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ABSTRACT

In the last two decades, there has be.ena,remarkable increase in I:IHlization of nonwood
fibres such as cereal straws and bagasse. Today the installed capacity of mills based
on these raw materials is about 0 9 million tonnes per ·year. The seasonal availability
and the processes employed limits the size of the mills. More than 200 mills are operating
throughout the country and none of which have any system for recovery of chemicals
or useful by-products from dissolved residues in spent pulping liquor. Lignin. hemicel-
'uloses and silica are three important recoverable by-products useful for various
industrial applications. From a typical 30 tonne per day pulp mill, 9 tonnes of lignin.
5 tonnes of hemiceJ/uloses and 1.5 tannes of silica/per day can be recovered It is also
possible to recover the cooking chemical in 'he form of sodium sulphate and almost
10 tonnes of 90% pure sodium sulphate can be regenerated from the inorganic residues.
CPPRI has initiated this integrated approach to develop methods and processes for
recovery of these valuable by-products. The present paper highlights various routes
proposed for recovery of the by-products and their end applications.

"•

Introduction:

••

India is one of tbtl leading countries in utilization
of nonwood fibres for pulp & pap~r manufacture. In
the last two decades there has been notable increase in
the utilization of nonwood fiibres. There arc more
than 200 units having capacities less than 30 tonnes per
day. Due to capital intensive nature, these mills can
not afford to have any chemical recovery and/or treat-
ment system for spent liquors. Absence of chemical
recovery has resulted in severe pollution problem and
mills are facing problems in complying with environ-
mental regulations. These mUls are making valuable
contribution in the paper industry by way of conserving
the forest resources. Although the capacity of these
mills does not permit the installation of any kind of
recovery system, however by recovering the dissolved
organic aad ioorganic substances and converting them
into a useful industrial by-products, these mills can
become economically viable in the long term These
mills eeatinue to survive in absence of chemical

•••
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recovery system, primarily due to the fiscal incentives.
Instead of decomposing the low molecular weight
organic residues into carbondioxide & water by biolo-
gical treatment by putting energy, it is worth while to
recover the main organic residues like lignin,
hem'cellulose before discharging effluent.

Central Pulp & Paper Research Institute is actively
engaged in identification and development of processes
for recovery of various organic & inorganic by-products
from the wastes g,enerated in these small mills. Some
potential areas were identified by Kulkarni et al (1, 2).
Removal of hemlcetluloses from spent liquors has also
been considend as practical proposition for incremental
capacity in chemical reccverytsj. Venter, etal(3) bave
also discussed about the advantages of reclaimation of

bemieelluloses-
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Looking into the practical problems these small
mills are facing and to ensure their survival with
better environment, recovery of lignin, hemieelluloses,
silica and sodium sulphate is, a viable proposal.
Recovery and utilization of 'these resources will also
make entire process a cost effective one.

Result & Discussions :

By-products from spent liquors:

Spent pulping liquors contain about 70% organic
residues and 30% inorganic residues Nearly 50% of
the organic residues is accounted by the high molecular
weight lignin fractions Small mills which can not
efford any chemical recovery or treatment systems, the
recovery of by products is a viable proposition.
Depending" on the size, tvpe of pulping process and
ra w matertals emploYf.d,· different route. have been
conceived and discusse d below.

Small miJIs based on straw:

Rice ,straw is the most widely used among the
cereal straws and nearly 100 mills are employing straw
as their main raw material. The straws are characte
rized by high silica contents and depending on the
region, the ash content varies ftom6.18%. Due to

. inherent probtems and size of the mill, it becomes
economically un-viable to install a recovery system On

. the other hand, treatment of black liquor to comply
with environmental regu lations i. also anon-productive
approach The third route to recover valuable organic
& inorganic residues and to use tbem elsewhere should
make the entire process a COlt effective one. The route-I
proposed is intended for straw based mills. Lignin and
Na2SO. are recovered by acid precipitation using
H2SO. About 300 kgs of crude lignin and about 400
hs of NaaSO. per tonne of pulp can be recovered.

Lignin which is difficult to filter has been made
easily filtrable by using organic additives. After recovery
of lignin, the NatSO. is reoov'ered by evaporation and
crystallization. Recovered Na2 SO, has a purity of
about 90% and could become a useful substitute for
salt cake in integrated kraft mills. Table-I gives mass
balance of various by products and pollutional para-
meters for a normal fibre.based pulp mill.
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Tablo-2 indicatel the tolerance limits of the effluent
and also the discharge characterisation of the effluent
before & after by-product recovery. The filtrate almost
free from 'N,· and lignin, should become ideal for 011

land dilcharge; and irrigation', without any' further
treatment.

Assuming the operating. COlt of effluent treatment
and recurring expend iture involved In by-prod uct
recovery, at par, the accruing financ'al benefits work
out to be around Rs, 24 million which works out to
be a reduction in the cost of manufacturing by about
Its, ]400 per tonne of pulp as shown in Annex.L

Annex-l
Preliminary Indications of ,Economic Benefits:

•••

•
a) Operating cost for recove~y of @ Rs. 400/lp

lignin

b) Operating cost for recovery of @ Rs. 500/tp
Na~SOI'

Recovered lignin 350 kg/tp

-COlt of recovered lignin (equivalent

to coal) @ 1500/tp Rs 525/an 'ium

'C~s~ of recovered Na2SO. -@ 6000/t Rs. 23OO/ao-
nnm

c) Operating cost for effluent treatment Rs: 600/lp.
@ 2 Rq/kg-5D% COD removal,

. Net accuring benefit before adding th oper-

ation cost in effluent treatment - Rs. 18m Ilion.

•

••
. Net securing benefit after addi n g tbe operation
cost in effluent 'treatment-Rs 24 million.

_ Recurring loss without by-product recovers
- @ Rs. 3800,tp

= Recurrfng loss with by-product 'recovery
- @ Rs.24001tp

Tbus,cost reduction per tonne pulp -@R. 1400/tp
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TABLE-t
Mass belance of recovered by products & pollutlonal parameters

St'lfe Lignin He~icellulose Sio, No.SO, BOD COD

Black Liquor 343 18S 17 490 240 1050

After hemicellulose
removal 318 10 2.2 467 183 850 .

After lignin.. removal 18 10 0.2 443 115 350

Afler sodium
• sulphate removal 18 10 0.2 40.0 175 350.-

All values expressed as kgs per tonne bone dry pulp .

•

TABLE-2
Tolerance limits and discharge characteristics of effluent

for land disposal/irrigation

Particulars+ Tolerance Without With by-product

limit by-product recovery

Dissolved solids, mgll 2100 5000 1750 .

Sulphates, mgll as SO.2 -) JOOO N A. ..260

Sodium (maX)·, mg/l 1260 800 126
BOD, level for" land
irrigation kg/hectare/day 225 240 )97

+BIS-2490 lPart-I) )~81.
N.A -Not applicable

. ·Maximum limit 60% of dissolved solids.
ULand requirement-4.3-5.3 bectare/lOOOm3 effluent •

...•
TABLE-3

Slaking results of final lime products

Fuel Calcination % gas stekmg Temp=C
% replaced time, min. Rise Max.

97.1 100 1.12 13 2 103.2

982 0 1.02 13.5 103 5
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The coming years will notice an increased use of
bagasse as a major fibrous raw material f<Jr pulp &
paper making. Bagasse contain more than 22% hemi-
celluloses & major portion of which il dissolved cturing .
pulping. The resultant black liquor contains about 20%
of the hemicelluloaes, with high degree of polymerize-
tion and can be easily, reclaimed. Hemicelluloses with
their low calorific value, 13.6 kJ/kg Which is low. in
comparison with lignin which is almost '19.6 kJ Ika'.
Thus excess amount of hemicelluloses going with black
liquor is a dead load in recovery boiler and this-dead
load can be avoided by reclaiming hemicellulose. from
the black liquor. The proposed route is Illustrated in
Fig, 2 which is similar to the Route -I, except with an
additional stage of hemicelluloaes recovery by methanol
addition. This route is more ideal for integrated mills
with recovery by reclaiming the hemicellulose, the mills
can increase the capacity of their recovery boiler with
increased overall thermal efficiency. This route might
become expensive for small mills.

BY'products from spent pulping liquors & their
Industrial applications:

Utilization of lignin for various industrial
application:

The crude lignin separated from spent pulping
liquor may require further purification & modification,
to use them as effecmr. industrially useful by-product
depending on their end application. The various appli .•
cation to which lignin can be put, may be broadly
classified in to three classes.

Physical utltirauon

Chemical utilization

As fuel in boiler and lime kiln.

Physical uttlization-Lignin and its derivatives
for various industrial application includes.:

a) As aft Industrial dispersants:

The use of lignin derivatives as grinding aids in
cement and concrete industries represent 8 major outlet.
These aids are often used to grind the clinker and to
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small extent, in the wet initial grinding, The lignins
au found. to be hiahly effective dispersants in wet
grinding operation. Other major industries included
are ceramic, dye, insecticides, rubber, cleaning a&entl
manufacturing & oil weU drilling (~l.

FIG- 1 ROUTK-l FOR SKALL STRAW BASKD MILLS
(Below -30 tpd capacltyl

Other KffluentB
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••
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B) ·Emulsifiers & ItabHizer. :

Lignin emulsifiers arc quite competitive with other
commercial emulsifiers stabilizing oil in water
emulsions.

c) Binders and adhesives:

Lignin specially recovered fromagro-residues black
liquors e g. bagasse is found to be highly reactive than
hardwood or soft wood lignins towards formaldehyde

•• under alkali catalysed conditions. Traditional type
of cold-setting wood adhesives and fast setting exterior
grade wood adhesive has been successfully prepared

"" from soda bagasse lignin (5).

d) Utilization of lignin gels for agricultural
purposes:

The lignin gels are characterized by strong water
retention capacity & the cross linked gels have now
been commercially manufactured and when added
to soil, the capacity of water retention. of soil is
improved.

2. Chemical utilization of Iignin(3)

Besides physical uiil zation discussed above, raW
lignin constituents are abundant source of phenolic
compounds which arc extensively used in polymer
industries. With the thermal degradation of raw lignin
employing hydroeracking technique at temperatures
around 375°C. phenols & cresols are obtained. The
mixture of phenols upto 25% yield was obtained and
these have been extensively used in the manufacture of
adhesive. Considering the present scarcity of petroleum
products the utilization of lignin for chemical purposes

• should give an value added advantage to recovered
lignin.

"A In the long run the lignin from the small pulp &
paper mills could be a rr plenishable source and un-
doubtedly Can become an essential source of organic
chemicals.

3. Utilization of lignin as fuel:

In lime kiln precipitated lignin after drying in the
form of powder can be satisfactorilJ burnt in a lime
kiln either on its own or in conjunction with con-
ventional fuel ie coal or natural gal. The lime pro-
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duced witla lignin as fuel were equally 81 reactive ia
slaking as these produced by conventional fuel firing.
There appears to be II small increment of fuel savings
or through put increase possible upon conversion from
natural gas to Iilnin. Slaking remits of final lime pro-
duced where lignin has been used as fuel in place of
natural gas are shown in Table-3.

Utilization of hemicelluloses :

Chemical analysis of precipitated hemicellulose!
is shown in Table-st. Hemicelluloses recovered from
non wood fibre pulpingspent liquors has been success-
fully used for various industrial a pplications,

TABLE-4
Chemical Analysis of precipitated Hemicellulose

Particulars Values. kg/tp.

Hemicellulose,

Lignin

Sodium

Silica

135.0

23.0

7.2
144

Hemicellulose as 8 binder for char coal/coalt") :

Hemicellulose has been proved to be a b tter
binder for making of charcoal/coal briquettes. The
compression strength of charcoal briquettes bonded
with hemicelluloses were similar or better than those
of briquettes bonded with a commercial starch binder.

Hemicellulose as surface sizer (wet end addi-
tiveW) :

Use of hemicellulose has been successfully tried
for the surface sizing' of test liner and fluting manu-
factured from recycled kraft paper and also for surface
sizing of both corruga ted medium and liner board.
The results were comparable with commercial starch
surface sizes The use of bagasse hemicellulose as a
corrugated board adhesive has also been studied.
Currently, strength results obtained so far, under
laboratory conditions. are extremely promising, work
is currently aimed at improving its gel characteristics.
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ConcluSions :

I. Looking in to the limitation of the small mills
and the regulatory .measures for compliance "" ith
environmental standards by product recovery
should help these mill. in reducing the manufactur-
ing costs while fulfilling the statutory environ-
mental regulations to a greater extent.

2. The recovery of sodium SUlphate and its use in
other pulp & paper mills With recovery system and
utiliZation of recovered lignin is an indirect appro ..
aeb of recovery of chemica's.
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