf actory del i gn if ication of birgasse.

Del igni f icat ion of  b lsasse in a
falal/water environnrent can therelirre [re

-gfeatlv irnproved bv increiising the cook-
ing tinte. the percentage of fbnnic acid itr
the cooking l iquor or by increasin-l both
these factors.

The yield obtained when the cooking
time increases fiom l to 5 hours trcnds in
diflerent wavs itccording to the pel'centi lge
of fonnic acid in the l iquor. For cookin-c
trials rr., ith a )0l6Ql20c/c fa/aa/r.vater ratio.
pulp vield increases progressively fr"orn
18*5% lfter 2 hours cookin-c to reach -50.3%
with -5 houls cooking. This increase is
essentially dr-re to the decrease in the
Ievel of rejects. When the fa/aa/water
ratio is 30/-50/20. the yield reaches a max-
irnum u,hen coclkecl fbr 3 hours. n,hereas
when cookins with a tà/aii/water ratio ot
101101)0c/ t .  rhe y ie ld s1 's temat ica l lv
c leere lses rs  the cooki r tg t r r le  i r tc lcr rse: .

The pulp viscositl '  trends with cooking
time and the percentage ol lormic acid in
a s imi lar  way to the y ie lc l  (F i -9.  I  ) .

The progressive increase of pulp viscos-
ity with cooking time. observed when the
th/air/u'ater ratio is 20160120c,/c v/v. can be
attributed to loss ol' pentosans (l) with
minimum de-sradation of cellulose. With a
fa/aa/ivater ratio of -10/-i0/20. r ' iscositr. '
systematicii l lv decreases with cooking time

January ZOO4

because fbrmic acid decornposes cellulose
and this dect-lnrpositir-rn beconres _gl'eater
as the cooking t ime increases.  As a resul t .
the pulp v ie ld a lso decreases (Table l ) .

Cooking wi th a fa/aa/water  rat io  of
30/50/20 ttrr 3 hours plotiuces pulp with

the h ighest  v iscosi ty :  beyond th is  cooking
time viscosity decreases due to cellulose
decomposition b1, iorrnic acid.

The percenta-ce of tbrrric ircid arrd
cookin-q tirre are nrain factors that should
be controlled when cooking bagasse in a
torttt ie ite it lr lreetie ite id/ri irter crtr it onrncrtt.
and pulp y ie ld and v iscosi ty  depend pre-
dorninant lv  on these tactors.  The i ind ings
of this stutly shor,l '  that reasonable r, 'alues
fbr these tactors for the deli-gnification of
sugal cane bagasse in a fbrrl ic lcicl/acelic
acid/water environment are cooking tinre
- 3 h and pL'rcentase of formic acid - 3t)7
(fa/aa /water ratio 30/50/20).

These values u'ere used in subsequent
trials to study the influence of other thctors
such ls the q'ater content and lir lLror/drl
ln i i t ler  rnt i ( )  orr  pulp propùrt ics.

The effect of cooking time and formic acid
percentage on pulp viscosity.
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Table 2
Effect of cooking liquor water content on pulp properties.

Cooking condit ions: lalaalwaler rat io,30/65/.1 5'.â v/v; temperature, 107.C: t ime.3h

The experiment results show that the
'best 'operat inc condi t ions tbr  batch pLr lp-
ing of bagasse in I formic acid/acetic
acid/water environment are as fbll i tws:

Cooking t imes:  3 h.
L /M  La t i o :  l 5 /1 .
Fa/aa/water ratio: -10/5-5/ l -5.
Cooking ternperature: I 07oC
The properties of pulp obtained bv cook-

in. bagilsse uncler these optirnal conclit ions
are shoun in Table -1.

The results in Table .1 show that rhe
mechanical properties of pulp obtained
frorn bagasse uncler  opt i rnal  pulp ine
conditions are suitable fbr the rlanutàc-
ture of various kincls of paper and board.
Moreover. when cookin-g in a tbrntic
acid/acetic ircid/water environment a large
pfoport ion o l  the s i l icon by-p loducts
in i t i r r l l l  pre\cr) t  i r r  lhe rar , r  orsrut ie  nt r r t tc t '
is retained in the pulp. The rernainine silicon
b)'-products in the pulp cclnstitute excellent
qual i t l  f i l ler .  This  retent ion of  s i l icon by ' -
proclucts also nrakes thL- recovery of chem-
iculr used rlurirt!.1 the cookirrg prores: eusier'.

Cooking in  a tbrrn ic  ac id/acet ic
acid/u uter  enr , ' i ro t r r r rent  can t l rus be
seen to be suitably adapted to the procluc-
tion of paper erade pulp l iom basasse.
Furlherrn<lre. the l isnin ancl soluble suqrrr in
the cooking l iquor  can be easi l l  iso lated
1.f .6.8). anrl these clif lerent corltponL'ltts of-
plant rnirtter can be uscd for the svnthesis
of '  var ious chemical  cornpounds such as
I i gn iniforrnaldehycle resin. xvl itol. furfurirl
e tc .  Pi lo t  scale c ' r .a luat ion of  th is  pLr lp ing
process is  p lanned.

Bleaching of optimal unbleached
bagasse pulp

A p le l i r r inr r r '1  t le l iun i l ' ier r t ion sequel tce
was applied to the optintal bagasse. pulp
Lrsinc orsanic peracrrls (Pa) and ezotle (Z)
lbllowed by a bleiichin-g sta-se usin-l hydro-

-een peroxide (P) in a basic TCF (PaZEPt
sequence.  The per formance o l  th is

aÎlaal water Yield (%)
(o/o vlvl

Rejects (%) Kappa
number

Viscosity
(cmg/g)

30l68l2
30/60/1 0
30/55/1 5
30/50t20
30t40/30

3 1 . 8
5 1 . 0
51 .2
50.0
^ 1  <

28.4
| . é

p ;

7 1 . 1
36.5
33.8
37.6
57.2

966
1 067
1072
1 055
1021

1447
t o t J

1 623
1 595
1 538

Cooking condit ions: temperature, 107"C; UM ratio, 10/1

Table 3
Effect of the UM ratio on pulp properties.

UM ratio Yield (%) Rejects (%) Kappa
number

Viscosity
(cm3/g)

DPv

5t1
7 t l
10 t1
t 3 /  |

20t1

40.4
46.3
5 1  . 2
49.4
48.2

52.0
40.1
33.8
28.2
27.8

1024
1 067
1072
1075
s92

.1 543
1 6 1 5
I  O Z J

1628
1 490

1 ^  t r

J .  l

The pool results observed vu'hen sttgar
cane ba-easse rvas cooked in a ta/aa/water
environment of 30/.10/30 cirn be attribLrted
to thÈ fact thiit watel is nr-rt it verY goocl

l ign in solvent .  Dur ing t l ie i r  research in to
the solubi l isat ion of  l ign in in  c l i tÈrent
st'r l., 'ents Schuerch (9). and Youn-g and
Davis ( /0) .  speci t led that  water .  u i th  a
Hildebriind factor of 23. is a poor sollent.
The increase in the quantit l '  of water in
cookin-u l iquors therefbre results in a
clecrease in the solubil isirt itx of l icnirr
f rasments.  Plant  rnat te l  del igni f icat ion is
the result of various actiorrs in the pulpin-l
envi ronment :  breakdown of  the in t fa-
rurolecular l ignin l inks. breaktlown of the
l inks between l ign in and hemicel lu loses.
and solubi l isat ion of  the f lasrnents
obtained. The presence of a lar-se quanti-
tv  of  rvate l  in  cooking solut ions res i r l ts  in
a considerable drop in the solubil isatiou
of l ignin fi i igments and it is therefore not
recommendecl.

Tltese lesults show thut -10/-55/l-59r is
the 'best '  fa laa/water  rat io  in  the del igni -
fication of ba-casse when the percenta-qe
of formic acid in the cooking solution is
-10%. This value u irs consequentlv retainecl
tt 'r study the effèct of the l iquor/dry matter
ratio on pulp properties.

Effect of liquor/dry matter ratio
(L/M) on pulp quality

Various l iquor/dry matter ratios (fiorn 5/l
to 20/l) were chosen to determine the
impact  of  th is  factor  on del igni f icat ion
and pulp qual i ty  (Table 3) .

It is seen from Table 2 that the eftect of
L/M latio on pulp vielcl. re.jects level. ancl
Kappa nunrber ' .  is  h ighl l  s igni f icant .
Increasin-l the L/lvl ratio ir 'onr -5/l to l0/l
resul ts  in  a considcrable reduct ion in
Kappa (2-1.2uni ts) :  however.  the rnain
changes occur  r ' , 'hen the L/M rat ic)
increases l ronr  -5 l l  to  l -5 / l .  An L/M r i i t io
abore l0/l is requiled to elirnirrate re.jects.
A re la t i ve l l ' h i gh  L /M  ra t i o  va lue  (15 / l )
can be uscd on a laboraturv scale to pro-
duce pulp l ronr  l r lgasse u i th a h i_sh v ie l t l
ancl  v iscosi ty  va lue as r ' "e l l  as i r  l 'a i r lv  lou
Kappa nunber.

The favoulable efÈct of L/\ '1 ratio on
the del igni f icat ion o l  ba-uasse in a fornt ic
l e i d ' u e e l i c  a e i d , u i r l c r  e r r r i r o r r r r e n t  i s
beeiruse i r  h igh L M r l t io  i \  t )ecc\ \ l r )  l ( )
sufïiciently irnpre-unate the bagasse. to
transtel h.vdloll sed ba-easse products in a
fa/aa/water envilournent into solution ancl
ibr  so lubi l isat ion of  l ign in ancl  hemicel lu-
loses ti 'agments.

Table 4
Properties of pulp obtained by cooking bagasse under optimal conditions.

Screened yield, (%)
Kappa number
Viscosity, (cms/g)
Sil ica content, (g)
Si l ica retention, (qb)
Beating degree,(oSR)
Grammage, (g/mz)
Breaking length, (m)
Tear index, (mN.m2lg)
Burst index, (kPa.mzlg)

49.4
28.2
1075

|  . é J

95.2
45

7 1 . 0
5350
4.23
3 . 2 1
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Table 5
Chemical and optical characteristics of bleached bagasse pulp.

Pulp bleached using the
ODlEPD2EP sequence**
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Characteristics Pulp bleached using
the PaZEP sequence{

Total yield, (9t )
Si l icon by-products content, (%)
Sil ica derivates retention, (o/o)
Viscosity, (cm:/g)
Whiteness index, ( lSO)
Beating degree, (oSR)
Breaking length, (m)
Tear index, (mN.m2lg)
Burst index, (kPa.m2lg)

42.1
2 . 4
77.7
755
85.0
45

4637
4.9
2 .4

4  t . 6
0 .4
12.8
728
87.0
45

4250
5 . 0
3 .0

* PaZEP sequence
Pa: hydrogen peroxlde,59o on o.d. pulp; stock concentratron, 10%; formic acid/acetic acid rat io,
30:70 % v/v; temperature, 70'C; sodium pyrophosphate, 0.5% on o.d. pulp. Peracids were pre-
pared at ambrent temperature for 24 hours.
Z: ozone,l% on o.d. pulp; ambient temperature; stock concentrat ion, 35o/o.
EP: soda charge. 47o on o,d. pulp; hydrogen peroxide,2% on o.d. pulp; stock concentrat ion, 10"/; ;
temperature, 70"C; retention t ime, 120 min.

** ODlEPD2EP sequence
O: Oxygen pressure,5.10s Pat temperalure, 100'C; retention t ime,60min; stock concentrat ion,
10%;  magnes ium su l ïa te ,0 .5% on o .d .  pu lp ;  soda charge,5% on o .d .  pu lp .
D, :  ch lo r ine  d iox ide ,2 .89o ava i l .  ch lo r ine  on  o .d .  pu lp ;  f ina l  pH,3 .0 ;  s tock  concent ra t ion ,  10%;  tem-
perature, 70'C; retention t ime, B0 min.
EP; hydrogen dioxide, 0.5%; soda charge, 2% on o.d. pulp; stock concentrat ion, 10%; temperature,
70"C;  re ten t ion  t ime,  120min .
D2:  ch lo r ine  d iox ide ,  1 .8o6 ava i l .  ch lo r ine  on  o .d .  pu lp ;  f ina l  pH,5 .0 ;  s tock  concent ra t ion ,  10%;  tem-
perature, 70'C; retention t ime, 180min.

t 6 l

bleachin-g sequence was compared to
resul ts  obta ined L ls ing a so-cal lec l
'traditional' ECF sequence (ODt EPD'EP)
of oxy-cen delignification (O) tbllor.r 'ed bv
various stages of bleachin-c with chlorine
dioxide 1D) ancl peroxide. The conclit ions
appl ied and the resul ts  obta ined are
shown in Table 5.

The results in Table -5 shorv that bleach-
ing bagasse pulp us ing the TCF sequence.
PaZEP. is almost as etïicient in terrns of
whiteness as bleaching with the re-gular
ECF sequence ODTEPD.EP. The TCF
bleached pulp mechanical properties i ire
comparable to those obtained with the ECF
sequence. The TCF sequence simplit ies
the b leachin,s process ancl  fac i l i ta tes
reduced watel usage in comparison to the
ECF seauence.

C.ONCLUSIONS

The unbleached pulp obtained by cooking
bagasse in a fbrmic acid/acetic rcid/water
enVironment has nrany properties suited to
its use in paper pfoduction. By studying
the inf-luence of the percentage of tbrnric
acid. cookin-q time. the water content of
the cooking l iquor. i ind the l icluor to solid
matter ratio. it was possible to define an
el ' lect ive deI igrr i  l ' ic r t ion rcgi Inc.

Unbleached bagasse pulp obtained by
cookin_s in  th is  opt imal  organic ac id
envil 'onment could be TCF bleached to a
sui tably  h igh br ightness (85% ISO) whi le
retainins rnechanical strength properties
that could be iicceptable in the manufàcture
of printing ûnd writ in-g _crades of paper.

The developnlent of this technolo-ty on
a pilot scale is penclin-t. '
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