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The paper industry in India has met fhe various challanges by adopting
itself to the changed conditions. The.country has an installed capacity of
about 26.0 lakh tonnes producing a large variety of papers from a variety of raw
materials. The target set for a paper capacity by the year 2000 A;D. are 42.5

lakh tonnes for paper and 12.9 lakh tonnes of newsprint.

It is a well known fact that presentlforest resources can not meet the
demand of raw matefial even for the existing‘units leaving aside the additioﬁél
requirement for the future growth of this industry. The forest based raw materials
are in tremendous short supply and can not meet the projected paper capacities.

. Even with fuller utilization of bagassewheat and rice straws, the supply position
. will be far from satisfactory for meeting the set térget. Further the depleting
forest cover and the thrust to. conserve ecological balance will force the industry

to look alternative fibrous raw materials other than wood and bamboo.

The subject matter of the thesis is broadly divided into six chapters.
A summarised account of the results of above mentioned investigations are given

as below:

The first chapter of the thesis is an account of the various fibrous
raw materials viz,, hardwood, bamboo, bagasse, wheat & rice straw ana other
unco;ventional Taw materials; which are being used for pulp and paper making.
On the basis of general criteria for choosing a fibrous raw material for pulp

and paper making, the following three potential non-wood fibrous raw materials

have been chosen for the present'investigations:

L. Sesbania aculeata .
2. Sesbania sesban
3. Cajanus cajan

All these non-wood fibrous raw materials belong to a group which is

fast growing in nature and producing soft white wooded plants, having good
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characteristics for pulping as well as for paper making.

Second chapter of the thesis is an account of the anatomical and chemical
studies on S.sesbaﬁ, S.aculeata and C.cajan non-wood fibrous plants. For morphologicél
chéracteristics, all these non-wood fibrous plants have been analysed for their
density, fibre length, fibre diameter, lumen diameter and cell wall thickness.

The morphological characteristics of these non-wood fibrous plants clearly
indicated that the plant of S.sesban consist of a larée number of vessels, fibres
having thick walled with narrow lumen and the plant of S.aculeata consist of less
number of vessels and fibres having thin walled with wider lumen while the plant
of C.cajan also consist of less number of vessels and fibres having thin walled

with wide lumen.

The results of proximate chemicals analysis of these‘non—wood fibrous
plants indicated that these are having a high percentage of carbohydrate fraction
with low lignin contenf and the extractives are comparable with bamboo. On the
basis of the anatomical and chemical studies, it was concluded.that S.aculeata,
C.cajan and S.sesban are quite suitable nén—wood fibrous raw material for pulp

and paper“@akiﬁgff

- -

Chapter third deals with the studies on carbohydrates of these non-
wood fibrous plants. The holocellulose; alpha cellulose, CellulOSé(bY nitration
method) and hemicellulose were isolated from these plants. The holocellulose
fractions were analysed for ash, Klason>lignin, alpha cellulose, pentosan
hemicellulose; acetyl content; ﬁethoxyl content and uronic anhydride. The alpha
cellulose and cellulose were analysed and the results of analysis indicated that
the alpha cellulose of these plant are having glucan, mannan, xylan aléngwith

'araqga; while the cellulose showed the complete absence of araqga fraction. The
cellulose (isolated by nitration method) seems to be mofe pure cellulose as

compared to alpha cellulose, as it was having higher amount of glucan fraction.
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The thin,”longiﬁudinal and transverse sections haying thickness about
20 to 30phave been cut and these were further delignified and the hemicellulose
were also removed from these delignified sections. The infrafed speétrums of
holocelluloses,alphacelluloses, celluloses, untreated sections, delignified
seétions and delignified sections after removing hemicellulose, were recorded.
The X—ray'diffraétbgrams of alpha cellulose and cellulose were élso fecorded,
The hemicelluloses were analysed by G.L:C. and it indicated the presence of
various sugars,in different pfoportion. The hemicelluléses(lB% KOH fractions)
were also analysed for their ash; pentosaﬁ, methoxyl-conteﬁt, acetyl content,
and uronic acid content. On the basis of-above studies it was'.concluded that the

nature of carbohydrate fraction of these plants resembled some what to bamboo

and tropical hardwood carbohydrates.

Chapter fourth deals with thestudies on lignins, isolated from these
plants by different methods. The various typés of ligniné viz., Klason,-Willstatter,
organosolv and thiolignins were isolated. The Klason, Willstdtter and organosolv
lignins.were further subjected to analysis for their molecular weight, C, H and
CHBO—content and their Cg~ formulas were aléo calculated. The thiolignins were
also analysed for their sulphur content; Klason ligﬁin, methoxyl and C and H
contents. All these lignins were further subjected to alkaline nitrobenzene
‘oxidation to know the various building units of lignins which are preseﬁt in
these non~wood fibrous plants. The infrared and ultra violet spectra of all
these lignins were recorded. The result of alkaline nitro benzene oxidations
clear;y indicated that the lignins of these plants are madeup of guaiacyl-,
syringyl-, and p-hydroxyphenyl propane units. On the basis of above studies,
it was concluded that the lignins of S.seéban, S.aculeata and C.cajan resembled

with bamboo and other tropical hard wood lignins rather than soft wood lignins.

Chapter fifth deals with the varoius pulping studies on these non-wood

fibrous plants. It is further divided into six sub sections as follows:
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Section-A, deals with the‘soda and soda-AQ pulping studies on these
plants. The optimizatién of pulping conditions was made. The results of soda
pulping gevealed that a temperature of 165°C and 18% active alkali doses fof
S.sesban, C.cajan and 16% active alkali doses for S.aculeata may be taken as’
optimum, In alkaline delignification of these»non—Wood‘fibrous plants, two
dis&inct.overall,mechahisms with different rate constants, each of which |
resembled a first order reaction pattern are involved. The Arrhenius activation
energy of bulk delignification during Soda pulping of S.sesban and Cicajan were
found to be 91.90 KJ/mole and 84.14 KJ/mole respectively, while in the case of
S.aculeata it was 80.34 KJ/mole. The soda pulps were bleached with conventional
CEHH bleaching sequence giving pulps of.around 76%(Elrephoj brightness. On the
basis of results of pulp evaluation it was concluded that both the bleached and
unbleached spda pulps of these planfs showed good strength charaéteristics. An
optimum freeness leyel for these pulps may be considered around 42i2 °SR. The
addition of AQ ﬁas'a favouféble influence on both the pulp yields and all the
strength bropertiés determined except for brightness. The spent liquors of soda
cooks were analysed for their solids, residual alkali, inorganics, organics,
pH; Viécosity; OTW and calorific values. The calorific value’'ranges from 11702 KJ/Kg.

to 12017 KJ/kg.

Section-B, deals with thekraft aﬁd kraft-AQ pulping studies on these
‘non-wood fibrous plants. The optimization of pulping condition have been done.
On the‘basis of experiments; it was concluded tﬁét a temperature of 160°¢ and
20% sulphidity and 14 7 active alkali charge for S.aculeata and 16% active alkali
charge for S.seshan and C.cajan, may be taken as optimum for the kraft pulping
of these non-wood fibrous species; These results also iﬁdicated that the.chemical
requirement is about 2-3% less than that: required %or the pulping of bamboo and
other tropical hardwoods. Besides the pulping conditions are mild, the total
pulp yield is around 44 to 51% in the Kappa no. range of 22-30. The Arrhenius

activation énergy of bulk delignification in kraft pulping of S.aculeata,



S.sesban and C.cajan were found around 81.59, 86.69 and 90.79 KJ/mole respéctively.
These pulps showed good.£esponse towards bleaching and CEHH bleaching sequence

was used to get pulps with a brightness levels of 76~807%(Elrepho). The pulps
freeness in the range of AQtZOSR seems to be optimum for the development of
strength properties. Both the unbleached and bleached kraft pulps of these non-
wood fibrous plants showed good streﬁgth properties. The use of AQ in conjunction
with kraft process to produce bleachable grade pulps from these non-wood fibrous
‘plants is beneficial in increasing the rate of delignification and enh@ncing the
pulp yields. The total solid contents of the kraft spent liquors of these non-
wood fibrousplants are towards little higher side thereby increasing the calorific
values. The silica contents were also found to be‘quite low. The less silica
contgnt and higher calorific values of the spent'liquors are an advantageous

factors towards the energy conservation in chemical recovery process.

Section-C, deals with the alkaline sulphite(AS) and AS-AQ pulping on
Lhese non-wood fibroﬁs plants. The pulpiﬁg studies were made using different
percentage of sodium sulphite and sodium hydroxide, 10.35% sodium sulphite -
- (as Na,y0) and 4.65% sodium hydroxide(as Na,0) for S.aculéata, 10.8% sodium sulphite
(as Nap0) and 6.2% sodium hydroxide(as NaZO) for S.sesban and C.cajan may bel
considered as optimum for alkaline sulphite pulping. With increased alkalinity
the rate of délignification also increased and approached to that of kraft. The
AS unbleached and bleached pulps of these plants showed good strength properties.
The tearing strength is largely governed by the alkalinity of the cooking liquor
and reaching ﬁaximum at a terminai pH of spent liquors in the range of 9-11,
These AS pulps showed good response towards optical properties and are having
decidedly superior values for both the brightness and opacity. The pulps with
a brightness level of about 76—79%(E%repho) were obtained as a result of CEHH
bleaching sequence. The addition of a small‘amount of AQ during AS pulping
showed a significant influence both Qn pulping characteristic and over all

strength properties of these pulps. The AS-AQ pulps showed good response towards
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bleaching and produced more brighter pulps.

Section~D, deals with the semi alkaline sulphite(SAS) and SAS-AQ pulping
studies on’ these non-wood fibrous plants. The pulping studies were made using
different amounts of Na,SO4 and NayC04, in order to. know the optimum alkali ratio.
The cookings were also made at different tiﬁe to know the effect of cooking time
during the course of pulping. The results of SAS~pu1ping clearly indicated that
the alkali ratio should be in the range of 0.80 -~ 0.85 to achieve as Low Kappa
No. as ﬁossible. A temperature of 170°C and total alkali charge from 16-20%

(as Naj0) may be taken as optimum for the SAS pulping of these piants. The AQ

has a>donsiderab1e effect in SAS pulping in redﬁciﬁg both Kappa no. and time at
temperature. The pulps with a brightness level of 65-70%(Elrepho) were obtained

as a result of CEH bleaching sequence. The pulp brightness were_fufther increased
upto a level of 78%(Elrepho) by using CEHH bleaching sequence. Both the unbleached
énd bleached SAS pulps have géod bonding ability and thereby showed good values

for strength properties.

Section-E, deéls with neutral sulphite seﬁichemical(NSSC) pulping
studies on these non-wood fibrous plants. The optimization of sulphite/carbonate
ratio was done by varying the ratio of sulphite to carbonate on a molal basis
with a’ constent Na,0 charge of 6% fo? S.aculeata and 8% for.S;sesban and C.cajan.
Thefcookings were madé at a temperature of 160°¢ using different time at.teﬁperéture
ranging fromv30-120 minutes. For high yield NSSC.pulps of short cooking cycle
a sulphite/éarbonate ratio of (60:40) appeared to be acceptable. The pulps with
higher brightness resulted from greater amount of sulphite. The maximum values
for strength properties were‘obtaihed.at sulphite to carbonate ratio of 70:30
and a freeness level of around AZiZOSR. The pulps obtained.during NSSC pulping

of these plants showed satisfactory strength properties for packaging grades of"

' papers.
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Section~F, deals with the blending studies of kraft puips of these plants
with pine kraft pulp. The present studies revealed that the addition of small
quantities‘of unbleached soft wood pulp(atleast 5 %) in a furnish base having
kraft pulps of these non-wood fibrous plant caused a definite improvement in
nearly all the strength properties of the paper in comparison with the properties of
individual ﬁulps of these plants. The blending stuaies were conducted by mixing
these two pulps aftef beating them sepafately. The improvement in.tear index

was more than the burst and tensile.

Chapter six deals with the over all conclusions of the present

studies.
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CHAPTER 1

iNTRODUCTION:

Paper consumption may bé considered as a yard stick of economic
development of a country. Statistics show that there is a very strong cbrrelation
between capita income and per capita consumption of all types of paper products.
Per capita consumption in most developing countries is lower than 10Kg/year,
wﬁile that of industrialised countries is about 200 Kg/year. The per capita
consumption data of different countries are given in Table 1.l. With the increase
in population and literacy; the planning commission has indicated that thé
Capacity creation of paper and‘board will need to be increased to 42,5 lakh
tonnes by 2000 A.D. against the 1986 installed capacity.of 26 lakh tonnes in the
Country(67). Thus, resources have to be mobilised to create this additional capacity

of about 16.5 lakh tonnes in the coming 14 years.

The requirement and shortfall of wodd is shown in Table 1.2. The
agricultural residue and waste paper are also utilised to manufacture paper and
board. The forest raw materials like bamboo and wood stili form the main source
of supply, contributing almost 70% of the total productioﬁ of paper and board
in the country. With this additional capacity creation of 16.5 lakh tonnes in the
next 14 years, the dependence on bamboo and wood is not going to be different.

It is, therefore, of vital importance to evaluate the present availability and
future demand of forest raw material for paper industry; more so, when the
growing population is going to imposesvast demands of fuel wood, bamboo and

commercial timber on the depleting forests.

In order to develop a suitable strategy to meet the planned growth of
paper industry, it is necessary to examine the present trgnds 6f technology in
use, identify the constraints. Paper industry is capital intensive and paper is
made from number of scare resources. In view of this the following points should

be taken into consideration.



i) Plant practices and capacities;

ii) Modernisation Vs.New units.

iii) Technological changes to be adopted;
iv) Raw material. |

In general, the paper is manufactured by pulping suitable fibrous raw
méterials. The pulping is done by mechanical; semi-chemical and chemicél pulping
processes. The cooked pulp is washed and the liquors are sent for chemical recovery.
The pulp is bleached if required, Then it goes fo stock preparation'secgion where
it is beaten and chemicals and fillers are added. Beater are being replaced by
refiners. Then the puip is fed to wire through a head'box. The:sheet’is dewatered
on a wire mesh, pressed in several roll presses and by vacuum before being dried on
steam heated dryers. The sheet is calendered and coated if required., The performance

of Indian paper industry in terms of various inputs can be summarised as under:

Fibrous raw material (Chemical pulp) 2.2-3.0 tonmnes fresh wood debark/tonnes paper

Caustic soda 39-141 Kg/tonﬁe'paper
Chlorine . 33—150 Kg/tonne paper

Steam . ’ | 11.6-16.9 tonpes/tonne paper
Power «1288—1985 KWh/tonne paper
Water \ l200-400 M3/tonne paper.

The best figures are still far below the world standards. This givés us
enough scope fgr improvement. The country plans to increase its installed capacity °
to 42,5 lakhs tonnes by 2000 A.D. This can come from modernisation and renovation
of exisfing units; expansion of existing large, medium and small mills and
crgation of new mills of green field‘units based on wood/bamboo/bagasse/agri—residues.
The profitability of existing units Has come down significantly in recent years due
to increase in cost‘of inputs,‘decreasgd utilisation and increase in production
costs. The cost of large new green field units is aBout Rs. 25,000/~ per tonne

while in the case of small and medium sized units based on unconventional raw

materials, viz., bagasse etc. is Rs. 17;000/— per tonne of finished product .-



with chemical recovery and effluent treatment system. There is also thg availability
of excise concession for (a) mills.using unconventional raw materials and (b)

mills of capacity below 15,000 TPY etc. Hence it is more profitable to install new
small units bésed on unconventional raw materials in comparision to big units based
on wood. Out of the 668 lakh hectares (22%) of the land mass under foresting only
325 lakh hectares are well manaéed forests. These figures are dangerously far

below the 33% cover required for healthy eco-~balance. There is urgent need to
launch well ﬁlanned schemes to conserve forests; to create undisturbed forest to
meet.ecolqgical:néé&s.Eor Lhe demands of 42.5 lakh tonnes paper’ and bo;rq and 12.93
lakh tonnes newsprint (34 lakh toﬁnes'and 10.3 lakh tonne:actual production) nearly
95 lakh tonnes of air dry forest raw material will be'needed (1 tonne pulp =

2.8 tonne raw material). Today the industry consumes only 2% of wood and 51% of
bamboo for paper séctor. The requirement of forest raw material is given in table
1.2. This can be achieved by rejﬁvenation of bamboo forests to increase yield by
'30% and by man made captive plantation of forestsf The e¢aptive plantations can

come iﬁ.the unproductive; fallow and scrub land amounting to 826 lakh hectares.
This is needed to boost the present availability of bamboo and hardwoods from -:

17 lakh A.D. tonnes and 11.5 lakh A.D. tonnes to ZO‘lakh A.D. tonnes and 47 lakh
A.D. tonnes respectively by yéar 2000. This short fall of raw material will get
aggraveted with increasing demand for fuel wood and the forest conservation Act,
1985. Act is implemented in the right spirit; the forest play a vital role in

balancing the ecosystem as follows:

i) Maintenance of environmental stability, through preserving and where
' necessary, restoring the ecological balance, that has been adversely
disturbed, by an insufficient appreciation of the role of forests and

consequently their rapid depletion.
¢

ii) Checking denudation and soil erosion in the catchment areas of rivers,
in the interest of soil and water conservation, prevention of floods,
L

as well as drought and control of premature siltation of reservoirs built

at substantial cost. Checking erosion along bank of rivers, in hot and



cold deserts of Thar and Ladakh.

iii) Meeting the requirement of fuelwood, fodder, minor forest produce and

small timber of the rural and tribal areas.
The short fall of raw material can also be met to some extent by adopting

technological changes such as, biopulping, high yield pulping, oxygen bleaching,

improvement in refining system and closed cycle operation etc,

By considering the above factors the forest based raw materials are in

tremendous short supply and cannot meet the projected paper capacities.
1.1:AGRICULTURAL RESIDUES:

The short fall of raw material can also be solved by using agricultural
residue and non-conventional raw materials. The major agricultural residues. and

non-conventioral raw materials for paper making are:

1) ' ~ Rice and wheat straws.

2) : Bégasse.

3)‘ Cotton linters; jute; hessian éuttings and rags.
4) | Waste paper.

It is possible to.develoﬁ a‘capacity of atleast 1.5 million tonne based
on straws and 0.75 million tonne Based on Eagasse by 2000 A.D. Such units must
have a minimum of 50/80 TPD capacity be eéonomically viable alongwith co-generation
of power. At presént 0.74 million tonnes capacity of ﬁaper and board i.e. 39% of

total capacity is based on agri-residues.

Only 257 of straws will be available for industrial uses, The material
being bulky, the transportatibn should be limited to 100 Km from source. The portion
released from bagasse for paper making will be limited to 0.75 to 1 million tonnes

paper (about 10%). It is important to concentrate on these alternatives to give

about 2,25 million tonnes production from these sectors.



Cotton linters, jute, hessian cuttings and rags are good raw materials
for pulp and paper. However, their collection and storage pose some problems,
their availability is also very limited. The annual collectable yields of varioys

non-wood fibrous plants are given in Table 1.3.

UFiliéation of waste paper has. already started in a big way, though the
- waste paper is imported one. In many countries; this recycle contributes to 30%
of total production while in developing countries it has not reached even 5%
because most of the waste paper cbllected is used for packing purposes.‘The main

source of waste papers are as follows:

1) Printing, converting and packing establishments.
2) Government offices and business houses.
3) Street sweepings.

As stéted above, the major threat to the availability of this material
for paper making comes from packaging demands and as a‘reSUlt, its availability
ﬁo the paper industry depends on the industry's capacity to pay a price for
recycling in stiff éompetition with those who have found alternative uée for the

material,

Taking into consideration various strategy including man made forest
plantation, high yield pulping, fuller utilisation of bagasse, wheat and rice
straw and othef agricultural residues for pulping, utilisation of high filler

"quantity, the supply position will be fgr from satisfactory for meeting the set
garget.»Hehcevit will force the industry to look to alternative fibrous raw
maferial other than wood énd bamboo;‘There is still wide scope for identifying

some new potential non-wood fibrous plants for pulp and paper making.

1.2.,NON-WOOD AS A PAPER MAKING RAW MATERIALS:
Improved techniques. and better understanding of the behaviour of non-

wood fibrous raw materials have made it possible to suitably design the stock

preparation equipment as well as the paper machine dimensions to manufacture



various grades of paper and boards. Due to their open structure and low ligniﬁ
~content, these fibrous raw materials can be pulped rapidly with milder cooking
condition to yield easy bleachable pulps(43). The chemical grades‘pulps can be
bleached to a higher brightngss with less bleaching chemicals, due to low lignin
content in pulps. Fibre dimensions; fibre length data and the unbeaten pulps
freeness values provided ample evidence that most of the non-wood pulps do not -
need extensive refining to develop fibrillation, hydration and inter-fibre
bonding properties(57;69). The washing of non-woodpulps are difficult due to

the short fibre length, hence more washing steps and-hydrofoils are required.

A comparatively less quantity of rosin size and little higher amount of alum

is required to produce paper, while using a good proportion of non-wood fibrous
pulp. Due to slow drainage characteristics, the forming part of the wet end
should be longer by 20-30% compared to the conventional wet end part of the
paper machine. For uniform drainage, grooved table rolls, hydrofoils, vacuumfoils
and wet suction boxes can be recoursed for achieving good sheet- formation.

Due to inherent water holding characteristics of non-wood pulp fibres, these
provides a limitation.in achieying high dryness of the paper web at the press

part. Any attempt to achieve higher dryness by increasing the linear pressure

- -
-

_Wlhas{pnoved’fufilé. Sheet crushing and felt mafﬁing'afe experienced, when the
press loading is inpreased beyond a critical point. Paper produced out of mnon-
wood pulps needs extended surféce area and the drying has to be carried out

at relatively low temperature., Due to high silica and pentosan content, weak

black liquor(more washings) there is much more trouble in recovery plant. Hence

ultimately increase the cost of recovery.

.Paper making operation based on non-wood pulps is confined to a large
extent among the developing nations. Most of the developing nations are facing
foreign exchange shortage and therefore severe restriétions are imposed on pulp
imports. This situation is likely to continue and paper industry in these cohntries
has to depend increasingly on the locally available non-wood pulps. Mill will.

be obliged to use non-woed pulp as much as possible in their fibre furnish.



The main objective of the present investigation is to find out some—
suitable potential non-wood fibrous.raw-materials to supplement and to overcome
fhe problem of raw material shortage to some extent experienced by the Indian
pulp énd paper industries. For the present investigation the following three

non-wood fibrous raw materials have been chosen.

1) Sesbania aculeata.
2) Sesbania sesban. '
3) Cajanus cajan.

All these non-wood fibrous raw materials belong to a group, which is
fast growing in nature and producing soft white wooded plants having good

characteristics for pulping as well as for paper making.

1.3:BOTANICAL DESCRIPTION OF S. aculeata, S. sesban AND C. cajan.

1.31:Sesbania aculeata(79).

The name of this plant is different in different Indian languages
viz., Sanskrit-Jayantf, itakata; Hindi-Dhunchi; Marathi-Ramshevari; Gujrati-
Sasiika, ikad; Telgu-Errajilugu, ettaienga; Tamil-Mullagathi, mulsaembai;
Kannada—Mullujeerangi,;dhaincha;.Malayalam—Kitannu; Oriya-Dhaincha; Punjabi-

Jayanti; Asami-Dhaincha. The photograph of Sesbania aculeata crop is given in

annexure on page]59.

It is shrubby, annual native to Australia and cultivated during‘rainy
season almost throughout India upto an altitude of 1220 M., also occasionally
found in m;rshes and éwamps. Daincha is a monsoon season crop and adépts itself
to varying soil éonditions. It grows well in loamy, clayey, black and sandy
soil and is highly resistant to drought, although it does well in‘regions
receiving rainfall ranging from 55 to 110 cms. It also withstands with water
logging and salinity. Daincha is propagated by seeds. Seeds are sown  usually
in June-~July at the onset of monsoon, although daincha sowing continue in
several regions from March through August. Seeds are sown either broadcast or

drilled in when broadcast, 90-110 kg. of seeds are used per hectare. In



drilling, seeds are drilled in rows 30cms. apart at the rate of 20-60 kg/ha.

A higher seed rate gives a thicker stand resulting in teﬁder plants which can
be easily pullea out and ploughed. Dhaincha reaches a height of 15-22.5 cm.
during the first three weeks and then the growth becomes very rapid. It attains
a height of 3-6 M. after 5-6 months. Stem green, sparingly prickly, branched
from the base, leaves abruptly pinnate with linear oblong, glabrous leaflets,
flowers in 3-4 flowered racemes, 1.25 cm. léng, pale yellow, unspotted or
spotted red to black, pod 15-25 cms. longustraight or slightly curved with

slightly indented margins.

Dhaincha is attacked by cladosporium sp. but it is not seriously
affected by fungi, in India. Among the insect pests, the bbrer, Azygophlepg
scalaris Fabr. cause damége by boring into the stem and roots, eating away the
contents and leaving only the epidermis. Caterpillars of Thypoéidra Successaria
~Wlk. and Amsacta moorei butl, cause damage to dhaincha plants. Dhaincha is also
reported to be atﬁacked by several beetles and bugs. These can bé checked by
spraying 0.1 % BHC or 0.1 % Dieldrin. Irrigated dhaincha crop usually gives
three cuttings, one each in May, July and September respectively. When grown
during monsoons, it gives only one cutting within 6-8 weeks time. The annual
plant yield ranges from 11.3-13.8 tonnes of green matter/ha. The dhaincha is
a light weight matefial with a packing density of 120-135 kgs/m3. Dhaincha is
an ideal green manure crop as it is quick growing, succulent, easily decomposable
with low moisture requirementé and produces maximum amount of organic matter
and nitrogen, like all legumes, dhaincha also fixes atmospheric nitrogen with
its root nodules. About 18,175 tonnes of dhaincha ploughed in one hectare yield

about 77kg. of nitrogen.

Dhaincha is grown in Bengal mostly for its fibre used in making fishing

nets and ropes, as it is considered to be very durable under water. The fibre



have fully retted, they are dried and the fibre removed. About 9% yield of
fibre is obtained from stalks after retting and drying. Dhaincha is valued as
a fodder for cattles. It can be cultivated mixed with non-leguminous Kharif
fodder and can also be made into silage. It is reported to increase -meat and

milk production in cattle.

Dhaincha seeds are reported to contain (on dry wt. basis) crude protein,
32.67%, fibre 10.69%, ether extr. 2.94%, N-free extr. 48.75%, ash 4.93%, calcium
0.37% and phosphorous 0.59%. Seeds from Pakistan have been found to yield 28%
of a gum having prOpérties similar to those of guar gum and the gum.is said
to have possible applications in several industrial process. Seed meal, which
éqntains about 53.46% protein on dry wt. basis, has Eeen found to be a suitable
sﬁbstitute for groundnut meal in the preparation of culture medium for the
growth.of penicillium. Colloidal substance similar to those.obtaiped from

marine algae, locust been gum, guar gum and gum tragacanth are reported to

occur in the seeds.

1.3,2:Sesbania sesban(S. aegyptica) (79).

The name of this plant is different in different Indian languages
viz., Sanskrit-Jayanti; Hindi-Jainti, Jait, rawasan; Bengali-Jainti, jayant;
Marathi-Shewarie, jarjany Gujrati-Jayati, raishingin; Telgu-Samintha,
Suiminta; Tamil-Chithagathi, Champai; Kannada-Arisina, jeenangi; Malayalam—?
Sempa, nellithalai; Oriya-Thaitimul, joyontri; Punjabi-Jaint, jait; Assami-
Jintri, Jayaﬁtrf. S. sesban is a soft wooded, quick grow&ng short lived shrub

1.8-6M high, cultivated throughout the plains of India upto an altitude of

1,200 M. The photograph of Sesbania sesban crop is given in annexure on pagel60,

S. sesban can érow under widely different conditions and can provide
large quantities of green manure. However, it is recommended for cultivation
in regions liable to periodic innudation. It can also be grown under water
logged condition and acid soils. It withstands salt concentration of 0.4-1% in

seedling stage and 0.9-1.4% towards maturity. The leaves and pods dry up as
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a result of frost. Sesban is propagated through seeds. When grown as a shade

plant in orchardé, it is sown parallel to the row of young orchard plants

about a foot from their periphery. It growslto about 4.5-6m on rich alluQiai

soil in one season. Leaves 7.5-15 cm. long, paripinnaée, leaflets 8-20 pairs,
linear oblong, glabrous, entire mucronate to acuminate, 6.0-25mm X 2.5-6.0mm
flowers yellow or yellow spotted red to purple or with standard petals coloured
purple or brown from out side, in 8-10 flowered, lax, axillafy racemes, 2.5-14.0cm.
long pods 12.5-22.5 cm. X 0.25~0.37 cm. pendulous, weak, distinctly torulose,

twisted, sharply beaked 20-30 seeded and septate.

As the plant is quick growing, it is valued as a temporary hedée in
North India, If left unclipped, it forms a low Windbréak. Sesban 1is uséd on
borders of nursefy beds so as to protect young seedlings from cold or hot
winds. Sesban is grown as support to betal, ﬁapper and grape vines and
cucurbitaceous plants and also to support sugarcane. S. sesban is grown as
a perinnial manure crop. Thé plant stands lopping well and produces regrowths
-very quickly. Excellent green manure is obtained when the plants are 60cm. high;
lopped leaves can be used for compost‘in a corner of the field. A compost pit .
of 280cm X 180cm X 90cm. in any field is sufficient to produce basic requirementé
of manure for an acre of land. The plant is especially rich in nitrogen(4%)
and exceeds the minimum of 2% over which organic nitrogenous materials render
nitrogen available.kor plant growth, It nutrifies soil easily and used as green
_ manure. The leaves are reported to improve the productivity and physical condition
of saline soils significantly, manuring consecutively for three years is reported
to increase the humus content of soil by 33% and decrease the salt content to
a similar extent. Sesban is classed under famine foods because of its seeds,
which are rich in protein., In Bihar, the flowers are eaten as vegetable. The

leaves on analysis show that these contains(on dry wt. basis) protein 26.67%,
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phosphorus 0.34%. These datas clearly show that the leaves of S. sesban are a

good source of protein, calcium and phosphorus.

Pigments isolated from the flowers include a complex of cyénidin and
delphindin glycoside acylated with gallic and an unidentified acid. Atleast:
six flavonols, magnesium and traces of iron are present. The seeds contain
protein 33.7%, fat 4.8%, N-free extr. 18.2%, cellulose 28.3%, ash 4.27% and
vitamin-C ,0894%. Sesban seed protein is of poor quality because of the presence
of canavanine, which is a competitive inhibitor or arginine. The occurrence
of'canavanine in the seeds of this species distingﬁishes it from others. Untreated
seeds from formosa are reported to be highiy toxic and cannot be used as feed

or protein supplement for live stock.

Bark is the source of a fibre uséd for making ropes. The ﬁIantyiglds
about 56 tonnes of green matter per hectare. The bulk density of the chips is
about 230~ 245 kgs/m3. Charcoglobtained from the plantis used for gun powder.
Sesban plantis used as a fuel in jaggery industry. Sesban.is grown in Deccan
to furnish poles as a substitute for bamboo and fof roofing huts. The plant
is used as a nurse in forest plantatiomns. Thé wooden toys are made from its wood
iﬁ Eurma. In Africa the stems are used for arrows and pipes. Sesban is ; common
cottage ornament. The leaves and flowers are used in religious offerings. The

plant yields an insecticide and is also used in making ink.

Among the pests, prodenia litura, the tobacco caterpillar feeds on
leaves and practically defcliates the plants, Azygophleps scalaris causes severe
damage to sesban in South India and Bengal. Its larvae funnel through the
main stem and practically eat away the contents of the stem leaving the epidermis
only. It is controlled by uprooting the stems'immeaiately after harvesting and
burning them. DDT(0.05%) and BHC dust(5%) are cheap and effective, while product

1250 and parathion are also effective against the pests.

The plant is credited with galactogogue properties. The seeds are
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stimulant, emmenagogue and astringent and useful in checking diarrhoea and -
reducing enlargement of the spleen. In the form of ointment, the seeds are

used to cure itches and various other skin eruptioms.
1.33:Cajanus cajan(80). a

An important ieguminous crop, widely distributed in the tropics and
cultivated extensively for its edible seeds. The name of this crop is different
in different languages viz., Red gram, Pigeon Pea, Congo Pea; Sanskfit:Adhaki,
tuvari, tuvarika; Hindi, Bengali & Marathi:Arhar, tur, tuver; Tamil:Thovaray;
Telgu:Kandulu; Kannad:Tégare; Malayalam:Thuvara; Oriya:Harade. It is an annual
or perennial shrub, 1 - 3M. high, cultivated nearly throughout India as a pulse
crop. It is often grown for green manure or for cover on plantations. Its deep
and penetrating root system makes it specially valuable as a renovating and
contou? hedge crop for checking soil erosion. In America and Héwaii, cajanus
is cultivated for fodder. The plant is probably a native of Africa and it is
now gfown in almost all the tropical countries of the world, including Africa,
America, India, Australia, Hawaii, East and West Indies. In India, it is mainly
grown in U.P., M.,P.,, Bihar, Maharashtra and Tamil Nadu. Numerous types of

Cajanus ére known, differing in height, habit, time of maturity, colour, size

and shape of pods and seeds. These types can be grouped broadly under two varieties.
Arhar(C; cajanus var. bicolor D.C.) and tur(C. cajan var. flavus D.C.). The former
includes most of the perennial.types and comprises generally the late maturing,
large, bushy plants, bearing purple streaked, yellow flowers and dark coloured
pods, each having 4—5‘seeds. The tur variety comprises early maturing, smaller -
plants, bearing yellow flowers‘anq plain pods, each containing 2-3 seeds. Tur
varieties are commonly cultivated in peninsular region and the late maturing

arhar types are cultivated in U.P., Bihar, Bengal and Aésam. Both varieties are
cultivated in central provinées. The photograph of Cajanus cajan crop is given

in annexure on page 161,
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Cajanus is grown mainly as a mixed crop, the soil on which it is grown
varies according to the requirements of the associated crop. It can be grown on
almost all types of soil, not deficient in lime, but it prefers a medium moist
soil, with good drainage. In north India, it is grown on the alluvial soils of
the Indo-Gangetic plain, while in Bombay and Central India, it is grown on heévy
black cotton soil. It is drought resistant and it suffers by water logging and
is susceptible to frdst. It is highly adaptable with respect to climate and grown
both in dry and ﬁoist tropics. Under dry condition, it tends to mature quickly, while
under humiid conditions, it develops a luxuriant vegetable growth and ripens late.
It is grown mostly as a Kharif crop in India i.e. sown about the commencement
of the monsoon (June or July) and harvested in February or March. Occasgionally,
it is grown as a Rabi crop i.e. sown in October and harvested in March or April.
It is generally sown between rows of the associated crops, one row for every 3
to 5 rows of the main crop. The distance between the rows varies from 1.5-7.5M.
depending upon the nature and amount of- admixture. When sown pure, the distance
between the rows varies from 35 to 40 cms. in CGentral India_and 45 to 90 cms.
in Bihar and U.P. The amount of seed required varies from 1.12 kg. to 5.6 kg. ber
hectare, when sown mixed with other crops and 13.45 kg to 55.32 kg. per hectare,
_when sown pure. The plants sown in June or July, start flowering towards the‘end
of September or beginning of October. The eériy.maturing tur varities usually flower,
month or two earlier than the late maturing arhar types. The flowers are mostly
selfrpollinated but cross pollination also takes place. The firsf'harvesting is
usually done by hand picking. At the final harvest, the plants are cut as near
the ground as possible, tied into bundles, when the ‘leaves and pods are nearly
dry. The pods are separated by vigorously shaking the plants or by beating with
a wooden flail. The fallen material is beaten or trampled upon the bullocks arnd

the seeds and chaff separated by winnowing.

In India, the average production of Cajanus cajanplant ranges from

1

14.58 milli@n tonnes to 15.3 millign tonnes (B.D.) during 1981 to 1986.
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The bulk density of C. cajan chips is about 180-190 kgs/m3. The seeds are split
into dhal before marketing. Analysis of dhal without husk gave the following
values, moisture 15.27%, protein 22.3%, fat - (ether extract) 1.77%, mineral
matter 3.67, carbohydrate'57.2%, calcium 9.14% and phosphorus 0.267%, carotene

evaluated as vitamin A 220 I.U. and vitamin B 150 I.U. per 100g.

The husk of pods and seeds obtained during threshing constitutes a
valuable cattle feed. Mixed with broken bits of dhél, the husk is sold under
the name chuni for feeding milch cattle. The dried stalks obtained after

threshing are generally used for fuel or for thatching.

The most common pest of cajanus is the gram caterpillar, Heliothis
obsoleta and gram pod fly (Agromyza obtusa M.,) which bore into seeds and pods
and cause considerable damége to the crop. The most common disease of cajanus is
wilt caused by the fungus, Fusarium Udum Butl. The fungus, which is present in
the soil, attacks the roots, stem or branches and the entire plant withers. The
disease is common in the Indo-Gangetic plain an& no direct method of control is
known., The use of wilt resistent strains, pusa 51 and 80 and C.P.38 are

recommended.
For the present investigation the following studies have been done:

1. Anatomical and chemical studies viz., proximate chemical analysis,

anatomical studies and morphological studies,

2. Studies on lignins viz., Isolation of different types of lignins,
Alkaline nitrobenzene oxidation studies, Infrared and ultravoilet spectroscopic

studies.

3. Studies on carbohydrates viz., Isolation of holocellulose, cellulose

and alphacellulose, Infrared spectroscopic studies and G.L.C. studies of

hemicelluloses.

4 Studies on pulping and paﬁer making viz., Soda and soda-AQ pulping,Kraft

and Kraft-AQ pulping, Alkaline sulphite and Alkaline sulphite-AQ pulping,
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Semi-alkaline sulphite and Semi-alkaline sulphite-AQ pulping and Neutral sulphite

semi-chémical pulping studies.



Table-1.1: Per Capita Consumption'of Different Countries During 1985(2)

16

S1.No. Countries Per Capita S1.No. Countries Per Capita
kg. kg .
1. U.S.A. 284 13. Hong-kong 162
2. Sweden 235 14. Australia 142
3. Canada 202 15, United Kingdom 139
4. Finland 189 16; Austria 130
5. Newzealand 182 17. France 119
6. Denmark 180 18. Singapore 116
7. Switzerland 179 19. Iceland 108
8. . Germany, fed. Rep. 174 20, Taiwan 107
9. Netharlands 171 21, China, people's Rép. 9.3
iO. Japan 168 22, Pakistan 3.6
11. Belgium 168 23, India 2.5
12.‘ Luxemburg 164 24, Afghanistan 0.1
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Table-l.3:Estimated Annual Collectable Yields of Various Non-Wood Plant Fibrous

Raw Materials Per Hectare.

S1.No. Raw Materials Estimated Collectable

Fibrous Raw Material

(BDMT/HA.)

1. Sugar cane bagasse 5.0 to 12.4
2, Wheat straw 2.2 to 3.0
3. Rice straw 1.4 to 2.0
4. . Barley straw ' ) 1.4 to 1.5
5. . Bamboo, Natural growth | 1.5 to 2.0
6. Bamboo, cultivated ' 2.5 to 5.0.
7. Corn stalks 5.5 to 7.0
8. Soréhum statks 5.5 to 7.0
9. Cotton stalks 1.5 to 2.0
10. Sesbania-aculeata(79) : 3.3 to 3.9
11. Sesbania-sesban (79) | 15.0  to. 18.0
12. Cajanus cajan (80) 3.29 to 3.40

For S1. No. 1l to 9, Reference NO. 3.



CHAPTER 11

ANATOMICAL AND CHEMICAL STUDIES

. Pulp and paper can be made from many different plants, but whether
or not a plant is well suited for this.purpose depends largely on the shape of
its cells. Cells are‘hollow structural units that compose plants, each cell
consisting typically of a cell wall enclosing a cavity. In early stages of growth
the cell cavities contain protoplasm, but soon after the cell wall is fully formed,
this disappears from the cells that are of value for paper making, leaving only
the hollow tubular or quill-shaped type of structure known as fibre. All plant
.fibre cells have a primary wall and.secondary wall layers. The outermost secondary
layer is Sl’ which is followed ontogenetically by S, and Sy Bamboo fibres tend
to have five or more secondary wall layers. The Primary(P) wall and Sl’ 82’ 83
layers mainly contain cellulose, hemicellulose and lignin. The cellulose,
-hemicellulose and lignin may be distributed in differeﬁt layer of wood fibre cells

as follows:

Table-2.1l:General Cell Wall Chamical Composition of Coniferous Fibres (50).

‘Approximate Chemical Composition, (%)

e e e e Ty e T s S e e . e (e 00 ke " L S Gy P S g e W W T S S

Wall Designation

Cellulose Hemicellulose Lignin

and pectins

P | 10 20 70

s, 35 95 40

s, I 55 . 30 15
. s, 55 40 05

Middle lamella 00 10 90

(Exists between the P walls
of contiguous fibres)

Substances such as pectic materials, waxes, fats, starches, resin, gums,
organic crystals and other extractives and proteins are usually not regular

components of the space cr unit volumes of fibres but exist in specific location.
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Except for the proteins and certain of the extractives, they are typically found

only in the fibre lumens or on the fibre surface.

The bamboo fibres are uniformly thick teo thin wélled, with gradually
tapering pointed ends, smooth walls, narrow to wide lumen and very sparse slit
like pits, They are often bent, curved or folded and invariably show compressed,
somewhat buckled areas with tfansQerse markings; which stand out rather prominently
in thick walled fibres. The parenchyma cells are fairly abundent; They are
.squarish to rectangular in shape. Vessel elements with numerous pits ére usually
present. They may be short and discoid or barrel shaped or long and cylindrical

. with truncated or tailed ends and simple or scalari fgrmperforation.

Bagasse fibres are thick to thin walled, usually with straight, pointed.
ends and relatively more numerous slit; like or lenticular pits than in'bamboo.
Transverse ma?kings similar to, those of bamboo ére quite common. Parenchyma cells
are very abundent usually appreciably larger than those of bamboo. Vessels are

similar to bamboo.

Searching for possible new crops of non-woody plant material involves
the examination of a large number of plant sémples. To check the suitability of
a particular raw material in question for pulﬁ & paper making; the initial tests
involves consideration of anatomical characteristics, chemical composition,
yield of fibfous constituents and a qualitative; physical and visual appraisal
of the plants.Considerable amount of work( 4,13) have begn done to study the
effect of anatomical characteristics and éhemical properties of wood fibres on
the nature and quality of pulp. The combined effect of physical characteristics
of the raw material thus determine the ultimate properties of the pulp and

papér as follows:



Table-2.2:Strength Table For Morphological Factors (33).
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Sl.ﬁo. Trend Tensile and Tearing Folding Sheet
bursting
t t D t
Strength Strength | Strength ensity
1. Fibre length rising 0 to + + + 0O to+ O to -
2, Cell wall thickness
Late(summer) wood
fraction(Tube structure)
Rising - 0 to + - - - -
3. Cell wall thickness
early(Spring)wood '
fraction(Ribbon structure)
Rising ' + 0 to ~ + + + +
4, Fibre length to
width (L/D)ratio
Rising +
5. Curling of fibres rising - - + + -
0 No influence or no distinct influence

+ marked positive influence
++ decisive positive influence
- marked negative influence

-~ decisive negative influence

The chemical composition of non-wood fibrous plants varies somewhat but

on an average non-wood plants contains around 40% cellulose, 20-25% lignin, a

few percent of so called extractives and the rest made up of a mixture of polymer

non-glucose carbohydrates, so called hemicellulose.

Water solubility provides a measure of tannins, gums, sugars, colouring

matter and starches in wood and pulp. The water solubles affect the pulp yield

to some extent.

The one percent sodium hydroxide solubility of wood could indicate the
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degree of fungus decay or degradation by heat and light. As the wood decays or
degrades, the percentage of the alkalisoluble material increases, It is often

desirable to ascertain to what extent a low cellulose value is due to attack

by fungi, because, in general, the greater such attack the lower the yield.

Alcohol-benzene solubility of wood is a measure of such substances as
waxes, fats, resinms, gums and phytosterols., The extractives influence both the
pulping process and the quality of the resulting pulp. Extractives show up as
deposits on critical machinery in the pﬁlp mill and even more so in the paper
mili. High}content of extractives means a higher tendency for so called pitch
troubles and also for inhomogeneities in the paper caused by resin particles.

The resin, when they are pfesent in relatively large quantities and distributed
over the fibre surfaces, will make them hydrophobic. This means that paper made
from such fibres sﬁow a slow water absorbance. The percentage of lignin in the
wood is related with the time required for chemical pulping, the higher the lignin
content the longer the cooking time required for cooking. The residual lignin
present in the pulp influences paper properties and particularly so the stiffness,

the more the lignin the higher the stiffness.

In chemical pulping the cellulose is the main component to survive the
cook,and variations in the cellulose content of the wood is therefore directly
reflected by variations in pulp yield. This is not only of the greatest importance
for the econoTy in pulp production but thé yield level is also reflected

'strongly in the properties, the higher the cellulose content of the pulp the

higher the load bearing capacity of the individual fibre in the pulp.

Hemicelluloses are composed of hexosans(e.g. glucose) and pentosans
(e.g. xylose) respectively. The hemicellulose has a much lower molecular weight
than the cellulose and is also amorphous in nature. It will consequently to a
large extent be dissolved during.chemical pulping. However; the fairly low

quantities of hemicellulose associated with the pulp will have a great influence
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on quality, particularly on the swelling behaviour of the fibres. The higher the
hemicellulose content the more rapid the swelling during beating which favourably
influences the beatability of the pulp and also results in somewhat higher tenéilg

breaking load in the paper.

The ash content gives.an estimation of the content of mineral salts
and other inorganic matters, Silica impairs the burning and seéimentation operations
in the recovery process. When tﬁe wood contains large quantities of silica,
it may show damaging effeéﬁ on the processability of the wood of on the paper
quglity, The wood must be rejecteq on account of this or it must be sufficiently

well cleaned before use.

It should be pointed out that it is extremly difficuit,’to seprate
the influence of.ohe factor from that of another, because of the complexity of
the éulping process. In ail commercial pulping process, delignification, hemiéellulose
dissolution, cellulose depolymerisation and fiber attack, take place simultaneously.
It is impossible to eliminate any one of these effects completeiy,-it is only

possible to some extent to vary their respective intensity,

In tﬁe present Investigations, the anatomical studies of (i) Sesbania
sesban, (ii) éesbania aculeata and (iii) Cajanus cajan have been done. The aim
of the present study is to assess the suitability of these non-wood fibrous
plants for pulp and paper making and to know the effect of fiber diménsions on

the formation and structure of paper,

- EXPERIMENTAL PROCEDURES.

SAMPLING AND PROXIMATE CHEMICAL ANALYSiS OF PLANT MATERIALS:

The plant samples were collected from the nearby region of Saharanpur.
On receipt at the laboratory, these samples were further air dried, and then
stored in 5 dry location until removed for analysis. Samples for chemical
analysis and measurement of cellulaf dimensions were obtained by fandom~

selection of about 1 kg. of whole plant stalk excluding seeds, leaves and roots,
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For chemical analysis, the stalks of S. sesban, S. aculeata and C. cajan were
chipped. The chiﬁs were air dried and disintegrated in a Weverk laboratory
disintegrator. The -40+60(-0.381+0,25)B,S,5. mesh wood meals were collected for
chemical analysis. The proximate chemical analysis viz., Cold and Hot water
solubility(73); 1% Sodium hydroxide soluﬁility(73); Alcohbl-benzenevsolubility
(1:2V/V)(73); Lignin(73); Pentosan(73); Holocellulose(82); Alpha, beta and
gamma cellulose(73); Ash(73); Silica(73); Acetyl.. content(74,81l) and Methoxyl
content(73) have been performed, to check the suitability of tﬁese non—woéd
fibrous raw materials in question for pulp and paper making. The results of
proximaté chemical analysis.are reported -in Table 2.3 alongwith the results

of proximate chemical analysis of bamboo and bagasse.
2.12 ,MACERATION AND CELLULAR ELEMENTS MEASUREMENT:

Transverse sections(T.S.) and longitudinal sections(L.S.) of 20 to
30 p tﬁickness of these non-wood fibrous plants were cut on Lietz base sladge
miérotome 1300. For morphological study the samples were subjected to a chemical-
physical maceration to separate the individual cellular elements from each other
without damage. It involves the use of a hot aqueous acetic acid, sodium chlorite’

- solution to remove most of the lignin and other binding materials without appreciable
degradation of the cellulosic tissues. The’microscope slides of cellular material
were prepared according to IS method 5285-1969. Microscope slides were brojected
at a magnification of 40X and the fibres length were measured, while the fiber
width and cell wall thickness were obtained by measuring the projected images at
a magnification of 160X. The photomicrographslios.l,2,7,8,13/14are shown in annexure
on page162—64,represept the L.S. and T.S. of these non-wood fibrous plants, The
frequency percentage curves of fibre length, fibre diameter, lumen diameter and
cell wall thickness are represented in figures 2.0l to 2.05 respectively. The

values of density, fibre length, fibre diameter, lumen diameter, cell wall
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thickness and different ratios of the above dimensions are reported in "able 2.4,

-8

RESULTS AND DISCUSSIONS:

The results of proximate chemical analysis as given in table 2.3 indicated
that the water solubles in these non-wood fibrous plaﬂts ranges from 3.32 to 6.30%
as compared to 8.5% and 7.85% in bamboo and bagasse respectively., The S. aculeata
is having minimum water solubles(3.32%), while the water solubles in C. cajan is
5.10% and S. sesban 6.30%, which is maximum. The alcohol-benzene solublesin these
non-wood fibrous plantsranges from 3.28 to 4.45% as compared to 3.407% and 6.307%
in bamboq and bagasse respectively. The alcohol-benzene solubles come’ under the
catagory of extractives and these are totaiiyundesirable for pulp and paper
making. The w%ter solubles and alcohol-benzene solubles affected the pulp yields.
As indicated by the resulfs of préximate chemical analysis that these plants are
havihg moderate quantities of extractives, so these will create 1ésser pitch
trouﬁles and also more homogeneities in the paper sheets. The 1% sodium hydroxide
solubles in ‘these plants ranges from 19.66% to 24.70% as compare to 26.8% and
33.6% in bamboo and bagasse respectively. The C: cajan is having the minimum 1%

sodium hydroxide éolubles(19.66%) among these non-wood fibrous plants. The lignin

in these plants ranges from 17.65 to l§.79% as compared to 20,.30% and 24.30% in

. bagasse and bamboo respectively. The S. sesban is having minimum lignin content

(17.65%) and S. aculeata is having maximum lignin content (19.79%) among these

non-wood fibrous plants. As indicated, these non-wood fibrous plants are having
low lignin content, so these will require comparatively less cooking chemicals
and shorter cooking cycle with improved tensile, burst, tear, fold and sheet

density, These plants are having higher holocellulose ranges from 71.86 to 74.85%

as comparedto 71.5% in bamboo and 70.6% in bagasse. The alpha cellulose contents

in these plantsranges from 45.24% to 48.0% as compared to 42.0% in bagasse and
43.5% in bamboo. As indicated, these plants are having moderate quantities of

alphacelluloses, The hemicellulose content in these plants ranges 25.24% to 27.87%
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as compared to 27.6Z‘in bamboo and 28.457 in bégasse. The pentosan content in these
plants ranges from 15.97 to 19.0% as compared to 18.3% in bamboo and 23.867% in -
bagasse. As indicated tﬁese plants are having low pentosan content, therefore these
will give - better pulp yield. The ash and silica conténts.in these plants ranges
from 1.4 to 1.78% and 0.38 to 0.56% as compared to 3.8% and 2.1% in bagasse and
2.1% and 1.4% in bamboo. As indicated these piénts are having quite low ash and
silica content so these will show less damaging effect on the processability of
the wood and wili require less cleaning before use. The relults of proximate
chemical analysis of S. aculeata are quite comparable with the values reported

-

by Sadawarte etal(62).

All these non-wood fibrous plants consist of polygonal sclerenchyma
cells and the thickening of cells is due to the deposition of lignin. The
microscopié study of T.S. and L.S. of S. sesban; S. aculeata and C. cajan
revealed that the S. sesban have a large number of vessels arranged in a scattered
manner and they form diffuse porous wood. The vessels of S, aculeata have wide
lumen but less in number than S. sesban and they are arranged in a ring, and
form ring porous wood. The vessels of C. cajan either present in group or in
isolated form, but less in number. The vessels of S. sesbén are small having
oblique septa. The S. aculeata vessels are longer in size having oblique septa.
The vessels of C. cajan are round with large lumen and transverse septa. The
vessels of these plants are shoft, barrel shaped having numerous pits. The L.S.
of S. sesban and L.S. of S. aculeata having unicerate medullary rays. Tﬁe L.S.
of C. cajan showed the presence of both bicerate and unicerate medullary rays.
The fibres of S. sesban are thickwalled, with gradually tapering pointed ends,
smooth walls, narrow lumen and very sparse slit like pits. The fibres of
S. aculeata and C. cajan are thin walled. elongated with pointed ends, smooth

walls, with wide lumen. The fibre of S. aculeata have more sparse slit like pits.
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On the basis of the above discussions, a correlation between anatomical

characteristics and properties of pulp and paper for S. sesban, S. aculeata and

C. cajan have been elucidated and

merit.

TENSIL AND BURST STRENGTH(13,68).

may be as follows, in the descending orderof

Density Ss Cc Sa
Cell wall thickness Ss Cc Sa
Miihlesteph ratio Ss Cc Sa
Ratio of lumen to fibre diameter Sa Cc Ss
Over all Sa Cc Ss
FOLD(21)
Density Ss Ce Sa-
Cell wall thickness Ss Cc Sa
Ratio of lumen to fibre width’ Sa Ce Ss
Fibre length Ss Sa Cc
kel ratio Ss Ce Sa
: Sa Cc Ss
KENT DENSITY(27,33).
Density Ss Cc Sa
Cell wall thickness Ss Cc Sa
Ratio of wall thickness Ss Cc Sa
to lumen diameter ‘
Over all Sa Cc Ss
TEAR(4) .
Fibre length Ss Sa Cc
Cell wall thickness Ss Cc Sa
Over all Ss Sa Cce
YIELD(16,58).
Density Ss Cc Sa
Alpha cellulose Sa Cc Ss
Over all Cc ) Sa  Ss.
Ss = S, seshan; Sa = S. aculeata and Cc = C. cajan.
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2.3.CONCLUSION:

The results of proximate chemical analysis showed that these plants have
moderate quantities of solubles thereby créating lesser pitch troubles with improved
homogenities in the paper sheet. These plants have low lignin and high alpha
cellulose content, thereby require less cooking Qhemicals'with shorter cooking

cycle and gives comparatively. higher pulp yields.

The knowledge of the fibre struétures is very useful for determining the
various properties of pulp & paper. The fibre length of S. sesban is more in-
comparison to S. aculeata and C. cajan, hence S. sesban is likely to possessthe

' maximum value for tear. The S. aculeata aéa C. cajan will give highef pulp yields
with better values for tensile, burstvand fold than S. sesban, since all these
properties are dependent on fibre width, wood density, cell wall thickness,
cellulése and lignin content. The S,‘sesban'wood consists of a large number of

‘vessels; fibres having fhick walled with narrow lumen and the wood of S. aculeata
consists of less number of vessels, fibres having thin'walled with wider lumen.
While the wood of C. cajan also consists of less number'of vessels, fibres
having thin walled with wider lumen. The S. aculeata and C. cajan are somewhat
better non-wood fibrous plants than S. sesban. On tﬁe bas¢s of anatomical and

chemical studies, it was concluded that S. aculeata, C. cajan and S. sesban are

quite suitable non-wood fibrous raw material for pulp and paper making.
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3.1.

CHAPTER 111

STUDIES ON CARBOHYDRATES

Wood is exceedingly difficult to define chemically, because it is a
complex hetercgeneous product of nature made up of interpenetrating components
largely of high molecular weight. The principal cbmponents are generally

classified as fellows:

- m————r
1 I 4 ]
. 1

. ! : ] i
- Cellulose Hemicellulose - Lignin Extractives

CELLULOSE: , | - -

Of all the naturally occuring compounds of Carbon, cellulose appears

_to be the most abundant polysaccharide in the world, and is the major constituent

oflfhé plant materials. It is created in enormous amounts annually as a result
of‘photosynthesis and is also the principal component of cellwalls of all woods,-
étraw, grasses, bast fibrés and seed hairs etc. Cellulose is a high molecular
weight, stereoregulaé linear polymer of repeatingg}-D glucopyranose units.
Cellulése could be described as a polymer of D-glucose units involving

lzﬁ—p—glucosidic linkage.

H OH H  OH
Oh{ H —0 H
Non - | : Reducing
Reducing ™
EndGroup O H o/ OH End Group
CHy0H . H OH - CHYOH
. —in-2 : ,

(Celluiose)
Generally cellulose is written as (C6H1005)n’ where 'n' is the degree

of polymerisation;(D.P.) ranging between 1000 toISOOO, and the molecular weight
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3.2.HEMICELLULOSE: 5
Hemicellulose refers folﬁamixtures of low molecular weight polysaccharidesﬁr

which are closely associated in plant tisoue with cellulose., Hemicellulose are

generally considered to be located in the middle lamella and throughout the bulk

of the wood fibre, with some evidence for concentration towards the outer

regions of the fibres. The ray and parenchyma cells of wood contain a greater

percentage'of hemicelluloses than do the fibre elements. The hemicelluloses are

generally considered to be non crystalline. Hemicellulose polymers are composed

of ohe following major saccharide units viz., D-xylose, D-mannose, D-glucose,

L-arabinose, D-galactosé, b—glucuronic ac¢id and D-galacturonic acid. Table-3.1

gives a qualitative summary of the‘poiymer composition of hemicelluloses from

haré;oods and softwoodo. It is evident that hardwood hemicelluloses are rich in

xylan polymers with small.aﬁounts of glucomannan, whereas softwood hemicelluloses

are rich in galactoglucomannan polymers and contain, as well as, significant

quantities of xylan polymers..

- Table-3.1:Major Carbohydrate Polymer Components of Hardwood And Softwood .

Hemicelluloses. '
Relative Amount
polymer -

Sof twood ‘ : Hardwood
4-0-methylglucuronoxylan small or none - Very large
'4-O-methylglucuronoarabinOXylao Medium ‘ Trace
Glucomannan _ NIL : Small
Galactoglucomannan Very large : NIL
Arabinogalactan ‘ Large NIL

The infrared spectroscopy has uniquely served to provide answers to

difficult problems and foremost among: these is the identity of a given
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plant material. fhe only successful approaéh to this problem thus far has been
the comparisoﬁ of the spectrum of an isolated lignin and carbohyd;;te with the
épectrum of the original and a delignified wood section., The X-ray diffraction

, . ,
gnalysis method is very useful f.ordiﬁerﬁvtx}ati'g non-celluleosic carbeohvdrates from
cellulose. Earlier applicgtions of infrared absorption spectroscopy of cellulose
wéfe confined (¢ the studies of cellulose molccule, investigations of physical,
optical, and érystalliﬁe properties of more or less pure celluloses. The major
use of infrared spectroscopy, as a tool of analytical chemistry, has been

derived from the ability of this branch of spectroscopy to detect, te identify,

and quantitative measurement of the specific organic functional groups.
3. 3.EXPERIMENTAL PROCEDURES:

3.3.1.PREPARATION OF THE SAMPLES:
Transverse section (T.S.) and longitudinal sections(L.S.) or 20 to 304
thickness of these non-wood fibrous plants were cut on Lietz base sladge

microtome 1300 (photomicrographs 1 to 24 are shown in Annexure on page 162 to 165), '

Delignification of the sections were carried out according to well-
known procedure(82). Hemicellulose were removed from the wood sections using 20%
KOH solution, according to the method reported in literature(61). Holocelluloses
wére prepare& accréding to the method of wise and co-workers. The results of
holocellulose yields and hblocellulose analysis are tabulated in Table 3.2. The
alpha cellulose samples were prepared as per TAPPI standard method.T:203-0S-74.
Cellplose samples were prepared according to the nitration method reported in

literature(75).
3.3.2.SUGAR ANALYSIS:

The alpha cellulose and denitrated cellulose nitrate were analysed
to their corresponding sugars according to the method of Saeman and coworkers(70).

The results of these analysis are reported in Tables 3.3 and 3.4.
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3.3.3.EXTRACTION AND PURIFICATION OF HEMICELLULOSE FRACTIONS FROM HOLOCELLULOSE:

The hemicelluloses were .extracted from holocelluloses according to the
method reported in literature(82), by using different concentration of KOH viz.,
5%, 18% and 20% potassium hydroxide + 4% boric acid.'&he hemicelluloses were
purified accroding toi the method of Timell and Tyminski(76).‘The crude and
purified yield of hemicellulose fractions are tabulated intable 3.5, while the

results of hemicellulose analysis(18% KOH fraction) are given inTable 3.6.

3.3.4.DETERMINATION OF NEUTRAL SUGARS BY GAS-LIQUID CHROMATOGRAPHY:

The G.L.C. of hemicelluloses have been performed accordingto TAPPI
standard method T:249 Pm75 and the correéponding chromatégrams of S. sesban,
S. aculeata and C. cajan are represented in figures 3.11 to 3.13 respectively.

The percentage of sugars(8) were alsc calculated and reported in Table 3.7.

*3.3.5.INFRARED SPECTROSCOPIC STUDIES:

TheAinfrared spectrums of wood dust, treated and untreated wood sections
and holocellulose, alpha cellulose and cellulose of S. sesban, S. aculeata and
C. cajan were fecorded within_ the range of 4000 to 600 cm?1 using Perkin-Elmer

infracord spectrophotometer.

3.3.6.X-RAY DIFFRACTION ANALYSIS:

The diffraction diagrams were obtained by Geiger countex X-ray
diffractometer * = with copper radiation, monocromatized and focused by
reflection én a bent quartz crystal,)\=1.5387A0. Fig. 3.0%and 3.10 showed the
diffractograms cf the cellulose and alpha cellhlosé, isclated from S.sesban;
S.aculeata and C. cajan, which were characterised by a number of selective
reflections. The angles of diffraction maxima and interplanar spacings ére
given in Table 3.8.
3.4.RESULTS AND DISCUSSIONS:

The infrared spectrums of cellulose énd‘alpha cellulose Fig.3.0l1 and

3.02,is0lated from S. sesban, S. aculeata and C. cajan were nearly the same.



There were little difference in band intensities. These spectrums showed the

1

presence of bands at 3440 to - 3400 cmfl;l650 to 1640 cm. ; 1170 to 1165 cnsl and

1. The bands of very weak “intensities were also observed at the .

895 to 890 -cm.
frequencies 143C, 1355, 1315, 1235, 1030 and 109O.cm'.:1 in infrared spectr@:- of
cellqlose and alphacellulose. The holocellulose spéctrums(Fig. 3.03) have the
ébsorption bands at 3400, 2?00, 1460, 1430, 1}60, 1320, 1260, 1220 and 1160 ém?k.
The band at 900 cmfl and shoulder at 860 cm-.'1 were also éresent in .the spectrum

of holocellulose. It was observed that the few bands have either been broadened

or flattenedas a result of alphacellulose formation, suggesting that some of the
fine structural characteristics of cellulose are reduced or lost. The most
imporpant spectral chénges occured at bands 1450 cm?l'and 895 cm?l. The sensitivity
of thesé two bands were such that the intensity of the iASO cm'._1 band decreased

as ‘the crystallinity was decreased, while the intensity of the band at 895 cm?l
- increased as the cellulose was decrystaliized. The change in the igtensities

.. of-bands at . about 1450 cm:1 and 900 cm'.-1 were very small, but they were in
opposite directions(59). The band at 1335 cmT1 was due to the C—CH3 deformation
-.and a G-0 stretching band at 1240-1235 cm.l, while the bands:atl030 cm.! and

1090 cm:! were assigned to C-H and C-O deformation.

The infrared spectrums of wood powder and untreated wood sections of

S. sesban, S. aculeata and C. cajan in potassium bromide disks are shown in

;. Fig.3.04 and 3.05 respectively. Figures 3.06 and 3.07 showed the spectrd.  of

. ,delignified wood sections and treated éections after the removal of hemicellulose.
To assiét in identifying the bands in the spectra of wood sections, it was
compared with the spectra of celldlose, Klason lignin, native xylan and ivory
usnut.cross section(éé)@mostly mannan) and these are shown in figures 3501, 4,01

.and 3.08 respectively.

The broad hydrogen bonded-OH stretching band near 3400 cm'.'1 and the

CH stretching band near 2900 C;\l_ in the spectrg ©of wobd sections weredue to ..’

Carbohydrate and lignin. The band near 1730 cm'.'L in the wWood sectlisns wWas due
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to the C=0 stretching of the ~COOH and -COOCH3 group in 4-0-methylglucuronoacetylxylan.

: . -1
When the sections were treated for hemicellulose removal,the band at. 1730 cm.

;;;fweakened. The band at 1730 cm".-1 was completely eliminated when the section =

were treated with 20% KOH. The band near 1650 cm:? was observed in the spectra

of pure cellulose, xylan and mannan. In pure cellﬁlose, it was found that the
inténSity of the 1650 cm.’ band hecteased with an increase in sample crystallinity(47).
The lignin bands near 1595 an& 1510 cmf1 in the sbectra of wood segtions were |
due to stretching modes of the benzene ring. When the-samples were treated to

effect delignification, the bands at 1595 cm-.-1 and 1510 cm'.'1 disappeared. The

band near 1460 cm.! was due to the CH ~deformation in the lignin and xylan as

3

well as the CH2 bending of xylan. Small contributions to the intensity Of‘the «
‘band were also from celluioSé"énd hemicellulose -OH in plane bending modes. The
'band near 1430 cmfl was primarily due to the -CH2 scissor motion in cellulése.
The band near 1365 cm?1 wés due t6 CH bending in cellulose and hemicellulose.

2

probably also in hemicellulose. The bands or group of bands ﬁith maxima at 1230

. The band at 1320 cm?I was due to the ~CH. ﬁagging modejjvcelluloée(B),'and

- and 1270 cmT1 in the spectra of wood sections arise from all of its four major
chemical constituents. In cellulose(45) é'band'at 1282 cm'._l was aésigned to a
CH bending frequency and a band at 1205 cm:1 was assigned to an-0H, in plane
bending frequency. In xylan a strong‘band was obéervea neaf 1240 cm?1 and this
band was connected with the C-0 stretching mode in the 0=C-0 group. The two -
bands at 1270 and 1220 cmi! in Klason lignin and a band at 1240 cn?! in mannan
were not clear, and these were probably due to CH and OH bending frequencies.
In these spectra ' a band near 1230 cm-.'1 was more intense like in hard-wood, which
indicates that there was more xylan in these non-wood. The band near 1160 cm'.'l
in the spectra-of wood sections was due to cellulose and this band has been
1

interpreted as asymmetric C-0-C bridge stretching frequency. The band near 900 cm.

in the spectra of wood sections was due to cellulose and other polysaccharides
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It was observed that the relative intensities of the bands near 3400,
1430 and 1160 cmf1 were weaker in the spectra of transverse sections than in
the spectra of longitudinal sections. The relative intensities of the baﬁds
at 1320 cm?l(cellulose) and 1730 cm?l(xylan) were stronger in the spectra of
transverse sections than in the spectra of longitudinal sections. The spectra of
transverse sections (T.S.) and longifudinal sectioﬁs(L.S.) were slightly differ
in the specfral region near 1000 cm?l. Two absorption bands at 900 cm'.-1 and
830 cmtl were appeared in the spectrum of both the sections i.e. T.S. and L.S.
The intensities of these bands were more in spectra of T.S. than L.S. A broad

band near 1045 cm?1 was found in T.S., which was at the same position in the

spectrum of L.S.

The X-ray diffraction diagram of cellulose and alphacellulose(Fig.3.09 &
'3.10) were more diffuse than those of pure crystals, but still indicating definite
crystélline regions. From X-ray investigations, it was concluded that alphacellulose
and cellulose has‘about the same lattice as cellulose-II(66). The cellulése of
S. sesban, S. aculeata and C. cajan showed nearly the same diffraction patterns
and the angles of diffraction as reported by other workers(28). The similar. .
effects were also observed for alphacgllﬁlose. The alpha cellulose showed
slightly ﬂigher degree of order than cellulose, because‘reflections increase in
sharpness in alphacellulose due to greater crystalliée size or greater crystalline
order. The X-ray diffraction of Sesbania aculeata cellulose showed that it haé

more crystalline order than Sesbania sesban and Cajanus cajan cellulose.

The Table 3.7 indicated that the hemicelluloses of these non-wood
fibrous plants are made up of five basic sugars; three hexoses, glucose, mannose
and galactose, and two pentoses, xylose and arabinose. All of these sugars exist
in six membered pyranose ring form, except arabinose, which is more commonly
'found in the form of the five membered furanoée ring.vTherefore, only xylose does
not have a free -CHZOH group on the number 5 carbon atom in the ring. Two

uronic acids, i.e. glucuronic and galacturonic acids are made up of, what is
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frequently termed the uronic anhydride content of plaﬁt materials. In these

w

sugar acids, the terminal —CHZOH group exists as a carboxyl group. The; both

: )
occur as side chain units of many of the hémicéiluloses present in minor amounts
in plant materials, but galacturonic acid is also prééeht as a polymer (polyuronide)
known commonly as pectin. The two typés of derivative groups present in plant
maferial hemicelluloses are the‘mefhoxyl_and acetyl. The methoxyl group is linked
as an ether group on the ath position of élucurénic acid and as the methyl ester

of the carboxyl group in pectin. The acetyl group'is substituted on certain sugars

in some hemicelluloses as an acetic.acid ester.

3.5.CONCLUSION:

The results of -these investigations indicated the presence of the two
groups of bands, one near 3400 cm'..1 an& other between 1160 and 1040 cmtl,“Showed
parallel polarisatidn in the spectrum cf cellulose crystallites. The relative
intensities of\these two groups of bands appeared to be weakened in the spectra
of wood cross sections, as would be expected if the celiulose chains in wood
-cross- sections were oriented hearly parallel to the section normal. In these
spectrums the absorption maxima in the‘C—O stretching region were bbser&ed at
the same or only slightly lowered frequencies than in the spectra of their
longitudinal sections. The higher intenmsity of 1730 en-! band indicated that
slightly highér content of xylan were present. The higher intensity of 1600cm?1
band than 1500 and 1220 cm?l_bands indicated that the nature of these non-wood
fibrous plants are somewhat similar to bamboo and hardwoods.. The holocellulose
of all these hon-wood plants consist more xylan as in the case of hardwoods.
The X-ray diffraction spectrograms of alphacellulose showed slightly more

crystallinity than cellulose, The structure of cellulose and alphacellulose of

these plants are similar to cellulose(II).

The results of GLC analysis of hemicelluloses showed that the main

[T
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high. It was further confirmed by the isolation of large amounts of xylose from
the acid hydrolysate ofﬁhemicellulose. The basic skeleton of thée xylans found

in the stalk or supporting tissue of these non-wood fibrous plants contains a
linear {(or singly branched) backbone cf 1 —> 4 linked anhydro-B-D-xylopyrancse
units, that are made up of completely anhydroxylose units, as also found in
hafdwoods. The nature of hemicelluloses in these non-wood fibrous plants resembled.

to those of hard wood and bamboo hemicelluloses. -
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Table-3.2:Yield And Analyses of Holocellulose Prepared From S. sesban, $. aculeata

And C. cajan (% based on oven drf:weight

of holocellulose).

Bamboo

SlZNo. Particulars Sesbania Sesbania Cajanus
' sesban aculeata cajan aurndiacea(l9).
1. vield” 73.23 74.85 71.86  67.5
2. Ash content 1.30 1.42 1.35 2.5
3. Klason lignin content 1.64 1.51 1.42 2.1
4. Alphacellulose 61.80 64.12 64.40 58,8
5. Pentosan content 15.72 15.20 13.44 23,1
6. Acetyl¢ content 1.08 1.10 1.02 2.9
7. Methoxyl content 2,92 3.28 3.14 . 0.7
8. Uronic anhydride 3.46 3.87 3.62 5.2
9. Hemicellulose 37.95 35.25 35.12  21.5
* (7 based 6n the oven dry weight of original material).
Table-3.3:Various Chemical Constituents of S. sesban, S. aculeata And C. cajan
Non-Wood Fibrous Plants(%ﬂbased on extractive free oven dry material).
S1.No. Name of Plant species ' Alpha Lignin - Pentosan Uronic Cellulose
: ‘ Cellulose anhydride (By Nitration
: method)
1. S, sesban 45.24 17.65 19.00 4,12 41.8
2. S. aculeata 48.00 19.79 17.56 3.95  45.6
3. C. cajan 47 .31 18.72 15.96 3.60 44,2




Table-3.4:Composition of Alpha-Cellulose And Cellulose

(% Based on extractive free oven dry material)
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S1.No.

Name of Plant

Species

o ————— ——— = = S o ——— . (o o e o B o e, S B S B e o . o S e . s e e e

Glucan Mannan Xylan

Glucan Mannan Xylan

. P S o o o o g 42 ot S o S v S S s b S S P - ot S8 U S P T S S e e i 06 o e e i o o G0 e ) e S o G o T M S G S B S i Pt . e S . i . s s et e

S. sesban
S. aculeata

C. cajan

+
Araban
91.8 1.6 6.6
94,1 4.0 1.8
92.5 3.8 3.7

96.8
98.6

98.2

2.7 0.5
1.2 0.2
1.5 0.3

Table~3.5:Yield of Hemicellulose Fraction From Holocellulose

(% Based on oven dry weight of wood meal).

Purified

S1.No. Plant . Extraction
Species

1. . Sesbania A. 57 potassium hydroxide
sesban B. 18% potassium hydroxide
C. 20% potassium hydroxide

+ 4% boric acid.
2. Sesbania A. 5% potassium hydroxide
aculeata B. 18% potassium hydroxide
C. 20% potassium hydroxide

+ 4% boric acid.
3. Cajanus A. 5% potassium hydroxide
cajan B. 18% potassium hydroxide
C. 20% potassium hydroxide

4+ 4% boric acid.

6.5

14.1
8.6

5.9

13.7
8.5

5.2

5.6

10.8

6.1

4.2

10.4

5.8

4.4
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4

Table~3.6:Analysis of Hemicellulose Fractibn.(lB% KOH Fraction).

(% Based on oven dry weight of Hemicellulose).

S1.No. Particulars Sesbania Sesbania Cajanus Bamboo
: seshan_ aculeata cajan aurndiacea(19).
L. Ash content 2.20 2.12 2.17 -
2. Pentosans 61.50 60,20 59.16 88.60
3. . Methoxyl content 0.98 1.02 0.99 1.00
4, Acetyl content Nil Nil Nil Nil
5. Uronic acid | 20.60 '%O.BO 20.20 e

Table-3.,7:Relative Amounts cf Sugars By CLC Present 1n Hemicelluloses.

S1.No, Sugars | Sesbania Sesbania Cajanus Bamboo
sesban  aculeata cajan aurndiacea(19).
(%) (%) @& (%)
1. Rhamanose 4,06 4.22 4.28 Nil
2. Arabinose 5.16 5.10 5.04 11.6
3. Xylose 76.90 76.20 75.70 78.8
4, Mannose 5.30 5.60 5.90 Nil
5. " Galactose 6.15 6.37 6.70 1.8

6. Glucose 2.38 2.50 2.36 Traces.
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Table-3.8:X-Ray Diffraction Analysis Data of Cellulose And Alphacellulose.

el

S1.No. Plant Species Maxima Relative  Angle of inter Unit Cell
: Intensity Diffraction planar dimensions
- , (2 &) spacing Parameter A
d(a®)
o3 717 1 572
e Sesbania sesban R, W 12.00°  d(101)7.35  a 8.10
R, S 20.14° daaeh4.41 b 10,28
R, S 21.84° d(002)4.01 ¢ 9.10
| 5 61.80°
L2, Sesbania aculeata R1 W 12.18° ‘ d(101)7.25 a 7.90
R, s 20.04° d(101)4.42 b 10.30
Ry = S 21.80° d(002)4.07 ¢ 9.14
o B 63.00°
3. Cajanus cajan R, W 12.40° a(101)7.12  a 7.90
R, s 20.09° a(10D4.41 b 10.29
R, S 22.06° d(002)4.02 ¢ 9.00
) B 63.20°
ALPHACELLULOSE:
1. Sesbania sesban Rl S . 12.18° d(101)7.25 a 8.00
R, S 19.91° d(161)4.45 b 10.28
Ry VS 21.80° d(002)4.07 ¢ 9.16
B 62.80°
2. Sesbania aculeata R, S 12.30° d(101)7.18  a 7.90
R, S 20.00°. d(101)4.43 b 10.30
X VS 24862 HOORI4OT— 9 14
P 63.00°
3. Cajanus cajan R, S 11.95° d(101)7.39 a 8.20
R, S 19.77° d(101)4.48 b 10.30
Ry VS 22.00° d(002)4.03 ¢ 9.10
P 62.40°

WeWeak., S=Strong and VS=Vervy Strong.
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CHAPTER 1V

STUDIES ON LIGNINS

o — o — — o - S > o

Mostly, plant tissues contain, i; addition to carbohydrates anq
extractives, an amorphous polymeric material called lignin, Varies between 18
to 38%. Lignin is also preseﬁt in varying amounts in.grasses and ferns. The
biological role of lignin in living plants is to form, together with cellulose
and other carbohydrates of‘the cell wall, a tissue of excellent strength and
durability. Here; it functionschiefly as filler or cementing substance to impart
rigidity to wood tissue. Plant lignin is concentrated mainly in the space between
the cells (middle lamella) where it 1s deposited during the lignification of
plant tissue. The completion éf the lignification process usually coincides
with stoppage of the living function of the cells, Wood lignins, for instance,
are predominantly aromatic in nature and almost totally insoluble in known
solvents, not hydrolysable to monomeric units, and devoid of the hiéhly regular
structure cocharacteristics of other natural polymers. Plant lignin can be
diviéed into three broad classgs that are commonly called, softwood(gymnosperm)
lignin; hardwood(angiosperm)lignin and grass lignin. Lignin may be separated
from associated wood ccmpcnents either by preferentially dissolving lignin or

by preferentially dissolving non ligrin compoments.

Most of the isclated lignins are non-crystalline brown amorphous
powders. The average molecular weight of milled wood lignin (MWL) is found to
be approximately 11;000. There is evidence that the average molecular weight of
basic structural unit in the lignin polymer is about 184, on this basis the
average D.P. is about 60. The molecular weight of different types of lignin
range from about 1000 to 12,000. Lignin molecule is made up of a number of
structural units. These units, which are identified, are similar in configuration
and can be regarded as having a common skeleton, which is a phenylpropane unit
(C6—C3)or Cg(I) type. Gymnosperm lignins generally are considered to represent
polymers containing exclusively guaiacylprobane units(II). Hardwood(angiosperm)

lignin contain both guaiacyl and syringylpropane units(III), as a minor component,

many plant lignins may contain p-hydroxyphenyl propane units(IV). Grass- lignins
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yield substantial amounts of p~hydroxybenzaldehyde on alkaline hydrolysis.
HoweQer, with the excepticn p—hydroxycinnamic acid which exists in bagasse

lignin in ester like combination.

H

(1) (1D) (I11) ' (v
Phenylpropane Guaiacylpropane Syringylpropane  p-hydroxyphenylpropane

unit : unit unit unit
The infrared spectroscopic studies were used to study the mechanism of
various delignificatién processes of practical interest, which may take place
in the lignin ana polysacchayides during theuprocess of digestion and the nature
of the lignin-carbohydrate linkage in wood. Further the knowledge of the chemistry

of lignin will be of much use in formulating rational approaches to the development

of new improved delignification process.

A

To know the type of lignin associated with the plant tissues of these
non-wood fibrous plants in question; it was very much desirable to isclate the
various types of lignins viz.; Klason, Willstattar, e thanal, methonal and
thioligning, These isolated lignin samples were further analysed for C,H,S and
CHBO content to know the elemental compositién of the lignin. These 1ignins
were also subjected to alkaline nitrobenzene oxidétion and the various.oxidation
products were identified to know the nature of various basic building units of
these lignins. To support the data these lignins were further shbjected to
infrared and ultraviolet spectroscopic studies and the spectrum were characterised.

In contrast to the polysaccharides of the cell wall, which are transparent in
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visible and near ultraviolet light, lignin owing to its aromatic nature, absorb
strongly in the ultraviolet ranée of the spectrum. The absorption spectrophotometry
refers to the measurement of the absorption or transmission of electro-magnetic
radiation of a specified wavelength or frequency. The main problem in lignin
spectroscopy, as well as in lignin chemistry in general, is the impossibility

of dissolviﬁg atleast the main part af the very reactive material without
simultaneously changing its structure in some unknown way. The another difficulty

arises from the polydispersity of the soluble lignin derivatives.

4.1.EXPERIMENTAL PROCEDURES:
4,1.1,RAW MATERIAL:

The stalks of S. sesban, S.‘aculeata and C. cajan were procured from
nearby regions of Saharanmpur and converted into chips. The chips were then
disintegrated into wood mealB.S.S., (-40+60 mesh,;~0,381+0,251 mm) in the
laboratory disintegrator. The wood meals were extracted with a mixture of
ethanol and benzene(l:2 V/V); The extracted wood meals were washed with hot
water, and these pre extracted wood meals were fﬁrther utilized for the isolation

of lignins.-

4,1.2.ISOLATION OF LIGNINS:
.The Klason and Willstidtter lignins were isolated by TAPPI Standard
Method T222 0S-78 and Brook & Brauns methods(ll) respectively and the results

are tabulated in Table-4.,1.

250 gms. 'of pre extracted wood meals of S. sesban, S. aculeata and
Cajanus cajan were taken seperately in a 5 liter round bottom flask fitted with
reflux condenser. Ethanol(3 liters) containing hydrochloric acid to give a
solution of required acid concentration(o.2N) was aaded to the flask. It was
refluxed for 5 hours at 100°C. The insoluble residues were filtered off and

washed with ethanol. The filtrate and washings were concentrated to about
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1 liter, neutralized with sodium bicarbonate, filtered, and the filtrate was
added dropwise to large quantities of distilled water. The crude ethanol
lignins were filtered, washed with water, and dried in a vacuum desiccator.
The lignins. were pruified from acetone-water mixture. In a similar fashion,
the ethanol lignins from these non-wocod fibrous plants were also isolated at
different acid concentrations(0.2N, 0.4N, O.6N} 0.8N and 1.2N) and the

results are tabulated in Table-4.2.

14

26 gms. of pre extracted wqod meals of S. sesban, S. aculeats and
~C. cajan were ﬁeated seperately in a small stainless steel bombs(capacity 200ml.)
with 150 ml. absolute methanol containing 27 hydrochloric acid (o0.2N) at

150 i_lOC for 40 hours with occassional shaking. As the reaction was over,
the bgmbs were cooled. The insoluble residues were filtered and washed with
methanol. The methanol filtrate was concentrated to about 20 ml. and then
distilled water (400 ml) and sodium hydroxide solution (10 ml., 0.5N) were
added, and the mixture was bpiled for 1 hr. The pH was adjusted to 1.0 by the
addition of hydrochloric acid (5N) and the precipitated lignin was filtered
off, washed with distilled water, and dried in a vacuum desiccator. In a
similar way, methanol lignins from these non-wood fibrous plants were also
isolated at different acid concentrations(90.2N, o.&N; 0.6N, 0.8N and 1l.2N)

and the results are recorded in Table-4.3.

Tﬁe spent liquors of the sulphate‘cooks of S. sesban, S. aculeata
and C. cajan were filtered on a muslin cloth and taken into glass beakers.
The filtered liquors were heated to about 80°C and then acidify by adding
hydrochloric acid to a pH level of aobut 3, to precipitate out the thiolignins.
These residues dissolved in alkali, filtered and reprecipitated by the
addition of hydrochloric acid, and subjected to thorough washing into sintered
glass crucible till free of chloride ions. These isolated lignins were purified

by dissolving them in dioxane and precipitating out in petroleum ether.

Similarly, other thiolignins from these non-wood fibrous raw materials processed
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at different temperatures and different sulphidity levels were isolated and

the results are reported in Table-4.4 and 4.5.
. 4.1.3.ALKALINE NITROBENZENE OXIDATION OF tIGNINS:

The Klason lignin, Willstdtter lignin, ogganosolv lignins isolated
at 0.2N hydrochloric acid concentration, and thdolignins isolated at 207
sulphidity were subjected to alkaline nitrobenzene oxidation according to the

method of Stone and Blundell(72), and the results are reported in Table-4.6.

4.1.%4.ANALYSIS OF LIGNINS:

The Klason 1ignin, Willstdtter lignin, organosolv lignins and
thiolignins were analysed for their C, A, S and methoxyl content(1,7).).
The methoxyl content of lignins were determined according to TAPPI standard
- method T209Su~72. The molecular weight were determined by means of osmotic
pressure measurements method(ié,25). The results are recorded in Tables--

4.1 to 4.5. .
4.1.5.INFRARED SPECTROSCOPY OF LIGNINS:

The iqfrared spectra of chemical substances are graphic records of

the inter atomic and skeletal vibration of the molecules, with the frequency
of vibration recorded along the x-axis and transmittance along the y-a%is.

The thioclignin isolated at 20 pefcent sulphidity and the .organasoclv lignins
isolated at 0.2N acid coﬁéentration were taken for the spectroscopic studies.
The spectrum of Klason lignins, (Fig. 4.01) Willstatter lignins(Fig.4.02),
ethénol lignins(Fig4.03) methanol iignins(Fig.4.04) and thiolignins(Fig.4.05)

of S.sesban, S. aculeata and C. cajan were recorded using perkin-Elmer infracerd

spectrophotometer in the range of 4000 to 600 cm??.

4,1.6 . ULTRAVIOLET ABSORPTION SPECTROSCOPY OF LIGNINS:

Solutions of the carefully purified material tc be used for absorption
spectrum determination were prepared in concentration of 0.1 gm. per liter.

The solvents used were a mixture of 90 parts by volume of purified dioxane and
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10 parts of distilled water. In making the absorption spectrum determinatioms, a
thin cell, giving a solution thickness of about 1 mm. was used for the 90%

dioxane sulutions. Dioxane has avhigh ultraviolet absorption and had to be used in
thin layers if it was to pass any considerable quantity of ultraviolet light and

hence the thin cell was used.

The spec;fa, were measured with the help of spectrophotometer (Perkin-Elmer
- - . A
model) within the wavelength range of 220 to 350 mu. The solvent cell was placed
in a reference beam and the solution cell was placed in other beam. From the values

for transmittance, thickness of the layer of solution through which the light passed,

and concentration of the solution, values for loglO K were calculated accroging to

Caft "

Bear and Lambert combined laws:

T = e~clk
Where T = Transmittance of solution(as compared with solvent)
e = base of natural logarithms.
¢ = concentration of solute in grams per liter.
1 = thickness of solution through which light passed in cm.
apd k = absorption coefficignt.

The value of absorption band with maxima and extinction coefficients for

different lignins were calculated as follows and tabulated in Table-4.7.
10

D = log10 IR T Eex
Where D = Optical density
I0 = Intensity of incident light.
Ix = Intensity of transmitted light at the thickness x of absorbing
layer
E = Extinction coefficient per unit concentration.
¢ = concentration of absorbent (mg. per ml.)
and X = thickness of thé absorbing layer (mm.).

Log10 K plotted against wavelength gave the absorption curve of the

solute. Thr graphs are shown in Fig. 4.06, 4.07 and 4,08,
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4,2.RESULTS AND DISCUSSIONS:

As indicated¢ in Table-4.1, the C, H & CH3O percentage in Klason & -
Willstatter lignins of ‘.. these non-wood fibrous plants are almost same. The
organosolv::lignins of S. sesban, S. aculeata and C. cajan isolated by extraction
from dust with increasing concentration of hydrochloric acid in alcohols showed
that the percentage of carbon and yield of lignin increased whereas the percentage
of hydrogen‘énd methoxyl content decreased with increasing concentration of acid
(Tébles-A.Z & 4,3), The low yield of ethanol and methanol lignins indicated that
almost 507 of the dissolved lignin remained in the aqueoué alcoholic mother liquor.
The values of methoxyl content of methanol lignin: were higher than the ethanol
lignin-, because new methoxyl groups were introdhced into the 1ignin building units

in case of methanol lignins.

Table-4.4 indicated that the alkaline pulping of these non-wood fibrous
material in presence of sodium sulphite introduces sulphur into the lignin melecule.
_.HiéhérCC6ﬁ@éntratioﬁ of sodium sulphite resulted in an increased amount of sulphur
in the isolated lignin. The Klason lignin content of the isolated thioliphin~remainéd
practically the same while the Klason lignin content of pulp decreased. It was also
observed that the max£mum amount.of lignin was delignified from the original raw
materials at a ievel of 20% sulphidity. The methoxyl content of all the isolated
thiolignins were in indirect proportionvwith the sulphidity i.e. as the sulphidity

increased the amount of methoxyl content in thidlignins decreased.

Table-4.5 showed that as the température increased, the lignin recovery
from the spent liquors also increased, but the carbon contént decreased, while on
the other hand the hydrogen and methoxyl content remained practically almost the
same. The sulphur content in the isolated thiolignins increased with an increase

in temperature and practically remained the same after a temperature of 140°¢.,

- a3 at _
: Central Library University of Roorkee
ROORKEE :
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The alkaline nitrobenzene oxidgtion of all these lignins gave
vanillin, syringaldehyde and p—hydroxybenzaldehyde as major products in varying
proportion, indicated the pressence of syringyl-, guaiacyl~ and p-hydroxyphenyl
propane building uniﬁs. The yields of syringaldehyde was higher as compared to
that of vanillin. This suggested that these lignins contained more syringyl-
repeating units than guaiacyl-repeating units. The yield of syringaldehyde in
methanol lignin was higher, and it was due to the higher methoxyl value. The
syringaldehyde to vanillin(S/V) ratios remained practically the same. The

. {
p—hydroxybenaldehyde to vanillin(H/V) ratios. also remained practically the.
same. But (S/V)values were roughly two times higher than the (H/V)values,

indicated the more efficient conversion of syringylpropane:units to

syringaldehyde in nitrobenzene oxidation.
: ' 3

In infrared spectrums of lignins, a band at 3400 cmTl was common to
almost all tybes of lignins and was due to hydroxyl group O-H stretching |
frequencies both phenolic and alcoholic( 5). The band was broadened due to
hydrogen bonding. The intensity of this band was more in ethanol lignin than
meﬁhanol lignin. The absorption band at 3106 to 2900 cm?1 represented various
types of C-H bonds. The shoulder at 2850-2800 cm?1 was assigned to methoxyl
group( 9) and the band at 1735-1700 cm?l was due to carbonyl groups. In
thiolignin, there was no band at 1735-1700 cmT] region which represented that
the principle change occured in C=0 region of thiolignin, similar findings
have beén reported by Marton in the case of pine milled wood lignin and kraft

1 1

lignin(s54 ). The frequencies observed at 1605-1595 cm.”, 1515-1505cm.  and

1460-1420 cmf1 can be assigned as skeletal band of guaiacyl- and syringyl-
type compounds. The two bands at 1600 cm?1 and 1500 Cmtl were characteristic
of aromatic compounds and are due to the C=C vibration of benzene ring. In
soft woed lignins the intensity of 1600 cm'.-1 band is lower than 1500 cm'.‘1 band,
while in hardwood; the intensity of these two bands are approximately equal

or the intensity of 1600 cm—:1 band is greater than 1500 cm?l band. The band
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at 1430-1425 cm—:1 was considered to be ring stretching modes strongly coupled
by‘C—H in plane=deformation. The band at 1460 cm?1 was due to C-H bands
including methoxyl groups. The band in the tegion of 1360-1350 cm?1 was due to

the bending vibration of O-H bonds.

- - -1
Although the bands are appeared at 1330 cm.l, 1220 cm.l, 1160 cm.

- 1120 cmTl, 1090 cm?1 and 1030 cmT1 in the I.R. spectrum, but the origin of

these bands were less clear (There may be slight error due to shift in calibration)
The bands at 1260, 1220 and 1120 cm?l were due to guaiacyl- and 1330 and l220cm?1
due to syringyl-derivatives were assignable to ring breathing with C-0 stretching,
guaiacylic band at 1120 and.1030 cm. were assigned to aromatic C-H in plane
deformation. The band at 1160 cﬁ?l was assigned to both the modes described

above. A general method to distinguish hardwood lignins TV =T

from softwood 1ignins is, the presence of bands at 1270 cmtl and at 1230 cmTl,

but the intensity of band at 1270 cm?l, is more than the intensity of bénd at

1230 cm?l; the band at 1030 cm-.'l is having equal or greater intensity than the
1135-1120 qm?? band in softwoods. The reverse is true for hardwood lignins.

The infrarl...dbsorption bands were also visible below 1000 cm?l regions. The
absorption bands at 900 cm?1 and 830 cm?l, which vary in wavelength depend

upon the electro negativity of the side chain. These bands are characteristic

of syringyl-compounds and are mostly found in tropical hardwoods lignin.

The Qltraviolet absorption spectroscopic studies of lignin showed
that all the UV spectrums showed a decréase from 220 mp to a shallow minima
near 260 mp, with a pronounced shoulder near 230 mp and a characteristic
absorption maxima near 280 mp(Fig.4.06, 4.07 and 4.08). These bands persists
in spite of such alterétions in the lignin molecule as are caused by methylation,
acetylation treatment with methanol, ethanol, acids, sodium hydroxide or
sodium hydrogen sulphide. This fact sugéestej?gtband at about 280 mp was due

to some configuration of atoms in the lignin molecule which was not disturbed

by ordinary substitution reactions and which, in its absorption of radiant

energy, was not influenced by the state or action of other portions of molecule.
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Lignin contained an oxygen ring‘and the oxygen ring was responsible for the
characteristic absorption band of lignin at 280 mp, and the oxygen ring was
unaffected by substitutions in the lignin molecules and was relétively
insensitive to ordinary chemical agents. The values of absorption maxima

ére reported in Table-4.7. These high values could be due to either some change
in the structure of the molecules which -enabled that group responsible for the
absorption band at 280 mp to absorb more strongly or the presence .of a substituent
which also had a relatively high absorption coefficient at 280 mp. Methanol
lignin; Hillstatter lignin, Klason lignin and thiolignins showed the high

value of maxima. The low value in case of ethanol lignin was due to the
-ethoxyl group being split»bff with the methoxyl in the analysis. The high
value for_thiolignin and in fact, the high?value at 280 mp for thiolignin were
possible due to changes in the lignin molecule brought about by the alkaline
cooking conditions. A possible explanation would be that, under the strong

acid conditions in the cooking process, water split off from the lignin molecule,
giving rise to double bonds in conjugation witﬁ the benzene rinés. In any

case, it was evident that atleast the isolated lignin derivatives contain some
kind of larger chromophores(l7,63) than optically iﬁsulated benzene rings,
though the proportion of these large chromophores must be small, since the
absorption coefficient at about 320 mp was relatively low. Hence the double
bonds conjugated with the benzene rings were excluded in the lignin. Thus, with
the exceptions just noted, it appeared thaf the absorption coefficients at

280 mp of the lignins studied; were directly proportional to their native
lignin contents, It was found that bamboo bagasse and grasses lignins

resembled to some extent with hardwood lignins(4,26,59 showed absorption maxima
at 281-283 mp) isolated by means of alcohol, hydrochloric acid and sulfuric

acid, The spectrum of Sesbania sesban , Sesbania aculeata and Cajanus cajan

lignins showed absorption maxima in the range of 280-283 mp.
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4,3.CONCLUSION: . o

On the bases of above studies it was concluded'that: :

1. The Klason and Willstitter lignins have nearly the same percentage

of C,H and methoxyl groups, while the methanol ligﬁin have high methoxyl content
than ethanol lignin.

27 The alkaline mitrobenzene oxidation products of these lignins indicated .
that these are composed of guaiacyl,.syringyl—aqd p~hydroxy phenyl propane, .
units.

3. The lignins of S. sesban, S. aculeata and C. cajan contains both
phenolic and aliphatic hydroxyl groups which appeared to be strongly hydrogen
bonded.

4, The presence of 1730-1700 cm?1 band in I.R spectrum show the presence
of carbonyl group in Klason,‘Willstﬁttef, ethanol and methanol lignin. %he‘
absence of this band in spectrum of thiolignin indicated the absence of carbonyl
group in thiolignin,

5. The absorption bands in IR spectrums at:1600, 1500,1&60;1420&1360 ¢mfl
further confirmed the presence of guaiacyl and syringyl-, groups. Greater
intensity of 1600 cm-.-1 band as compared to that of 1500 cm-.-l suppérted the
presence of p-hydroxyphenyl propane units.

6. Absorption band at 83_0cm?1 accompanied by a weak band at 900 em??
is characteristics of hardwood lignins.

7. Greater intensity of 1120 cm-.-1 band than that of 1030 cm-1 band

indicated that these lignins have similarities to hard wood lignin.

The ultraviolet absorption spectrum study of lignins leads to fact:
that the reaétion of lignin with methonal of alkline pulping .agents increased
its ébsorpQ}on coefficient. The two characteristic bands in the UV spectrums
of lignins at 200 to 230 mp and 280 to 283 mu were specifically/?gributable

to-the oxygen substituted benzeme nucleus in lignin.
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The high absorption in the 300 to 350 mp range indicated the presence
of other chromophoric groups in lignin viz., carbonyl groups. or double bonds

conjugated with the benzene rings.

From the above studies, it was concluded that the lignin of S.sesban,
S.aculeata and C. cajan resembled with hardwood and bamboo lignin rather than

soft wood lignins.
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Table-4.6:Alkaline Nitrobenzene Oxidation Products of Lignin Isolated From

Sesbania sesban, Sesbania aculeata And Cajanus cajan.

Sl.
No.

Plant species

Lignin Oxidation Products (%)

dehyde

de
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Table-4.7:Ultraviolet Absorption Maxima And Extinction Coefficients Of Lignin
Isolated From Non-wood Fibrous Plants.

Extinction

S1. Plant species Types of Solvent Maximum
No. _ lignin coefficient
m W Log E

1. Sesbania sesban Ethanol 90% dioxane 280.5 3.18

Methanol ———=do~~-- 283.0 3.23

Willstatter =—--=do==—-— 282.5 3.21

Klason e d O———— 282.0 3.24

Thiolignin ----do-——- 284.0 3.25

2. Sesbania aculeata  Ethanol ——-~do——-~ 281.0 - 3.20

| Methanol RN P 282.0 3.21

Willstétter ————do-~-- 280.0 3.21

Klason ———do——~~ 282.0 .23

Thiolignin -———do---- 283.5 3.25

3. Cajanus cajan Ethanol ————do—-—- 280.5 3.15

Methanol ——-—dd———— 283.0 3,22

Willstatter ---—-do—---— 282.0 3.17

Klason —w——d - 282.3 3.25

‘Thiolignin  --~~do~—-—- 282.5 3.26
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CHAPTER D
SECTION (A)

PULPING STUDIES

SODA PULPING STUDIES:

The soda process is parﬁiculquy applicable to hardwoods aloﬁgwith
agricultural residues, where the advantages of sdlfidity are of a lower magnitude
than for softwoods and where the generation of odorous sulphur compounds is
also more pronounced than with softwoods. In addition, hardwoods are often used
in paper grades where pulp strength requirements aré not demanding and can be
supplied by the softwood kraft component of the furmish., If care is taken to
avoid overcooking, éoda pulp may be .adequate for the-hardwood component of a
mixéd furnish. '‘Even though caustic is uséd as the chamical makeup in the soda
process, it is difficult to maintain the system completely free of sulfide
since sulphur introduced with the wood, water and fuel oil accumulates iu the

system and is converted to sulfide in the recovery furnace.
5.1.EXPERIMENTAL PROCEDURES:
5.1.1.RAW MATERIAL AND ITS PREPARATION:

The stalks of S. sesban, S. aculeata and C. cajan were collected
from nearby regions of Saharanpur. The stalks of all these plants were chipped
and screened, The chips those passing through 12.7 mm screen but rgtained on
a 6.35 mm screen were collected, The accepted chips were air dried under
atmospheric conditions. The moisture content of fresh(green) ehips vary from

55 to.60%, while that of air dry chips vary from 8-12 7.
5.1,2.PROXIMATE CHEMICAL ANALYSIS:

The proximate chemical analyses of S. sesban, S. aculeata and C. cajan

are given in table-2.3 on page 29.
5.1.3.PULPING STUDIES:
5.1.3.1.0PTIMIZATION OF PULPING CONDITIONS:

All the cooks were made in a laboratory WEVERK tumbling electrically
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heated digester (0.02 M3 capacity). For optimization of pulping conditions; the
cookings were made in stainless steel bombs, containing 100 gm. of 0.D. cellulosic
raw material. The cooking liquor, was then charged to the bombs at atmospheric
conditions. For cooking of S. sesban and C. cajan the liquor to wocd ratio was
maintained at 3.5:1, while in the case of S. aculeata it was maintained at a

level of 4:1. The bombs were sealed and placed in a glycol bath contrclled at

60° C in which the bombs were rotated at & r.p.m., temperature equilibrium was
reachéd within 2 min., after which it was raised to maximum temperature in 90 min.
At theend of the cooks the bombs'were cooled rapidly. The pulp obtained from

each bomb was washed, defibered, screened and evaluated.

©5,1.3.2,INFLUENCE CF TEMPERATURE:

o

In this series of experiments, the soda pulping of S.sesbgn, S. aculeata
and C. cajan were studied at different temperatures ranging from 145° ¢ to 175° c.
The residual 1igﬁin contents associated with the pulp (on wood basis)were
determinéd'and these were plotted versus cooking timg (at temperature) of reaction

(Fig.5.01A) and the results are reported in Table-5.lA.

In figure 5.01A, all the curves‘could be apéroximated by two straight
lines at each temperature investigated. The steeper slope is related with the
rapid solubilization of bulk of the lignin (bulk delignification) and the more
gentlé to the slow solubilization of the residual lignin (residual delignification),
and are having different velocity constants. The bulk delignification corresponds
to the removal of easily assessible lignin present in the middle lamella and the
residual delignification corfesponds to the removal of lignin present in primary
wall, secondary wall and the central interconnections cavity etc. The delignifi-
cation of wood in alkaline pulping is also associéted‘with the solubilization
of significant amounts 6f hemicelluloses(40). These plots clearly indicate that
when the temperatures were decreased from 175°C to iASOC, the cooking time to
reach.transition from bulk to residual delignification and the pulp lignin

content corresponding to this transition point both increased. In other words,
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at the transition point, a lower pulp lignin contents were obtained at 175°¢

than at 145°¢C.

The yield drop of pulps were studied at 165°C With decreasing amounts
of the undissolved lignin. In figure 5.03A straighf lines of distinct slopes
were found for bulk and residual delignificatioﬁ with a sharp bend in the range
of transition. During bulk delignification of pulps, the ratio of lignin to
carbohydrates solubilized was about 1:0.84, 1:0.75 and 1:0.68.for S.sesban,
C.cajan and S.aculeata respectively,‘whereas during reéidual delignification
this ratio was about 1:7.8, 1:6.7 and 1:6.2 for S.sesban, C.cajan.and.S.aculeata
respectively, i.e. about.nine times greater. The high loss of carbehydrates. .
relative to the dissolved lignin found in the residual delignification(40)

suggested that commercial soda pulping should be limited to the range of bulk

delignification only.

The degree of delignifications was determined as follows:
Degree of delignification (DD),%=1-(L/Lo)X100

Where L = Residual lignin

Lo= Initial lignin content in raw material.

.Figure 5.0lA clearly indicated that at lower temperature'range, the
residual lignin content decreased sharply and at higher temperature range, the
vmagnitude of decrease in the amount of residual lignin contents have not much
effect and remains practically constant; Moreover it is achieved at the cost
of increasing the temperature and at higher temperature the degradation of
carbohydrate fraction also increased. The nature of the curves after transition
point is almost horizontal straight line, this clearly indicated that the
bulk delignification phase is over upto this transition point and it is not
economical to continue pulping reaction beyond this particular temperature. It
is not advisable to go for higher temperature beyond 165OC, hence this

particular temperature must be considered as optimum temperature for soda

pulping of these plants.
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To estimaée Arrhenius activation energy of the bulk delignification
in soda pulping of Sesbania sesban, Cajanus cajan and Sesbania aculeata, the
logarithms of the velocity constants (per second) found at temperature investigated
were plotted versus reciprocal of the corresponéing absolute témperature
(Fig. 5.05A), and approximately straight lines were observed. The slope values

energy

muitiplied by the gas constant gives the activation/of the over-all reacpion
(Table-'3 3A). The.Arrhenius activation energy(45) of bulk delignification(in
soda pulping of S.sesban and C.cajan were found to be about 91.9C KJ/mole and
84.14 KJ/mole respectively, while in the case of S.aculeata, it was found to
be 80.34 KJ/mole, which is very low in-comparison to soft wocds{78), whereas
that of residual delignification was only about two thirds of this value in
spite of the fact that lignin solubilisation during residual delignification
is more difficult than during bulk delignification. This indicafed, either

the existence of an association between lignin and carbohydrates in the wood(49)

or the formation of bonds duriﬁg pulping (39,41).

5.1.3.3.INFLUENCE OF ACTIVE ALKALI CHARGE:

The influence of active alkali charge during bulk delignification was
investigated at 165°C using 12, 14, 16; 18 and 207% active alkali(as NaOH) doses,
and the results are reported in Table-5.2A and illustrated in figure 5.02A.

This figure clearly indicated thaf all the curves could be approximated by two
straight lines at eéch alkali doses investigated. The steéper slope is related
to rapid éolubilization of bulk of the 1lignin (bulk delignification) and the
mere gentle to the slow solubilization of the residual lignin(residual deligni-:
fication) and are having different'valogity constants, The'nature of the curves
clearly indicated that when the concentration of active alkali decreased the
cooking time to reach tréﬁsition from bulk to residual delignification and pulﬁ
lignin content corresponding to this transition point, both increased. In other
words, at the transition point, a lower pulp lignin conténts were obtained at |

higher alkali doses than at lower alkali doses.
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Fig.5.02A also élearly_indicated that the magnitude of decfease in
pulp lignin content is high at lower:active alkali doses thah at higher active
alkali doses. The degree of delignification was caléulatéd”after 3 hrs. at 12,
14, 16, 18 and 20% active alkali doses and these were found to be 41.92, 56.37,
64.87, 87.36 and 91.33% respectively in case of S.sesbén, while in ;ase of ‘
C.cajan these were found to be 41:24, 53.52, 67.95, 87.98 and 90.32%. The
degree of delignification was also calculated fo; S!aculeata at 12, 14, 16 & 18%
active alkali doses and these were found to be'49.4é, 69.17, 88.88 and 92.42%
respectively, It seems that the degree of delignifications remain practically
constant beyond 18% active alkali dose iin case of S.sesban and C.cajan, while

in case of S.aculeata, the degree of delignifications remain practically constant

beyond 16% alkali dose.

The plots of active alkali versus Kappa number and pulp yield(Fig.S.OAA)
indicated that the Kappa number decreased linearly with a result of an increase
in active alkali. An optimum.gappa number around 30 is achieved at 18% active
alkali dose in case of S.sesban and 07cajan,.whi1e in case of\S.aéuleata this -
particular value is achieved at 16% active‘alkali aoée. Moreover, the pulp
yields also decreaséd linearly with a Fésulf oﬁjan incréase in éctive alkali
doses upto a limit of 18% in case.of S;sesban aﬁd C.cajan and 16% in case of
S.acuieata, and afterwards the magnitﬁde of decrease in pglp yield is higher,
hence 18% and 16% active alkali may be considered as opt?&um_élkali doses for

-

the soda pulping of S.sesban, C.cajan and S.aculeata respectively.
5.1.4. SODA PULPING OF S.sesban, C.cajan AND S.aculeata:

Further for detailed study, the cookings were made in laboratory
digester. The cooking bf S.sesban and C.cajan were made with 18% active alkali
(as NaOH), while the cooking of S.aculeata was made at 16% active alkali
(as NaOH) charge; using the same process condition as used in bomb cooking,
The time required to reach the maximum temperatureof“l65°c was 90 min., and

time at temperature was 180 minutes. After completion of cookings the pulps
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were taken out from the digester, washed on a flat stationary screen having

100 mesh wire bottom for the removal of residual cooking chemicals, and further

disintegrated in laboratory disintegrator. The disintegrated pulps were

screened through a vibratory flat WEVERK screen with-0.15 mm. slits. The screened

pulps were further analysed. and the results of over-all pulpings are reported

in Tables 5.1A and 5.2A.
5.1.5.S0DA-ANTHRAQUINONE PULPING:

Many different additives have been used to improve the yield and

‘quality of soda pulp. Among the additives can be mentioned, sodium borohydride,

hydrosulphide and a number of cyclic quiﬁone compounds of which anthraquinone(AQ)

has given quite encouraging results. The influence of AQ as an additive in the
'soda pulping was studied by adding 0.1% AQ on dry wood basis. The cecking
. conditions, pulp yield and physical strength properties are reported in

Table 5.64.

P

5.1.6.BLEACHING STUDIES:

The unbleached pulp of S.sesban, C.cajan and S.aculeata were
use of
bleached:by the/ CEHH bleaching sequences. The bleaching conditions alongwith

their results are tabulated in Table-5.4A.
5.1.7.FIBRE CLASSIFICATION STUDIES:

The fibre classifiéation studies of S.sesban, C.céjan and S.aculeata
soda pulps were made with the help of Bauer- licNett fibre classifier with mesh
screen numbers 20, 60, 80 and 125, The results are reportedfin Table 5.9A. The
photomicrographs of unbleached and bleached, unbeaten and beaten pulps fibres

of thése plants are shown in annexure on page 166 to 171.
5.1.8.PULP EVALUATION STUDIES:

The unbleached and bleached pulps were separately beaten in PFI(73)
mill to different freeness levels. Standard sheets of 60 g/m2 were made on

British sheet forming machine; pressed and dried as per IS method(32). These
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sheets were conditioned at a temperature of 25-26°C and 60-65% relative humidity
and evaluated for various physical strength properties(32). The results of pulp
evaluation of unbleached and bleached pulps both are reported in Tables-5.5A

to 5.8A respectively.
5.1.9.SPENT LIQUOR CHARACTERISTICS:

The spent liquors obtained as aresult of soda pulping of S.sesban,
C.cajan and S.aculeata were analysed for total solids, residual active alkali,
organics, inorganics and calorific value as per TAPPI standard methods and the

results are reported in “Table 5.10A.
5.2.RESULTS AND DISCUSSIONS:

- The unbleached S.sesban, C.cajan and S.aculeata pulpg showed excellent
response to bleaching by '~~~ . 'CEHH bleaching sequence- qu obtaining a high
degree of brightness. The unbleached pulps brightness were 35-37Z(Elrepho). In
these bleaching studies about 25% chlorine of the Kappa numbef was appliéd.
During chlorination stage, 60-70% chlorine of the total chlorine was used, which
was almost totally consumed. The alkali requirémenfs'ﬁere“abouf‘l.SZ in the
extraction stage. The application of-about 2% chlorine as caiéinm hvpochloriteL
in the hypochlorlte first stage(H ) gave pulps of around 72% (Iirepho) brlghtness.
To get pulps of better brightness, CEHH sequence was applied. In hypochlorite
second stage (H ) about 1% chlorine(és caléium'h&pbchlor{tej was used, which

brightness

gave pulps of 767 (Elrepho)/ The bleached pulps viscosity wvalues are quite

comparable to that of bamboo and other tropical_hardwoods.

The’results of unbleached and bleached S.sesban, C.cajan and S.aculeata
pulps evaluation are shown.  in Tables-5.5A to 5.8A. These results indicated
that the initial freeness and drainage time of both fhe pulpé Qere found to-
be higher in comparlson to that of bamboo pulp at the same freéness level. The
freeness of unbeaten pulps were found to be around 14- 16° SR The sheets formed

from unbeaten pulps were having apparent density around 0.60—0.63 g/cm3.
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apparent I
The' plots of pulps freeness versus/density, tear, tensile, burst

indexes, folding endureance and porosity of S.sesban, C.cajan and S.aculeata
unbleached pulps at various levels of freeness have shown in fig. 5.06A,

while the same plots fof bleached S.sesban, C.cajan and S.aculeata pulps have
shown in fig.5.07A. These plots clearly indicated that the apparent density,
burst index, folding endurance, éensile index are in direct proportion with the
freeness of the pulps i.e. all these properties showed an improving trend with

'a result of??ncrease. in freeness upto?certain level of freeness, while the

tear index of both the unbleached and bleached pulps of S.sesban, C.cajan and
S.aculeata first showed a little enhancement and than sharp decline continuously.
The porosity is in indirect proportion with the freengsg of pulps i.e. porosity
showed a contimious decreasing trend as the freéness increases as a result of
beating. The ble;ched pulps showed a good value for opacity. On the basis of
these results it can be concluded that both thé unbleaéhed.and bleéched S.sesban,
C.cajan and S.aculeata pulps showed good strength characteristics except for
tear. An optimum freeness level for é.sesban, C.cajan and S.aculeata pulp may

be considered around &%tZOSR and beyond this the beating should not be continued.

The compariéon of the total pulp yields of soda pulp to that of soda
AQ pulps ag same gappa number showed that the yield increased with the addition
of small amounts of AQ during‘pulping. Addition of 0.1% AQ raised the yield by
approximately 3% units compared with the cooks without AQ. In bleaching, the
total chlorine consumption is nearly the same in both the cases, The viscosity
of bleached soda-AQ pulps are slightly higher than the bleached soda pulp. The
ﬁhysical strength properties of soda-AQ pulps showed somewhat improvement over

the soda pulps at the same Kappa no. The brightness of soda-AQ pulps are lower

than the soda pulps.

The results of spent liquors analysis obtained after soda pulping of S.sesban,
C.cajan and S.aculeata: under the optimum conditions are given in table 5.10A.

The total solid contents in spent liquors were towards little higher side and
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and these are due to the shorter fiber length of S.sesban, C.cajan and S.aculeata.fibre
The calorific values of spent liquors were little higher‘than bamboo soda spent

liquor and these are dug»to the presence of high solid contents. The silica

contents in the spent liquors were found to be very'low. The lower silica contents

and higher calorific values of4S.sesban, C.cajan and S.aculeata spent liquors

are adv;ntageous factors towards the energy conservation in the chemical recovery -

-

system,

5.3.CONCLUSION:

At each temperatures 1eve1 studied, the undissolved lignin plotted
versus cooking times showed approximate linearity,_but the rate constanté of
the two mechanism were different. The mechanism of alkaline Qelignification with
greater rates constant was found to be related with bulkidélignification, and the
other.to residual delignification. The Arrhenius activation energy of bglk
delignification in soda pulpingof :S.idesbar,C;cajan and S.aculeata were about
91.90, 84.14 and 80.34 KJ/mole, respectively. During residual delignification
at 165 °C in soda pulping, the carbohydrates loss per unit weight of lignin
‘solubilised was about nine times greater than that in the bulk delignificatiom.
This indicated either the existance of an association between lignin and
~carbohydrates in wood or the formation of bonds during pulping. The pulf
showed good bleach response. The : CEHH. bleaching sequence was used to
get a bleached pulps with a brightness level of 76-80%(Elrepho). Both

bleached and unbleached pulps showed good strength properties.

The soda-AQ pulping gave positive results for the possiblities of
vimproving the soda pulping method to one that is fully commensurate with kraft
cooking. It can be concluded that the addition of AQ has a favourable
influence on both the pulp yields and all the quality properties determined

except for brightness.
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Table-5.1A:Effect of Temperature(145°C to 175°C) at 18% Active Alkali (as NaOH)
For S.sesban And C.cajan & 167 For S.aculeata During Soda Pulping.

Temperature Time at S.sesban C. cajan S. aculeata
o temperature Yield Lignin Yield Lignin Yield Lignin
- (C) (Hr.) (%) (%) (%) (%) (%) (%)
145 1.0 62.7 15.25 63.2 15,50 62.5 15.10
1.5 61.1 13.50 61.3 13.80 60.0 13.50
2.0 59.4 . 12,20 60.0 12.50 57.4 12.20
2.5 56.0 10.75 56.4 11.00  54.7 10.60
3.0 54.6 9.60 55.7 9.78 51.8: 9.30
3.5 52.7 8.32 52.8 8.12 50.0 7.76
4.0 51.3 7.50 50.4 6.50 48.7 6.25
5.0 48.2 6.00 48.5 6,30 48.0 6.20
. 155 1.0 61.2 14.13 61.9 13.75 58.6 13.72
: 1.5 56.8 12.00 59.1 11.70 56.2 11.88
2.0 53.5 9.75 56.4 10.00 54.5 9.98
2.5 49.0 7.91 54.6 8.00 53.7 7.60
3.0 47.5 6.30 52.0 6.20 51.9 5.00
3.5 46.0 4,70  48.8 4.72 51.0 4.50
4,0 45,8 4,12 45,2 4,00 49,2 4,20
5.0 44,6 3.48 44.5 3.20 47.0 3.60
165 1.0 55.8 12.90 57.4 12.20 56.4 12.50
1.5 53.1 10.50 55.6 9.65 54.2 10.00
2.0 50.2 7.40 53.0 7.00 52.5  7.50
2.5 £7.8 5.10 51.5 4,98 50.6 4.95
3.0 45.7 2.23 49.0 2.25 48.5  2.20
3.5 42.8 2.10 46.0 2.20 45.2 2.08
4.0 41.5 1.90 44.5 2.00 41.8 2.00
. 5.0 38.6 1.56 44,7 1.80 41.0 1.82
175 1.0 53.9 12.20 54.5 11.50 55.0 11.80
1.5 51.5 9.00 52.1 8.80 52.8 9.00
2.0 47.9 6.50 50.2 6.40 51.4 6.25
2.5 44 .7 3.40  48.4 3.90 47.8 3.70
3.0 40.2 1.80 44.8 1.80 41.0 1.30
3.5 36.4 1.50  41.2 1.78 35.6 1.27
4.0 35.2 1.27 38.6 1.56 33.0 1.00
5.0 34.3 1.12 36.5 1.30 31.5 0.80
Time from 30°C to 105°C = 30 minutes

From105°C to maximum temperature = 60 min.
Wood to 1liquor ratio = 1 : 35. For S.sesban and C.cajan
b4
= 1:4/§? aculeata.

i

=~ [
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Table-5.3A:First Order Rate Constant For Bulk Delignification In Soda Pulping

0f S.sesban, C.cajan And S.aculeata.

s s, et e e S

o Rate constant KS™!
Temperature € = =ccemmmm e - —-—

S.sesban C cajén S.aculeata
145 0.6461 X 10™%  0.6397 X 10~  0.7676 X 107"
155 1.1195 X 107 1.1200 x 107 1.4714 x 1074
165 2.3509 X 10°%  2.3949 x 107%  2.5588 x 107"
175 3.4986 X 107" 4 4

3.6464 X 10~ 3.9023 X 10~

Activation energy 21.96 Kcal/mole 20.13 Kcal/mole 19.22 Kcal/mole
91.90 KJ/mole 84.14 KJ/mo;e 80.34 KJ/mole
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Table-5.4A:Bleaching Conditions And Results Of Soda And Soda-AQ Pulp Of S.sesban,

o

C.cajan And S.aculeata.

S1. Particulars S.sesban C.cajan S.aculeata

No. e ——————————_———— e e
Soda Soda—AQ Soda Soda-AQ Soda Soda-AQ
1. Unbleached pulp Kappa fio. 30.00 32,00 31.00 32.00 29.20  31.40

2. Chlorination stage (C)
Amount of Cl, added on pulp % 4,70 5.00 4.85 5.00 4.27 4.90
Amount of Cl, consumed on pulp % 4.68 4.99 4.84  4.98 4.25 4.89

Amount of Cl, consumed on C12

basis % 99.57 99.80 99.79 99.60 99.50 99.80

Final pH ' 1.98 1.95 2.10 2.04 1.90 1.97
3. Alkali extraction stage(E)

NaOH added on pulp % ' 1.50 1.50 1.40 1.50 1.60 1.50

Initial pH 11.60 11,57 11.50 11.46 11.61 11.52

Final pH 10.42 10,38 10.30 10.21 10.32 10.18

4. Hypochlorite Ist Stage(H;) \
Hypo added as avail. Cl, on pulp% 1.82 1.92 1.90 1.90 1.85 1.88
Hypo consumed as availa%le Cl,

on pulp % : 1.70 1.85 1.86 =~ 1.87 1.80 1.82
Hypo consumed on Cl, basis % 93.40 96.30 97.89 98.42 97.29 96.80
Findl pH 7.98 . 7.80 8.21 7.86 7.95 7.90

5. Hypochlorite IInd Stage(H9)
Hypo added as avail. Clj on pulp% 0.92 0.80 0.77 0.80 0.7¢C 0.76
Hypo consumed as available Cl,

on pulp % 0.83 0.74 0.72 0.77 0.63 0.70
Hypo consumed on Cljp basis % 90.00 92.50 93.40 96.30 89.60 92.10
Final pH 7.70 7.40 7.80 7.50 7.70 7.60
6. Total C12 added on pulp % 7.44 7.72 7.52 7.70 6.82 7.54
7. Total Cly consumed on pulp % 7.21 7.58 7.42 7.62 6.68 7.41
8. Bleaching losses 7% : 9.57 9.80 10.40 10,10 9,80 10.20
9. Bleached pulp yield % 40.80 41.90 43.00 43.98 42.90 43,30
10. Pulp brightness (Elrepho) 7% 75.40 75.00 76.00  75.20 75.70 74.80
11. Viscosity, C.E.D.(0.5%)cp ' 9.80 10.00 10.20 10,40 10,00 10.30
Bleaching Conditions: . C - E H, H,
Consistency (%) 2.8 10 9 9
Temperature (°C) 2742 55+2 4542 45+2

Time (Minute) 30 120 60 120
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Table-~5.9A:Bauer- McNett Fibre Classification Of Soda Pulps.

80

S1.No.

Mesh size S. sesban

. C. cajan .

S.

aculeata

Unbleached Bleached Unbleached Bleached Unbleached Bleached
(%) 14(°SR) (%)16(°SR) (Z)14(°SR) (%)17(°SR) (%)15(OSR) (%)16(°SR)

Kappa no.31

Kappa no.29.5

Kappa no.30
+20 15.0 2.0
~-20+60 46.7 34.4
-60+80 20.0 29.0
-80+120 8.0 14.0
-120 10.3 20.6

13.0
47,0
21.6

10.9

38.0
27.0
13.8
19.0

Table-5.10A:Soda Spent Liquor Characteristics Of S.sesban, C.cajan & S.aculeata,.

S1.No.

Particulars

o ot e St P St S S ot o e e S e o s o S S o g e e e e . o o s S

Black liquor solids 7% 24.54

Residual active alkali, 3.70
g.p.1l.

Inorganic as NaCH % 24,78
Organic 7% 75.22
Silica % - 2.96
Calorific value KJ/kg. 11702
Brookfield viscosity 13.90
at 30°C, Lv spindle Nolicp.

pH of liquor at 30°C 10.13
°Tw at 30 °¢ 17,00

VALUES

cajan aculeats
22.85 28.64
3.90 3.50
25.26 31.41
74,74 72.59
3.08 3.20
11863 12017
13.60 13.80
10,40 10.40
18.80 20.50

Bagasse(44)

e e e e o e ot e o o ko i e S P e e o . S S Y A} S S e S P it e o e iy B B e T . e G P S OO S W TR e G s P e S S .
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SECTION (B)

KRAFT PULPING STUDIES:

Pulping converts wood chips into separate fibres, by the chemical
reaction between lignin and the active chemical in the cooking liquof, NaOH
and NaZS. The reactions that occur Between wood and alkaline coo%ing liquors
are extremely complex and incomplétely understood. The solubilisation of
lignin obviously requires reduction of polymer size and the formation of
hydrophilic groups. Lignigeriyative;re¢ipitated from black liquor by acid
contain more acidic hydroxyl groups than doeé native lignin. It appeér; that
the formation of additional hydroxyl groups occurs during cooking possibly

from the hydrolysis of methoxyl, from the furan or pyran ring opening or

from the breaking of a linkage between lignin and’carbohydrate.

At elevated temperatures (over 160 °C), aqueous alkali hydrolyses
manyB-{%ﬁ;linkages of native lignin, cleaving the polymer chains and contributiné
to solubility. During alkaline cooking, chemical attack upon hemicellulose énd
lignin occurs more or less simultaneously, as it does in all commercial cooking
processes., Carbohydrates in the spent liquor occur as sodium salts and are
degraded in molecular weight such that these residues are not precipitated by
acid. The pulping process takes place in a three phase system: (i) the solid
phase, consisting of the wood chips:(ii) the liquid phase where moisture is
inside the chips; and the chemical solution, or cooking liquor, is outside the
chips (early in the cook, at least, these are actually two separate liquid
phases): and (iii) the gas phase which is made up, in the case of kraft pulping,
of gases located in the lumens of the fibres. Such a system includes not only
actual chemical reactions, but also several physical phenomena such as sub
division of the solid phase, flow of fluids, diffusional processes, flow of

heat, etc.

The addition of the sulfide ion accelerates the rate of delignification,

with less damage to the cellulcse and hemicellulose. The generally accepted
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theory postulates that the sulfide brings about episulfide’ - in the propane «
¢hains cohnectingtﬁe“phenolic groups in lignin molecule. Further, reaction
brings about a breaking of the lignin molecule into smaller segments, whose
sodium salts are scluble in the cooking liquog. The NaZS has a further advantage
in that it hydrolyses to NaHS and NaOH. As NaOH is consumed in the reaction,
iigh

more NaOH is made available by this hydrolysis, thus avoiding excessively

concentrations of NaOH in the liquor supplied to the cook.

5.1.EXPERIMENTAL PROCEDURES:
5,1.1.PULPING STUDIES:
5.1.1.1.0PTIMIZATION OF PULPING CONDITIONS:

' The methods of raw material preparation are given on page 63. The
pulping studies were made in a laboratory WEVERK electrically heated tumbling
digester. The cookings for the optimization of kraft pulping conditions were
made in small stainless steel bombs containing 100 gms. of even dried cellulosic
’raw material. The cooking of S.sesban, S.aculeata and C.cagan were made by ‘
maintaining the proper liquor to wood ratio, and with different doses of active

alkali(12-20%), different sulphidity levels(10-25%) and at different temperatures

(140—170°C). These pulps were then washed, defibred, screened and evaluated.

5.1.1,2,INFLUENCE OF TEMPERATURE:

In the present investigation, the kraft pulping of S.aculeata, S.sesban
and C.cajan at 20% sulphidity and at different temperatures ranging from 140-
170°C were studied. The S.aculeata was cooked.at 14% active alkali dose, while
the S.sesban and C.cajan were cooked at 16% aétive alkali doses. The residual
lignin confent associated with the pulp(on wood basis) were determined(Table-5.1B)
and these were plotted against the cooking time of reaction as shown in fig.5.01B.
These curves cleérly indicated that the curves could bé approximated by two
straight line at each temperature investigated. The curves with steeper slopes
are related with the rapid solubilisation of bqlk of the lignin(bulk delignification)
and the curves with more gentle slopes are related with the slow solubilisation

of the residual lignin(residual delignification).
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Both ﬁarts of these curves are having different velocity contants. Theée plots

also clearly indicated that as the temperatures were decredsed from 170 4140 °c,

the cooking times to reach tramsition from bulk to residual delignificatién and

the pulp lignin contents corresponding to this transition beth increased. The

degree of delifnifications were calculated as in the,case of soda pulping. These
(5.06B) : : 4

figures/also indicated that at lower temperature range the residual lignin contents

decreased sharply, while at higher temperature range, the magnitude of-decrease

in the amount of residual lignin contents were not so pronounced,. Moreover at

higher temperatures the degradation of carbohydrates fraction also increased and

it is not advisable to go for higher temperature beyond 160°¢C. The nature of the

curves after the transition points are almost horizontal straight lines clearly

iﬁdicating that the bulk delignification phases are over upto these transition

points and it is not economical to continue the cooking beyond this optimgm

temperature. The Arrhenius activation energy of thé bulk delignifiéation in s

kraft pulping of S.aculeata, S.sesban and C.cajan were calculated and reported

" in Table-5.3B.
5.1,1.3.INFLUENCE OF ALKALI CHARGE:

As indicated above, the kraft pulping of S.aculeata, S.sesban and
C.cajan should be terminated at the tranmsition pqint (i.e. 160 OC) between bulk
and residual delignification phases. In fapid kraft pulping, the éonsumption of
activé alkali was found to be constant over a wide range of alkali charge (48).
Further‘more it was found that the excessive active alkali charge which
remains'ungonsumed during the course of pulping, adversly decreases the pulp
viscosity. The plots of pulp yields Vs. active alkali doses (fig.5.04B) also
indicated that in case of kraft pulping of S.aculeata, an active alkali charge
beyond 14%; while in case S.sesban and C.cajan, an active alkali dose beyond 16%
degrades the carbohydrates fraction quite'severely; thereby decreasing the
pulp yields. The plots of Kappa numbers Vs. active alkali doses (Fig. 5.04B)

also indicated the degree of delignification during the course of kraft pulping
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The yield droﬁ'of the pulps (calculated free of lignin) were studied
at 160 °C using 147 active alkali charge for S.aculeata, and 167% for S.sesban
and C.cajan at 20% sulphidity. The results of this series of experiments are
shown in fig. 5.03B. At these reaction conditions, ail ;oints approximate the
same line consisting of two straight line portions with distinct slopes connected
by a sharp bending in the range of traﬁsition from bulk to residual delignification.
During bulk delignification of pulps, the ratio of lignin to carbohydrates
solubilised was abcut 1:0.63, 1:0.60 and 1:0.67 for S. aculeata, S. sesban and
C. cajan respectively, whereas during residual delignification this ratio was
about 1:6.8, 1:6.4 and 1:7.2 for S. aculeata, S. sesban and C. cajan respectively,

i.e. about eleven times greater.

In accordance with fig. 5.03B; the cooking temperature had relatively
Clittle influence upon the ratio of lignin to carbohydrates solubilised during
the course of bulk delignification. This supported the suggestion that in the
alkaline delignification of wood there is a definite relationship between the
solubilisation of lignin and cellulosic portions (40). The high loss of
carbohydrates relative to the d;ssolved lignin found in the residual delignification
suggested that commérqial.kraft pulpiﬁg should be limited to the range of bulk

delignification only.

The graphs were also plotted between sulphidity and'Kappa number (Fig.5.05B).
These curves clearly indicated that there is a sharp decrease in Kappa number
upto a sulphidity levels of 207 and beyoﬁd this level of sulphidity, the effect
of lowering in Kappa number is notlso much pfonouncéd as in fhe case of lower
level of sglphidity. It can be said that beyond this particular level of sulphidity,

the effect of using high sulphidity is almost diminished.
5.51.2,KRAFT PULPING OF S.aculeata, S.sesban AND C.cajan:

The kraft pulping of S. aculeata, S. sesban and C. cajan were made in
laboratory WEVERK electrically heated tumbling digester. The cooking of S.aculeata

was done at 14% active alkali dose_(as Naéo), while the cooking of S.sesban and
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of S.aculeata, S.sesban and C.cajan. An optimum gappa number around 30 was achieved
at an active alkali charge of 147 in case of S. aculeata, while in case of S.sesban

and C.cajan, this particular level was achieved at an active alkali charge of 167%.

+

5.1.1.4.INFLUENCE OF SULPHIDITY:

In order to know the influence of sulphidity during the course of kraft
pulping of S.aculeata, S. sesban and C. cajan, the cookings were done at 160 °C
with 147 active alkali charge in case of S, aculeata, while in case of S.sesban
and C. cajan, 167 active alkali charge using different levels of sulphidity viz.,
10%, 15%, 20% and 25%, and the results of these experiments (Table-5.2B) have
beeg plotted in fig. 5.02B. fhe curves follows the same pattern as in the case
of influence of temperatures. The steeper slope of the curves represented the
rapid, solubilisation of bulk of the lignin and the other part of the curve

represented the residual delignification.

These curves clearly indicated that at lower sulphidit& levels, the
variation in the amount of residual ligﬁin content; is too much in comparison to
variation at higher sulphidity levels. There were practically no variation in the
amount of residual lignin contents beyond 20% sulphidity level, therefore 20%
sulphidity may be considered as optimum level of sulphidity, as there is

practically no gain of using higher doses of sulphidity.

The degree of delignificatibns were calculated at transition points.
These were calculated after 1.5 hrs. for S.aculeata and after 2 hrs. for S.
sesban and C.cajan at 10, 15; 20 and 25% sulphidity levels: The corresponding
values of degree of delignifications at these particular leveis of sulphidity
are 46,44, 62,76, 89.19 and 90.30 for S.aculeata, and 46.18, 60.68, 87.65 and
89.58 for S.sesban, and 53.26, 73.29, 88.78 and 89.58 for C.cajan respectively,
The degree of delignification increased with an increase in sulphidity levels and
it seems that there were practically no difference in the degree of delignification
at 20% and 25% sulphidity levels; Hence it 1s not advisable to use sulphidity

beyond 20% for kraft pulping S.aculeata, S.sesban and C.cajan.
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C.cajan were made at 16% active alkali dose (as Naéo). The liqﬁor to wood ratio
of 3.5:i was maintained for S.aculeata and 3:1 for S. sesban and C. cajaﬁ. The;e
studies were conducted at a temperature of 160 °C using 20% sulphidity. After
completion of the cooking, the pulps were washed on a laboratory flat stationary
screen having 100 mesh wire bottom for the removal of residual cooking chemicals,
and further disintigrated in the laboratory disin;igrator. The disintigrated
pulps were screened through a vibratory flat WEVERK screen with 0.15 mm slits,
The screened pulps were further eyaluated and the results of over-all pulpings

are reported in Table-5.4B,
5,1.3.KRAFT-ANTHRAQUINONE PULPING:

The use of anthroquinone (AQ)as an additive for kraft pulpin%~to
increase pulping efficiency and pulp yield is now well known. Its effectiveness
however is considerably species dependent and for this reason a study was
initiated to evaluate its potential as an additive for kraft pulping of these
non-wood fibrous ﬁlants. The kraft—AQ pulping studies on S. aculeaté, S. sesban
apd C. cajan have been done by adding a small amount of AQ(0.1%) on 0.D. wood
basis. The pulping conditions and results of krgft—AQ pulping are tabulated in

Tables-5.3B& 5.7B.
5.1.4.BLEACHING STUDIES:

The kraft and kraft-AQ unbleached pulps of S. aculeaté, S. sesban and
C. cajan were bleached using CEHH bleaéhing sequence. The pulp bleaching conditions

alongwith their results are tabulated in Table-5.5B.
5.1.5.FIBRE CLASSIFICATION:

The fibre classification studies of S. sesban, C. cajan and S. aculeata
kraft pulps were made with the help of Bauer- McNett fibre classifier with mesh
screen numBers 20, 60, 80 and 120. The results are reported in table 5.10B. The
photomicrographs of unbleached andlbleached, unbeaten and beaten pulps fibres of

these plants are shown in annexure on pagelé6.to 171.
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5.1.6.PULP EVALUATION STUDIES:

The unbleached and bleached pulps were separately beaten in PFI(73) mill
to different freeness le&elé. Standard sheets of 60 g/m2 were made on British sheet
forming machine; and evaluéted for various physical strength properties as per IS
method(32) The results of pulp evaluation of unbleached and bleached pulps both are

reported in Tables-5.6B to 5.9B.
5.1.7.SPENT LIQUOR CHARACTERISTICS:

The spent liquors obtained as a result of kraft pulping of S. aculeata,
S. sesban and C. cajan were analysed for its total solid contents, residual alkali,

-

organic and inorganics and calorific value as per TAPPI standard method and the

results are recordeﬁ inTTable 5.11B,
5.2.RESULTS AND DISCUSSIONS:

The results of pulping experiment as indicated in table 5.3B revealed
that the chemical requirements are 14% to 167% (as Na20) for S. aculeata and i6Zto
187 (as Nap0) for S. sesban and C. cajan were required to get pulps with 30-22
Kappa number at a 'H' factor values of about 750 in case of S. aculeata and for
the S. sesban and C. cajan the 'H' factor value is 947. The results of these
experiments clearly suggested tﬁat the chemical requirements are about 2-3% leés
than that required for the pulping of bamboo and many other tropical hardwood,
incase of S, aculeata. Besides the pulping conditions were mild, the total pulp
yield was around 46-50% in the Kappa number range of 22-30, quite comﬁarable to

that of bamboo and many tropical hardwoods.

The unbleached S. aculeata; S. sesban and C. cajan pulps showed excellent
response to bleaching by CEHH sequence for obtaining a high degree of brightness,
In these bleaching studies about 257% chlorine of the kappa number was applied,
during chlorination stage, 60 to 702 chlorine of the total chlorine demand was

used, which was almost totally consumed. The alkali requirements in the extraction
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‘

stage were about 1,57%. The application of ébout 1.5 to 2% chlorine as calcium
hypochlorite in the first hypochlorite stage(H;) gave pulps of around 75%(Elrepho)
brightness. To get pulps of better brightness, CEHH sequence was applied. In
hypochlorite second stage(Hy) about 1% chlorine (as calcium hypochlo;ite) was used,
which gave pulps of 78 to 80%(Elrepho) brightness. It is quite certain that about
1.0 to 1.5% less chlorine as calcium hypochlorite was required in the hypoéhlorite
stages .than that required for bamboo or tropical hardwood pﬁlps for bleaching upto

the same degree of brightness, The pulps viscosity values are quite cbmparable to

that of bamboo and other tropical hardwoods.

The results of pulp evaluation as indicated in Tables-5.6B t6_5.9B
revealed that the pulps of these non-wood fibrous plants beat easily. The initial .
freeneés and drainage time of both the unbleached and bleached pulpé are found to
be higher;.when compared to that of bamboo or hardwood pulps. The freeness of
unbeaten pulps were found to be around 12-15 °SR. The sheets formed were of higher
density ‘and even the hand sheets of unbeaten pulps were having apparent sheet

density around 0.62 to 0.70 gm/cm3, which is the value obtained around 32 °sr

freeness in the case of bamboo pulps.

The plots of pulp freeness versus apparent density, tear, tensile, burst,
folding endurance and.porosity of S. aculeata, S. sesban and C. cajan unbleached
pulps at various levels of freeness have shown in fig.5.07B, while the same plots
for bleached S. aculeata, S. sesban and C. cajan pulps have been shown in fig.5,osﬁ_
These plots clearly indicated that the apparent demsity, burst index, folding
endurance; tensile index are in direct proportion-with the freeness of the pulps
i.e. all these properties showed an improving trend with a result of an increase
in freeness upto a certaln level of freeness, while the tear index of both the
unbleached and bleached pulps of S. acu;eata, S. sesban and C. cajan first showed
a little enhancement and then continouély decreased. The porosity is in indirect
proportion with the freeness of pulps i.e. porosity showed a continuous decreasing

trend as a result of an increase in freeness level. On the basis of these -

et Aoy, L — e S e e N e . . . e e —



89

plats; it can be concluded that both the unbleached S. aculeata, S. sesban

and C. cajan pulps showed good strength characteristics except tear, upto a
certain ievel of freeness and beyond this the trend reverse. An optimum
freeness level for S. aculeata, S. sesban and C. cajan pulps may be considered

)
around 42 + 2 SR and beyond this the beating should not be continued.

A major factor in determining the profitability of kraft-AQ pulping
is theimagnitude of the yield increase obtained with AQ at a given Kappa number,
as this estra pulp is obtained at no extra cost apart from the cost of the AQ.
To obtain the same Kappa number in k?aft—AQ pulping, less cooking time is
required in comparison with kraft.pulping. The bleached kraft-AQ pulps have
low value of brightness than the kraft pulps. The S. aculeata, S. sesban and
C. cajan kraft-AQ pulps showed a slightly improvement in all the strength

properties except tearing strength.

The‘results of kraft spent liquors analysis obtained as a result of
the kraft pulping of S. aculeata, S. sesban énd C. cajan under the above
optimum conditioné are given in Table-5.11B. The calorific values of these
spent liquors are little higher than bamboo kraft spent liquor due to the
presence of high solid contents. The silica contents in the spent liquors
was found to be very low in comparison to bamboo kraft spent liquor. The less
silica contents and higher calorific wvalues of these spent liquors are an
advantageous factor towards the energy conservation in chemical recovery

process.
5.3.CONCLUSION:

In alkaline delignificationiof these non-wood fibrous raw materials,
two distinct overall mechanismé are involved and each of which resembled &
first order reaction pattern. The mechanism with greater rate constants was
found to be relatéd to bulk delignification and the other to residual

delignification. The Arrhenius activation energy of bulk delignification in
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kraft pulping of S. acuieata, S. sesban and C. cajan were found around 81.59,
90.79 and 86.69 KJ/mole respectively, these values are quite low in comparison

to softwoods and hardwoods.

The pulps showed good response towards bleaching and the chemical
consumption during bleachings were low. The CEHH bleaching sequence was

used to get pulps with higher brightness.

The S. aculeata pulp beat fast in comparison to S. sesban and C.
cajan pulps and these pulps should not be-beaten for a long time or to a very
high degree of freeness in order to preserve tear and opacity. The pulps
freeness in the range of 42 + 2 °SR seems to be optimum for the development of
strength properties; thereby showing a net saving of sdbstantial amount of
energy during beating’opération.’Both the unbleached and bleached kraftlpulps
of S. aculeata, S. sesban and C. cajan showed good strength properties except
tear. The use of AQ in conjunction with the kraft process to produce bleachable
grade pulps from these non-wood fibrous plants is beneficial in increasing the
rate of delignification and enhancing the yield of pulps. The addition of
small .amounts of AQ(0.1%) showed the pulp yield gain about 27%. There were no
significant differences between the strength properties of the kraft-AQ pulps

and kraft pulps. The only difference was a slight decrease in tearing strength.

The total solid contents in the kraft spent liquors of these non-
wood fibrous plants are towards little higher side thereby increasing the
calorific values. The silica contents were also found to be gquite low. The less
silica contents and higher calorific wvalues of these spent liquors are an
advantageous factor towards the energy conservation in chemical recovery

processes.
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Table-5.2B:Effect of Sﬁlphidity (10% to 25%) At 16% Active Alkali (As Nas0) For

S. sesban and C. cajan, 14% Active Alkali for S. aculeata During Kraft

Pulping.
Sulphidicy Tine gt Sesbania sesban __ Cajanus cajan ___ Sesbania aculeata _
%) (Hrs.) Residual Kappa. Residual Kappa Residual Kappa
S L. llgnin(Z) _ mo.  lfgnin(%)  mo. _ lignin(Z) _mo.

10 0.5 ——— —~— -— -— 16.20 -

1.0 13.20 - 13.40 -—— 13.50 -——

1.5 11.50 — 11.20 - 10.60 48.5

2.0 9.50 44,2 8.75-  46.0 8.50 —_—

2.5 7.30 — 6.80 —-—— 6.00 —

3.0 5.50 — 6.20 - 5.80 ——

4,0 5.20 ——— 5.70 — 5.38 —_—

5.0 5.00 -—— . 5.20 — 5:00 Cm———

15 0.5 - - —_— — 15.40 —_—

1.0 12.00 ~~= . 11.96 - 11.86 —

1.5 9.47 -— 8.75 —— 7.37 39.0

2.0 6.94 38.0 5.00 36.5 4,25 ——

2.5 4,38 - 4.50 — 3.70 -

3.0 4,00 - 4,20 - 3.50 -——=

4.0 3.85 — 3.70 . 3.38 —

5.0 3.50 —— 3.25 —_— 3.12 ——

20 . 0.5 -— ——— - — 13.70 —_—

1.0 9.50 -— 9.28 -— 8.20 —_—

1.5 6.70 -——= 6.62 — 2.14 30.4

2.0 2.18 31.0 2.10 29.8 2.00 _—

2.5 2.00 _— 1.84 —_— 1.86 ;o

3.0 1.75 —— 1.78 e 1.80 -—

4,0 1.60 —— 1.67 —— 1.65 —_—

5.0 - 1.48 —-— 1.61 - 1.40 —_—

25 0.5 ~— - —— - 12.00 —_—

1.0 8.15 - 8.10 —— 7.51 —_—

1.5 4,75 —_—— 4.91 - 1.92 27.4

2.0 1.89 28.7 1.95 26.9 1.80 ———

2.5 1.84 ——— 1.72 ——— 1.67 -———

3.0 1.67 ——- 1.70 ——— 1.61 ——

4.0 1.55 - 1.54 - 1.43 —_—

5.0 1.10 - 1.15 - 0.97 -

[}

Time from 30 °C to 105 °C = 45 minutes, time at 105 °C = 45 minutes.

Time from 1050C to 160 oC

]

45 minutes.

Liquor to wood ratio for S. sesban and C. cajan
f

or S. aculeata.

non
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Table-5.3B:Kraft And Kraft-AQ Pulping Conditions Of S. sesban, C. cajan And

S. aculeata.

S1. Particulars Kraft Pulping - Kraft-AQ

N s e e e e e e e et e e e e e e
1. Sulphidity % 20 20 20 20 20 20
2. Active alkali as Nay0 % 12 14 16 18 20 14"
| 16
3. Bath ratio 0 1:3 w13, 13 13 13 o 130
. ' 1:3.5 1:3.5 1:3.5 1:3.5 1:3.5 1:3.5
4. Tnitial pH 13.30  13.40 13.40 13.42 13.42  13.40
>.- Cooking schedules
30 °C to 105 °C,min. 45 45 45 45 45 45
at 105 °C,min. 45 45 45 45 45 45
105 °C to 160 °C, min. 45* 45% 45 45 45 45
60 60 '
at 160 °C, min. 90*  90*  90* 90" 90" 60"
120 120 120 120 120 a0
6. Results
Sfisesban
Unscreened pulp yield 7% 54,2 52.5 48.4 45.0 38.9 48.2
Screened pulp yield % 51.6 - 49.4 47.0 43.8 38.2 47.9
Kappa no. 40.0 35,0  31.0 22,3 17.5 - 32.4

/. C. cajan

Unscreened pulp yield % 55.7 54.2 51.0 48.9 40.8 52.0

Screened pulp yield % 52.9 51.6 50.2 47.7 40.0 51.3.

Kappa no. 41.0 36.0 29.5 23.0 18.4 30.0
8. S. aculeata ‘

Unscreened pulp yield % 56.4 51,2 46.5 £2.0 —_— 51.4

Screened pulp yield % 52,0 49.8 45,7 41.9 —_— 50.7

Kappa no. 38.2 30.4 24,2 20.0 —_— 31.0

* For Sesbania aculeata.
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Table-5.4B:First Order Rate Constant For Bulk Delignification im Kraft Pulping

Of §S. sesban, C. cajan And S. aculeata,

)

SL.No.  Temperature °C  ——g=-goopon———--- CI.(:Sca-j-an ~TT"37aculeata -
1. 140 0.8676 X 107* 0.8956 x 107 1.3653 x 10~
2. 150 1.6632 X 107% 1.5993 x 107* 2.1750 x 107%
3. 160 3.5620 X 107 3.6439 x 107% 4.5698 x 107
4. 170 4.8618 X 1074 4.7979 x 10™% 5.5016 X 107"

5. Activation energy 21.72 Kcal/mole 20.74Kcal/mole 19,52 Kcal/mole
90.79 KJ/mole  86.69 KJ/mole 81.59 KJ/mole
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Table-5.5B:Bleaching Conditions And Results of S.sesban, C.cajan And S.aculeata

Kraft And Kraft-AQ Pulps.

Sl. S. sesban C. cajan S. aculeata
Particulars = = @ cemme -

1. Unbleached pulp Kappa nc.31.00 32.20 29.50 30,00 30,40 31.00

2. Chlorination stagé(C)
Amount of Cl, added on

pulp 7 4.60 5.12 4.65 4,70 4,85 4.60

Amount of Cl, consumed '

on pulp % 4,59 5.10 4.63 4.68 4,82 4.58

Amount of Cl, consumed ,

on Cl, basis 7 99.78 99.60 99.00 99.50 99.28 99,56

Final “pH 1.95 1.90 1.84 1.92 1.74 1.90
3. Alkali extraction stage(E)

NaOH added on pulp % 1.60 1.50 1.50 1.50  1.50 1.50

Initial pH , 11.46 11.40 11.30 11.39 11.36 11.40

Final pH 10.20 10.26 10.00 10.12 10,20 10.14
4. Hypochlorite Ist Stage(Hl) ' .

Hypo added as available

Cl, on pulp % 1.78 1.90 1.80 1.80- - 1.40 1.85

Hypo consumed as available .

Clp on pulp % 1.75 1.84 1.74 1.76 1.38  1.77

dypo consumed onCl,basis%98.00 96,80 96.60 97.77 98.50 98.00

Final pH 8.10 7.90 7.80 7.90 7.70  8.00

5. Hypochlorite 2nd Stage(HZ)
Hypo added as available

cl, on pulp % 0.70  0.77 0.70  0.70 0.90  6.75
Hypo consumed as available
cl. on pulp % 0.68 0.71 0.64  0.65 0.82 ¢©.71
Hybo consumed onCl,basis?97.00 92.20 - 90.00 92.80  91.00 94.66
Final pH 8.00 7.80 7.80  8.00 7.80  7.90
5. Total Cl, added on pulpZ ; gg 7 79 7.15  7.20 7.15  7.20
7. Total Cl, consumed on 7.02  7.65 7.01  7.09 7.02  7.06
pulp % '
8. Bleaching losses % 9.60 9.80 .20 9.60 '9.00  9.30

9. Bleached pulp yield % 42.50 43,20 45.60 46.38 45,26 46.00
10. Pulp brightness(Elrepho)#%76.80 76.00 79.80 78.00 78.70 77.90
1. Viscosity, C.E.D.(0.5%)cpll.30 11.50  11.60 11.80  12.40 12.50

Bleaching conditions C E Hl H2

Consistency 7 3 10 9 9
Temperature C 2742 55+2 4542 45+2

Time (minute) 25 120 60 120
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Table-5.10B:Bauer- McNett Fibre Classification Of Kraft Pulps.

S1.No. S. sesban C.cajan S, aculeata

Mesh size e

Un- Bleached Un- Bleached Un- Bleached
bleached (%) bleached (%) bleached (%)
(2)139SR 14°SR  (%)15°SR 17°SR (%) 14°SR 15°SR
Kappa no. Kappa no. Kappa no.
31 29.5 30.4

1. +20 - 16.4 3.2 13.5 2.5 14.8 2.9

2, ~20+60 44.5 37.1 46. 4 36.8 47.3 39.0

3. -60+80 21.2 26.0 21.0 28.4 22.5 27.6

4. -80+120 7.2 13.5 . 6.6 13.0 8.0 12.1

5. =120 10.7 20.2 12.5 19.3 9.4 18.4

Table-~5,11B:Kraft Spent Liquor Characteristics Of S.sesban, C.cajan And
S.aculeata.

- VALUES
Yo. PARTICULARS |
, S.sesban C. cajan S.aculeata S.aculeata Bamboo
(62) (34)
1. Black liquor solids % 27.10 25.50 28,37 19.40 18.80
2. Residual active alkali gpl 3.50 3.60 3.60 4.00 4.20
3. Inorganic as NaOH % 29.26  36.45 135,20 34,40 35.00
4. Organic % 70.74 63.55 64 . 80 - 65.60 65.00
5. Silica % 3.06 3.16 3.32 —— —
6. Calorific. ~value KJ/kg. 14567 14538 14692 12218 13961
7. Brook field viscosity - 14.50 14.00 14,20 13.00 14.80
at 30 °C Lv spindle no.l cp
8. pH of liquor at 30 °C 10.20 10.30 10.15 10.30 10.40

9. °Tw at 30 °c S 21.47 22.40 25.00 20.00 —
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ALKALINE SULPHITE PULPING STUDIES:

Over the past dacades, high yield sulphite pulping of hard woods has
been investigatea‘as a meéns of making a low éost pulp for the proéﬁcfiéﬁ of‘
newsprint, printing papers, and tissue papers. Différent combinations of
pulping variables viz., presteaming/liquor impregnation procedure, cooking

liquor pH, sodium sulphite/sodium bisulphite content, cooking temperature, time

and liquor to wood ratio etc., have been tried.

In the late 60s, the alkaline sulﬁhite (AS) pulping process was
developed as an alternafive to kraft pulping. By 1973, the AS pulping process
had been tested in pilot plant and mill trials(29,64). Although its immediate
advantage is the elimination of the foul odour of kraft mill, while maintaing
pulp strength. Although excellent properties of fully cooked coniferous sulphite
puips prepared under mildly alkaline conditions have??gécribed by many
investigators(10,56), but the industrial acceptance did not come forth at that
time. ihe main reasons includeé—the doubts concerning the cost, reliability of
existing sodium sulﬁhite recovery system, yield lowexr than that of Rraft at a

given kappa number and air quality regulations less severe than those of the

present,

The emergence of this sulphite process at moderate alkalinity with
anthraquinone (AQ) as its essential additive offers the industry, a pulp of
kraft like strength at higher &ield and better bleachability'than conventional
kraft, while SUbstantially reducing the air pollution problem. In parallel with
these developments, three sulphite recovery systems have come into commercial
use, thus removing the major obstackle to the expansion of modefn sulphite
technology(31). The comparison, of the process economics of the moderately
alkaline sulphite-AQ with that of kraft process are reported in literature(55,71).
In India there is no mill, which is using alkaline sulphite pulping process.
The preliminary concluéions of these studies indicated that this process is -

very intereéting from the point of view of both economy and quality, but is
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still in the development stage.

5.,1,EXPERIMENTAL PROCEDURES:

5.1,1,PULPING STUDIES:

The methods of raw material preparation are given on page no.63 . For
the optimisation of pulping conditions, the S.sesban, S.aculeata and C.cajan
chips were cooked in laboratory WEVERK rotary tumbling electrically heated
digester(0.02 M3 capacity), having bombs of 1 litre capacity, furnishing sufficient
puips for evaluation as well as for conducting bleaching experiments, During
these studies, the technical grade chemicals were used except that of sodium
sulphite, which was of analytical grade. During the course of pulping, the liquor
to wood ratigs of 4:1 for S.aculeata and 3.5:1 for S.sesban and C.cajan were

maintained using the following time schedule for heating the digester.

From room temperature to 105 °C = 45 minutes.

From 105 ©C to maximum temperature of cooking = 30 minutes.

The pulping studies were made using different ratios of sodium shlphite
to sodium hydroxide in order to know the optimum ratio of these cooking chemicals.
The cookings were also made at different time to know the effect of cooking éime
during the course of pulping. Dufing cooking the digester pressure was reduced
to zero by gas relief at 105°C. At the end of cooking cycle, the cooked chips
and liquor were blown from the digester and 'the cooked chips were passed through
a Bauer refiner with a plate clgarance of 0.1 mm., These pulps were screened
through a laboratory flat WEVERK screen with 0.15 mm slits and the screened
pulps were @ashed, pressed and crumbled. The yields and Kappa numbers were
determined. The spent liduors were analysed for residual sulphurdioxide and its

pH were also determined. The results of these studies are reported in Tables

5.1C and 5.2C.
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5.1.2.ALKALINE SULPHITE-ANTHRAQUINONE PULPING:

The AS-AQ pulping studies on S.sesban, S.aculeata and C.cajan have
been done using the same process conditions, with the addition of small amounts

of AQ(0.1%) and the results of thesestudies are reported in T able-5.8C.
5.1.3.BLEACHING STUDIES:,

~ Since the alkaline sulphite process in its original form is found to
be less selective than the kraft process with respect to delignification in the
bleachable.range, one would expect that the cost of bleach chemicals would be
correspondingly higher, this however, is not the case in actual practice. The
S.sesban, S.aculeata and C.cajan alkaline églphite pulps are somewhat easier to
bleach, have higher brightness ceiling, and suffer considerably less brightness
reversion. A four stage, (CEHH) bleaching sequence was applied to selected pulps.

The bleaching conditions and results are given in Table-5.6C.
5.1.4 .FIBRE CLASSIFICATION:

The fib?e classification studies of S.sesban, S.aculeata and C.cajan
alkaline sulphite pulps were made with the help of Bauer- McNett fibre classifier
using screens with mesh number, 20, 60, 80 and 120. The results are reported in
Table-5.11C. The photomicrographs of unbleached, bleached, unbeaten and beaten

’

pulps fibres of these plants are shown in annexure on page 166.to 171.
5.1.5.PULP EVALUATION:

The alkaline sulphite pulps were beaten in a PFI mill(73) and laboratory
handsheets of 60 gms/m2 were made on laboratory British sheet forming machine.
The pulp evaluations were made according to IS method(32) and the results are

reported in Tables-5.7C to 5.10C.

5.2.RESULTS AND DISCUSSIONS: g

4
The amount of sodium sulphite charged had a considerable influence on

the rate of cooking. The results of a series of S.sesban, S.aculeata and C.cajan

bomb scale digestions, cooked for constant temperature and time with the addition
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of sufficient sodium sulphite to give a spent liquor pH close to 10(Table-5.1C)
are plotted in fig.5.01C. The amount of residual lignin decreased from 10% of
the original wood to less than 2% as the sodium sulphite charge was increased
from 6.8 to 12.8%(as Na20). The second series of codking at increased time
showed that the increased time had a little influence on the amdunt of lignin
removed and may possibly even have caused redeposition where the digestions
were made with small amoﬁnts of sulphite. From the cooking results, an optimum
sulphite charge of about 10.35% (as Nay0) for S.aculeata and 10.80%(as Najy0) for
S.sesban and C.cajan were indicated. Inc;easing the amount of sodium sulphite
also improved the selectivity of cooking. Fig.5.02C provides a compariscn of
Kappa numbers at equal yields indicated that as Kappa numbers increased, the
yields also increased. In fig.5.03C, the residual lignins(Kappa 1n0.X.0.15) are
plotted against cooking tiﬁe. A high initial rate of delignification was shown
which decreased steadily, with an appreciable amount of the 1ign£n being quite
resistant, The initial high rate of delignificétion, which is common to a.

- varying degree to nearly éll delignification process, is undoubtedly partly due
to high.initial alkaline concentration in the cooking liquor. It may also
correspond to easily assessible and less condensed lignin where its high rate
of dissolution coincides with that of wood polyoses. The interaction of lignin
and hemicelluloses in the wood was probébly one of the major factor affecting
the rate and selectivity of the delignification during the later stages, whether

this involves a primary of secondary valeuce bond or both.

during alkaline sulphite pulping of S.sesban, S.aculeata and C.cajan clearly
indicated that the rate of cooking was faster at higher alkalinity doses. The
pH of the cooking liquor was increased by adding additional amounts of caustic,
keeping the amount of sodium sulphite constant(Table-5.2C). As the caustic
charge increased from 0.78 to 8.52%(as NaZO), the-Kappa number decreased from

95 to 19, due to higher rate of delifnification at higher alkalinity. The decrease
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in Kappa number was very sharp at lower doses of alkali(below 4.65% as NaZO),
but the cooking rate was greatly influenced beyond a caustic dose above4.65
to 6.20%(as Nap0) and Kappa.no. was continuously decreased as the amount of
caustic increased. As increase in the terminal pH, ;educed the cooking time at

maximum temperature by approximately 70%.

The tearing of the S.sesban, S.aculeata and C.cajan pulps decreased
regularly with increasing Kappa number, other conditions being constant, while
burst and tensile index held constant within narrow limits of Kappa number
(upto'80). Burst and tensile index tends to decrease more uniformly with
increasing Kappa number(Tables-5,3C to 5.5C) and further HecreasedatAa very low
Kappa number. The prolongea digestion or high chemicals are required for obtaining

low Kappa number pulps, using caustic scda undoubtedly results in the loss of

fibre strength.

" The S.sesban, S.acuieata énd C.cajan alkaline sulphite pulps showed
good response towards optical properties and are having decidedly superior
values for both the brightness and ocpacity. The pulps with a brightness level -
of about 76—79%(E1repho) were obtained as a result of four stage (CEHH) bleaching
sequence, because the unbleached pulps also possessed a good level of brightness.
Due to the high initial brightness, the total chlorine consumption is low during

bleaching of S.sesban, S.aculeata and C.cajan alkaline sulphite pulps.

The pulps of selected cooks were beaten to different °SR levels. The
rhysical strength properties of unbleached and bleached S.sesban, S.aculeata and
C.cajan alkaline sulphite pulps are reported in Tables-5.7C to 5.10C. The initial
freeness gnd drainage time of both the unbleached and bleached pulps were
found high. The freeness of unbeaten pulps were 15~16 9SR. The plots of pulps
freeness levels versus various physical strength properties of S.sesban, S.
-aculeata and C.cajan unbleached and bleached alkaline sulphite pulps are shown

in Figures 5.05C & 5.06C, respectively. These clearly indicated that the apparent
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density is almost directly proportional to the freeness of pulps. The unbeaten,
bleached pulps have a higher initial apparent sheet density. These plots aiso
indicated that both the tear index and porosity are in indirect pérportional to
the freeness level i.e. both of these decreased Witﬁ a result of an increase in
freeness levels. The apparent density, burst index, tensile index, folding
endurance are in direct proportion with freeness i.e. all these increased as a
result of an increase in freeﬁess. The strength properties increased upto a
certain OSR aftér.that the strength properties showeda decline trend as a result

of over beating or higher freeness values. It is obvious from these results that

these pulps should not be beaten to a ffeeness range beyond 42 + 2 %R,

The addition of a small amount cof AQ(0.1%) during alkaline sulphite
pulping of S.sesban, S.éculeata and C.cajan showed a significant influence
both on pulping chafacteristics and the overall strength porperties of these
pulps. Avsame level of Kappa number is achieved in alkaline sulphite
anthraquinone pulping of ‘these plants at the same temperature and same chemical
charge with a subsfantial reduction in time at temperature. The AS-AQ pulps
showed good response-tbwards bleaching and produced more brighter pulps than
alkaline sulphite pulps. Good values of tensile, tear and burst are achieved

in AS-AQ pulping(30,51).
5.3.CONCLUSION:

The long digestion time required for alkaline sulphité pulping of
S‘sesbap; S.aculeéta and C.cajan pulpslcan be reduced by increasing the
alkalinity of cooking liquors to a pH level of 10 or above and still produce
pulp éuperior to kraft. The biggest drawbacks to AS pulping.is the slow rate
of delignification. With increasgd alkalinity, the rate of delignification also
increased and approached to‘that of kraft. The selectivity at moderate alkalinity
was slightly superior to, and at high alkalinity was the same as kraft. The
proportion of sodium hydroxide greatly influenced the rate of delignification

during alkaline sulphite pulping of S.sesban, S.aculeata and C.cajan. The
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alkaline sulphite unbleached and bleached pulps of these plants showed good
strength properties, especially burst and tensile. The strength of the pulps,
especially the tear, is largely govened by the alkalinity of the cooking liquor,

and reaching a maximum at a terminal pH of 9 to 1il.

The alkaline sulphiteanthraquinone pulping process at intermediate
alkalinity was characterised by unique maxima of delignification, pulp yield
and viscosity which were produced when the cooking liquor contains 75 to 90%
sodium sulphite, the ;emainder consisting of sodium hydroxide(as Nazo). The
resulting pulps were as strong or even stronger than conventional kraft pulps
and bleached much more easily. Bleached grade AS and AS-AQ pulps delignify.
much more readily than kraft pulps with conventional bleach sequences. Because
of their high viscosity and easy bleaching characteristics, they also have
great potential for use in chlorine free bleach sequences. Application of
anthraquinone to AS cooks results in greater gains in selectivity of |

delignification, pulp yield, strength and bleachability than its application

to soda and kraft cooks.
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Table-5.6C:AS And AS-AQ Bleaching Conditions And Results Of S.aculeata,

S. sesban And C. cajan.

S1. Particulars _Saculeats | Soeshem. D e
No AS AS-AQ AS AS-AQ AS AS-AQ
1. Unbleached pulp kappa number 32 31 32 30 31 30
2. Chlorination stage(C)
Chlorine appiied as available Clo
ou pulp % ' 4 4,80 4.68 4.78 4.52 4.62 4,70
. Chlorine consumed as available
Cly on pulp Z - 4,78 4,67 4,76  4.50 4.60  4.69
Final pH 1.97 1.98 1.90 1.94 1.92
3. Extraction stage (E) ’
NaOH applied on pulp 7% 2.00 - 2.00 2.00 2.00 2.00  2.00
Initial pH 11.20  11.34 11.30 11.36 11.40 11.38
Final pH 10.20 10.40 9.90 10.20 10.10 10.22
4.  Hypochlorite Ist stage (Hp)
Hypo applied as available Cl,y '
on pulp % 1.75 1.80 1.80 1.74 1.78 1.80
Hypo consumed as available Cl, , ‘
on pulp % b 1.70 1.74 1.76 1.70 1.72 1.75
Final pH : 7.90 7.80 8.00 7.90 8.10 8.20
5. Hypochlorite IInd stage (HZ)
Hypo applied as available Cl2
on pulp % . 0.77 0.72 0.74 0.70 0.70 0.75
Hypo consumed as available Cl, - '
on pulp % 0.72 0.68 0.70 0.66 - 0.67 0.70
Final pH 7.60 7.60 7.80 7.80 7.70 7.80
6. Total Cly applied on pulp % 7.32 7.20 7.32 6.96 7.10 7.25
7. Total Cljy consumed on pulp % 7.20 7.09  7.22 6.8 6.99 7.14
8. Bleaching losses 10.60 10.40 10.30 10.10 10.50 10.40
9. Yield 45.40 45,90 43.90 44.34 46.00 46.30
10. Brightness (Elrepho) % 79.20 80.00 76.00 77.10 79.60 80.20
11. Viscosity CED(0.5%) cp 12,00 12,10 11.00 11.20 11.40 11.70
Bleaching conditions C E Hl Hz
Consistency % 3 10. 9 10
Temperature ©OC 27+2 58+2 4542 42+2

Time(minute) 30 120 60 120
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SECTION (D)

SEMI-ALKALINE SULPHITE(SAS) OR NEUTRAL SULPHITE PULPING STUDIES:

A new and potentiaily very important development in sulphite'pulping is
the moderately alkaline sulphite, semialkaline sulphite, or neutral sulphite-
anthraquinone(AQ) process, all terms used to describe ghe same new process.
Traditionally neutral sulphife pulping has been used, for producing coarse pulps
.in high yield, mainly from hard woods. There is no other single pulping process
that is as varsatile as sulphite. It can produce well definéd.marketable‘pulp
productsiover a range of 30-90% yield and over a pl range of 1-13. Conventional
sulphite is‘charactérised, among other things, by its high unbleached brightness

and moderate physical strengths. Its high initial brightness and subsequent ease

of bleaching are of insignificant economic importance.

Perhaps the most promising development in the past‘few years for the
production of kraft like sulphite pulp has been the discovery of neutral sulphite
pulping with anthraquinone(AQ) addition, produc;ng pulps that are very close in
phyéical st?ength to conventional kraft pulps, but at a significantly higher yield.
According ‘to Ingruber(30) alkaline sulphite (AS) cooking corresponds to é cold
cooking pH of 10-13.5 with the cbokiﬁg liquor cohtaining mainly Na2803 and NaOH.
Neutral or semialkaline sulphite (NS or SAS) corresponds to a cold cookiﬁg pH of
{l12.5 with the cooking liquor containing mainly Na2803 and Na2C03.-Such pulps, both
unbleached and bleached have now been in commeréial production for many years.
Normally these pulps are mixed in the furnish for the production of printing papers
such as newsprint, magazine paper and base paper for coating(24,52). The preliminary
conclusions of these sgudies indicated that this process is very interesting from
the poiﬁt of. view of both economy and quality, bﬁt is still in the development
stage. The mosf promising initial applications of the process seem to be in
production of packaging grades of papers and news reinforcement. With such views
in mind it was considered worth while to expose'these non-wood fiﬁrous raw material

/

to semi-alkaline sulphite pulping process for producing high yield pulps.
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5.1.EXPERIMANTAL PROCEDURES:

5.1.1,PULPING STUDIES:

The methods c¢f raw material preparation are given on page 63. For the
optimization of pulping conditions, 100 gms. O.D. chips of S.sesban, S.aculeata
and C.cajan were cooked in 1aboratory-WEVERK tumbling electrically heated
digester(0.02 M3 capacity) having stainless steel bombs of 1 litre ‘capacity.
During these studies, technical gradeslchemicals were used except that of sodium
sulphite which was of analytical grade. All dilutions were made with tap wates.

The cooking of S.sesban, S.aculeata and C.cajan chips were made at the following

conditions.
S.aculeata =12 - 18 %
Total alkali (as Na,0)
S.sesban & C.cajan = 14 - 20 %
Alkali ratio (Na,SOj:total alkali) = 0.60 - 0.95
S.aculeats = 1:4

Woeod te liquor ratio
S.sesban and C.cajan = 1:3.5

90 minutes.

Time to maximum temperature

180-210 minutes.

Time at maximum temperature

The pulping studies were made using different amounﬁs of sodium sulphite
and sodium carbonate in order to know the optimum alkali ratio of these pﬁlping,
chemicals. The cookings were also made at different time to know the effect of
cooking time during the.course‘of pulping. During cooking the digester pressure
was reduced to zero by gas relief at 105 °C. At the end of the cooking cycle,
the cooked chips and liguor were blown fromthe digester and the cooked chips
were defibred thrbugh a Bauer laboratory refiner with a plate clearance of 0.5mm,
followed by a second pass at 0.1 mm. plate clearance. The pulps were washed and
screened through a laboratory vibratory flat WEVERK screen with 0,15mm. slits
and - the screened pulps were washed, pressed and crumbled. The pulps were analysed
for yield, rejects and Kappa number. The spent liquors were also dnalysed for its

pH value. The results of these studies are reported in Tables-5.1D to 5.5D.
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5.1.2.SEMI-ALKALINE SULPHITE-ANTHRAQUINONE PULPING:

SAS-AQ pulping have been done by adding a small amount of AQ(0.1%, on
0.D. wood basis) using the same process conditions as used in case of plane SAS

pulping. The results of these studies are reported in Table-5.8D.

5.1.3.BLEACHING STUDIES:

The bleaching studies on S.sesban, S.aculeata and C.cajan Semi-alkaline
sulphite and SAS-AQ pulps were done with the CEHH bleaching sequence. The

bleaching conditions alongwith their results are tabulated in Tables-5.9D tc 5.13D.

5.1.4.FIBRE CLASSIFICATION:

The fibre classification studies of S.sesban, S.aculeata and C.cajan
SAS pulps were made with the help of Bauer- }cNett fibre classifier using screens
with mesh numbers, 20,60, 80 and 120. The results of fibre classification studies
are reported in Table-5.14D. The photomicrograph of unbleached, bleached, unbeaten

and beaten pulps fibres of these plants are shown in annexure on page 166 to 171,
5.1.5.PULP EVALUATION:

These pulps were beaten in a PFI mill(73) for different freenéss
levels and laboratory hgnd sheets of 60 g/m2 were made on laboratory British sheet
forming machine, to evaluate these pulps samples. The strength properties were
determined by IS method(32) and the results are reported in TablésS.6D, 5.7D and

5.12D.
5.2.RESULTS AND DISCUSSIONS:

The most important factors influencing the result of SAS coocking were
found to be the total alkali charge, the alkali ratio (Na,S04:total alkali, both
as Na,0). Especially when the aim is to produce fully defibred pulps, the
impregnation of cooking liquor into the chips is necessary. The influence of the
total alkali charge and the alkali ratio during the course of S.sesban, S.aculeata
and C.cajan pulping are shown in figures 5.01D and 5.02D. Thesg figures clearly

indicated that the alkali ratio should be in the range of 0.80-0.85 to achieve
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pulp with as low a kappa number as possible. An Increase in the total alkali
charge accelerates the delignification. It was also found that the Na,SO3

charge has a greater influence on delignification than the total alkali charge.
Figures 5.03D and 5.04D showed that the pulp yields and rejects both decreased
as, the amount of sodium sulphite or alkali ratio increased upto a level of
0.86~v0.85 and beyond that the pulp yield showed an increasing trend and it is
due to the fact that pH of the cooking liquor decreased as the amount of

Na;504 increased in the ﬁotal alkali. Although in SAS pulping NapSO3 is the main
delignifying agent but at lower pH level it is comparatively less effective

than at higher pH level i.e. the rate of delignification increased at higher pH

Y

level, the more the pH of SAS cooking liquor the higher will be the rate of
delignification and»shogter will be. the cccking cycle. The increase in yield

- beyond 0.85 alkali ratio is due to fact that beyond this alkali ratio the pH
of_thé cooking liquor showed a decreasing trend thereby reducing the rate of
delignification and the cookiggs were made for a particular time, during this
cooking time the complete delignification could not be achieved. The delignification
stops at a Kappa number level of afound 50. With an incfease in the Na2503
charge and cooking time, a lower Kappa number may possibly be achieved. The
retarded delignification in SAS cooking may‘be due to the rapid decrease in

fhe cold pH already in the early stages of cooking. Most of the chemicals of the
cooking liquor charged consumed till the digester temperature raised upto the
maximuﬁ temperature.‘This is why, the cooking method has been called neutral
suphite (NS) or semi-alkaline sulphite(SAS) cooking. The most interesting
aspects of the SAS pulping process are comparatively brighter pulps with high
yiélds. The total hemicellulose Eontents of SAS pulps are high, and tﬁe high
yields of SAS pulps are partly due to stabilization of.hemicelluloses(Xylan and
glucomannan) and partly dﬁe to the mild alkaline cooking conditions, which

preserve the:hemicellulose in pulp (29.30 & 31).
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The AQ has a considerable effect in semi-alkaline sulphite pulping(22,77).
The pulps of low Kappa numbers are obtained by adding 0.1% AQ at a alkali ratio
of 0.85, total alkali charge of 18%(as Nag0) for S.sesban and C.cajan and 16% for

S.aculeata; and less cooking time at temperature is.required.

The laboratory experiments showed that chemically defibred pulps with
‘a Kappa number of about 50 can easily be produced under varying cooking conditions.
The optimum bleaching conditions for these pulps were not determined and only
some indicative bleaching experiments were carried out. The brightness of unbleached
pulps varies between 41-447(Elrepho). Because of the rather high Kappa number, the
chlerine consumptijon 1is slightly higher., The pulps with brightness levels of
about 65-70% (Elrepho) were obtained as a result of CEH bleaching éequgnce. For
high brightness levels CEHH bleaching sequences were also applied giving the
pulps with a brightness level ef about 78%(Elrépho). The effect of bleaching on

the papermaking properties are shown in Tables~5.12D and 5.13D.

SAS~AQ pulps have low Kappa numbers thereby showed good response towards

CEHH bleaching sequence and gave bleached pulps with higher brightness.

The bleached and unbleached pulps are.beagen in PFI mill. The SAS and
SAS-AQ pulps are more easily beaten upto a desired level of freeness. It means a
shorter time is required to beat SAS and SAS-AQ pulps thereby requiring less
eneréy during beating and refining. Tables-5.6D, 5.7D and 5.12D showed the
strength properties of unbleached and bleached pulps. Bleéching does not markedly
change the papermaking properties of SAS pulps. The strength propertiesof a
certain unbleached pulp type can be visualized by plotting the graph between
Kappa numbers and strength properties(Fig}S.OSD) of uﬁbleached“pulp and apparent
density versus strength properties of bleached pulps(Fig.5.06D). SAS pulps of
S. aculeata and C.cajan have good bonding ability thereby showed comparatively
higher values of\strength properties. Tear index of SAS pulps are relatively high
and it is probably caused by the properties of the fibre, i.e, stiffness combined

with good bonding ability.
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Bleaching seems to have only a minor effect on strength properties.
The strength properties slightly decline as a result of bleaching. In addition
to brightness, opacity is an important property of many grades of paper. SAS
pulps have high scattering coefficient. This is becéuse the fibres are stiff
and uncéllapsed which provides a large optically active area, but have good
bon&ing ability due to high local plasticity and good bonding strength.

5.3.CONCLUSION:

The semi-alkaline sulphite process offers many advantages including
the high pulp yield. The yield of SAS S.sesban,S.aculeata and C.cajarn pulps
decreased as a result of an increase in cooking time as well ;s togal chemicals.
The Kappa number decreésed both with an increase in cooking time and chemicals.
The production of SAS pulps is quite economic in compar?son to other pulping
processes. The SAS process is free from foul odour of liquor and condensates.
Inspite of several advantages, the SAS process bears with many draw-backs which

includes the longer cooking time for getting pulps with low Kappa number.

The most notable feature of SAS-AQ pulping is the high yield for
bleaéhable grade of pulps from S.sesban, S.aculeata and C.cajan which are still
higher than that obtained with the kraft process. Inspite of their high hemicell-
ulose content, unbleached SAS-AQ pulps have a light scattering coefficient equal
to or higher than that of kraft pulps. The physical properties of SAS-AQ pulps

are good, which makes them suitable for many grades of paper.
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Table-5.8D:Bleaching Conditions And Characteristics Of S.sesban Semi-Alkaline

Sulphite(SAS) And SAS-AQ Pulps.

S1l.No PARTICULARS PULP NUMBERS
1 2 3 4 SAS-AQ
1. Unbleached pulp Kappa mno. 53.60 52.80 49.00 48,20 42.60
2. Chlorination stage (C)
Chlorine applied as available
Cl, on pulp % 8.00 7.89 7.30 7.12 7.20
~ Chlorine consumed as available 7
Cly; on pulp % 7.90 7.86 7.29 7.10 7.18
Final pH 1.80 1.70 1.90 1.80 1.90
3. Alkali Extraction (E)
NaOH applied on pulp % 1.80 1.80 1.8  1.80  1.80
Initial pH 11.30 11.20 11.40 11.20 11.40
Final pH 16.060  10.20 5.70 9.90 10.10
4. Hypochlorite Ist stage (Hp)
Hypo applied as available
Cl, on pulp % 2.80 3.00 2.80 2.70 2.50
Hypo consumed as available
Cl, on pulp % 2.76 2.94 2.75  2.68  2.45
Final pH 7.80 7.90 7.80 7.70 7.90
5. Hypochlorite 2nd stage (H,)
Hypo:zapplied as available ,
1, on pulp % 1.10 1.20 1.00  0.90  1.00
Hypo consumed as available
Cl, on pulp % s 1.02 1.13 0.98 0.86 0.92
Final pH 7.70 7.70 7.80 7.70 7.90
6. Total Cl, added on pulp % 11.90 12.09 11.10 10.72 10.70
7. Total Cl, consumed on pulp % 11.68 11.93 11.02 " 10.64 10.55
8. Bleaching losses ¥ ' 10.60 10,20 9.80  9.30  9.00
9. Bleached pulp yield % 52.75 52.26 51.78 50.80 52.60
10, Viscosity CED (0.5%) cp. 11.40 11.30 11.00 11.20 11.40
lli Brightness {(Elrepho) % 76.00 76.40 76.80 76.60 77.00
PROCESS VARTIABLES C E Hl HZ
1. Consistency % 3 10 10 10
2. Temperature °C 25+2 6042 4542 4542
3. Time (Minutes) 30 90 60 120



Table~5.9D:Bleaching Conditions And Characteristics Of C.cajan Semi-Alkaline

Sulphite(SAS) And SAS-AQ.Pulps.
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Sl.No PARTICULARS PULP NUMBERS
1 2 4 SAS-AQ

1. Unbleached pulp Kappa no. 54.00 52,50 50.60 49.50 43.60
2. Chlorination stage  (C)

Chlorine applied as available

Cl, on pulp % 8.10 7.89 7.56 7.40 6.35

Ch%orine consumed as available

Cl, on pulp % 8.07 7.87 7.55 7.38 6.34

Final pH - 1.90 1.80 1.80 90 1.90
3. Alkali Extraction  (E)

NaOH added on pulp 7 2.00 2.00 2.00 2.00 2.00

Initial pH 11.40 11.30 11.20 11.4C 11.3C
, Final pH 16.10 10.00 -5.80 5.6 10.1i0
‘. Hypochlorite Ist: stage (H,)

Hypo added as available ,

Cly, on pulp Z% 3.10 3.00 2.90 2.84 2.40

Hypo consumed as available

C12 on pulp % 3.04 2.95 2.86 2.80 2.36

Final pH 7.8C 7.60 7.80 7.90 8.00
5. Hypochlorite 2nd stage (Hj)

Hypo added as available

Cl, on pulp % 1.15 1.10 1.1C 1.00 0.98

2 , -

Hypo consumed as available

Cl2 on pulp % 1.10 1.07 ~ 1.06 0.98 0.92

Final pH 7.60 7.50 7.70 7.80 7.80
6. Total chlorine added on pulp 7 12.35 11.99 11.56 11.24 9.73
7. Total Cl2 consumed on pulp % 12.21 11.89 11.47  11.16 9.62
8. Bleaching losses % 11.00 106.40 10.50 10.70 10.50
9. Bleached pulp yield % 57.40 56.18 55.76 53.58 55.13
10. Viscosity CED(0.5%) cp. 11.60 11.40 11.00 11.10 11.30
11 Brigntness (Elrepho) % 77.40 77.50 77.20 77.00 7.70
PROCESS VARIABLES: C E Hl H2
1. Consistency 7 10 9
2. Temperature °C 25+2 6042 4542 4542
3. Time (Minutes) 30 90 60 120



Table-5.10D:Bleaching Conditions And Characteristics Of
Semi~Alkaline Sulphite(SAS) And SAS-AQ Pulps.

Sesbania aculeata

134

S1.No PARTICULARS PULPS NUMBERS
1 4 SAS-AQ
1. Unbleached pulp Kappa no. 54.40 53.20 51.60 50.40 41,20
2. Chlorination stage ()
Chlorine applied as available
Cly on pulp % 8.84 8.60 8.38 8.10 .92
Chlorine consumed as available
Cl2 on pulp % 8.81 8.59 8.36 8.08 6.90
Final pH 1.80 1.80 1.90 1.70 1.90
3. Alkali extraction stage(E)
NaOH added on pulp % 2.00 2.00 2.00 2.00 2.00
Initial pH 11.20 11.20 11.10 11.00C 11.30
Final pH 10.10 10.20 10.10 9.50 9.80
4. Hypochlorite lst stage(H,)
Hypo added as available
C.l2 on pulp % 2.30 2.25 2.25 2.00 1.98
Hypo consumed as available
012 on pulp % 2.26 2.23 2.21 1.99 1.93
Final pH 7.70 7.80 7.60 7.90 7.80
S>.  Hypochlorite 2nd stage(H,)
Hypo added as available
. C12 on pulp % 1.25 1.10 0.20 0.90 1.00
Hypo consumed as available
Cl2 on pulp % ‘ 1.17 1.02 0.81 0.84 0.92
Fifial pH 7.60 7.70 7.50 7.60 7.70
6. Total Cl2 added on pulp % 12.39 11.95 11.53 11.00 9.90
‘ Total 012 consumed on pulp % 12.24 11.84 11.38 10.91 9.75
8. Bleaching losses % 11.20 10.60 10.40 11.00 10.60
Bleached pulp yield % 55.00 53.90 54.00 52.30 53.80
10. Pulp brightness(Elrepho)7 79.30 78.00 78.20 78.70  80.00
11, Viscosity CED{C.5%) cp. 11.8C 11.70 11.40 11,00 11,30
PROCESS VARIABLES: C E Hl H2
1. Consistency % 3 10 10 10
2. Temperature °C 252 60+2 4542 45+2.
3. Time (Minutes) 30 90 60 120
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SECTION (E)
NEUTRAL SULPHITE SEMI-CHEMICAL PULPING STUDIES:

The traditional neutral sulphite semi-chemical (NSSC) process
continues to hold its own for tpe production of coarse pulps in a yield range
of 65%-85% for use in corrugating medium, 1inerboafd, bag and wrapping
papers. The process is largely restricted to hardwoods. Changes in thé process
have been minimal since tﬁe process was originally introduced and have been
mainly in the type of equipment used and the introduction of instrumentation
and control systems. Continuous digesters are being used for NSSC pulpimg. The
neutral sulphite semi-chemical (NSSC) pulping is generally performed, by
empiloying sodium sulphite as the active pulping agent alongwith sodium‘hydroxide
or sodium carbonate or bicarbonate as a buffering chemical to neutralize wood
acids, which are released during the course of pulping cperaticn(37). The ratio
of sulphite to buffering agent is considered to be of gfeat importance. The
buffering agent is used to control the corrosion of equipment and to sFablize
the carbohydrate during the course of pulping. By maintaining the pH of the

cook in the alkaline range, severe corrosion conditions are avatded.

An advantage of the pfocess is that the prdcess is attractive economically
due to relatively low consumption of chemicals and high yields attainable, it
is not essential to recover the chemical and therefore a NSSC pulp mill leads
itself to small units with a minimum of plant investment. The pulps obtained

are more or less entirely used for the production of corrugating medium.

5.1.EXPERIMENTAL PROCEDURES:

5.1.1.PULPING STUDIES:

The meﬁhods of raw materials preparation are given on page 63. All
fhe cooks were made in a laboratory WEVERK tumbling electrically heated digester
(0.02 M3 capacity) having stainless steel bomﬁé, the bombs were rotated in a
temperature controlled oil bath. The.cooks were first made in bombs using 100gms.
0.D. chips of S.sesban, S.aculeata and C.cajan to study the effect of different

proportions of sodium sulphite and sodium carbonate at constant total sodium
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charge, on pulp yield(38). When a temperature of 100°¢C was reached, the digester
pressure was momentarily relieved to zero psi. At the end of the cooks, digester
pressure was relieved to atmosphere over a period of 15 min. and the spent
liquor and cooked chips were taken out. The residual sulphite was determined
jodimetrically in the presence of ice and the pH of these samples wer; also
measured. The partially cooked chips were immediately defibred in a Bauer
refiner. The chips were given two pass through the refiner at a clearance of
0.3mm between the plates and a consistency of slightly over 8.0%, and a second
pass at O0.lmm with 107 consistency. The defibred pulps were screened ﬁhrough

a vibratory flat WEVERK screen with 0.15 wm slits. The pulps were washed with

cold water in a laboratory screen fitted with 100 mesh wire bottom. The pulp

to a dry matter content of about 25%. the pulp cakes were defibred and
representative samples were removed for the determination of moisture contents.
The pulps were evaluated as per the IS method(32). All the cooks were made in
duplicate. Cooking conditions and pulp strength propefties are shown in Tables-

5.1E, 5.2E and 5.3E.

The optimization of sulphite to carbonate :matio was done by varying
the ratio of sulphite/carbonate on a molal basis with a constant sodium charge
of 67%(as NaZO) for S.aculeata and 87%(as NaZO) for S.sesban and C.cajan. Sulphite
and carbonate were used in seven combinations to includes 100, 80, 60, 40, 30,
20. and 0% of total sodium oxide as carbonate with different time at temperature
during the course of NSSC pulping of S.aculeata, S.sesban and C.cajan. The

results are reported in Tables-5.1E and 5.2E.

5.1.2.PULP EVALUATION:

These pulps were beaten in a PFI mill to a freeness level of about
38+2 °SR and evaluated these pulps samples according to IS method(32). The pulps
obtained at sulphite to carbonétearatio of 70:30 were beaten to different "SR

and evaluated for the physical strength properties and the results are tabulated
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in Tables-5.2E and 5. 3E.

5.2.RESULTS AND DISCUSSIONS:

The effect of different proportions of sodium sulphite and sodium
carbonate .(molal basis) on pulps yields and other characteristics at constant
sodium charge were studied. Figure 5.01E illustrates the data from table S.lE.‘
The graphs were plotted between pulp yields(%) versus cooking time at a

maximum temperature of 160°C. For the first half hour at that temperature,

the lowest yields‘were obtained with combination of carbonate and sulphite

rather than with 100% sulphite or 100% carbonate. For 2 hrs. at maximum
temperature, the lowest yieids were obtained with combipations of 70% sulphite

+ 30% carbonate and 60% sulphite + 40% carbonate. For a quick/short ceck

such as used for corrugating medium, maximum delignificaticn was>achievednﬁﬁmﬁ
at a combination of the two chemicals in the ratio of 60% sulphite and 40% e
carbonate. For cooks of longer duration maximum delignification was achieved

at a combination with a little higher percentage of chemicals as sulphite

(70% sulphite -+ 30% carbonate). The slopes of the curves in the figureS:OlE
represented the relative rates of pulping. As indicateﬁ by their steeper

sloées; the pulping rates, after the first % hr., are shown to be greater for
"the liquors containing the major percentage of chemicals as sulphite. These
results indicated that for corrugating medium short cooks of %hr. duration at

maximum temperature using a combination of 60% sulphite and 40%.carbonate are

recomended.

Figure 5.02E represented the data of table 5.1E. In this figure,
the different cooking time interval curves are plotted between différent
liquor compositions and pulp ylelds. These curves sﬁowed the effect cof liquor
composition on the resulting pulp yields for each time interval. The % hr. and
1 hr. curves showed fai?ly well defined dips near the 607 sulphite point,

again indicating this combinations of chemicals as an efficient pulping agent
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for short cooks. The 1% hrs. and 2 hrs. curves both flatten near the 707 sulphite

" point, indicating that for longer cooks, a liquor of 70% sulphite and 30%

carbonate might be utilised. The results of these studies indicated that after

a maximum degree of delignification, the yields again increased irrespective of the
time at temperature cookings, this phenomena of increasing the yields after
maximum delignification can be explained on the basis that the rate of deligni-. (.- .-
fication decreased after the desired proportion of sulphite to carbonate in

the liquor. It is observed that the rate of delignification decreased after

607 sulphite in the buffer for shorter cooks éf % hr. and after 707 sulphite
content in buffer for longer cooks of two hr. duration, thereby giving higher
yields as the carbonate content decreased from the desired level. The pulps

with same pulp characteristics, which were obtained at an optimum dose of

sulphite to carbonate proportion can also be achieved with higher doses of
sulphite; but it requirescomparatively longer cooking times at maximum temperature

to reach the same degree of delignification.

The mass cookings were made at a total chemical charge of- 8% (asNaZO)
for S.sesban and C.cajan and 6% (as NazO) for S.aculeata using the proportion
of sulphite to carbonate 60:40 for shorter cookings of Y% hr. duration. The
longer cookings of 2 hrs. duration were made at the same total chemical charge
using 100% carbonate; 100% sulphite and a comBination of sulphite to‘carbonéte
in the ratio of 70:30 for the evaluation of pulps for enduses. The pulps of
% hr. duration cooks were evaluated for strength properties. The S.aculeata
pulps showed comparatively better strength properties than S.sesban and C.cajan.
The pulps of longer cooking duration(2 hrs.) were also evaluated for their
strength properties. The S.aculeata pulps showed better strength properties at
all combination of chemicals studied. The pulps which were obtained at a sulphite
to carbonate ratio 70:30 showed better values of strength properties in comparison

to pulps obtained with 100% sulphite and 100% carbonate. The strength properties

of pulps obtained at 1007 sulphite dose showed better values of strength prcperties
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than pulps obtained at 100% carbonate doses. The pulp and paper qualities
obtained would, of course, be the decisive factor in justifying charges with

higher percentage of carbonate doses.

The pulps (2 Hrs.i duration obtained at optimum proportions of
sulphite to carbonate (70:30) were evaluated for strength properties after
beating them upto different levelsof freeness and the results are reported in
Table 5.3E and plotted in figure 5.03E. The figures showed that the maximum
values for strength properties were obtained at a freeness level of about
é%ﬁ?SR. Hence it is not advisable to b%at these pulps beyond this particular
level of freeness. The plots showed that, burst, tensile, apparent density,
folding endurance increased as a result of an increase in the oSR, upto a
certain limit, while tﬂe porosity, tear and brightness decreased as the freeness -

increased.

5.3.CONCLUSION:

In the NSSC pulping process, the carbonate component was found to

have an appreéiable pulping effect. This was true wheather it served as additional
chemical or as partial replacement for the sulphite. The addition of sodium
carbonate to sodium sulphite, shortened the cooking times and appreciably
affecting the strength properties. With high yield pulps frém rapid/short

cooking cycles the highest strength values were reached with sulphite to carbonate
ratio of 60:40. It also provides oppor;unities for saving in sulphur. For
bleachable grade pulps of longer cooking duration, addition of carbonate to

reach sulphite to carbonate ratio of 70:30 showed-higher rates for degree of
delignification. In addition to its corrosion inhibiting properties, sodium
carbonate must be considered as an effective pulping agents when used in

combination with sodium sulphite in the NSSC process.
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SECTION (F)

BLENDING STUDIES:

Most commercially produced papers contain more than one fibrous

)

~

component and many others also contain non-fibrous materials, e.g. clay and
titanium oxide, to improve the properties given by the lep furnish. The

pulp blends are chosen such that the resultant pulp and paper properties are
more acceptable when considered as a whcle than those of the individual
components. The overall assessment of the choice of material for a given
furnish is influenced by such factors as the relative costs of the various
pulps; their availability, their ease of ﬁeating and ovérall wet—-end performénce,
e.g. runnability, and formation. Since the addition of fillers reduces the
_strength‘cf the sheet while commensurately improving the opacity and brightness,
the quantities that can be 2dded in order to attain satisfactory optical
properties are limitea. Hence the final paper will often contain various pulps
and fillers blended in such a way as to produce economically a sheet, which

satisfies a customer's specifications.
5.1.BLENDING OF PULPS.BEATEN SEPRATELY:

The pine kraft pulp was prepared in a WEVERK laboratory electricaly
heated, tumbling digester. The cooking conditions and results aré reported in
Table-5.2F. The softwood kraft pulp was beaten to AOOSR, while the S.sesban,
S.aculeata and C.cajan kraft pglpS'were bea?gn tq,39?§§,M3808R and 38°SR
respectively. The beaten kraft softwoed pulp was mixed with beaten S.aculeata
S.sesban and C.cajan kraft pulpS}EiffEIQHt proportion and standard sheets of
60 gms/mz were made on laboratory British sheet forming machine. The sheets
were tested for various strength properties as per the I1S'1060. The results

are recorded in Table-5.1F.
5.2.PROPERTIES OF BLENDED PULPS:

Table~5.1F as well as figure5.0lF showed the strength properties

of blends having S.sesban, S.aculeata and C.cajan pulps and softwood pulp.
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The blends showed ovefall improvement in all the strength properties, but

tear increases substantially in comparison to other properties. The blending

of long fibred pulp upto the extent of atieast 5% of the total furnish improved
the runnability of these short fibred pulps on paper machine. The improvement

in strength properties is directly proportional to the amount of long fibred
soft wood pulp; i.e. more the percentage of long fibre in the furmish, the

more will be the improvement in strength properties. The magnitude of improvement
in strength properties is quite substantial upto 307 long fibred pulp in blends
and beyond this amouﬁt, the magnitude of improvement declined i.e. improvement
in strength properties is not too much. The strength properties of blends having
atleast 5% long fibred pulp are good and much more higher than the values

required for different grades of paper.
5.3.CONCLUSION:

The present studies revealed that tﬁe addition of small guantities
of unbleéched soft wood pulp in a furnish base having kraf; pulps bf these
non~wood fibrous plants caused a definite improvement in nearly all the
stiength properties of the paper in comparison with the properties of indivisual
pulpsof S. aculeata, S. sesban and C. cajan. As revealed from the literature
 this improvement was observed better when the furnish was prepared with these
two pulps beaten seperately. As reported in literature(12,20), blending after
beating the pulps separately showed improvement in strength properties as
compared to mixed cooking and separate cooking and mixed beating. The improvement
in tensile index and tear index was quite considerable while the improvement
in burst index was not too much. It was concluded that the paper from blended
pulps of S. aculeata; S. éegban and C. cajan mixed with atleast 5% softwood
pulp can be manufactured without difficulty on a paper machine running at a‘
high speed. The sheet thus obtained will have higher strength Characteristics

and a better formation of.paper than pure kraft pulps of S.sesban, S.aculeata

and C.cajan and it is quite suitable for production of different grades of paper.
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Table-5.1F:Strength Properties Of Softwood Kraft Pulp And S.sesban, S.aculeata

And €.cajan Kraft Pulps mixed after beating.

_____ Proportion___ Drainage Appérent Tear index Burst index Tensile Folding
Soft wood S.sesban time dengity 9 9 index egdurance
(%) (%) (Sec) (g/cm3) (mN.m"/g) (KPa.m"/g) (N.m/g) Kohler Molin
0 100 16.0 0.74 5.64 4,70 54.45 0 307
2 98 15.9 0.73 5.72 4.95 56.50 312
5 95 15.6 0.74 6.10 5.28 62.95 340
10 90 15.4 0.72 6.40 5.36 65.07 358
15 85 15.1 0.71 6.80 5.67 71.37 370
20 80 14.6 0.72 7.12 5.95 - 73.04 396
30 70 14.4 0.70 7.35 6.26 75.60 440
%0 60 13.4 0.69 7.62 6.18 75.10 435
50 50 11.5 0.67 7.85 6.02 74,00 450
S.aculeata
0 100 17.4 0.82 6.20 6.71 76.51 620
2 98 17.4 0.80 6.35 6.82 79.63 634
5 95 17.1 0.81] 6.76 6.94 81.25 647
10 90 16.9 0.78 6.98 7.21 82.90 669
15 . 85 16.4: . 0.79 7.47 7.38 84.75 680
20 80 16.1 0.74 7.62 7.66 86.20 694
30 70 15.2 0.70 7.86 8.27 90. 04 723
40 60 14.2 0.68 8.04 8.16 90.60 732
‘50 50 13.1 0.69 8.24 8.08 89.50 750
C.cajan
- 0 100 17.6 0.82 5.62 5.49 62.83 320
2 98 17.4 0.81 5. 80 5.52 64.36 335
5 95 17.3 0.80 6.25 5.70 67.00 356
10 90 17.0 0.76 6.52 6.10 70.07 382
15 85 16.7 0.76 6.95 6.37 73.51 412
20 80 16.2 0.73 7.10 6.70 75.38 432
30 70 15.6 - 0.75 7.40 7.22 78.70 460
40 60 14.5 0.73 7.65 7.10 79.20 470
50 50 13.3 0.73 7.94 6.96 78.45 481
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CHEPTER VI
CONCLUSTONS

The present investigations have been done on the non-wood fibrous
raw materials viz., S.sesban, S.aculeata and C.cajan. The perhectare ?ield of
fibrous material is highest in case of S.sesban among these three zand other
non-wood fibrous raw materials. The perhectare yield of fibrous raw materials
oflS.aculeata and C.cajan are higher than straws and comparablg tc bamboe. The
results of proximate chemical analysis indicated that S.aculeata is haviﬁg
minimum water solubles among ﬁhese three non-wood fibrous raw materials. The
water solubles content of S.aculeata(3.32%) is quite low in comparison to water
solubles content of bagasse and bamboo. The alcohol-benzene solubles of these -
non-wood fibrous raw materials are.quite comparable to bamboo and bagasse. The
S.aculeata is having little higher amount of lignin among these plants but it
is quite comparable with lignin in bagasse and still quite low in comparison
to the lignin content of bamboo. The S.sesban ishaving maximum pentosan
content aﬁong these three raw materials, but this amount of pentesan is quite
comparable with the pentosan content of bamboo and still quite low than the
pentoéan content of bagasse. The S.aculeata is having maximum holocellulose
among these three raw materials and this amount 6% holocellulose is s;bstantive
higher than the holocellulose in bamboo and bagasse. S.sesbag is having little
higher amount of hemicellulose among tﬁese p;ants and it is quite comparable
with the hemicellulose content in bamboo and comparatively low than bagasse
hemicellulose. S.aculeata is having maximum amount of alpha cellulose amongst
all including bamboo and bagasse. The S.aculeata and C.cajan are having little
higher ;mountsof ash and silica than S.sesban, but these amount of ash and
silic& are substantive low than ash and silica content in bagasse and bamboo.
The morphological studies revealed that all these three non-wood fibrous plants
are having short fibres in comparison to bamboo and bagasse. The lumen diameter
of S.aculeata and C.cajan are higher than the lumen diameter of S.sesban and

bamboo. The cell wall thickness of S.aculeata and C.cajan is quite lower than
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S.sesban and bamboo. On the basis of morphological and chemical st;dies it was
concluded‘that S.aculeata is comparatively better non-wood fibrous raw material
among all these plants. The infrared spectrum and G.L.C. studies én carbohydrates
showed that these plants are having higher amocunt of xylan fraction indicating
that the nature of carbohydrates resembled to those of bamboo and hardwoods
carbohydrates. The infrared spectrum and alkaline nitrobenzene oxidation studies
of lignins showed the presence of guaiacyl-, syringyl- and p-hydroxyphenylpropane
units. These studies clearly indicated that the nature of lignins is some_what
similar to those of bamboo. The pulping studies on S.sesban, S.aculeata and
C.cajan were done by soda,kraft, alkaline sulphite, semi-alkaline sulphite and
NSSC processes. The effect of small dosés of AQ(0.1%) was also studied in all
process except NSSC pulping processesAs indicated earlier that these raw materials
resembled with bamboo and tropical hardwoods in many respects rather than the
typical agricultural residue like bagasse and straws. These pulping studies
revealed that the total chemical requirement for pulping of tlfese raw materidls

is comparatively low than that required for bamboo and hardwoods. These results
also indicated that the total cooking cycle is also shortend, required milder
cooking conditions and gave higher pulp yields than bagasse, strawsand bamboo.
The results of pulping studies revealed that the kraft pulping process is best
suited for the pulpingvof these raw materials for making high strength papers

as iﬁ case of bamboo and woods. For higher yields the alkaline sulphite and
semi-alkaline sulphite pulping processes may also be recommended for getting
papers with moderate strength properties. The brightness ‘of alkaline sulphite
and semi-alkaline sulphite pulps were far far better than soda and kraft pulps.
The pulping studies with AQ revealed that the use of AQ shortenstbe cooking
cycle to get the pulps with same kappa numbers. The results of bleaching studies
indicated that the pulps of these raw materials are easily bleachable with low
bigach chemicals requirement. The conventional CEH or CEHH bleaching sequences

are quite suitable for making pulps with higher brightness level. Although on
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bleaching the alkaline sulphite and semi-alkaline sulphite'pulps,the bleach
chemical demand increased and it is due to little higher retention of lignin
with unbleached pulps. Like other non-wood fibrous pulps, these pulps are

also easily beatable thereby requiring low energy requirement during the process
of beating and refining. The optimum freeness level was found to be around
4%i2°SR for these pulps with moderate strength properties. The hand sheets
evaluation data of these pulps indicated that the overall strength properties
of kraft pulps were better than other pulps for making high'strength papers
(kraft and sack kraft). The tearing strength of alkaline sulphite pulps were
found to be better than other pulps. The soda pulps may also be used for

making various grades of paper which do not require high strength properties
like kraft. The AS and SAS processes are also well suited té produce high yield
pulps for making various grade of paper(writing & printing, packaging and
strong coated base paper etc.). fhe‘NSSC pulps may be used for making corrugating
medium, liner board, coated base paper and other grades of packaging papers.
Althqugh papers with moderate strengtﬁ proberties can be produced By utilizing
centpercent pulps of these non-wood fibrous plants, but due to the shorter
nature of fibres in these plants, created lots of problems during processing.
These pulps require more surface area for washing purposes and producing papers
with low tearing strength in comparison to bamboo and woods. Therefore it is
very much desirable to use at least 5% long fibred pulps to enhance the rate

of drainage and to improve those physical strength properties whjch depends on
long fibred stock. The soda and kraft spent liquors studies revealed that

they contained substantive low amount of silica than bamboo and bagasse spent
liquors. The viscosity and calorific value of these spent liquors are
quite comparable to those of bamboo spent liquor. The recovery of chem;cals
may be done from the spent liquors of these raw matgrials as in case of bamboo.
A summarized account of optimized cooking conditions and phycial strength

properties of soda, kraft, alkaline sulphite, semi-alkaline sulphite and
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neutral sulphite semi-chemical pulpings with(0.1% AQ) and withouf AQ for S.aculeata,
C.cajan and S.sesban are given in Tables 6.1, 6.1A, 6.1B & 6.1C. On the basis of
above investigations these plants can be categorised according to their relative
order of merit in descending order as:

Sesbania aculeata > Cajanus cajan.) Sesbania sesban

The various problems related with the utilization of these non-wood
fibrous plants for pulp and paper making, can be minimised upto some extent by
taking certain precautions during processing. For wéshing of the pulps of these
non-wood fibrous plants the vacuum washers with multistage counter current
washing system, can be used. For screening and cleaning of these pulps, it is
desirable to do two stage screening and three stage centricleaning during
ﬁrocessing. A comparatively less quantity of rosin size and little higher amount
'of a1um wiil be required to prodﬁce paper while uéing a good proportion of these
non-wood fibrous plants.Slow drainage characteristic, high fines, limitation to
achieve high drynss value of the. paper web at the press part, tendency to
blistering and cockling due to rapid drying are some of the problems that should
be encountered while using these non-wood fibrous pulps for paper making. The
drainage problems can be minimized by using more vacuum foils or by increasing
wire length by atleast 15 to 20% over that required for bamboo or wood pulps.
Wet web strength can be increased by adding 2-5% long fibred pulps or by using
closed draw system. The press part probiems canbeminimized by using a bi-nip or
tri-nip press systems. The paper produced out of these non-wood fibrous pulps will
need extended surface area fof drying and it should be done at relatively low
temperature. The drying section should be split into smaller groups to provide

better draw controls and for improved over all evaporation rate.

There is no systematic data available regarding the availability of
.these plants, in literature, Collection of these non-wood fibrous raw materials
is also one of the major problems, since no proper utilisation of these raw

materials have been done so far. The bulk density of these raw materials are
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quite higher than the bulk density of straws and bagasse but still lower than
bamboo and woods, therefore transportation is also one of the major problem for
transporting them from one place to other for -processing. The S.aculeata and
C.cajan are seasonal crops, while the S.sesban is available round‘the year, hence
S.aculeata and C.cajan should be stored for off season requirement of these plants.
Due to the bulky nature, the space requirement for storage of these materials is |
more aﬁd proper care should be taken during storage as these are easily degradable
by the aFtack of micro~organisms in comparison to woods. Prior to the utilization
of these non-wood fibrous plants for pulp and papermaking on mill scale, it is
desirable to carry out the extensive studies in certain areas, which are still
untoucheé and important. The extensive studies viz,, thermomechanical pulping(TMP),
chemi thermomechanical pulping(CIMP), mechanochemiqal pulping, chemi-mechanical
bulpingkCMP); semi-chemical pulping, bio-pulping and oxygen bleaching etc., on

these non-wood fibrous plants should be made.

Hence it was concluded that the S.aculeata, C.cajan and S.sesban are
quite suitable non-wood fibrous raw materials for pulp & paper making. Due to the
acute shortage of raw materials, these can be considered as a partial replacement

of conventional raw materials for pulp & paper making.



155

¥ uTW QT
‘utuw Q71
#UTW 081
#ura Q¢
furm g
#G €1
71
¥C"9
g9y
*¥8 0T
SE°01

‘ueqsas'g pue uefed') ‘ejesTnoe'g 104
‘uele0*) pue uBQSa8*'S 104 x

f#eutu 0Z1 = D091 3V
jrure 09 = 05091 ©3 D 50T

frutw og = 0,501 ©3 D 0¢ woay Sui]
¥G: T = .

G:1 = OT3IEX, Yy3leg

#0L:08 = Loslen: moonz
¥8 = z

9 = ‘ % 0 BN Te30L

TE5Tla0s Jisg 83TydIng [e1insN

= (OV 43TM)d_6LT 3V
= (ov u:oauﬂzvuomhﬁ v
0,541 ©3 D 50T

0,801 03 Do0f WO1F Buwl]

I

oT3el yzeqg

i

%(0%8N se)opIx01pAH unypog

]

%(0%eN se)23fydIns wnypog

“DV-23IydIng oUTIENTY. -
puy 237Tyding UTTeNTV

#UTW 06
‘uTw 09
#UTW 071
‘uth 06
#UTW Ch
#UTW oY
#uTl oYy
%€+ 1

G gl
%97

71

i

i

1

]

1t

(OV 43TM) 20091 3V

(OV 3nOY3TM) D,091 3V

00091 ©3 D601
JoS0T 3V
00501 ou.ooom woay SWL]
0FaBl yieg

y(0%eN s®) TTEATV 9AFIOV

OvV=33Jexy puy 3je1y

utw 0g1= (dV 4aT#)D 0.1 3V
futw Q1z= (DY IMOYITA)D0LT IV
fuTm 09 = ©D_0LT ©3 D SOT

fatw Q€ = D 60T ©3 D 0f WOIJ SWLL
%Gl =
il = 0131 Yy3eg
#58°0 = oT3®B1 TTEATV
¥81 = z .
91 = % (0"eN s®) TTEBATIV T2i°L

*Oy-23TYdIng SUTTENTE TWag
puy 33tyding surTeqTe TWas

purw oZ1= (OV 43Tm) 00591 3V
futw 081= (0V 3noy3Ta)d ¢9T IV
fUTW 09 = D 69T 03 D 60T
fUTW 0€ = O_G0T 03 Do0€ WoiF BuWr]
¥G'€:T =
7il = 03Bl Yyjeg
*8T =
91 = % (HOBNSB) TTBATV 24130V

OV-BPOS PuUY ®BpOS

*uBqsSHs g wa< uef{®d o_.mummﬁnum *S 104 OV
usopuaz puy Ao< %1°0) auﬁz wwchH:m TedTway)-Twas 33tydyng T[eiagnaN puy 93TYdyng aurTey[BTUS
‘23TydIng SuUITEYIV ummnM ‘epos J0 sat3aadoag :umsmuum puvy suoT3Tpuo) 3uijoo) paztwridQ:]-‘g-aiqel



156

[eoTWwayd
Twas 937YdIns 1813N8N

py-o37ydns SuTTEAIER TWSS
agpydTns SuTTENTE TUWSS
hy-23Tydns SUTTEATY
aa1ydns SUTTEATY
DY-313B1

3gexd

DV-BPOS

epos

guidrnd 3O sod{]

_ 06°8Y Ge'G. 06°t 6t oyil Tl

9°18 9%l 12°89 ¢6°% 01°¢ , ¢y 8'€S  00°EL 06°6 GE'G 1Y 7'ty 709
0°¢8 vl 91'¢9 80°S 0g" Y 4% 6'€S 04789 06°'6 0£°G 77 z'€s 6709
9 6L G el 06'69 9g'y 06°Y Gy 0°Sv - 0T'EL 08'¢ G8°¢ 9¥ 0*1e  T°1§
9°18 9°CL 06°L9 8T'% S8'% s sy 95794 9.'G¢ 09°G6 97 0°ze 870§
0°¢c8 (AN ¢z'7L GT'w 06°S 9%  0°9% ow.aw. 26°S €8°'9 Q9 0°1t L°0S
$°T8 0" 1L gh 0L O%°'w T8'G ¢y g°SY 00°18 0€°S 06°9 S¥ %0t g8 6%
818 0°69 07°65 G9°t 01°Y vy £'€w 00714 vty T6'hw Sv 0Tt 287
0°¢8 889 00°66 09°¢ TI'Y vy 6'C%  TL70L 69'h G6'% WY 0'1e 9w

(3/ (3/gm 8/ (3/,u
€3 oy (Bmy wm) Ren (WS () (B/mD WD redd) (as,) (ow) ()
(oyda1td) XapuTl wavnﬁ XapuT ssSu XapuT Cxapu} X3puf mmwa

£a1oedg ssaulyldtig STTSUIL 1ea] asang -931d PISTA aTIsuel ies] 13sind -291j eddey pIaTA

d10d QIHOVA'IE

d1nd qaHOVATENA

*B3EaNOE

g 30 sat3aedoad y3dua13s meﬂEHuao”4ﬁ.©|mﬁan

.



158

gg'yy  01'G 96°¢€ 2% 0°80T 0'0L TeoTWRYO

Twas 23Tydyns TeBIINSN
9°'18 ¢1L L6°%S 86°E€ 0€"Y 9% 09°7S 00°T9 08'% S6°% S% 97y 8°'LG QV-°3tydins SurTETE Tuasg
0°¢8 0°1L Ly°S% 91°% 9L°¢ Gy 92°7S €G'ES .TI1°G 06°% €% 8'CTS T°8S 23TydIns SuUTTENTE TWAS
0°18 L°69 6°Cs 76t I8'¢t 9% O0€'%%  06'85 9S'v OL°H ¥y 0°6T §'6Y 0y-23Tydns AUITEATV
0°¢8 $°69 PZ°1S 06°¢ C1°% ¢Y  6'€w  L€°9G  LE€°h wL°% L% 0°TE 0'6Y 937ydins mcﬂamxw<
9°¢t8 %69 SL°0G 0OL°% 0f'¥ ¢y TUEY  ETTT19 TsTh 9T Yy 0°CeE 6°LY Ov-33exy
0°28 L°69 06°6S 0C°% 8%'¥% §% G°T% 8S'09 68°% HI'G 9% O°IE  0°LY RELEY:!
0°z8 08°L9 06°Ts %6't 96°¢ nq, 6'1%7 69°85 68°¢ ow.q‘ tE? 0°2¢ ©%'9% Qv-epos
(AR 9769 9%°'9% SO0'Y 0c¢ 6€ 8°0% §9795 TZ¢'% €I'w €% 0'0t L°GY BPpOS

(3 (8/u (3 (8/5u
(%) (%) (3/wN) /gw Nw) ‘edd) (8So) (%) (B/uN) /pw Nw) ~edd) (¥Sy) (°®) (%)
(oydaiyy) X3pUT X9pul Xapul SsSau X9puUF XIPul XIpul SsIu

K31oedQ ssaujydrig STFSua] 1e3] 23Isang -931] PIOTX

aTIsual 1ea] 3Isang -3a1g

eddey praIj

d1nd QIHOVATL

d10d TIHOVATINA

guydind 30 sadf]

‘ueqsas*s 3o serrredoag yadusiizg pezTwrlrdp:)dT-9-2T7qBL



ANNEZXTURE



158

Scale

Photogreph of Sesbania aculeata Plant



Photograph Of Cajanus Cajan Crop
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PHOTOGRAPH OF SESBANIA 8esban PLANT
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Pho tomigrograph of S,0esban unbeaten Pulp (Seda-A) (Kraft-B)
(Mdm MM) (Sem! Alkaline Sulphite-D)

Photonicxograph of S.8esban beaten Pulp (Sedarde1) (Kraft-B-1)
(Alkeline m’n'._c.,‘)(S_emi Alkaline Sulphite-D-1) (40X)



Pho of C,cajen unbeaten Pulp (Sodaea)(Kyeft-B)
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Photoad of C,cajen beaten Pulp (Sodesiwi) (KrafteBe1)
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Fhotonicrogreph of S5,aculeata unbeaten Pulp (Sode-A) (Kraft-B)

- (mm MM) (Semi Alkaline Sulphite-D)

Photomicrograph of 5,asculeata reaten Puldp (au.-m)(xnn-n-t)
(A‘l.kduo um‘.-co‘) (Semi Alkaline Sulphite-D-1)(40 X)
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Photomderograph of S,sesban Bleeched ucbesten Pulp (Sode~A) (KrafteB)
(Akeline Sulphdtesd) (seni Alkaline Sulphite-D)

Photonierogreph of S5,9esben Bleached beaten Pulp (Sodaride1)(KrafteB-1)
(Alkaline Sulpbdteleq) (Semi Alkaline Sulphite-D-1)(40X)



Photomicrograph of C.cajan Bleached unbeaten Pulp (Soda-4) (Kraft-B)
(Alkealine &llphite-C) (Semi Alkaline Sulphige-D)

Photomicrogreph of C,cajan Bleached beaten Pulp (Sode~A-1)(Kraft-B-1)
(Alkaline Sulphite-C-1) (Semi Alkaline Sulphite-D-1)(40X)



Photomicrograph of S,aculeates Bleached unbeaten Pulp (Soda-A) (Kyaft-B)
(Alkaline Saulpbite~8) (Scmi-z kaline sulphite—D)

Photomicrograph of S,aculeata Bleached beaten Pulp (Sode~4-1) (Eraft-B-1)
(Amaline Sulphite~0-1) (Semi-alkaline sulphite-D-1) (40X)
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