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ABSTRACT

In the present tume to meet out the gap between demand and supply of the paper, 1t has
become the prime requirement to recycle the paper prepared from the agn- residue pulp,
which 1s prepared from the fast growing specie available on large scale. The bagasse is the
only waste fibrous discharge in huge quantity available from the sugar mndustnies i
northern India, which is utilized as a raw material for the production of specialty and other
grades of paper in paper industries. Se in this PhD. programme the efforts have been
carried out to recvele the agri-residue based paper and to study the fiber characteristics of
paper produced after recycle, to recover the strength loss with the help of blending of long
fibered pulp to optinuze the strength and other properties of paper with the help of
mechanical treatment like beating and refining and the addition of retention aids and other
strength improving chemicals for improving the recycling potential of the bagasse based

paper for the protection of depletion forests and sustamable ecology 1 the country.
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CHAPTER 1
INTRODUCTION

Due to the fast depletion of forest resources and its impact on ecologica balance,
the paper industry has turned to fast growing wood species, alternative non-wood fibres
and the use of secondary fibre for paper production. The selection of best fibrous raw
material, which will be available on sustained basis, appears to be of prime importance
and further, the quality of end product will largely depend on the type of fibre and their
blends in making the stock. The agri-residues and secondary recycled fibres seem to be the
promising raw materials of the future. With this scenario of raw material for paper
industry, Government of India encourages the utilization of secondary fibre for paper
making by allowing fiscal benefits, which have been allowed for use of bagasse, jute
waste, rice and wheat straw if they are used to the extent of 75% in fibre furnish. This
invites reinforcement of long fibres, like 6 mm Short Cut Polyester Fibres (SC PSF) in the
stock for all those grades of paper wherein the key strength characteristics such as tear,

bulk, porosity, folding endurance, stiffness, etc. are very important (Bhuwania et al.1999)

In India, more than 250 mills manufacture various grades of paper using recovered
paper, partially or fully in furnish. This figure is increasing day by day. The paper
manufactured using recovered paper has also increased significantly which clearly
indicates the growth of the sector with time. The world trend on the recycling of recovered
paper is aso quite encouraging. The growth pattern achieved forecast a bright and
challenging future for this segment of paper industry in 21% century (Mahapatra et al.
1999).

The future demand of the raw material for paper manufacture can be met from the
proper recycling of the waste paper. In addition to pursuing the ecological balance and
saving of raw material, the reduction of power requirement per matric tonne of paper
produced is another advantage. But in spite of all the advantages, about 40% of the total
paper production in the world was based on the secondary fibre in 2006 (Sixta, 2006). The
reasons for such an affair are both social and technical. The social reason is due to
improper method of sorting and collection of waste paper, while the technical reason is the

deinking of the waste paper and its low fibre strength. Recycled fibres have lower strength
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and higher drainage resistance than virgin fibres.
Recycling of waste paper involves a series of following steps as mentioned bel ow.
o Waste paper collection and supply
o Defibreing

° Contaminant removal
o Deinking
o Bleaching

These steps are continuously being improved through extensive research and
development effort and increasing proportions of recycled fibre are utilized for paper
manufacture. Earlier, the bulk of the total recycled fibre was utilized in paperboard
manufacture, particularly in the middle layers of multiply boards. However, today nearly
35% of the recycled fibre is utilized in newsprint, tissue, packaging and other grades of
fine paper.

In spite of so many advantages of waste paper recycling, its present recovery in

Indiaislower compared to world around. Some of the reasons for this are asfollows:

a) Improper and unorganized method of waste paper gradation at the time of
collection.

b) The paper industry mainly depends on the imported waste paper. Proper
attention has not been given to indigenous waste paper due to its low
strength and other reasons like shives and brightness etc.

C) Waste paper is generally used for manufacturing the low grades of papers.
Very little efforts have been made to make high quality papers from the
waste paper.

d) The recycling of waste paper has never been taken seriously. The paper
industry does not have a good guiding force to streamline the process
technology for effective utilization of waste paper. No worth mentioning
research work has been carried out to develop an indigenous process
technology suitable to Indian waste paper equipment and environment.

While looking for increased utilization of recycled fibre, there are technical

bottlenecks limiting its use. Most important of them are being the reduction in strength and
other desirable properties of fibre during recycling. Recycling of chemical pulps made from

agri-residues is very limited due to short fibre and low strengths. A very little information is
2



available on the characteristics of recycled agri - residue pulps. More efforts have not been
made to improve the characteristics of the recycled pulp. But more pulp will be produced
from agri - residue, which needs to be recycled for economic and environment reasons.
Therefore, an attempt has been made to study the recycling of agri-residue pulps for their
characteristics and explore the possibility of improving its properties. The objectives of the
present work are to study the effect of recycling on the characteristics of agri-residue pulp

(bagasse) and improvement of strength properties of recycled pulp.



CHAPTER 2
LITERATURE REVIEW

There is increasing use of recycled pulps by Indian industry in the present day
context of scarcity of conventional wood and bamboo-based inputs for paper-making.
Though both mechanical and chemical factors in the paper making process affect the
drainage / retention, the chemical aspects of retention are more important as the use of
chemistry does not require capital and chemistry is easier to apply than rebuilding or

modifying a paper machine system.

2.1 Characteristicsof recycled paper

Paper recycling causes maor changes in the strength and optical properties of
pulps. In general, recycling tends to decrease tensile strength, burst strength, and folding
endurance while increasing tear resistance, stiffness, light scattering, and opacity.
However, the magnitude of change upon recycling is different for different types of pulps
(kraft, sulfite, mechanical, etc.). Pulp recycling potential — the ability to retain physical
properties after recycling - depends on its pulping and papermaking history. Chemical
pul ps exhibit pronounced changes, while mechanical pul ps remain relatively insensitive to
recycling (Bangji Cao, et al. 1998). The effects of recycling on the strength of paper can
be evaluated in terms of the degree of ‘paper making potential’ initially extracted from the
fibre. High yield mechanical pulps undergo relatively little processing compared with
virgin fibres and consequently their papermaking potential islow. Property losses of these
fibres with recycling are small. On the other hand, a refined, bleached chemical pulp has
maximum amount of paper making potential generated, and recycling losses with this type
of pulp are much more severe. These effects can be understood in terms of basic structure
of the fibre. It was reported that, at higher pulp yields pulp swell ability after recycling
was almost completely recovered. At lower yields, increasing irreversibility was observed.
Therefore, Scallan and Tigerstrom suggested that the strength loss upon recycling was a
feature of low yield pulps. The removal of lignin and hemicellulose in a chemical pulp
leaves porous and flexible fibre, which swell, fibrillate and bond very effectively. These

fibres undergo irreversible collapse when they are dried and thus their bonding ability



decrease with recycling. Mechanical wood pulp fibres have much less porous structure and
are less able to swell and bond. They do not collapse on drying, thus their bonding
potential is not greatly affected on recycling (Phipps, 1994).

Chemical pulps fibres are known to 'hornify' on drying. The term ‘hornification’
can be defined as the decrease in water retention value (WRV). But hornification is today
used as a "descriptive term for the physical and chemical changes that occur to pulp fibre
during drying, principally shrinkage and formation of internal hydrogen bonds. Some of
these effects are irreversible. It is aso known that drying causes an irreversible loss in
fibre swelling i.e. alossin the physical expansion of the fibre cell (Scallan, 1978).

The fibre shrinkage occurs in two different phases; in the first phase the shrinkage
is caused by the dewatering of large intra-fibre cell wall pores. The remova of pore water
causes mainly the tangentially oriented inter lamellae pores to close or to tighten. This
causes mainly shrinkage orthogonal to the lamellar plane, hence, fibre shrink in this phase
by flattening. It is called the shrinkage |. The second phase of shrinkage starts in the final
phase of drying, when tightly bound water leaves the microstructure of the fibre. Cell wall
pores have closed aready and the remaining water, which is more or less tightly bound, is
situated in the non-crystalline domains of cellulose. The removal of this water causes the
late shrinkage, seen different to the shrinkage I, in the direction of the fibre width. It is
called as shrinkage -11 (Wise and Paulapuro, 1999).

The loss of intrinsic fibre properties such as bonding capacity, flexibility and
swelling potential during papermaking is associated with the phenomena of irreversible
hardening or 'hornification’ during drying. An essential feature of recycling is repeated
drying and rewetting-disintegrating of the paper sheet. During drying, hydrogen bonds are
formed between cellulose chains in the cell wall and part of these bonds remains unbroken
upon rewetting. In the literature, the extent of hornification has been reported to be
dependent upon the type of raw material and the method of pulping used. Strength
reductions as high as 30% for paper burst and 35% for tensile have been reported for dried
versus un-dried pulp. A linear relationship has been observed between the decrease in
burst and the amount of drying, expressed as a percentage of solids of the partially dried
pulp. Similarly, in recycling experiments, there is a progressive reduction in tensile
strength with each cycle up to about 6 cycles. Horn (1975) observed that the tearing
strength decreased with subsequent cycles.



Fibre breakage as well as hornification influences the strength properties of
recycled paper. The cause of strength losses with drying and recycling has generally been
attributed to a structural change in the cell wall due to irreversible bonding of cellulose
surfaces. The fibrils aggregate into larger units (strings) on drying, which reduce the area
accessible to water and formed a stiffer structure. Further hornification in dissolving grade
pulps to the amorphous face of cellulose change from the pseudo-soft to the glassy state
with drying.

Bangji Cao et al. (1998) studied the effects of hemicellulose (principally pentosans
and especially xylan) and lignin on recycled pulp quality and observed that the amount of
pentosans in the pulps played a crucia role in their recycling potential with the pulp
recyclability improving with higher pentosan content. This effect was observed in both
low-yield chemical pulps and ultra high — yield chemi-mechanical pulps. Lignin content
did not significantly affect the recycling potential of the pulp. The possible reason for this
could be the presence of xylan molecules in between cellulose microfibrils which prevent
neighbouring microfibrils from developing close associations with each other during
drying. By doing so, the xylan helps to preserve much of the fibre’s wet flexibility, which
is crucial if the fibre is to maintain its papermaking properties when it is recycled. The
hemicellulose material in pulp fibres is mainly responsible for hornification with drying.
Thus, the phenomenon is greatest with hemicellulose rich pulps. This does not conflict
with other evidence, since the hemi cellulose at the fibril surfaces would serve to draw the
fibril together with drying to form a stiffer structure.

It has been reported that the speed and temperature of the drying can affect
hornification and if the drying is not uniform, the hornification takes place at an average
dry solids content of 60— 65%. Generally, hornification increases markedly with drying
below 70-75% dry solids. When a pulp was ion exchanged to contain a single low valency
species such as sodium, the bonding and the strength of the sheet improved. It should be
possible to use this concept in the reverse manner — that is, incorporation of high valency
cations in the wet pulp before drying to prevent hornification. Thus, trivalent cations such
as AI**, Cr®, and Fe** should provide the best protection against hornification followed by
divalent ions such as Ca?* and Mg, with monovalent ions such as Na* and Li* offering
the least protection. It has been observed that when Alx(SO.)s is present, hornification is

inhibited to some extent .



Previous workers have reported that the different responses for mechanica and
chemical pulp arise from the relative amount of lignin present in the fibres. The swelling
behaviors of never-dried and recycled pulps were compared as a function of yield. It was
shown that, at higher pulp yields, pulp swell ability after recycling was almost completely
recovered. At lower yields, increasing irreversibility was observed. It was experimentally
observed that the strength loss upon recycling was a feature of low-yield pulps. The
common explanation for this behavior is that removal of the lignin-hemicellulose gel
provides an opportunity for greater intermolecular mobility and contact with the
carbohydrate component. On the other hand, if there is enough lignin present, the
composite lignin- carbohydrate cell structure is rigid enough to resist collapse from
surface tension upon drying.

Paper is a randomly bonded network of cellulose fibres whose tensile strength is
controlled by both fibre strength and bond strength. Page has described a mechanism for
the tensile failure of paper in terms of these two controlling parameters. Qualitatively, the
relationship states that the strength of weakly bonded paper is controlled by factors
associated with bonding strength, while, in stronger papers, fibre strength is more
important. Page used two assumptions for this theory.

The firs assumption in Page’s theory concerns stress distribution in a paper strip
at the instant of tensile failure. During straining, the load is distributed across
progressively fewer fibres along a line of potentia rupture due to bond failure at the fibre
ends. Bonds continue to fail in the rupture zone, and the remaining fibres take more of the
sheet load until they are lying in the direction of loading and reach their rupture strain. At

this point, complete failure of t6he paper occurs. Thisis express asfollows:

T=nZc/(ns+ny) @
Where:
ne = number of fibres crossing the rupture zone that take the load at failure
and than break.
N = number of fibres crossing the rupture zone that pullout intact due to

point bond breakage and therefore carry no load at failure.

T = tensile strength of the paper strip in breaking length, and
Zc = finite-span tensile strength of the paper strip in breaking length, if no
bond breaking had occurred.
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Sheet formation is uniform, so that the number of fibres crossing the rupture line
is not appreciably lower than the number that cross any line traversing the paper
perpendicular to the strain direction. Some scientists measured the tensile strength of hand
sheets at different beating degrees and recorded the percentage of fibres that broke at
failure. The data which generates the straight line between breaking length (km) and
percent broken fibres at failure supports the first assumption of the Page’s equation, which
is further represented by the following,

T =8nsZc/9( s + np) (b)
Equation (a) isalinear relationship in which:

T=0, where  n¢/(ns+np) =0and

T=8Zc/9, where n¢/(ne+ny)=1.

Second Assumption

Page’s second assumption relates the number of fibres that fail at the instant of
rupture and the number that are pulled intact. Thisis expressed as follows,

np/ny = function (f,B) (©
Where,

f

B

mean fibre strength, dynes, and

mean force in dynes, applied along the fibre axis and cross the rupture
line required to pull afibre from a sheet.

B depends on the relative bonded area of the sheet (RBA), the bond strength per
unit area, and the fibre length. According to Van den Akker, the fibre strength for random
sheetsis represented by Eq.d:

f =8/3(ApgZ) (d)
Where:

A = averagefibre cross section,

p =  density of fibrous material, and

g =  acceleration dueto gravity.

Assuming that all fibre-to-fibre bonds act cooperatively along a length of fibre, B
is represented by Eq. (€):
B =bP9 (L/4) (RBA) (e)
Where:
b = bond strength per unit area.
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P perimeter of the fibre cross section,
L fibre length (L/4 is mean pulled length), and
RBA =  relative bonded area of the sheet.

The above equations can be manipulated to obtain Page’s equation for the tensile
strength of paper:
UT =9/8Z + 12Apg/bPL (RBA) (f: Page Equation)
In theory, Page equation (e) establishes a relationship between certain fibre
properties (viz., fibre length, fibre coarseness, fibre perimeter, zero-span tensile strength),
a paper property (relative bonded ared), and a fibre-to-fibre interaction (bond strength per

unit area).

Refor mulation of the Page Equation
Page maintains that the following equation is a satisfactory representation of well-
bonded sheets, such as conventional packaging papers and printing and writing papers.
This equation is the basis of the MAPPS computer simulation program, which predicts the
properties of paper based on fibre and process variables. The current validated database
for this program is based on the properties of virgin fibres. The Page equation can be
reformulated as follows:
UT =9/8Z + 12gC/PLbRBA (9

Where:

= tensile breaking length, km,

=  zero-span breaking length, km,

.
z
C = fibrecoarseness, mg/100m,

P = fibre perimeter, mm,

L = fibrelength, (weight average),

b = fibrefibre bond strength, dynes/cm?,

RBA = relative bonded area, %, and

g = gravitational constant.

The work presented by Darcy Clark and A. Jones showed that the best
representation of fibre length is weight-average fibre length, which is compatible with the
measurement of coarseness. Fibre coarseness and perimeter can be measured using well-

established microscopic techniques. RBA can be calculated from the scattering coefficient
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of the sheets:

RBA =[S - /S (h)
Where,
S = thescattering coefficient of an unbonded sheet, and
S = thescattering coefficient of a paper sheet.

Substituting Eq. (h) into Eg. (g) and rearranging them lead to a relationship
between the tensile properties of the sheet scattering coefficient:

[T —9/8Z]™ = bly — {blySe} S @)
Where:

We refer to the left side of Eq. (i) as the Page Parameter. Fibre-fibre bond strength
and the value of S for individual pulps can be calculated from a plot of the Page
Parameter vs. the scattering coefficient.

Despite the acceptance of this explanation by many workers, there is some
inconsistency with regard to the role of lignin on the recycling behavior of pulp. Some
workers studied the effects of recycling of three loblolly pine kraft pulps. Two of them
were unbleached pulps with 46% and 60% vyields. Their Klason lignin contents were
16.2%, 4.8%, and 0.2%, respectively. It was found that the percentage loss of strength
properties with recycling did not correlate well with the gradual removal of lignin content
in the pulps.

Hsieh et al. (1998) studied the strength and drainage characteristics after recycling
kraft pulps and treated with and without chlorine. The yields of three regular kraft pulps,
without any chlorine treatment, were 47%, 55%, and 59%. In another case the initial yield
of kraft pulp observed were 52%, 58% and 63%. It was found that in the case of regular
kraft pulps, without any chlorine treatment, the strength loss after recycling increased with
decreased yield. However, this trend was less pronounced for the chlorine — treated pulps,
which suffered less strength loss at a given level of pulp yield. It is known that chlorine
treatment is more selective in removing lignin and preserving hemicellulose than the
conventional kraft pulping process. Hence, as the yields were decreased via chlorine
treatment, lignin was selectively removed, and the hemicellulose content was maintained
at arelatively high level. This may have contributed to the difference in recycling response
between the two series of pulps, thus suggesting that lignin and hemicellulose contents in

pul ps may influence the recycling behavior differently.
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There is some speculation in the literature regarding the role of hemicellulose in
the re-formation of paper. It was reported by some workers that the loss of wet plasticity
was related to the formation of ordered regions within the fibre. Hemicellulose may be
partly involved in the formation of this new ordered region. Thereby, the hemicellulose
would become inaccessible and unable to contribute to the hydrogen bonding in remaking
of paper. Eastwood and Clarke (1977) expressed a similar opinion. It was suggested that
“hornification” takes place, for the main part, with in the hemicellulosic material of the
fibres because of the degree of swelling and mobility of the molecules. Beyond these
speculations, there has been little effort to understand the role of hemicellulose on
recycling. Moreover, in past studies, the effects of lignin and hemicellulose were
frequently mixed, since lignin and hemicellulose are removed with relatively low
selectively in the common commercial chemical pulping process. Bangji Cao, et al. (1998)
studied the effects of lignin and hemicellulose and evaluate their relative importance in
influencing pulp recycling potential in terms of strength property losses.

Recycled pulp has been used in the manufacture of various grades of paper and
board for many years. Worldwide, more than one third of the paper produced is made from
recycled pulp. In fact, pulp and papermaking is one of the important industries in India
categorized as a “Core Sector Industry” and there have been continuous growth in this
industry to supply ever- increasing demand for a variety of paper products. Waste paper is
being used as an important raw material for pulp and papermaking by all segments of the
industry. There is increasing use of recycled pulp by Indian industry in the present day
context of scarcity of conventional wood and bamboo-based inputs for papermaking.
However, there is a limitation in paper recycling. With each recycle, the quality of pulp
deteriorates as the recycled fibres have higher drainage resistance and lower strength than
virgin fibres due to its exposures to repeated pulping and drying processes. Water removal
is an important aspect, which is affected mainly by machine design, speed and stock
quality. Long fibreed pulps from softwoods give very good machine run ability followed
by short fibred pulps from various hardwood species. Recycled pulps pose drain ability
problems and limit the speed of paper machine, which has a direct impact on the final
production.

2.2 Featuresof commercial pulps
Most market chemical pulps are dried to approximately 85% to 90% solids. When
economical, market pulps are also sold in wet laps dewatered to approximately 45%
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solids. Integrated mills use never-dried fibres in their papermaking operation, resorting to
dry-wet lap pulps during the occasional pulp mill outage. The physical properties and the
response to refining of never dried, wet lapped and once-dried fibres are different.
Therefore, papermakers have to adjust operating conditions to compensate for these
differences.

Although never—dried and once-dried fibres are chemically similar, they differ
greatly in their physical properties. Never-dried fibre contains much more water per unit
dry mass than those of dried fibres after rewetting. Being more swollen, the never-dried
walls are more flexible or conformable. In contrast, the walls of dried (and rewetted) fibres
are stiff. Significant changes in the papermaking properties of fibres occur with water
removal as the walls become progressively more rigid and less conformable.

Dried fibres can be made more conformable by mechanical treatment, such as
beating or refining, which flexes fibres repeatedly in water. Unfortunately, this requires
considerable expenditure of energy. Moreover, refining of fibres introduces undesirable
effects such as fibre shortening and the production of fines, which increase the drainage
resistance of the pulp. Furthermore, the changes brought about by drying are not entirely
reversible. The photomicrographs of never-dried fibres fibrillate to a much greater extent
than once-dried fibres. It is noticed that at a given level of refining energy, the swelling or
WRYV (water retention value) in dried fibres remains lower than in never-dried fibres.

Clearly, what distinguishes never-dried fibres from dried ones at any beating or
refining level is fibre swelling and the resultant conformability of the fibre wall. Both
factors greatly influence papermaking and sheet properties. The higher conformability and
fibrillation of never-dried fibres trandate to lower refining cost to achieve a given tensile
strength. Energy is required to dry pulps. The drying process stiffens fibres, and refining
restores only a portion of fibre conformability. Therefore, pulp should only be dried if
storage, transport, or use of wet pulps is uneconomical or impractical.

The mechanical properties of fibres as well as their ability to swell are diminished
after they have been exposed to the pulping and drying conditions imposed during the
paper making cycle. The reduction in swelling and loss of fibre flexibility after drying
reduces the strength potential of recovered fibres. The extent and reversibility of the
reduction is dependent on the original pulp type and on the papermaking process.
Contamination and age degradation also contribute to the reduced strength of recycled

fibre.
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The presently known methods of improving drainage or restoring some or al the
strengths of recycled fibres may be grouped into seven generalized categories: mechanical
treatment, chemical additives, fractionation, blending, chemica treatments, enzymatic
treatments and paper machine modifications. Paper strength properties are largely a
function of fibre length and inter fibre bonding. Inter fibre-bonding increases with specific
surface area by fibrillations and the presence of materials that facilitate surface
interactions.

Now-a-days, the use of waste furnish and the closure of back water systems have
led to increasing demand on many wet ends, resulting in poorer retention, slower drainage,
and reduced strengths. Consequently, the need of wet end chemicals for functional and
processing aids has become progressively more and more important.

Cellulose paper is very vulnerable to water since it contains many hydroxyl
groups, therefore, sizing becomes a necessary process for many paper grades. Rosin soap
size has been the most widely used sizing agent since the sizing techniques were
developed in 1807, because the material is fairly inexpensive and abundant and the sizing
process is easy to operate. However, this sizing agent can now be applied only in an acidic
pH range since alum has always been the predominant mordant of choice in industry and it
is not effective at elevated pH due to its chemical characteristics.

The twin phenomena of drainage and retention are so intimately related that it is
normally impossible to ater one of these parameters without affecting the other, and
frequently when the drainage is improved the retention falls. There are two ways in which
retention is customarily expressed, either as 1) first- pass retention, or 2) total or overall
retention.

First pass retention is defined in terms of the amount of head box solids retained
on the wire, and is normally expressed in terms of percentage retained. Total or overall
retention is calculated from the mass of the paper leaving the machine and the amount of
stock used, and it is again usually expressed as a percentage of the solids content of the
stock that appears as product. The use of recycled fibre, in paper making furnish, for more
and more demanding grades has set new targets for the treatment process. Development
efforts have been largely directed to equipment and processes to produce cleaner fibre, and
less attention has been paid to the development of fibre characteristics. However, the key

to developing the desired properties is based on the bonding ability of fibre and great
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attention is paid to this feature when processing virgin fibre. Whenever the fibre passes
through the papermaking process, swelling and bonding ability is reduced. Every reuse
weakens the fibre, causes irreversibility change and thus reduces fibre potential .

Recycled fibre is often used as filler and low bonding ability is counteracted by
using chemical binders, which binds furnish components with low bonding ability to the
paper web. By upgrading fibre potential during slushing, screening and cleaning, the
amounts of fines and fibrils needed for a good fibre bonding is reduced. These stages
regenerate swelling and bonding ability to some extent but not enough, and therefore,
more intensive treatment—refining-is needed. Since the fibre potentia of recycled fibre is
not comparable to that of virgin fibre, the demands- on the refining process, conditions,
equipment, fillings and other factors affecting the refining results are of a different nature.

Correctly chosen, moderate low consistency refining improves the bonding ability
of recycled fibre. It also brings the low requirements for chemical binders and the
possibility of increasing the amount of recycled fibre in furnish. To understand the
papermaking potential of recycled fibre it is useful to look at the history of those fibres.
Many paper and board grades are made of virgin fibre. This fibre passes through the paper
making process, and the product is converted for various purposes.

For information-newspapers, magazines, books, leaflets, advertisements; for
goods-bags and boxes, the reusable material is collected for further use in papermaking
and some countries have a long history in the reuse. The collected paper contains
impurities and harmful foreign materials; which must either be removed or made non-
visible. If clean enough, recycled fibre can be used for thin, high quality papers. Dirtier
fibre is used for lower grades or hidden in between top and bottom layers in case of
heavier multilayer board grades. Recycled fibre does not differ significantly from virgin
fibre since it originates from used virgin fibre. Recycled fibres enter the stock preparation
process either in wet or in dry form. Previous refining and drying stages have also had an
impact on those fibres. As aresult of earlier treatment, recycled fibre is not always suitable
for papermaking. It has a great extent to lose its bonding ability and stock preparation is
required as it is for virgin fibre. The best way to develop bonding ability is by moderate
low consistency refining which is also able to straighten curly and kinky fibres. Today,
there are several reasons for refining recycled fibre and the old maxim ‘Once refined fibre

should not be refined any more’ must be reconsidered. However, recycled fibre is more
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sensitive to errors in refining than virgin fibre. It has been weakening and undergone
irreversible change into the fibre. If not refined in a correct way the result can be
disastrous. Undesirable effects increased drainage resistance and major reduction in fibre
length and tearing strength can be avoided by selecting refining equipment and conditions
correctly.

The development of the fibre length and coarseness with refining was observed to
decrease with refining. However, it has been reported that the changes in the length-
weighted fibre length did not correlate with changes in the number of long fibres per unit
mass, indicating that the length-weighted fibre length was not accurately tracking the
reduction in fibre length with refining. This is mainly because its value is affected by the
production of fines during refining. It was found that only arelatively poor fit between the
theory and experiments could be obtained using the measured values of fibre length and
coarseness. This is because these measured values are affected by the presence of fines
generated during refining. A better fit with the Page equation was actualy obtained by
assuming no change in coarseness and fibre length for the refined pulps (Page D. H.,
1985). The major source of improvement in the tensile strength of the sheets was an
increase in their relative bonded area.

Low consistency refining has long been used to improve the tensile strength of
paper, but the mechanisms through which refining produces these improvements are still a
topic of current research. The term “refining of chemical pulps” means the mechanical
treatment of chemical pulp fibres with aim of making them more suitable for papermaking
(Hietanen, and Ebeling 1990). Refining process modifies the pulp properties by imposing
cyclic deformation on fibres and they are in most cases imparted through bars on rotating
surfaces. More efforts have been tried in understanding the action of refiners on fibres.
According to Hietanen and Ebeling, (1990), the primary efforts of refining are the creation
of new surfaces, the creation of new particles and structura changes to the fibres. The
major changes in fibre morphology that occur with refining have been thoroughly
reviewed by Page (1989).

The primary means of characterizing the action of a refiner is through the specific
energy that is put into the pulp. However, it is now widely recognized that specific energy
alone is not always sufficient to characterize the outcome of refining and at least one
additional parameter is required. Thus, it was proposed that the mechanical action of a

15



refiner should be described by two basic variablesi.e. the number of impacts imposed per
unit mass of pulp (N) and the intensity of each impact, (). The C- factor theory (Kerekes,
1990) provides a means of calculating N and | from the net power of the refiner and the
pulp flow through the refiner and its usefulness in characterizing a wide range of refiners.
The equivalent refining action between refiners is expected when both the N and | of each
refiner are equal (Kerekes, et al, 1993).

2.3 Effect of retention aids

The economics of the papermaking operations is determined by the value of the
overal retention of fibre fines and chemicals; whereas the ease of operation of the wet—
end is profoundly affected by the value of the first-pass retention. This first - pass
retention should be regarded as being composed of two components, the long fibre
retention and the fine retention. Since long fibres can be efficiently filtered first by the
wire and also by the forming paper web, long fibre retention values are normally very high
and approach 100%. On the other hand, the fines are those particles that escape filtration
by the wire or the forming web, and it is the retention of these materials which really
determines the wet- end behavior of the system as a whole; frequently fines retention are
in the range 30-70%. The lowest value of fines retention that can be tolerated depends,
amongst other things, on the water and solid losses from the machine. If it isimagined that
the papermaking machine is completely closed up, i.e. that the only water and solids |osses
are those of water lost in the driers, which is only a small proportion of the total in the
system, and the solid being reeled up at the dry end, then the fines content will not
continuously increase.

Even the subdivision of retention indicated above is insufficient to describe in
detail the chemical behavior of the wet-end. In particular, in the fines retention needs to be
subdivision further. There can be a number of such subdivisions depending on the type of
furnish used, but typically it may need to divide fines retention into pulp fines retention,
filler fines retention and size fines retention, since to study first - pass retention alone may
well be inadequate.

In order to have an over simple model upon which to hang consideration of
retention and drainage, consider the sheet as an assembly of parallel cylindrical pore

running from the top face to the bottom face to the sheet, and the fines as spherical
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particles of dimensions smaller than the diameter of the cylindrical pores. Drainage will be
most rapid when the pores have as large a pore diameter as possible. For a given weight
this would be when the sheet was as thick as possible. The retention of fines with the pores
has the effect of obstructing flow in the pores and reducing it. So to keep good drainage in
a sheet with high fines retention then the sheet must be as open as possible, at least until
the sheet reaches the press section on the paper machine. As the sheet is compressed the
pore radii are effectively reduced (Michael and Darren 1994).

Recently, it has been reported that mechanica pre-treatment consisting of
compressive impact and shear action (Hobart mixer) before the refining on recycled fibres,
e.g. old corrugated containers, results in large improvements in strength properties after
laboratory refining without use of synthetic polymers and without causing drainage
problems for the pre-treated fibres.

Good retention is paramount for a clean and trouble-free wet-end in papermaking.
The optimum retention of fines and fillers is of technical and economic importance. The
zeta potential has been postulated to be the controlling parameter. Considerable work has
been reported in literature on effect of zeta potential on drainage, filler and fines retention,
sizing, paper strength and paper machine performance. White water solids build-up and
severe losses decrease with increased first pass retention. Limited studies have been
carried out earlier on zeta potentia or retention/drainage of recycled pulps (Bhardwaj et al.
2003). Enzymes in combination with polymeric flocculants have also been tried to
enhance freeness of recycled fibres that trandates to improvement in drainage. (Bhardwaj
et al.1995).

Though both mechanical and chemical factors in the papermaking process affect
the drainage/retention, the emphasis in recent past, has been on the chemical aspects of
retention. The use of chemistry does not require capital and chemistry is easier to apply
than rebuilding or modifying a paper machine system. Recent trends of employing
different types of additives have been reported to be quite effective in improving the
machine run ability (Nishi K. Bhardwaj, 2003).

However, there is a strong need for more quantitative understanding of the effects
of different wet-end chemicals in controlling zeta potentia to improve retention in
drainage of secondary fibres, which could result in higher production rates and improved

quality. Such information is of immense importance to Indian industry; particularly to
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small and medium scale paper mills where relatively obsolete machinery with relatively
lower speeds are being used for papermaking due to economic constraints.

The need of wet-end chemicals for functional and processing aid has become
progressively more and more important with the use of increasing recycled pulp in furnish,
recent high—speed paper machine trends and closure of backwater systems. A growing
desire for increased productivity, better environment and competitiveness from mills using
recycled fibres has placed a premium on the analysis of drainage performance by addition
of chemicals. To use the wet-end chemicals in paper mills, it is important to assess and
optimize the process with different kinds of pulpsin the laboratory. Some wet study, some
wet-end chemicals have been evaluated particularly for their effect on zeta potential of
pulp to control and improve retention and drainage of recycled pulps. A substantial gainin
the drainage rate could be used in various ways — to improve the speed of the paper
machine, to achieve greater dilution in the head box or to use low-grade papers more
extensively as a source of recycled pulp.

There are a wide variety of agro-based materials that can be utilized for pulp
production. Straw and bagasse are current primary sources for agro-based pulp production
in China, Mexico, and India, respectively, although the supplies of bamboo are rapidly
dwindling in India Bagasse is the fibrous residue left over after the crushing and
extraction of sugarcane, (Saccharum officinarum) for sucrose production. Bagasse is
readily available and easily accessible in many tropical and subtropical countries in the
world and is often very abundant in countries without supplies of wood resources. Bagasse
is produced as a residue, but not utilized in paper making in the south —eastern United
States (primarily Louisiana) and Hawaii.

An important advantage with bagasse is that there are usually very few problems
associated with collecting the fibrous resource; the costs of collection, processing, and
washing are borne by sugar mill. However, the bagasse must be properly depithed and
stored to produce high quality pulps.

Mechanical and chemical pulps have been prepared from bagasse and a variety of
paper products contain bagasse pulps. However, mechanical bagasse pulps generally
exhibit inferior strength properties. The high energy cost and inferior pulp quality render
mechanical pulps less attractive, particularly for bagasse. This is inspite of the obvious

advantages of higher yields and less pollution.

18



2.4 Effect of polyacrylamidein recycling of paper

It has been reported that adsorption of the cationic polyacrylamide onto fibres or
fines increases substantialy after beating. After drying, however, it decreases to the level
of unbeaten pulp. Simple recycling of unbeaten pulp caused little change in cationic
polyacrylamide adsorption. Cationic polyacrylamide adsorption onto beaten pulp
decreased in the early stages of recycling and then increased, probably due to the oxidation
of the pulp fibre in the inner cell wall during multiple recycling. Secondary fines generated
during the first beating process showed cationic polyacrylamide adsorption twice as great
as that of primary fines. Cationic polyacrylamide adsorption onto the secondary fines that
were newly generated from the recycled pulp fibres decreased with recycling.

Various polymers have been used for many years in paper manufacture to promote
retention and increase strength. Since cellulosic fibres and most fillers are negatively
charged, cationic polymers are used to a large extent in papermaking, To be effective,
these polymers need to be absorbed on fibres, fines and fillers. Obvioudy, an
understanding of the adsorption behavior of the polymersis essential for the understanding
of their effectiveness in papermaking (Lee and Joo, 2000). The adsorption behavior of
cationic polymers predominantly determined by the charge interaction with anionic fibre
surface and the adsorption of polymers onto fibre increased with the hydrodynamic
surface area (Lindstrom, et al. 1974). For instance, it has been shown that the adsorption of
cationic starches onto cellulosic fibres increases with increasing content of carboxyl
groups on the fibres (Marton and Marton 1976), and that cationic starches are

preferentially adsorbed on cellulosic fines that have a larger surface area (Marton, 1980).

2.5 Effect of fungal treatment

In recent years, the advantages of using fungal treatment prior to mechanical
refining of wood have been demonstrated. Considerable energy savings and enhancement
in strength properties of aspen and pine pulps were realized by the use of the white rot
fungus ceriporiopsis subvermispora. Further studies demonstrated that this fungus
provided even greater benefits for biomechanical pulping of two agro based materials,
kenaf and jute. Attempts to produce a strong biomechanical pulp from bagasse with the
white rot fungus phanerochaete cbrysosporium proved unsuccessful. It was necessary to
treat with sodium hydroxide to obtainable pulp, which should be then bleached
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chemimechnical pulp (BCMP). P. chrysosporium has been shown to be inferior to C.
subrermispora for biomechanical pulping of wood, and clearly P. chrysosporium is not
viable for pulp production from bagasse (Pablo Bustamante 1999).

The fibrous elements of bamboo (Dendrocalamus strictus) pulp are similar to those
of cerea fibrous straw, sugar cane and other grasses. Bamboo fibres vary markedly in
fibre length typically 1.4 to 4.3 mm, average 2.7mm long and 6.8 to 27.3, average 14
micrometers in width. Wide thin walled pitted fibres can vary between 2.8 and 3.2 mm in
length and 20 to 40 micrometers in width. Parenchyma cells are up to 0.25 mm long by 65
micrometers wide whilst vessel elements can be up to 100 micrometers wide (Kenneth N.
et al. 1995).

Enzymes applications have been proposed for pulp and paper manufacture to
enhance pulp bleaching, pulp refining, deinking, cellulose purification, deposit control,
and papermaking. For mechanical pulping, wood fibres are separated and refined using
mechanical actions that are energy intensive and lead to some damage of the fibres.
Consequently, alternative approaches are sought to minimize these del eterious effects.

The cellulase component cellobiohydrolase 1, from Trichoderma reesei, has been
reported to enhance mechanical pulp refining by reducing energy consumption, apparently
as the result of selective action on crystalline cellulose. However, when a crude cellulase
preparation was evaluated in the fibre processing pilot plant, more energy was required to
achieve a target of freeness (drainage property of the pulp, which is an indicator of pulp
refining) during secondary refining. This undesirable effect was apparently due to a higher
loss of pulp fines after the inner stage treatment of the pulp with enzyme. Subsequent
work in the laboratories showed that cellulase treatment of a long fibre rich fraction of a
mechanical pulp increased its retention of untreated fines during papermaking, thus
improving the tensile and burst strength of the resultant sheets. However, this effect was
observed in relatively pure long fibre fraction isolated using laboratory scale equipment.

Carbohydrate-degrading enzymes are only one of the classes of enzymes produced
by microorganisms for the degradation of wood. Other microbial enzymes known to
modify non-carbohydrate components, including lignin and minor wall constituents, could
also be expected to ater pulping and papermaking. Lignin - degrading or lignin -
modifying enzymes, such as laccase, lignin peroxidase, manganese peroxidase, and

particularly the laccase — mediator system, have already shown promise for applicationsin
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pulp delignification and bleaching. It has also been suggested that proteinases, which
attack the protein concentrated in the primary wall of wood fibres, may enhance fibre
separation during mechanical processing, even though this protein is a minor structura
component of wood. Similarly, other component of the primary wall, such as pectins and
xyloglucans, may warrant consideration. Furthermore, a recent report indicated that the
removal of lipid extractives from mechanical pulp fibres could improve fibre bonding to

increase tensile strength.

2.6 Techniquesfor enhancing the strength of recycled fibres

Recycled fibres have lower strength and higher drainage resistance than virgin
fibres, which limit the paper quality and speed at which the paper machine can operate.
The mechanical properties of fibre as well as their ability to swell are diminished after
they have been exposed to the pulping and drying conditions imposed during the paper
making cycle. The reduction in swelling and the loss of fibre flexibility after drying
reduces the strength potential of recovered fibres. The extent and reversibility of the
reduction is dependent on the original pulp type and on the paper making process.
Contamination and age degradation also contribute to the reduced strength of the recycled
fibre .The methods of improving drainage or restoring some or all of the strength of
recycled fibres can be classified in to seven categories. mechanical treatment, chemical
additives, fractionation, blending, chemical treatments, enzymatic treatments and paper
machine modifications.

Strength loss generally can be regained by refining. Unfortunately, this usually
reduces drainage and production capacity. Increased refining also limits the amount of
strength that can be regained by refining in future cycles. High-shear-field (HSF)
treatment, in a pulp consistency range of 10-20%, can be used to produce an effect similar
to refining. During HSF treatment the fibre wall structure is modified by the brushing and
bending action, which increases the bonding area. The HSF treatment produces less fines
than refining and this resultsin less freeness |oss (Chase, 1975).

The use of chemical additives, which improve the strength properties without
changing the repulping requirement, can provide an alternative method to refining. The
resins often used are anionic polymers, which facilitate hydrogen bonding and strong

electrostatic bonds between fibres and fines. These resins improve the dry strength of
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paper by increasing both the strength and the area of the interfibre bonds (Ganpati et al.,
1991)

Treatment of wastepaper with sodium hydroxide increases the freeness and the
strength properties of recycled fibre. Sodium hydroxide treatment promotes fibre swelling,
thereby increasing fibre flexibility and surface conformability. The alkali treatment helps
to swell the secondary fibre, which increases the surface area available for bonding. A
NaOH treatment at 10% pulp consistency for 30 min. at 70 °C is typical of conditions
commonly used; (Ganpati et al. 1991).

Oxygen-alkali delignification has recently been studied as a means of improving
strength properties in old corrugated container recycled pulp (De Ruvo et al., 1986). The
delignification treatment was found to improve the bonding and strength characteristics,
probably because of softening, swelling, and lignin removal. The strength improvement in
the fibre is especially noticeable in the higher burst value and strain-to-failure value at a
given drainage rate.

A combination of akali and HSF treatment may be a better alternative to obtain
high product quality from secondary fibre. The strength properties of the recycled paper
obtained by the combination of alkali and HSF treatment are higher than those obtained by
refining and, in some cases, are comparable with the virgin pulp. This treatment offers a
potentially valuable, practical method of increasing the use of secondary fibre in boxboard
as well as corrugating medium (Ganpati, et al. 1991).

The blending of high yield recycle pulp with kraft recycle pulp can aso lead to
improvement in strength properties. This area can offer attractive option in terms of
economic advantages. It is important that initial study be conducted to find optimum
blending proportion of recycled high yield and Kraft pulps and examine possible
combination with refining as HSF treatment, chemical addition, akali treatment or oxygen
alkali treatment for improved pulp qualities.
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CHAPTER 3
EXPERIMENTAL

The experiments were performed at Research and Development Centre, Ballarpur
Industries Limited (Unit Shree Gopal) Yamunanagar. The bleached bagasse pulp used in
the present study was procured from Century Paper Mill, Lalkua, Nainital (Uttaranchal).
The bagasse pulp was produced in continuous digester and bleaching sequences CD —

EOD were used for blending with the bagasse pulp.

Pulping of bagasse:

Cooking type : Direct
Bath ratio : 1:3
Cooking temperature : 168-170°C
Active alkali charged in bagasse cooking : 12 %,
White liquor sulphidity : 18 %

Pulp Yield (BD) : 50 %
Kappa No. : 13

Bleaching Specification of Bagasse pulp

Unbleached pulp pH : 8
Brightness : 35 %
Viscosity : 25¢p
Kappa No. : 13

Bleaching at C/D stage

Inlet pH : 2
Outlet pH : 25
Brightness (% PV) : 65
Kappa No. : 4

Bleaching at alkaline extraction stage
Inlet pH : 9
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Outlet pH ; 8.5
Brightness ; 70
Kappa No. : 02

Bleaching of Dioxide pulp

Inlet pH 2.0-5.0
Outlet pH : 7.0
Brightness 86.76
Viscosity (cp) : 20
Free CIO, (ppm) ; 300
Bleaching conditions of different stages:
S. No. | Stage Units C/D E/O D
1 | Chemical charged % 3.0/0.2 2.0/1.5 0.4
2 Retention time Minutes 45 90 150
3 Temperature °C 27 60-65 75-80
Characteristics of pulp at stock preparation section:
S.No. | Parameters Units Values
1 Consistency % 3.5%
2 Freeness CSF 605
3 pH pH 7
4 Brightness % PV 88
5 Free CIO; ppm 100(max.)
6 Ash % 0.87

The long fibreed bamboo pulp was used for blending with the bagasse pulp. Some
quantity of long fibreed bleached radiata pine wood pulp was also used for blending with
the bleached bagasse pulp. The bagasse pulp was screened and cleaned using the centri-
cleaner for the removal of dirt and contaminant particles, which may affect the strength
properties of the standard paper sheet. After screening and cleaning of the bagasse pulp,
its fibre classification was carried out in the Bauer-NcNett fibre classifier as per TAPPI

standard (T 233 sm-53). The results of fibre classification of bagasse pulp are asfollows:
24



Mesh Size of Screen +20 -20+30 -30+50 -50+ 100 -100+ 200

Percentage retention of bleached

bagasse pulp at 605 ml CSF 1331 1956 15.42 19.87 31.84

The brightness, opacity, smoothness, porosity and stiffness of the different pulps
were determined and the results obtained are as follows:
1. Bleached Bagasse Pulp

Brightness (% PV) . 88
Opacity (%) © 91
Gurley Porosity (sec. /100ml air) : 90
Smoothness (sec./50ml air) : 48/55
Stiffness  (°Taber) :4.0/20
2. Bleached Radiata Pine Wood Pulp
Brightness (% PV) . 934
Opacity (%) 2 775
Porosity (sec./100ml air) :1.98
Bulk (cm®/gm) . 1.74
3. Bleached Bamboo Pulp
Brightness (% PV) : 855
Opacity (%) . 89.0
Porosity (sec. /100ml air) 1 278

Characteristics:. The chemicas used as retention aids were tested for their specific
properties. The various properties are as follows:
1. Modified polyethyleneimine - Catiofast

Colour : colourless aqueous solution
lonic charge ; cationic
Density at 20 °C ; 1070 kg/m®
Viscosity (Brookfield) : 1500 mPa.s
pH : 8

2. Anionic polyacrylamide — Polymin AE 75 (high molar mass Sursal one)
Density at 25 °C ; 1040 kg/m®

pH (1% solution in distilled water) : 7
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lonic charge ; anionic
Viscosity at 20 °C (Brookfield) ; 1300 mPa.s

Experiments were performed to study the effect of recycling on the characteristics
of bleached bagasse pulp and improvement of properties of recycled pulp. The

experiments have been categorized into three sections as follows:

Section1 Recycling experiments without addition of chemicals.

Section 2 Recycling experiments with the addition of chemicals. (Fortified rosin size
1.2%, ecorite PAC 2014, soap stone filler 15%) and retention aids (anionic
polyacrylamide and Modified Polyethyleneimine).

Section 3 Recycling experiments with the addition of chemicals (Fortified rosin size
1.2%, ecorite PAC 2014, soap stone filler) and retention aids (N-7607 and N
7530) in the presence of starch.

3.1 Study of strength properties due to recycling of bagasse paper
sheet without adding chemicals

The bleached bagasse pulp was screened in the 20mesh screen. The screened pulp
was centri-cleaned four times using the centri-cleaner in the laboratory for the removal of
dirt and contaminants from the pulp. About 360 gm O.D. pulp was charged in the valley
beater for the disintegration. The pulp was disintegrated in the valley beater without
applying load for about 30 minutes. Before the start of beating, the consistency of the pulp
was maintained as per the TAPPI standard (T 200 m-60) and the pH and temperature of
the pulp were noted. The standard load was applied on the beater for the commencement
of the beating of the pulp. The beaten pulp samples were collected after constant time
intervals and each sample was marked with its identity. The CSF of each pulp sample was
evaluated as per the TAPPI standard (T 227m- 58). The standard paper sheets of 60 gram
per square meter were prepared as per the TAPPI standard on British sheet former without
adding additives or any chemicals to it. The standard paper sheets were pressed for 7
minutes at 50 psi gauge pressure in the hydraulic paper sheet press. The paper sheets were
kept in the drying rings after pressing. Drying rings containing the paper sheets were kept
in the conditioned room at 23 °C and 50% relative humidity for about 48 hours as per the
TAPPI standard (T402m-49). The moisture content of paper sheet was evaluated after
conditioning at standard temperature and relative humidity. These paper sheets were tested
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for average caliper, bulk, basis weight, brightness, porosity and smoothness. After testing
the surface and optica properties, the tensile strength in terms of breaking length, burst
factor, tear factor, and double folds were tested for each CSF of the beaten pulp samples.

The standard paper sheets were kept in other laboratory for 20 days for aging
purpose. After 20 days aging, the paper sheets of various categories of different CSF were
reslushed in the hydrapulper separately. The pulps were kept in the different marked
containers to avoid mixing of pulps.

For making the first recycled paper sheet, the pulp was disintegrated by the high-
speed disintegrator for about 20 minutes and the pulp was screened to remove the fibre
flocs. The first recycled standard paper sheets were prepared on the British sheet former
after evaluating the CSF of the various re-slushed pulps. These standard paper sheets were
again pressed in the hydraulic press and dried in the conditioned room. The first recycled
standard paper sheets were again tested for strength, optical and surface properties. These
recycled standard paper sheets were made and their surface and strength properties were
evaluated at each recycled stage up to fifth recycled stage. After the fifth recycle, it was
observed that the further recycling of these paper sheet is difficult due to its very low
strength and rough texture of the sixth recycled paper sheet. The standard paper sheets

made for various CSF were tested for strength, optical and surface properties.

3.2 Study of recycling of bleached bagasse paper sheet by adding
fortified rosin size 1.2%, Ecorite PAC 2014, soap stone filler 15%
and retention aids (anionic polyacrylamide and modified
polyethyleneimine)

The standard paper sheets of 60 gm/m? basis weight were prepared by adding 1.2%
fortified rosin size, and ecorite PAC 2014 to control the pH of the pulp admixture at 5.0 +
0.5. The soap stone filler was also added. The quantity of soap stone filler added was 15%
of the quantity of oven-dried pulp. The anionic polyacrylamide and modified
polyethyleneimine retention aids chemicals were also added in the varying doses for
maintaining the good retention. When the strength properties of the first recycled paper
sheets were evaluated, a heavy reduction in the strength properties was noticed. To
improve the strength properties of the paper, the bleached beaten radiata pine wood pulp
was blended in different proportions of 10, 20, and 30%. The improvement in strength

properties of paper was evaluated for different CSF of pulp. It was noticed from the results
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that more fresh pulp blending would be needed for further recycling after the first recycle.
The fresh beaten bleached bagasse pulp or the long fibreed pulp was blended with the
beaten recycled pulp after the first recycled stage.

33 Study of recycling of bleached bagasse paper sheet at different
CSF by adding fortified rosin size 1.2%, Ecorite PAC 2014, soap
stone filler 15% and retention aids N*(N-7607 and N-7530) in
presence of starch

For the study of strength improving chemicals, the cationic starch of different
doses was used in making the standard paper sheet at different CSF pulp samples. The
standard paper sheets of 60 gm/m? basis weight were prepared by adding 1.2% fortified
rosin size and ecorite PAC 2014 to control the pH of the pulp admixture at 5.0 + 0.5. The
soap stone filler was aso added. The quantity of soap stone filler added was 15% of the
quantity of oven- dried pulp.

The cationic starch in the standard paper sheet was added in different doses to
observe the effect in strength development in the standard paper sheet. The cationic starch
added was 0.5%, 0.7%, and 1.0% of the total quantity of the oven-dried pulp. For
maintaining the good retention of chemicals in the paper sheet the retention aids chemicals
N* [N-7607 (0.1%) coagulant and N-7530 (0.25%) flocculent] were added in the
admixture.

34 List of equipmentsused

In the present study, experiments were performed in the laboratory using the
following equipments and instruments:

1) Defibreator

2)  British sheet former

3) Standard paper sheet drying rings

4)  Hydraulic sheet press

5) CSFtester

6) Agitator

7) Disintegrator

8) Valley beater (Valley Iron Works Co. Applenton, U.SA.)

9) Stop watch
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10) Digital weighing balance

11) Laboratory oven

12) Hydra-pulper

13) 20 mesh screen

14) Centri-cleaner battery

15) Bauer-McNett Fibre classifier

16) Electric furnace

17) Electriciron

18) Water bath

19) High speed agitator

20) Laboratory glass wares

21) Tensile strength tester

22) Burst strength tester

23) Elmendorf tear strength tester

24) Micrometer for the measurement of caliper of the paper

25) Doublefold tester

26) Photo volt brightness tester

27) Electronic platform weighing balance

28) Paper sample cutter

29) Color touch — 30 (Brightness tester) Technidyne Corporation New Albany
Indiana (U.SA.)

3.5 List of chemicalsused

Modified polyethyleneimine (Catiofast, 67056 Ludwigshafen / Germany)

Cationic starch— T 25 (Bharat Starch and Chemicals Limited, Y amunanagar)

Coagulent (N - 7607) (Ondeo Nalco India Limited, 20-A, Park Street, Kolkata)

Fortified rosin size (IVAX, Chemicals Pvt. Ltd., Hyderabad)

Floculant (N — 7530) (Ondeo Nalco India Limited, 20-A, Park Street, Kolkata)
Poly-aluminium chloride (Ecorite PAC- 2014) (Grasim Industries Ltd., Nagda, M.P.)
Soap stone filler (Abhay Talc Calakoti Compound, Rampur Road, Haldwani, Uttaranchal)
Anionic polyacrylamide (Sursalone (polymin AE75), 67056 Ludwigshafen / Germany)
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TAPPI standard test methods used in laboratory experiments

Laboratory Processing of Pulp (Beater- Method)
Forming Hand Sheet for Physical Tests of Pulp
Physical Testing of Pulp Hand sheets

Drainage Time and Drainage Factor of Pulp
Freeness of Pulp

Cupriethylenediamine Disperse Viscosity of Pulp
Fibre Length of Pulp by Classification
Conditioning Paper and Paperboard for Testing
Bursting Strength of Paper and Paperboard

. Tensile Breaking Strength of Paper and Paperboard
. Basis Weight of Paper and Paperboard

. Thickness and Density of Paper

. Moisture in Paper and Paperboard

. Ash in Paper

. Internal Tearing Resistance of Paper

. Folding Endurance of Paper

. Opacity of Paper

. Bulking Thickness of Paper and Paperboard

. Brightness of Paper and Paperboard
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CHAPTER 4
RESULTSAND DISCUSSION

Experiments were performed to study the effect of recycling on the characteristic
of bagasse pulp and improvement of strength properties of recycled paper. Experiments
were carried out to study the strength properties of paper due to recycling of bagasse paper
without the addition of chemicals and retention aids. The effect of addition of chemicals
(fortified rosin size 1.2%, PAC 2014, soap stone filler and retention aids (anionic
polyacrylamide and modified polyethyleneimine) for the improvement in the strength
properties of paper sheet was studied. The effect of cationic starch and retention aids (N—
7607 and N-7530) for the improvement of strength properties of paper sheet was also
studied. The experiments were performed at varying CSF of pulp samples for the
improvement of strength properties of paper sheet.

SECTION-A

4.1 Effect on breaking length with varying CSF

Experiments were performed to study the breaking length of paper sheet for
bleached bagasse pulp at different CSF. The breaking length of paper sheet was evaluated
after each recycle of paper sheet. The breaking length of original paper sheet and
subsequent recycles (up to 5 recycles) was evaluated. The results are shown in Fig. 4.1. It
can be noticed from Fig. 4.1 that at high CSF pulp the paper sheet has low breaking
length. It can be further noticed from Fig. 4.1 that there is a decrease in breaking length of
paper sheet with an increase in the number of recycles at constant CSF.

The CSF of pulp indicates the beat-ability of a pulp sample i.e. the lower CSF of
the pulp implies more beating of the pulp. The specific surface area of fibre increases with
the increase in extent of beating. The increase in surface area of the fibre leads to strong
fibre bonding which ultimately enhances the strength property of paper made from the
pulp.

The increase in breaking length of paper sheet with a decrease in CSF was
observed up to a certain value of CSF. The strength properties of paper start decreasing
with the decrease in CSF beyond the optimum value of CSF. This is due to poor fibre to

fibre bonding.
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recycled stages.
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4.2 Effect on burst factor with varying CSF

Experiments were performed to study the burst factor of paper sheet with the
varying CSF. All the six experiments were performed at different CSF and the results are
plotted in Fig. 4.2. It can be observed from Fig. 4.2 that with an increase in the beating of
the bleached bagasse pulp, the burst factor of the paper sheet increases. The decrease in
pulp CSF leads to an increase in burst factor of paper sheet. At 605 ml CSF the burst factor
of bleached bagasse paper is 21.69. In case of more beating of bleached bagasse pulp, the
burst factor improves up to 31.33 at 310 ml CSF. More beating or refining of pulp
increases the specific surface area of the pulp fibre, which result in high burst factor of the
paper sheet. The hornification in fibre reduces the capacity of bond formation among the
fibres during the drying period of paper sheet at the different recycling stages.

4.3 Effect on tear factor with varying CSF

Experiments were performed to study the tear factor of the paper sheet of bleached
bagasse pulp with varying CSF. *It can be observed from Fig. 4.3 that with a decrease in
CSF of the pulp, the tear factor of the paper sheet increases. As the specific surface area of
the fibre increases due to the beating effects on the fibre, it leads to strong bonding of the
fibres resulting in increased tear factor of paper sheet. It can be further noticed from Fig.
4.3 that when the paper sheet is recycled, the tear factor starts decreasing for a particular
value of CSF. Due to increased recycle of paper, the hornification of the pulp fibre takes
place during the drying process of paper sheet. It causes less bonding among the fibres and
the recycled paper sheet becomes bulkier as compared to the original paper sheet. It results
in a decrease in strength properties of the recycled paper leading to a lower value of

breaking length, burst and tear factor of paper sheet.
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SECTION B

4.4  Effect of addition of chemicals on breaking length

Experiments were performed to study the effect of chemicas on the breaking
length of paper sheet of bleached bagasse pulp. The following sets of experiments were
performed with different doses of chemicals:

1. Experiment 1- In the first experiment, breaking length of the original paper sheet
without the addition of chemical was evaluated.

2. Experiment 2- In the next experiment, fortified rosin size (1.2%) was added to
control the absorbency of water in the paper. Poly-aluminium chloride (PAC) was
added to control the pH of the admixture at 5.0 + 0.5. The breaking length of the
paper sheet was evaluated.

3. Experiment 3- Fortified rosin size (1.2%) was added to control the absorbency of
water in the paper, poly-aluminium chloride (PAC) was added to control the pH of
the admixture at 5.0 + 0.5. Further, 15% soapstone powder (filler) was added and
the breaking length of the paper sheet was evaluated.

4. Experiment 4- Fortified rosin size (1.2%) was added to control the absorbency of
water in the paper. Poly-aluminium chloride (PAC) was added to control the pH of
the admixture at 5.0 + 0.5. Soapstone (15%) powder (filler) was added and the
breaking length of the paper sheet was evaluated. Anionic polyacrylamide and
modified polyethyleneimine were added in the pulp in varying doses to improve the
paper sheet consolidation. In experiment 4, anionic polyacrylamide (0.3%) and
modified polyethyleneimine (0.04%) were added. The breaking length of paper
sheet was evaluated by testing in laboratory for strength properties.

5. Experiment 5- In experiment 5, the doses of anionic polyacrylamide and modified
polyethyleneimine were changed while keeping the doses of other chemicals same
as in experiment 4. Anionic polyacrylamide (0.4%) and modified
polyethyleneimine (0.05%) were added.

6. Experiment 6- In experiment 6, anionic polyacrylamide (0.5%) and modified
polyethyleneimine (0.08%) were added keeping the doses of other chemicals same

asin experiment 4.
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The composition of the pulp for the different experiments has been summarized in

Table4.1.
TABLE 4.1
The composition of pulp for different experiments
Bagasse . _ Anionic Modified
Expt. Rosin size Filler . _
Pulp PAC polyacrylamide | polyethyleneimine
No. (%) (%)
(%) (%) (%)
1 100 nil nil nil nil nil
2 100 12 yes nil nil nil
3 100 12 yes 15 nil nil
4 100 12 yes 15 0.3 0.04
5 100 12 yes 15 04 0.05
6 100 12 yes 15 05 0.08

All the six experiments were performed at different CSF and the results are plotted

in Fig. 4.4. The following conclusions can be drawn from Fig. 4.4.

1

When an increase in the beating of the bleached bagasse pulp, the breaking length
of the paper sheet increases up to a CSF of 230 ml. The breaking length of the
paper sheet decreases after the optimum value of CSF.

The breaking length of the paper sheet is found to decrease with the addition of
fortified rosin size and PAC. Thistrend was observed at all the values of CSF.

The breaking length of the paper sheet further decreases with the addition of the
soapstone powder (filler). Thistrend was observed at all the values of CSF.

There is an enhancement in breaking length of the paper sheet by addition of
anionic polyacrylamide and modified polyethyleneimine. The degree of
enhancement is different at various CSF. The maximum increase in breaking

length was observed at 310 ml CSF.

5. Three set of experiments were performed to study the effect of the retention aids
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anionic polyacrylamide and modified polyethyleneimine. It can be noticed that
lower dose of anionic polyacrylamide (0.3%) and modified polyethyleneimine
(0.04%) were effective at higher CSF (605, 510, 440 ml) while more dose of
anionic polyacrylamide (0.5%) and modified polyethyleneimine (0.08%) were
effective at lower CSF (310 and 230 ml).

6. The maximum improvement in breaking length was observed at CSF 310 ml. It is
recommended for the paper mills to use this combination of anionic polyacrylamide
(0.3%) and modified polyethyleneimine (0.04%) to maintain the beating degree at
310 ml CSF to get the maximum strength of paper sheet.

4.5 Effect of addition of chemicalson burst factor
Experiments were performed to study the effect of chemicals on the burst factor of
paper sheet prepared from bleached bagasse pulp. The six set of experiments mentioned
under section 4.4 were performed and the results are plotted in Fig. 4.5. The following
conclusions can be drawn from Fig. 4.5 :
1. Theburst factor of original paper was found to increase with a decrease in CSF.
2. The significant effect of fortified rosin size and poly-aluminium chloride was
observed on burst factor.
3. The burst factor of the paper sheet was found to decrease with the addition of the
soap stone powder (filler). This trend was observed at al the values of CSF.
4. A significant increase in the burst factor was observed with the addition of 0.5%
anionic polyacrylamide and 0.08% modified polyethyleneimine at lower values of
CSF when compared with (100% BG, X+Y) composition of the pulp durry. It

implies that the high dose of retention aids was more effective at lower CSF.
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Fig. 4.4: Breaking length \s. CSFof origina paper sheet prepared from bleached bagasse pulp by the addition of
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46  Effect of addition of chemicalson tear factor

Experiments were performed to study the effect of chemicals on the tear factor of

paper sheet of bleached bagasse pulp. The six set of experiments mentioned under section

4.4 were performed and the results are plotted in Fig. 4.6. The following conclusions can

be drawn from Fig. 4.6:

1. A gradual increasein tear factor of the original paper sheet was noticed with a
decrease in CSF except at 230ml CSF.

2. A significant effect of fortified rosin size was observed on tear factor of the paper
sheet was observed.

3. A significant increase in tear factor of the paper sheet by the addition of anionic

polyacrylamide and modified polyethyleneimine was observed at |ower values of
CSF (440 and 310 ml) except on 230 ml CSF.

4.7 Effect of addition of chemicals on breaking length after the first

recycles

Experiments were performed to study the effect of chemicals on the breaking length

of paper sheet of bleached bagasse pulp. The following sets of experiments were

performed with different doses of chemicals:

Experiment 1 -

Experiment 2 -

Experiment 3 -

Experiment 4 -

In the first experiment, breaking length of the first recycled paper sheet
without the addition of chemical was evaluated.

In the next experiment, fortified rosin size (1.2%) was added to control
the absorbency of water in the paper. Poly-aluminium chloride was
added to control the pH of the admixture at 5.0 £ 0.5. The breaking
length of the paper sheet was evaluated.

Fortified rosin size (1.2%) was added to control the absorbency of water
in the paper. Poly-aluminium chloride (PAC) was added to control the
pH of the admixture at 5.0 + 0.5. Further, 15% soapstone powder (filler)
was added and the breaking length of the paper sheet was evaluated.
Fortified rosin size (1.2%) was added to control the absorbency of water
in the paper. Poly-aluminium chloride (PAC) was added to control the
pH of the admixture at 5.0 + 0.5. Soapstone powder (filler) was added
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Experiment 5 -

Experiment 6 -

and the breaking length of the paper sheet was evaluated. Anionic
polyacrylamide and modified polyethyleneimine were added in the pulp
in varying doses to improve the paper sheet consolidation. In
experiment 4, anionic polyacrylamide (0.3%) and modified
polyethyleneimine (0.04%) were added. The breaking length of paper
sheet was evaluated by testing in laboratory for strength properties.

In experiment 5, the doses of anionic polyacrylamide and modified
polyethyleneimine were changed while keeping the doses of other
chemicals same as in experiment 4, anionic polyacrylamide (0.4%) and
modified polyethyleneimine (0.05%) were added.

In experiment 6, anionic polyacrylamide (0.5%) and modified
polyethyleneimine (0.08%) were added keeping the doses of other

chemicals same as in experiment 4.

All the six experiments were performed at different CSF. The composition of the

pulp for the six experiments mentioned above is summarized in Table 4.1 and the results

are plotted in Fig. 4.7. The following conclusions can be drawn from Fig. 4.7:

1.  With an increase in the beating of the bleached bagasse pulp, the breaking

length of the paper sheet increases up to 310 ml CSF. The breaking length of

the paper sheet decreases after the optimum value of CSF.
2. The breaking length of the paper sheet is found to decrease with the addition

of fortified rosin size and PAC. This trend was observed at all the values of

CSF.

3. The breaking length of the paper sheet further decreases with the addition of

filler and this trend was observed at al the values of CSF.
4. It is observed that the addition of 0.3% anionic polyacrylamide and 0.04%

modified polyethyleneimine resulted in improvement of breaking length up
to 310 ml CSF. But at 310 ml CSF, 0.4% anionic polyacrylamide and 0.05%

modified polyethyleneimine is more effective.
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4.8 Effect of addition of chemicals on burst factor after first recycle of

paper

Experiments were performed to study the effect of chemicals on the burst factor of

paper sheet of bleached bagasse pulp. The six set of experiments mentioned under section

4.7 were performed and the results are plotted in Fig. 4.8. The following conclusions can

be drawn from Fig. 4.8:

1

The burst factor of first recycle paper was found to increase with a decrease in
CSF.

No significant effect of fortified rosin and poly-aluminium chloride was observed
on the burst factor.

The burst factor of the paper sheet was found to decrease with the addition of the
soap stone powder (filler). This trend was observed at all the values of CSF but
more reduction in burst factor was observed at 230 ml CSF.

The burst factor was found to increase by 19.82% at 310 ml CSF when compared
with (100%BG, X+Y) with the addition of 0.5% anionic polyacrylamide and
0.08% modified polyethyleneimine at lower values of CSF. It implies that the
high dose of retention aids was more effective at 310 ml CSF. But at 230 ml CSF
the high dose of anionic polyacrylamide and modified polyethyleneimine is not

effective.

49 Effect of addition of chemicals on tear factor after first recycle of

paper

The six set of experiments mentioned under section 4.7 were performed for

evauation of the tear factor and the results are plotted in Fig. 4.9. The following

conclusions can be drawn from Fig. 4.9:

1
2.

The tear factor of first recycle paper sheet increases with the decrease in CSF.
The concentration of retention aids (0.3% anionic polyacrylamide and 0.4%
modified polyethyleneimine) is more effective, to make up the loss of tear factor
at all the values of CSF except 230 ml CSF and the values of (100% BG, X+Y).
was compared with (100% BG, 0.3%X+ 0.04% Y).
In case of 230 ml CSF, high concentration of retention aids chemicals are
effective in comparison to 605, 540, 440, and 310 ml CSF.
To recover this reduction of tear factor at 230 ml CSF, other strength improving
chemicals may be used.
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4.10 Effect of blending of long fibreed pulp and addition of chemicals on

breaking length after the second recycle of paper sheet

The strength properties of first recycled paper decreased to an appreciable extent
and it was not fruitful to recycle the paper without adding chemicals and long fibreed pulp
in paper making at second recycled stage. Experiments were performed to study the effect
of blending of long fibreed pulp and addition of chemicals on the breaking length of paper
sheet of bleached bagasse pulp. Tota seven experiments were performed after varying the
composition of the pulp furnish. Long fibre pulp was added in different proportions to the
recycled pulp slurry from the first recycled stage. The CSF of the long fibre pulp was
maintained equal to the CSF of the recycled pulp dlurry from the first stage to ensure
uniform bonding. The different chemicals (fortified rosin size, poly-aluminium chloride,
filler, anionic polyacrylamide and modified polyethyleneimine) were added in varying
doses to study their effect on the breaking length of the recycled paper sheet. Fortified
rosin size was added to control the absorbency of water of the paper sheet. PAC was added
to maintain the pH as well as to retain the fortified rosin size on the fibre surface.
Soapstone powder was added as filler to increase the opacity of the paper as well as to
enhance the brightness and surface properties of the paper sheet. Anionic polyacrylamide
and modified polyethyleneimine were added as retention aids. The composition of the pulp
for the 7 experiments is tabulated in Table 4.2. The experiments were performed at
different CSF and the breaking length of the paper sheet was evaluated for all the CSF.

All these seven experiments were performed at different CSF and the results are
plotted in Fig.4.10. The following conclusions can be drawn from Fig. 4.10:

1. Thebreaking length of paper sheet increases with the decrease in the CSF.

2. Thereisan increase in breaking length due to the blending of long fibre pulp and
addition of anionic polyacrylamide (0.3%) and modified polyethyleneimine
(0.04%) as retention aids.

3. With an increase in amount of retention aids dosing (anionic polyacrylamide
(0.5%) and modified polyethyleneimine (0.08%) and keeping the other
parameters same, an improvement in the breaking length is observed. It implies
that the increased doses of retention aids are beneficial in this case.

4. Anincrease in breaking length is observed in experiment no.3 (20% blending of

long fibreed pulp and addition of anionic polyacrylamide (0.3%) and modified
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polyethyleneimine (0.04%) retention aids while keeping other parameters same.

5. A further improvement in breaking length was observed in experiment 4 (by
increasing the retention aids (anionic polyacrylamide (0.5%) and modified
polyethyleneimine (0.08%)).

6. Generally the breaking length of the paper sheet increases with a decrease in
CSF. But it can be noticed from Fig. 4.10 that the breaking length obtained at
510 ml CSF (experiment no. 5) is almost equal to breaking length at 310 ml CSF.
This effect is due to the increase in blending of the long fibre pulp and addition of
retention aids.

7. The breaking length of the second recycled paper sheet was found to be
maximum at 310 ml CSF (experiment no. 6) in case of 30% blending of long
fibre and addition of retention aids (anionic polyacrylamide 0.5% and modified
polyethyleneimine 0.08%). The breaking length obtained in experiment no.6 at
310 ml CSF is more than the breaking length obtained at 510 ml CSF in

experiment no. 5.

4.11 Effect of blending of long fibreed pulp and addition of chemicals on

burst factor after the second recycled of paper sheet

A total of 11 experiments were performed by varying the composition of the pulp.
Long fibre pulp was added in different proportions to the recycled pulp slurry from the first
recycled stage. The CSF of the long fibre pulp was maintained equal to the CSF of the
recycled dlurry from the first stage to ensure uniform bonding. The different chemicals
(fortified rosin size, poly-aluminium chloride, filler, anionic polyacrylamide and modified
polyethyleneimine) were added in varying doses to study their effect on the burst factor of
the recycled paper sheet. Fortified rosin size was added to control the absorbency of water
of the paper sheet. Poly aluminium chloride was added to maintain the pH as well as to
retain the fortified rosin size on the fibre surfaces. Soapstone powder was added asfiller to
increase the opacity of the paper as well as to enhance the brightness and surface properties
of the paper sheet. Anionic polyacrylamide and modified polyethyleneimine were added as
retention aids (Fig. 4.11). The composition of the pulp for the 11 experiments is tabulated
in Table 4.3. The experiments were performed at different CSF. The burst factor of the
paper sheet was evaluated for all the 11 experiments and the results are plotted in Fig.
4.11.
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TABLE 4.2
The effect on breaking length of blending of long fibreed pulp and addition of
chemicals after second recycle of paper

Expt. | Bagasse|Long fibre| Rosin | PAC |Filler Anionic Modified
No. pulp | pulp (%) | size (%) | polyacrylamide | polyethyleneimine
(%) (%) (%) (%)
1 100 nil nil nil nil nil nil
2 90 10 12 yes 15 0.3 0.04
3 20 10 12 yes 15 0.5 0.08
4 80 20 12 yes 15 0.3 0.04
5 80 20 12 yes 15 05 0.08
6 70 30 12 yes 15 0.3 0.04
7 70 30 12 yes 15 05 0.08
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—e— 100%BG, No chemicals added 2848.85 3124.84 347541 372101
—l— 90%6BG+10%LFP, X+Y+0.3%SN+0.04%CA 2861.05 3005.04 3154.06 3359.32
90%BG+10%L AP, X+Y+0.5%SN+0.08%CA 2401.79 261895 2654.37 2694.52
80%BG+20%L AP, X+Y+0.3%SN+0.04%CA 2561.2 3303.75 3402.08 344374
—¥— 80%BG+20%LFP, X+Y+0.5%SN+0.08%CA 2740.03 3700.08 3598.03 3683.06
—@— 70%BG+30%LFP, X+Y+0.3%SN+0.04%CA 2837.82 4030.66 3451.07 383379
—+— 70%BG+30%L AP, X+Y+0.5%SN+0.08%CA 3089.51 3666.98 3622.56 420011

Fig. 4.10: B L vs. CSF, of 2™ recyded paper sheet prepared from blerding the blgd. radiata pine wood pulp with bigd.
bagasse pulp, by adding sizing chemicals, sogp stone filer, and varying doses of polyacrylamide (SN) and
polyethylenemine (CA).
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Fig. 4.10 A: Statistical graph of breaking length vs. CSF, of 2M recycled paper sheet prepared from blending the
blgd. radiata pine wood pulp with blgd. bagasse pulp, by adding sizing chemicals, soap stone filler, and varying
doses of SN and CA.

TABLE 4.3
The effect of long fibreed pulp and addition of chemicals on bur st factor of second
recycle of paper sheet

Expt. | Bagasse|Long fibre| Rosin size | PAC |Filler Anionic M odified
No. (%) pulp (%) (%) (%) | polyacrylamide| polyethyleneimine
(%) (%)
1 100 nil nil nil nil nil nil
2 100 nil 12 yes | 15 nil nil
3 90 10 12 yes | 15 0.3 0.04
4 90 10 12 yes | 15 0.4 0.05
5 20 10 12 yes | 15 0.5 0.08
6 80 20 12 yes| 15 0.3 0.04
7 80 20 12 yes | 15 0.4 0.05
8 80 20 12 yes | 15 0.5 0.08
9 70 30 12 yes | 15 0.3 0.04
10 70 30 12 yes | 15 04 0.05
11 70 30 12 yes | 15 0.5 0.08
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Fig. 4.11: Burst factorvs. CSF, of paper sheet prepared from blending of bleached radiata pine wood pulp with bleached bagasse pulp,
adding sizing chemicals, soap stone filler and varying doses of polyacrylamide (SN) and polyethyleneimine(CA).
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Fig. 11 A: Statistical graph of burst factor vs. CSF, of paper sheet prepared from blending of bleached radiata

pine wood pulp with bleached bagasse pulp, adding sizing chemicals, soap stone filler and varying doses of
SN and CA.
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The following conclusions can be drawn from Fig. 4.11:

1. Theburst factor increases as the CSF of the pulp decrease from 605 to 310 ml.

2. A decrease (4.4 t0 9.2%) in burst factor is observed at each stage of CSF when
1.2% fortified rosin size and poly-aluminium chloride 2014 and 15% soap stone
filler are added in the pulp.

3. Anincrease (15.3%) in burst factor was observed due to the blending of long
Fibreed pulp.

4.12 Effect of blending of long fibreed pulp and addition of chemicals on
tear factor after second recycled of paper sheet

The tear factor of the paper sheet was evaluated for all the experiments and the
results are plotted in Fig. 4.12.

TABLE 44
The effect of long fibreed pulp and addition of chemicals on tear factor in second
recycle of paper sheet

Expt.| Bagasse| Long | Rosin| PAC |Filler Anionic M odified
No. (%) Fibre size (%) | polyacrylamide | polyethyleneimine
pulp (%)| (%) (%) (%)
1 100 nil nil nil nil nil nil
2 100 nil 12 yes 15 nil nil
3 90 10 12 yes 15 0.3 0.04
4 90 10 12 yes 15 04 0.05
5 90 10 12 yes 15 0.5 0.08
6 80 20 12 yes 15 0.3 0.04
7 80 20 12 yes 15 04 0.05
8 80 20 12 yes 15 0.5 0.08
9 70 30 12 yes 15 0.3 0.04
10 70 30 12 yes 15 04 0.05
11 70 30 1.2 | yes | 15 0.5 0.08
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Fig. 12 A : Statistical graph of Tear factor. vs. CSF, of 2" recycled paper prepared from blending of blgd. radiata pine
pulp with blgd. bagasse pulp, adding sizing chemicals, soap stone filler, and varying doses of SN and CA.

The following conclusion can be drawn from Fig. 4.12.
1.

It is observed that in case of blending of 70% bleached bagasse pulp fibre with
30% bleached bamboo pulp fibre and the addition of sizing and soap stone filler
content and retention aids (0.5% anionic polyacrylamide and 0.08% modified
polyethyleneimine) chemicals, the tear factor of the paper increase from 590 mi
CSF to 440 ml CSF.

The tear factor of the paper made as per the above mentioned composition
increase slowly from 510 ml to 310 ml CSF of pulp. But due to the addition of
sizing and soap stone filler a slight decrease in tear factor was observed at 310
ml CSF, which might be due to the addition of filler in the stock at that beating
degree of pulp fibresi.e. at 310 ml CSF.

It is also observed that the activity of increasing the dosing of anionic
polyacrylamide and modified polyethyleneimine decrease dlightly with the
decrease in the CSF of the pulp fibres from 590 ml to 310 ml.

It is also observed that very slight increase in tear factor occurs due the increase in

dosing of retention aids from 0.3% anionic polyacrylamide and 0.4% modified
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polyethyleneimine to 0.5% anionic polyacrylamide and 0.08% modified
polyethyleneimine content as per the Fig 4.12.

4.13 Effect of recycling on brightness and opacity of paper sheet

The 1S0 brightness and opacity of the original paper sheet first recycle paper and
second recycle paper sheet were evaluated with the help of Color Touch-30 Brightness
tester (Technidyne Corporation New Albany Indiana U.S.AA.). The results for origina
paper sheet first recycle paper sheet and second recycle paper sheet are tabulated in Table
4.5, 4.6 and 4.7 respectively. It is observed from the results that there are minor changesin
the 1SO brightness and opacity of the paper sheet when the paper sheet is recycled from
initial state to the first recycled paper sheet. The average 1SO brightness of original
standard paper sheet is 71.89 and variance 0.42, where as in first recycled paper sheet it is
about 72.95 units with the variance of 0.70 units. It was observed that brightness of paper
sheet increases due to the addition of soap stone filler and other chemicals at the first and
second recycled stage of paper sheet. The 1SO opacity of the standard paper sheet also
increases in the first recycled paper sheet when some additional chemicals were added
while making the first recycled paper sheet. The increase in opacity was observed due to
the addition of filler content having the extra brightness. The addition of long fibreed pulp
having more brightness is also the reason of increasing the brightness in the case of second
recycled paper sheet.

The addition of filler having good brightness is also the reason for an increase in
the opacity. In the Table 4.5, the minimum opacity of standard paper sheet observed is
about 80.1 units, when the first recycled paper sheet is prepared by adding fortified rosin
size 1.2% and PAC-2014 solution for controlling the pH 4.5 to 5.5. There is 1.2%
reduction in brightness due to the addition of fortified rosin size and PAC-2014 solution.
The increase in opacity of first recycled paper observed is due to the addition of anionic
polyacrylamide and modified polyethyleneimine chemicals at 230 ml CSF. It can be
concluded that the opacity of the paper sheet increases due to the fibre shortening, as the
fibre fines retention is more in the paper sheet with the use of retention aids chemicals. The
more retention of fibre fines and filler content improves the smoothness and glaze of the
paper sheet and reduce the porosity of the resulting paper sheet. Similarly, it can be

concluded from the analysis of the results of brightness and opacity of the second recycled

56



paper sheet that the SO brightness and opacity of paper sheet increases due to the addition
of filler and retention aids chemicals. The average I SO brightness and variance of standard
paper sheet was observed from 73.81 and 1.09 units. The average | SO opacity and variance
was observed 87.51 and 1.98 units (Table 4.7).

TABLE 4.5
Optical properties of original paper sheet prepared from bagasse pulp using fortified
rosin size, PAC-2014, soap stone filler, anionic polyacrylamide (SN) and modified
polyethyleneimine (CA)

S.No.| CSKF(ml) | Paper sheet composition ISO | SO. Opacity
Brightness
1 605 No chemicals added 71.1 79.5
2 ”? X 718 79.6
3 ” X+Y 71.9 80.0
4 ”? X +Y +0.3% SN + 0.04% CA 725 80.0
5 ”? X +Y +0.4% SN + 0.05% CA 724 80.3
6 ”? X +Y +05% SN +0.08% CA 72.3 78.7
7 510 X 718 80.0
8 ”? X+Y 71.6 80.0
9 ”? X +Y +0.3% SN + 0.04% CA 718 82.7
10 ”? X +Y +0.4% SN + 0.05% CA 70.8 82.8
11 ” X +Y +0.5% SN +0.08% CA 71.9 83.7
12 440 No chemicals added 717 834
13 ”? X 70.9 80.9
14 ” X+Y 714 80.4
15 ”? X +Y +0.3% SN + 0.04% CA 71.4 81.7
16 ”? X +Y +0.4% SN + 0.05% CA 718 82.3
17 ”? X +Y +0.5% SN + 0.08%CA 725 83.0
18 310 No chemicals added 73.3 78.1
19 ”? X +Y +0.3% SN + 0.04% CA 717 80.8
20 ”? X +Y +0.4% SN + 0.05% CA 71.4 80.0
21 ”? X +Y +05% SN +0.08% CA 718 79.8
22 230 No chemicals added 72.9 80.2
23 ”? X 70.6 815
24 ” X +Y+0.3% SN + 0.04% CA 72.6 84.6
25 ”? X +Y +0.4% SN + 0.05% CA 72.7 83.9
26 ”? X +Y +0.5% SN +0.08% CA 72.6 85.3
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TABLE 4.6
Optical propertiesof first recycled paper sheet prepared from bleached bagasse pulp
using fortified rosin size, PAC- 2014, soap stone filler, anionic polyacrylamide (SN)
and modified polyethyleneimine (CA) retention aids

SNo. | CSF(ml) | Paper sheet composition | SO Brightness I SO Opacity
1 605 No chemicals added 71.9 80.7
2 ” X 72.8 80.1
3 ” X+Y 72.7 80.8
4 ” X +Y +0.3% SN + 0.04% CA 73.2 80.8
5 ? X +Y +0.4% SN + 0.05% CA 73.2 815
6 ” X +Y +0.5% SN + 0.08% CA 73.2 80.8
7 510 X 72.6 81
8 ” X+Y 72.6 85.6
9 ” X +Y +0.3% SN + 0.04% CA 72.8 84.8
10 ? X +Y +0.4% SN + 0.05% CA 71.9 85.7
11 ” X +Y +0.5% SN + 0.08% CA 72.8 89.7
12 440 No chemicals added 72.8 85.3
13 ” X 71.8 82.8
14 ” X+Y 725 83.3
15 ” X +Y +0.3% SN + 0.04% CA 72.1 82.7
16 ” X +Y +0.4% SN + 0.05% CA 72.7 86.4
17 ” X +Y +0.5% SN + 0.08%CA 734 83.9
18 310 No chemicals added 74.1 61.1
19 ” X +Y +0.3% SN + 0.04% CA 72.6 82.6
20 ” X +Y +0.4% SN + 0.05% CA 72.6 817
21 ” X +Y +0.5% SN + 0.08% CA 72.7 80.8
22 230 No chemicals added 73.8 82.9
23 ? X 715 834
24 ” X +Y+0.3% SN + 0.04% CA 74.8 88
25 ” X +Y +0.4% SN + 0.05% CA 74.8 87.8
26 ” X +Y +0.5% SN + 0.08% CA 74.3 92.0
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TABLE 4.7

Optical properties of second recycled paper sheets prepared from bagasse and long
fibreed (rpw) pulp using fortified rosin size, PAC 2014, soap stone filler, anionic
polyacrylamide (SN) and modified polyethyleneimine (CA) retention aids

S. No. (Crfg g)"’:ﬁgoj‘tfg; Chemicals added o ;ﬁﬁ] - Oé)icoity
1 | 605 | 100%BG + 0% RP | No chemicals added 749 | 869
2 | » | 90%BG+10%RP | X +Y +05%SN +008%CA | 738 | 87.1
3 | 7 |80%BG+20%RP |X+Y +03%SN+004%CA | 745 | 866
4 | 7 |70%BG+30%RP | X+Y +03%SN +004%CA | 756 | 845
5 | 510 | 100%BG + 0% RP | No chemicals added 741 | 6
6 | ” |90%BG+10%BB | X +Y +04%SN +005%CA | 736 | 87.2
7 | » | 80%BG+20%RP | X +Y +03%SN +004%CA | 738 | 858
8 | » |70%BG+30%RP |X+Y +03%SN+004%CA | 742 | 840
9O | 440 | 100%BG+0%BB | X +Y 718 | 901
10 | 7 |90%BG+10%BB | X +Y +03%SN+0.04%CA | 714 | 924
11 | 7 |70%BG+30%BB | X +Y +05%SN +008%CA | 724 | 881
12 | 7 |70%BG+30%BB | X +Y +05%SN+008%CA | 738 | 885
13 | 310 | 100%BG + 0% BB | X +Y 738 | 85
14 | 7 |90%BG+10%BB | X +Y +05%SN +0.08%CA | 746 | 888
15 | 7 |80%BG+20%RP | X+Y +05%SN+008%CA | 741 | 871
16 | 7 |70%BG+30%RP | X+Y +05%SN+008%CA | 747 | 863

59




SECTION-C

Effect on strength properties of paper due to blending of fresh bleached
bagasse pulp with bamboo pulp using cationic starch T-25

The experiments were performed to study the effect of cationic starch on strength
properties of paper. Initially bagasse pulp was blended with fresh bleached bamboo pulp
in varying ratios. Cooked starch was added in the admixture. Then coagulant N-7607 was
added and 15 seconds were provided for the reaction to take place. Then flocculent N-
7530 was added and again 15 seconds were provided for reaction to take place. The
standard paper sheets were prepared and strength properties were evaluated. The paper
sheets were tested for breaking length, burst factor, tear factor and double folds.

4.14. Study of recycling of paper sheet made by pure bleached bagasse

pulp

The paper sheet prepared from the pure bleached bagasse pulp (no chemicals
added) was recycled five times. The breaking length of paper sheet was measured after
each stage and the results are plotted in Fig. 4.13. The results of recycling of paper sheet
prepared by pure bleached bagasse pulp at different CSF without using chemicals are
tabulated in Table 4.8. The breaking length of the original paper sheet has been taken as
100 percent and corresponding decrease in breaking length at each stage was calculated
and the results are tabulated in Table 4.8. It can be noticed that the maximum loss of
breaking length was observed in case of first recycled stage and the loss in breaking
length from first to 5™ recycled paper sheet is gradual. Table 4.8 shows that the reduction
in breaking length of first recycled sheet is more at high CSF as compared to low CSF.
This higher reduction occurs due to the hornification of the fibre, which leads to low
bonding capacity at high CSF. At low CSF, the fibres are well-beaten having greater
specific surface area and the pulp contains more fibrillated fibres. When the paper sheet is
made for 1% recycled stage, the loss of breaking length is less due to the good bonding of
well-beaten and fibrillated stock.

60



Breakina lenath of paper (m)

250

200

15001

].[m,

@,

0
CF 6B 50 50 40 » 310
~—Qigndl peper sheet BB Fo B a4 5% 450 5%
-#- 1 renyded peper et 219 p:3:) 219 6 4108 a1 8%
rdendedpperset| 270 7313 280 k72) trc) »B5 3]
Jdrenydedpepe shet 278 778 270 5 35 DO B0
- Athrecyded peper shet %15 20 270 205 38 0 B5
o~ Shienyded peper sheet 38 2D B8 B pevc) 20 9

Fig. 4.13: Breaking length of pure bleached bagasse paper sheet at various CSF for different recycled stages.

TABLE 4.8
Effect on breaking length of paper dueto recycling of paper sheet

CSF — 310 440 510 540 560 590
Breaking length of| 100% 100% 100% 100% 100% 100%
original paper sheet
First Recycle 93.69 94.74 78.42 75.39 78.05 78.41
Second Recycle 80.27 80.21 75.89 73.09 76.31 77.33
Third Recycle 77.68 78.06 71.83 72.06 75.30 76.43
Fourth Recycle 72.35 71.56 70.86 70.76 72.91 72.74
Fifth Recycle 65.69 66.95 69.57 69.68 70.97 71.13
Loss in breaking| 34.31 33.05 30.43 30.32 29.03 28.87

length up to 5"
Recycle (%)
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The only loss occurred in this case is due to the reduction in intrinsic strength of
the fibre. The loss in breaking length can be recovered by addition of some strength
improving chemicals and retention aids or by blending with long fibreed pulp.

The fortified rosin size, PAC-2014 and retention aids were added to the pure
bleached bagasse pulp and the breaking length was measured at different CSF. The results
are tabulated in Table 4.9. A reduction in breaking length was observed at al CSF. The
breaking length of pure bleached bagasse pulp was assigned a value of 100%. A
reduction of 1.88% in breaking length was observed at 590 CSF. It can be observed that
in case of bleached bagasse pulp without addition of chemicals the breaking length of
paper sheet was sufficient. The reduction in breaking length occurred due to the addition
of fortified rosin size and poly-aluminium chloride 2014 (X). The further reduction in
breaking length was observed by addition of 15% soapstone filler (Y). The reduction in
strength properties by the addition of fortified rosin size, PAC-2014 and retention aids
can be prevented by blending the pulp with bleached bamboo pul p.

Initially bleached bagasse pulp (pure bleached bagasse pulp, fortified rosin size,
PAC-2014, retention aids) was blended with fresh bleached bamboo pulp in varying
ratios. The bleached bamboo pulp was mixed with the bleached bagasse pulp in three
different proportions i.e. 10% (90% bleached bagasse pulp and 10% bleached bamboo
pulp), 20% (80% bleached bagasse pulp and 20% bleached bamboo pulp) and 30 % (70%
bleached bagasse pulp and 30% bleached bamboo pulp). Cooked starch was added in the
admixture. Then coagulant N-7607 was added and 15 seconds were provided for the
reaction to take place. After this, flocculent N-7530 was added and again 15 seconds were
provided for reaction to take place. The standard paper sheets were prepared and strength
properties were evaluated. The paper sheets were tested for breaking length, burst factor,
tear factor and double folds. The effect of addition of cationic starch in further recovery
of the strength properties (breaking length, burst factor, tear factor and double folds) was
investigated. Three different doses of cationic starch (0.5%, 0.7% and 1 .0%) were
studied.

The breaking length of the paper sheet made from 90% bleached bagasse pulp
blended with 10% bleached bamboo pulp and different doses of cationic starch were
added.
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TABLE 4.9

Effect on breaking length of standard paper sheet due to addition of fortified rosin

size, poly-aluminium chloride-2014 at different CSF

CSF — 590 560 540 510 440 310
Pure bagasse pulp, no chemicals| 3621.58 | 3679.48 | 3875.08 | 4112.69 | 4339.69 | 4596.62
added (breaking length in meters)
Breaking length expressed in (%) | 100% 100% 100% 100% 100% | 100%
Reduced breaking length (%)| 98.12 88.36 95.48 91.91 90.80 {45
(Pure bagasse pulp with fortified
rosin size and poly auminum
chloride 2014 and N* added )
Reduction in breaking length (%) | 1.88 11.64 4.52 8.09 9.20 2.55
m,
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0 CS=50 500 50 510 40 310
——100%BG, Nochemicals added 362158 367948 38758 4112.63 4330.69 456,62
—-100%B5 XH\K 365304 325101 3700.0L 3780.11 34058 447931
100%BG, X+HY-H\ 293763 284148 318238 54803 261.08 3483.66
NVBGHIOVEB, X+Y+05/CSH\K 3067.99 293515 32503 04505 3004.16 38312
== Q0UYBGHO/EB, X+Y+0 TUCSH\F 309386 312859 39403 3184.31 334852 372162
—0- 0YBGHLO/EB, X+Y+LOACSH\K 319637 334467 335630 4206 347.35 334258

Fg. 4.14: Breaking length vs. CSF, of paper prepared from bleached bagasse pulp blended with bamboo pulp with the addition of sizing

chemicals, soap stone filler, and cationic starch using retention aids chemicals (N*).

The results are shown in Fig. 4.14 and Table 4.10 and a significant improvement
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in the breaking length at each CSF on addition of cationic starch is observed. Moreover,
the improvement in breaking length increased with an increase in the dose of cationic
starch from 0.5%, 0.7% and 1.0%. A significant improvement in breaking length was
observed on addition of cationic starch in the standard paper sheet (up to 31.16% at
510 ml CSF).

When the blending with the bamboo pulp was increased from 10 to 20% (80%
bleached bagasse pulp and 20% bleached bamboo pulp), the improvement in the breaking
length was observed (Table 4.11 and Fig.4.15). Similar trend in breaking length was
obtained when the blending with bamboo pulp was increased from 20 to 30% (T able 4.12
and Fig. 4.16)

It can be noticed that blending of long fibreed bamboo pulp is more effective at
560 ml CSF with 1.0% cationic starch. Higher CSF is suitable for good breaking length
recovery by blending with bamboo fibres when the blending of the bamboo pulp is
increased from 10 to 30%. It can be noticed that the blending of bleached bamboo pulp
gives good result on higher CSF, i.e. 560 ml to 510 ml.

4.15 Effect on burst factor due to addition of cationic starch and pulp
blending, rosin size, poly-aluminium chloride, soap stone and
retention aids

The effect of blending with bleached bamboo pulp and dose of cationic starch on
burst factor was studied. Experiments were performed in the same manner as for breaking
length discussed in the previous section. The results obtained for different compositions
are asfollows:

bleached bagasse pulp  bleached bamboo pulp cationic starch

90% 10% 05,0.7,0.1% Fig.4.17 Table4.13
80% 20% 05,0.7,0.1% Fig.4.18 Table4.14
70% 30% 05,0.7,0.1% Fig.4.19 Table4.15



TABLE 4.10
Effect of addition varying doses of cationic starch T-25 on breaking length

CSF — 590 560 540 510 440 310

Breaking length in meters

979 2937.63 | 2841.48 | 3182.58 | 2548.03 | 2661.08 3483.66
Breaking length without
cationic starch addition 3067.90 | 2935.15 | 3259.39 | 2945.05| 3004.16 | 3663.12
Increase in breaking length
expressed in percentage| 4.44 9.72 11.91 2291 23.76 18.22
with 0.5%CS addition
Increase in breaking length
expressed in  percentage| 5.32 10.10 23.80 24.97 25.83 6.83
with 0.7% CS addition
Increase in breaking length
expressed in  percentage| 8.80 17.71 4.82 31.16 29.55 10.31
with 1.0%CS addition

TABLE 4.11

Effect on breaking length due to addition of varying doses of cationic starch in case of
20% blending of bleached bamboo pulp

CSF — 590 560 540 510 440 310
(100%BG, X+N*) Breaking length (m) | 3083.59 | 3130.28 | 3145.56 | 3153.41 | 3710.63 | 4309.50
(80%BG+20%BB,.X+Y +0.5%CS 3577.57 | 3608.52 | 3615.14 | 3800.29 | 4159.31 | 4536.17
+N* B.L.(m)
Increase in breaking length (%) 16.02 15.28 14.93 12.05 12.09 5.26
80%BG+20%BB, X+Y +0.7%CS+N* 3764.76 | 3937.95 | 3882.96 | 3837.17 | 4389.86 | 4685.21
Increase in breaking length (%) 22.09 25.80 23.44 21.68 18.30 8.72
80%BG+20%BB, X+Y +1.0%CS+N* 4150.21 | 4159.78 | 4144.42 | 4591.29 | 4662.23 | 4774.76
Increase in breaking length. (%} 34.59 32.89 3175 45.60 25.65 10.80
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Hg. 4.15: Breakinglergth vs. CSF of paper sheet prepared frombleachedbagasse pulp, blended with barmboo pulpwith the addition of
sizing chermicals, soap stone filler, cationic starch and retention aids (N¥).

TABLE 4.12
Effect on breaking length of paper sheet dueto the addition of varying doses of

cationic starch in case of 30% bleached bamboo pulp blending

CSF —

590

560

540

510

440

310

Breaking length in meters —

3083.59

3130.28

3145.56

3153.41

3710.63

4309.50

Increase in breaking length
(%)

(X+Y +0.5%CS+N*+70%B G+
30%BB)

14.31

14.08

8.36

13.11

11.50

9.90

Increase in breaking length
(%)
X+Y+0.7%CS+N*+70%BG+
30%BB

19.85

5.15

1.36

15.45

17.41

11.83

Increase in breaking length
(%)
X+Y+1.0%CS+N*+70%BG+
30%BB

26.54

30.13

17.41

27.94

24.32

2291
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Hg. 416: Breakinglengh vs. CSF of paper sheet prepared from Heached bagasse pup, blendedwith barmboo pulp with the addition of
sizing chemicals, sogp stane filler, cationic starch and retention aids ().
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Fig. 4.17: Burst factor vs.CSF of paper sheet prerared by blending of bleached bagasse pulp with bamboo pulp in furnish with the addition of
varying doses of cationic starch and retention aids (N*).
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TABLE 4.13

Effect on burst factor dueto the addition of varying doses of cationic starch at
different CSF at 10% bamboo pulp blending

No.

Particulars,
CSF —

590

560

540

510

440

310

Burst factor of pure bleached
bagasse pulp (No chemicals added)

28.84

27.04

29.35

32.04

38.35

40.11

Effects on B.F. due to addition of
fortified rosin size and PAC 2014,
and N* in standard paper sheet

28.33

29.73

31.22

32.06

36.74

40.31

Variation in burst factor (%)

98.23

109.95

106.37

100.06

95.80

100.5

Change in burst factor (%)

-1.77

+9.95

+6.37

+0.06

-4.20

+0.50

Burst factor of pure Bagasse paper
after addition of 15% soap stone
filler and N*

15.15

17.90

17.42

15.91

16.82

23.03

Burst factor of paper sheet at
(90%BG+10%BB),X+Y +N*

16.38

19.57

19.87

19.31

20.17

26.46

Burst factor of paper sheet at pulp
composition and chemical
(90%BG+10%BB),X+Y +0.5%
CS+N*,

20.33

22.46

22.98

22.25

25.12

29.16

Increase in burst factor (%)

24.11

14.77

15.65

15.23

24.54

10.20

Burst factor of paper sheet at, pulp
and chemical composition.
(90%BG+10%BB),

X+Y +0.7%CS+N*,

22.33

23.16

23.26

2411

30.11

31.33

10

Increase in burst factor (%)

36.32

18.34

17.06

24.86

49.28

18.41

11

Burst factor of paper sheet at pulp
and chemical composition
(90%BG+10%BB),

X+Y +1.0%CS+N*,

25.23

25.79

23.81

25.64

31.28

32.13

12

Increase in burst factor of paper
sheet compared with (S.N0.6,) in
(%) at pulp and chemica
composition

(90%BG+10%BB),

X+Y +1.0%CS+N*

54.03

31.78

21.67

32.78

55.08

21.43
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—%—280% BG+20% BB, X+Y+0.5% CS+N* 24.14 24.55 26.22 2101 30.13 3351
—0—80% BG+20% BB, X+Y+0.7%CS+N* 24.41 24.94 26.38 2192 30.34 34.04
—+—80% BG+20% BB, X+Y+1.0%CS+N* 24.63 25.65 27.94 29.89 3217 34.98

Fig. 18: Burst factor vs. CSF,of paper prepared by blending bamboo pulp with blgd. bagasse pulp by the addition of
sizing chemicals, soap stone filler & varying doses of cationic starch and retention aids (N*).
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TABLE 4.14

Effect on burst factor dueto the addition of varying doses of cationic starch at
different CSF at 20% bamboo pulp blending

and chemical composition
(80%BG+20%BB), X+Y +1.0%CS+N*

S. Particulars, 590 560 | 540 | 510 | 440 | 310
No. CSF—
1 | Burst factor of pure bleached bagasse
. 25.73 | 28.65| 27.94| 29.69 | 34.51 | 34.48
pulp (No chemicals added)
2 | Effectson B.F. due to addition of fortified
rosin size and PAC 2014, and N* in| 28.33 | 29.73| 31.22| 32.06 | 35.39 | 40.31
standard paper sheet
3 | Variation in burst factor (%) 110.1 | 103.8| 111.7| 108.0| 102.5| 116.9
Change in burst factor (%) 10.1 38 | 11.7 | 80 25 | 16.9
Burst factor of pure Bagasse paper after
. . 22,65 | 20.89| 24.61| 2457 | 26.31| 32.57
addition of 15% soap stone filler and N*
6 | Burst factor of paper sheet at
2356 | 21.87 | 23.93| 2458 | 28.87 | 32.17
(80%BG+20%BB), X+Y +N*
7 | Burst factor of paper sheet at pulp
composition and chemical 24.14 | 2455| 26.22| 27.01 | 30.13| 3351
(80%BG+20%BB), X+Y +0.5% CS+N*,
8 | Increasein burst factor (%) 25 123 | 96 9.9 4.4 4.2
9 | Burst factor of paper sheet at, pulp and
chemical composition. 2441 | 2494 | 26.38| 27.92 | 30.34 | 34.04
(80%BG+20%BB), X+Y +0.7%CS+N*,
10 | Increasein burst factor (%) 3.60 | 14.03| 10.24| 1359 | 509 | 5.81
11 | Burst factor of paper sheet at pulp and
chemical composition 24.63 | 23.65 | 27.04 | 28.89 | 32.27| 34.98
(80%BG+20%BB), X +Y +1.0%CS+N*,
12 | Increase in burst factor of paper sheet
compared with (S.No.6,) in (%) at pul
P ( ) In (%) at pulp 92 | 319 | 168 | 208 | 195 | 7.2
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Fig. 4.19: Burst factor vs. CSF of paper prepared by blending bamboo pulp with bagasse pulp with the addition of sizing chemicals soap
stone filler, varying doses of cationic starch and retention aids (N*).
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Effect on burst factor dueto the addition of varying doses of cationic starch at
different CSF at 30% bamboo pulp blending

S. No. |Particulars, 590 560 540 510 440 310
CSF —
1 |Burst factor of pure bleached bagasse| 28.84 | 29.73 | 31.22 | 32.94 | 38.35 | 40.51
pulp
(No chemicals added)

2 |Effects on B.F. due to addition of| 28.33 | 27.04 | 29.35 | 32.06 | 36.74 | 40.11
fortified rosin size and PAC 2014, and
N* in standard paper sheet

3 |Variationin burst factor (%) 98.23 | 90.95 | 94.01 | 97.33 | 95.80 | 90.0

4 |Changein burst factor (%) -1.77 | -9.05 | -5.99 | -267 | -420 | 1.0

5 | Burst factor of pure bagasse paper after| 21.29 | 25.89 | 26.7 | 28.41 | 28.02 | 32.49
addition of 15% soap stone filler and
N*

6 |Burst factor of paper sheet at| 16.38 | 19.57 | 19.87 | 19.31 | 20.17 | 26.46
(70%BG+30%BB), X+Y +N*

7 | Burst factor of paper sheet at pulp 24.32 | 2756 | 28.73 | 29.68 | 3144 | 34.91
composition and chemical
(70%BG+30%BB), X+Y +0.5%
CS+N*,

8 |Increasein burst factor (%) 1423 | 65 7.6 45 12.2 74

9 | Burst factor of paper sheet at, pulpand | 26.58 | 28.14 | 29.54 | 30.13 | 31.95 | 35.09
chemical composition.
(70%BG+30%BB),
X+Y +0.7%CS+N*,

10 |Increasein burst factor (%) 2485 | 8.69 | 10.64 | 957 | 14.03 | 8.00

11 |Burst factor of paper sheet at pulp and
chemical composition

(709%BG+30%BB), 27.78 | 29.34 | 30.91 | 31.01 | 35.28 | 37.51
X+Y +1.0%CS+N*,

12 |Increase in burst factor of paper sheet
compared with (S.No.6,) in (%) at pulp
and chemical composition 30.48 | 13.33 | 880 | 9.15 | 2591 | 1545
(70%BG+30%BB), X+Y +1.0%CS+N*

The burst factor of pure bleached bagasse pulp was 38.35 and 40.11 at 440 ml
CSF and 310 ml CSF respectively. A 24.54% increase in burst factor (from 20.17 to
25.12) was noticed on addition of 0.5% cationic starch at 440 ml CSF. The increase in
burst factor was 49.28% (from 20.17 to 30.11) and 55.08% (from 20.17 to 31.28) on
addition of 0.7% and 1.0% cationic starch respectively (Fig. 4.17 and Table 4.13).
It is observed that significant development of the burst factor was observed at 440
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CSF with the good texture of paper sheet. This improvement in the paper was noticed due
to the addition of cationic starch, which produced the good strength development in the
paper sheet.

Similar results were observed from the Fig 4.18 and Table 4.14. The burst factor
of pure bleached bagasse pulp in which no chemical was added at 440 ml CSF and 310
ml CSF were 34.51 and 34.48. The burst factor of 28.87 and 32.17 was obtained when the
fibre composition was changed by addition of fortified rosin size, PAC 2014, 15% filler
and retention aids with 80% bleached bagasse pulp and 20% bleached bamboo pulp. A
14.5% and 2.89% improvement in burst factor was noticed on addition of cationic starch
and paper sheets have attained the good quality. It is observed that when the beating
increases from 590 ml CSF to 310 ml CSF, a significant improvement in the burst factor
was observed and the maximum increase in burst factor observed is about 20.8% at 510
ml CSF.

If the 30% bleached beaten bamboo pulp was blended with the original bleached
bagasse pulp, a maximum 12.2% increase in burst factor was observed at 440 ml CSF, if
the cationic starch dose was added 0.5%. A 40.46% increase in burst factor was noticed
due to the increased beating of the pulp from 590 ml CSF to 310 ml CSF (Fig. 4.19 and
Table 4.15). This improvement in burst factor was noticed due to the increase in beating
action on the pulp fibres. The increase in specific surface area and fibrillation of the fibres
takes place by more beating. The increase in burst factor may be due to the strong inter-
fibre bond formation.

4.16 Effect on tear factor of the paper sheet due to blending of 10%
bleached bagasse pulp and by addition of cationic starch in the
standard paper sheet

It is observed that due to more beating of pulp the tear factor is increases up to
540 ml CSF, and the increase in tear factor is 10.41%. The increase in tear factor is
observed from initial stage to final stage if the cationic starch is mixed from 0.5% to
1.0%. The increase in tear factor is 2.4%. If the strength improving chemicals were
increased from 0.5 to 1.0% the increase in tear factor due to cationic starch dose in the
paper sheet was not significant. So to increase the tear factor long fibre pulp blending is
needed (Fig. 4.20). The effect on tear factor due to the blending of bleached bamboo
pulp can be studied from Table 4.16. The effect of increased dosing of cationic starch on

tear factor can be noticed form Table 4.17. The maximum tear factor obtained by 30%
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blending of bleached bamboo pulp and 1.0% cationic starch is 89.67 at 540 ml CSF
(Table 4.16).

The effect of cationic starch on tear factor is noticed from Table 4.17. It is noticed
that the maximum tear factor was obtained at 540 ml CSF with 30% bleached bamboo
pulp blending along with 1.0% dose of cationic starch.

To improve the tear strength of the standard paper sheet with the blending of 20%
bleached bamboo pulp, maximum improvement in tear factor of the standard paper sheet
was observed 57.51% and 10.4% due to the addition of 0.5% cationic starch, and 2.2%
due to the addition of 1.0% cationic starch Fig. 4.21.

The effect on tear factor is also noticed with blending of 30% long fibreed
bleached bamboo pulp. The maximum strength development is noticed about 17.74% at
0.5% mixing of cationic starch. The 21.2% increase in tear factor was noticed at 540 ml
CSF due to the blending of 30% bleached bamboo pulp into furnish. The maximum
improvement in tear factor was observed due to the beating action on the fibres,
improving the tear strength in the paper sheet. The tear strength of the paper sheet
decreases due to the excessive beating beyond the limit, as it is clear from the Fig. 4.22.
The analysis of strength properties of first recycled standard paper sheet was done by
blending the fresh bleached bamboo pulp in varying proportions as well as by the addition

of varying doses of the cationic starch in the furnish.
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Fg. 4.20: Tear factor vs. CSF of paper prepared by blending of blgd. bamboo pulp with blgd. bagasse pulp with the addition of sizing
chemicals, soap stone filler & varying doses of cationic starch and retention aids (N¥).
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Effect on tear factor dueto blending of bamboo pulp and addition of cationic starch on
original paper sheet

S. No.

CSF—

590

560

540

510

440

310

1

Fibre
Composition
90%BG+10%BB

Chem. composition

X+Y +N*

47.32

55.26

55.09

50.27

49.72

40.79

90%BG+10%BB

X+Y +0.5%CS+N*

52.69

57.73

58.14

56.15

55.05

46.43

90%BG+10%BB

X+Y +0.7%CS+N*

54.49

58.37

58.75

61.97

57.75

49.59

90%BG+10%BB

X+Y +1.0%CS+N*

58.67

60.31

59.51

62.72

60.95

52.85

80%BG+20%BB

X+Y+N*

50.91

52.87

56.39

51.36

50.89

45.37

80%BG+20%BB

X+Y +0.5%CS+N*

62.27

58.16

61.56

64.57

58.46

50.11

80%BG+20%BB

X+Y+0.7%CS+N*

64.61

61.81

62.87

65.95

59.39

56.28

80%BG+20%BB

X+Y +1.0%CS+N*

69.15

62.48

70.69

66.52

61.58

59.87

OO|N[oO|O|R|W|N

70%BG+30%BB

X+Y+N*

52.01

58.63

63.05

62.90

62.54

57.98

[ERY
o

70%BG+30%BB

X+Y +0.5%CS+N*

63.86

74.09

75.19

69.61

63.91

61.43

-
[N

70%BG+30%BB

X+Y+0.7%CS+N*

68.34

74.85

76.21

74.46

64.19

64.81

[ER
N

70%BG+30%BB

X+Y +1.0%CS+N*

78.41

76.26

89.67

77.04

65.31

65.09
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TABLE 4.17
Effect on tear factor of original paper sheet due to addition of increased blending of
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bamboo pulp and varying doses of cationic starch at different CSF (Effect of

blending)

CSF—

590

560

540

510

440

310

Fibre composition
90%BG+10%BB

Chem. composition
X+Y +N*

47.32

55.26

55.09

50.27

49.72

40.79

90%BG+10%BB

X+Y +0.5%CS+N*

52.69

57.73

58.14

56.15

55.05

46.43

80%BG+20%BB

X+Y +0.5%CS+N*

62.27

58.16

61.56

64.57

58.46

50.11

70%BG+30%BB

X+Y +0.5%CS+N*

63.86

74.09

75.19

69.61

63.91

61.43

80%BG+20%BB

X+Y +N*

50.91

52.87

56.39

51.36

50.89

45.37

90%BG+10%BB

X+Y +0.7%CS+N*

54.49

58.37

58.75

61.97

57.75

49.59

80%BG+20%BB

X+Y +0.7%CS+N*

64.61

61.81

62.87

65.95

59.39

56.28

70%BG+30%BB

X+Y +0.7%CS+N*

68.34

74.85

76.21

74.46

64.19

64.81

OO N[O |B~[W|N

70%BG+30%BB

X+Y +N*

52.01

58.63

63.05

62.90

62.54

57.98

[N
o

90%BG+10%BB

X+Y +1.0%CS+N*

58.67

60.31

59.51

62.72

60.95

52.85

=
[N

80%BG+20%BB

X+Y +1.0%CS+N*

69.15

62.48

70.69

66.52

61.58

59.87

[ER
N

70%BG+30%BB

X+Y +1.0%CS+N*

78.41

76.26

89.67

77.04

65.31

65.09
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Fig. 4.22 Tearfactor vs. CSF, of paper prepared by blending of bigd. barrboo pulp in bigd. bagasse puip with the adtition of sizing
chemicals, soap stone filler, varying dases of catioric starch & retention aids (N¥)

4.17 Effect on double folds of the paper sheet in case of original paper

sheet
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From the analysis of the results of Fig. 4.23 and Fig. 4.24, the following results
are observed. It is observed that there is a significant improvement in double folds of
paper due to the beating action on the bagasse fibre. The double folds of paper increase
up to the 310 ml CSF of the beaten pulp slurry. It is also noticed that the blending of long
fibreed bamboo pulp aso imparts a significant increase in double folds of the paper in
comparison to the high dosing of cationic starch in paper. To analyze effect of increasing
the cationic starch dosing in the paper sheet at various CSF the double folds of its original
standard hand sheet has been taken as 100% and the corresponding change in double
folds at each stage has been evaluated (Table 4.18).

From the analysis of results of the Table 4.18 the double folds of paper sheet
increases by increasing the cationic starch dose in the paper sheets from 0.5% to 1.0%. It
was observed from the Table 4.18, that when the fibre blending composition (10%
bamboo pulp with 90% bagasse pulp) is kept constant and the cationic starch content is
increased from 0.5% to 0.7% and 1.0% at 590 ml CSF, the double folds increases as 21,
30, 22 respectively. It was observed that cationic starch is helpful in increasing the double
folds of the paper sheet at 310 ml CSF (Table 4.18).

4.18 Effect of blending of long fibreed pulp on double folds of original
paper

In case of blending of long fibreed pulp, the effect on double folds was studied by
keeping constant the degree of beating and dosing of cationic starch content into the
furnish. It was observed that if the blending of long fibreed pul p was increased from 10%
to 20% into the furnish the double folds of paper sheet was increased. But if the blending
of bamboo pulp was further increased from 20% to 30% the effect on double folds
improvement was not significant as in the previous case and the increase in double folds
improvement was less. This shows that further improvement in double folds will require
much long fibreed pulp. More long fibreed pulp will be needed to maintain the previous

performance of double folds
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Fig.4.23: Double folds vs. CSF of original paper prepared by pure bleached baggase pulp with the addition of sizing chemicals, soap stone
filler and varying doses of cationic starch and retention aids (\¥)
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Fig. 4.24: Double folds vs. CSF of original paper prepared by blending of bleached bamboo pulp with bleached bagasse pulp with

addition of sizing chemicals, soap stone filer, varying doses of cationic starch and retention aids (N*)
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TABLE 4.18

Effect on double folds of original paper sheet due to blending of bamboo pulp in
different ratio and addition of varying doses of cationic starch at different CSF

S. No. CSF 500 | 560 | 540 | 510 | 440 | 310
1 Fibre Composition | Chemical Double
100%BG+00%BB | Composition 48 | 50 | 54 | 61 | 113 | 134
Folds (—)
2 | 100%BG+00%BB | X+N* 35| 37| 41| 43| 88| 112
3 | 100%BG+00%BB | X+Y+N* 19| 2| 32| 35| 20| 39
4 | 90%BG+10%BB | (X+Y+N*) 17| 21| 27| 34| 48| 46
5 | 90%BG+10%BB | X+Y+0.5%CS+N*| 21 | 23 | 30 | 38 | 67 | 50
6 | 80%BG+20%BB | X+Y+05%CS+tN*| 24 | 26 | 30 | 35 | 53 | 61
7 | 70%BG+30%BB | X+Y+0.5%CS+N*| 26 | 29 | 40 | 42 | 58 | %4
8 | 90%BG+10%BB | X+Y+0.7%CS+N*| 30 | 32 | 37 | 40 | 81 | 59
9 | 80%BG+20%BB | X+Y+0.7%CS+N* | 25 | 27 | 32 | 37 | 74 | 39
10 | 70%BG+30%BB | X+Y+0.7%CS+N* | 27 | 32 | 38 | 42 | 94 | 98
11 | 90%BG+10%BB | X+Y+1.0%CS+tN* | 22 | 24 | 28 | 43 | 47 | 77
12 | 80%BG+20%BB | X+Y+1.0%CS+N*| 25 | 29 | 33 | 38 | 55 | 63
13 | 70%BG+30%BB | X+Y+1.0%CS+N*| 28 | 29 | 39 | 45 | 63 | 71

4.19 Effect of beating on doublefolds

The effect of beating on double folds of paper was studied by keeping the other
parameters, like long fibre pulp blending in the bagasse pulp and cationic starch content
into the furnish constant.

It was observed that as the beating increases the double folds of paper sheets
improve. But there are some variations in the results, which may be due to the cloudiness
in the paper sheet. Some good results are observed at low CSF which may be due to good
bonding strength of the fibres with the cationic starch as more specific surface area of the
fibre remains available due to more beating effects. The good flexibility of paper sheet is
available at low CSF pulps because at low CSF the cellulose fibres have good tendency to
hold more water in it, due to more fibrillated pulp. The paper sheet contains high density,
as more beaten pulp contains more bonding strength among the fibres within the paper
sheet. A high CSF, the fibre to fibre bonding remain less and paper sheet contains more
void fractions resulting in the porous and bulky paper sheet which produces the less

double folds in paper sheet.
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4.20 Effect on breaking length of first recycled paper

If the fibre composition is kept constant and increasing the doses of cationic starch
(0.5%), the maximum breaking length was obtained about 2678.48 meters at the 310 ml
CSF. If the results of breaking length at 590 ml CSF were compared with 310 ml CSF, it
was observed that there is an increase in breaking length (44.85%) which can be further
increased due to mixing of 1.0% cationic starch in comparison to other results. The
increase in breaking length was observed (18.31%) at 310 ml CSF. The loss in breaking
length of original paper sheet and first recycled is about 40.9%. It shows that in recycling
process there is much loss in breaking length at this recycling stage which occurred due to
low bonding of fibres, which mainly occurs due to the hornification of fibres. The
hornification turns the fibres twisted and hard and fibre losses the tendency to hold water
to become less flexible. This tendency of fibres reduces the strong hydrogen bond

formation among the fibres and the paper ultimately becomes weak.

4.21 Effect of increasing the long fibreed bamboo pulp blending on
breaking length in fir st recycle of paper

The effect of long fibre blending on breaking length of paper sheet is shown in
Fig. 4.25. The effect on breaking length occurs due to the addition of increased amount
of bamboo pulp from 10% to 20%. It was noticed that the improvement in breaking
length was observed in each case when the blending the bamboo pulp is increased from
10 to 20%. There is an increase in breaking length from 3168.92 to 3174.88 meters, when
the cationic starch dose is increased to 1.0%. It is aso noticed from Fig. 4.25 when the
proportion of blending is increased from 10 to 30%, there is also an improvement in the
breaking length (3498.59 meters) in the paper sheet. On comparing the results of breaking
length the following improvements in the breaking length was noticed as per the Table
4.19.

From the analysis of the data of the Table 4.19, it is noticed that the improvement
in the paper breaking length is more at high CSF, but if the CSF lowers from 590 ml to
330 ml CSF, the effect of blending of bamboo pulp in the furnish has no good effect on
the breaking length developments as compared to the CSF 590 ml or 560 ml CSF etc. The

reduction in the improvement of the breaking length indicates that at low CSF the short
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fibre fraction are more in the pulp, which has less development in the breaking length of
paper sheet. The breaking length improvement is very low, if the beat-ability of the pulp
is increased in the first recycled paper sheet. The maximum breaking length (3174.88
meters) was observed at 310 ml CSF with 20% bleached bamboo pulp blending with
1.0% cationic starch dose at the first recycle stage. It shows that good breaking length at
this stage can be obtained with blending of long fibreed pulp along with the dosing of
1.0% cationic starch content (Fig.4.26). The maximum breaking length was also obtained
(3498.59 meters) at 310 ml CSF with 30% bleached bamboo pulp blending along with
1.0% cationic starch dose in the pulp furnish (Fig. 4.27). The improvement in breaking
length can also be noticed from Table 4.19.

Breakina lenath of paner (m)

w 4
0
CF50 50 50 510 40 310
—— QOVBGHIG/ OB XFYHN 17238 19986 2 2025 220100 2683A
- OVBGHI/ R XFHOSACSHNE 18917 23p5 383 X198 327 58488
A/BGHICY/ER XY+ O/CSH\ ia16 2404 2028 20176 83%B 310746
A0/BGHIC/ER XAYHLO/CSH\ ABL2A 23H01 BR2 7102 560 368B8P

Fg. 4.25: Breaking lengh vs. CSF of first recyded paper prepered by blending of bigd. barmboo pulp with bagasse pulp withthe addition of
sizing chenicals, soap stonefiller, varying doses of cationic starch and retertion ads (N¥).
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TABLE 4.19

Effect on breaking length of first recycle of paper due to blending of long fibre bleached
bamboo pulp and addition of varying doses of cationic starch at different CSF

S. Fibre CSF — 590 560 540 510 440 310
No.| Composition  |chem, composition
1 |90%BG+10%BB |X+Y+N* 742,98 | 1949.86 | 1989.21 | 2169.25 | 2201.01 | 2263.94
2 |90%BG+10%BB |X+Y+0.5%CS+N* | 1849.17 | 2302.25 | 2308.58 | 2519.85 | 2563.27 | 2678.48
3 [90%BG+10%BB | X+Y+0.5%CS+N* | 2075.16 | 2470.44 | 2550.28 | 2701.76 | 2863.95 | 3107.45
4 |90%BG+10%BB | X+Y+0.590CS+N* | 2081.24 | 2535.01 | 2679.22 | 2710.92 | 2985.29 | 3168.92
5 |80% BG+20%BB |X+Y +N* 1875.10 | 1908.03 | 2179.10 | 2315.63 | 2255.71 | 2229.04
6 [80% BG+20%BB |X+Y+0.7%CS+N* | 2229.61 | 2338.63 | 2506.73 | 2603.01 | 2629.94 | 2647.65
7 [80%BG+20%BB |X+Y+0.7%CS+N* | 2292.07 | 2557.21 | 2598.54 | 2855.21 | 2960.07 | 3117.28
8 [80% BG+20%BB |X+Y+0.7%CS+N* | 2651.14 | 2866.41 | 2883.62 | 2926.06 | 3066.25 | 3174.88
9 |70% BG+30%BB |X +Y + N* 2382.32 | 2529.18 | 2537.25 | 2553.47 | 2762.41 | 2815.73
10 |70% BG+30%BB | X+Y+1.0%CS+N* | 2597.03 | 2690.27 | 2713.78 | 2838.63 | 2957.91 | 3025.12
11 |70% BG+30%BB | X+Y+1.0%CS+N* | 2759.87 | 2798.46 | 2841.88 | 2883.09 | 3126.27 | 3326.85
12 | 70%BG+30%BB | X+Y+1.0%CS+N* | 2831.09 | 2861.62 | 2902.59 | 3155.63 | 3168.25 | 3498.59
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Fig. 4.26: Breaking length vs. CSF, of first recycled paper prepared by blending of bigrl. bamboo pulp with bagasse pulpwith the addition of
sizing chermicals, soap stone filler, varying doses o cationic starch and retention aids (N¥).
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Hg 4.27: Breaking length vs. CSF of first recycled paper prepared by blerdingblgd. barmboo pulp with bagasse pulpwith the addition of

sizing chemicals, soap stonefiller, varying doses of cationic starchand retentionaids (N¥).

4.22 Sudy of the burst factor

(1) For the case of blending of bamboo pulp.

@

(b)

(©

The burst factor of the paper sheet increases due to the beating, as CSF of
pulp decreases from 590 ml to 310 ml, i.e. The burst factor improves from
8.32 to 15.84 with the 10% blending of bleached bamboo pulps in the
furnish (Fig. 4.28). The maximum burst factor was obtained 21.01 with 10%
blending of bleached bamboo pulp along with 1.0% dose of cationic starch.
When the blending of bamboo pulp increased by 20%, there is also a good
improvement in burst factor. The burst factor improves from 11.53 to 18.62
when the cationic starch content is kept constant at the value of 0.5%. The
change in burst factor was observed from 11.53 to 18.62 when the change in
CSF takes place due the beating process from 590 ml to 310 ml CSF (Fig.
4.29). When 1.0% cationic starch dose was added along with 20% bleached
bamboo pulp blending the maximum burst factor (21.27) was obtained.
There is adso an improvement in the burst factor when the blending of

bamboo pulp is increased up to 30% and starch content is kept 0.5%. The
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burst factor is aso increases from 14.23 to 20.01 when the CSF changes
from 590 to 310 ml due to the beating of pulp (Fig. 4.30). A good
improvement in burst factor indicates the better recycling potential of the
bagasse pulp. The maximum burst factor (22.06) was obtained with the
blending of 30% bleached bamboo pulp along with 1.0% cationic starch
dose, which indicated that long fibre pulp has little effect on burst factor.

(2) Effect of adding cationic starch

The effect on burst factor may be observed from the Fig. 4.28, Fig. 4.29, and Fig.

4.30.

@

(b)

(©)

(d)

It is observed from the results that there is an improvement in the burst
factor at each CSF. The burst factor improvement is there when the cationic
starch is added in the increasing order.

The effect of cationic starch on burst factor improvement is more at the 560
ml CSFi.e 26.97% and i.e. 15.19% at 310 ml CSF in case of 10% blending
of bamboo pulp (Fig. 4.28).

When the bamboo pulp blending is kept at 20% the cationic starch content is
increased from 0.5% to 1.0%. The burst factor is increased up to 21.27 at
310 ml CSF (Fig. 4.29).

When the bamboo pulp blending is kept a 30% and the cationic starch
content increased from 0.5% to 1.0%. The maximum increase in burst factor

was observed 22.06 at 310 ml CSF (Fig. 4.30).

These results show that when the beating of fibre increases the increase in burst

factor progresses slowly, even increasing the addition of cationic starch content into the

first recycled paper sheet. It is observed that at low CSF the addition of more cationic

starch is less beneficia in comparison to the blending of long fibreed pulps. It is observed

from the Table 4.20 that 1.0% cationic starch dose impart very good in enhancement in

the burst factor in paper in comparison to the blending of bamboo pulp.
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Fig. 4.28: Burst fador vs.CSF, of 1* recyded paper prepared by blending of bigd. barrboo puip with bagasse puip with the addiiion of sizing
chemicals, scap stone filler and varying doses of cationic starch and reterttion aids (N*).
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Fig. 4.29: Burst factar vs. CSF of 1™ recyded paper prepared by blending of bigd. bamboo pulp with bagasse pup with the addition of sizing
chemicals, soap stone filler, varying doses of cationic starch & retention aids (N¥).
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Fig 4.30: Burstfactor vs. CSF of 1* recycled paper sheet prepared by blending of bleached bamboo pulp with bagasse pulp with the addition
of sizing chemicals, soap stonefiller, varying doses of cationic starch and retertion aids (N*).

4.23 Effect on tear factor of thefirst recycled paper sheet

It is observed that the tear factor of the standard paper sheet improves by the

following operations.

(@ Due to blending of bamboo pulp and increasing the beating of the pulp
samples.

(b) Dueto theincreased beating, and dosing of cationic starch content.

These effects are observed by the analysis of results of the Fig. 4.31, Fig. 4.32,

and Fig. 4.33,

(8) The paper sheet was prepared by blending 10% bamboo pulp with 90%
bleached bagasse pulp and addition of 0.5% cationic starch. It is observed
that the tear factor of the paper sheet improves from 42.47 to 45.37, when the
CSF of the pulp changes from 590 to 540 ml. If more beating of pulp is
carried out the tear factor reduces from 45.37 to 37.43 at 310 ml CSF. The
tear factor further improves to 52.55 form 45.37 at 540 ml CSF when the
starch content is increased from 0.5% to 1.0% and the increase is 15.83%
(Fig. 4.32).
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TABLE 4.20

Effect on burst factor of first recycle of paper dueto blending of long fibre bleached
bamboo pulp and addition of varying doses of cationic starch at different CSF

S. CSF — 590 | 560 | 540 | 510 | 440 | 310
No.
1 | Fibre composition | Chem. compoasition
8.32 | 10.51 | 13.11 |14.13 | 15.29 | 15.84
90%BG+10%BB | X +Y + N*
2 | 90%BG+10%BB | X+Y+0.5%CS+N* | 10.75 | 13.35 | 15.08 | 16.45 | 17.34 | 18.24
3 | 90%BG+10%BB | X+Y+0.7%CS+N* | 13.12 | 15.39 | 16.71 | 17.27 | 18.02 | 18.89
4 | 90%BG+10%BB | X+Y+1.0%CS+N* | 13.89 | 16.95| 17.34 | 19.15 | 19.67 | 21.01
5 | 80% BG+20%BB | X+Y+N* 8.85 | 12.37| 1259 | 14.31 | 15.94 | 16.30
6 | 80% BG+20%BB | X+Y+0.5%CS+N* | 11.53 | 14.82 | 15.19 | 16.63 | 17.77 | 18.62
7 | 80%BG+20%BB | X+Y+0.7%CS+N* | 13.82 | 16.81 | 17.47 | 18.01 | 18.44 | 19.22
8 | 80% BG+20%BB | X+Y+1.0%CS+N* | 15.02 | 17.75| 18.33 | 19.32 | 19.81 | 21.27
9 | 70% BG+30%BB | X +Y + N* 11.78 | 13.03 | 14.65 | 14.77 | 17.52 | 18.15
10 | 70% BG+30%BB | X+Y+0.5%CS+N* | 14.23 | 15.37 | 16.97 | 17.12 | 18.87 | 20.01
11 | 70% BG+30%BB | X+Y+0.7%CS+N* | 16.57 | 17.23 | 17.86 | 18.92 | 19.18 | 20.84
12 | 70%BG+30%BB | X+Y+1.0%CS+N* | 17.19 | 18.13 | 19.66 | 19.84 | 20.32 | 22.06
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90% BG+10% BB, X+Y+0.5%CSH\* 247 .21 45.37 41.31 3004 3743
—%—90%BG+10% BG, X+Y+0.7%CSH\* 44.87 3B.73 50.78 47.65 2449 40.34
——90%BG+10% BB, X+Y+L.0%CSH\* 48.73 44.49 52.55 48.18 4551 40.45

Fg.4.31: Tear factor vs. CSF of 1™ recyded paper prepared by blending of bigd. bamboo pulp with bagasse pulp vith the addition of sizing
chemicals, sogp store filler, & varying doses of cationic starch & retention aids (N¥).
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Fg. 4.33: Tear factor vs. CSF of 1% recyded paper prepared by blending of bigd. bamboo pulp with bagasse pulp with addition of sizing
chemicals, sogp stane filler & varying doses of cationic starch & retention aids (N).

88




(b) From the analysis of the data of tear factor the maximum tear development is
obtained at 540 ml CSF, but it can be further increased by increasing dosing of
cationic starch and by blending of bamboo pulp. The higher tear factor (i.e. 63.89)
may be achieved by the 30% blending of bamboo pulp with 1.0% cationic starch
dose at first recycled stage (Fig. 4.33).

(c) The addition of cationic starch in the paper sheet shows good strength
developments (70.33%) at 440 ml CSF, but in some cases the variable results are
found which may be due to the variation in the pH or due to the zeta potential of
the pulp, which affects the effectiveness of the cationic starch in the strength
development of the paper sheet in different cases.

(d) The tear factor of the paper increases due to the blending of long fibreed pulp
effectively in comparison to the starch content, but if the pH and other factor are
maintained properly the cationic starch also show good strength development in
the paper sheet.

(e) From Table 4.21, it can be noticed that good tear factor development was
obtained at 540 ml CSF and the maximum tear factor (63.89) was obtained by
30% blending of bleached bamboo pulp along with 1.0% cationic starch dose.

4.24 Effect on double folds of the paper sheet in case of first recycled

paper

From the analysis of the results of Fig. 4.34, Fig. 4.35, and Fig. 4.36, the following
results are observed. It is noticed that the double folds of first recycled paper sheet
improves from 2 to 6 folds when the CSF of the pulp decrease from 590 ml CSF to 310 ml
CSF due the mechanical treatment of fibres in the beating process. Moreover a
considerable improvement in double folds is also noticed due to the increased dosing of
cationic starch at 310 ml CSF. The increase in double folds a low CSF is more which may
be due the strong bonding among the increased surface area of the good beaten fibres. The
double folds of its original standard hand sheets have been tabulated and the
corresponding change in double folds at each stage has been observed (Table 4.22).
Analysis of results of the Table 4.22 for the double folds of paper sheet on the basis
increasing the cationic starch dose in the paper sheets from 0.5% to 1.0% are shown in the
Table 4.22.
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TABLE 4.21

Effect on tear factor of first recycle of paper dueto blending of long fibre bleached

bamboo pulp and addition of varying doses of cationic starch at different CSF

S CSF — 590 | 560 | 540 | 510 | 440 | 310
No.
1 |Fibre composition |Chem. composition
37.01 | 3456 | 39.17 | 35.42 | 3349 | 34.63
90%BG+10%BB | X +Y + N*
2 |90%BG+10%BB |X+Y+0.5%CS+N* | 42.47 | 39.21 | 45.37 | 41.31 | 39.04 | 37.43
3 |90%BG+10%BB |X+Y+0.5%CS+N* | 44.87 | 38.73 | 50.78 | 47.65 | 44.49 | 40.34
4 |90%BG+10%BB |X+Y+0.5%CS+N* | 48.73 | 44.49 | 52.55 | 48.18 | 45.51 | 40.45
5 |80% BG+20%BB |X+Y+N* 37.61 | 36.76 | 42.56 | 38.63 | 31.65 | 33.06
6 |80%BG+20%BB |X+Y+0.7%CS+N* | 43.11 | 45.02 | 49.48 | 45.71 | 41.31 | 40.95
7 |80%BG+20%BB |X+Y+0.7%CS+N* | 45.69 | 50.81 | 51.68 | 48.86 | 45.22 | 44.16
8 |80%BG+20%BB |X+Y+0.7%CS+N* | 49.41 | 55.14 | 57.52 | 54.09 | 53.91 | 50.73
9 |70% BG+30%BB |X +Y + N* 40.28 | 40.62 | 42.09 | 44.61 | 44.82 | 43.37
10 | 70%BG+30%BB | X+Y+1.0%CS+N* | 45.03 | 47.35 | 57.59 | 49.67 | 48.79 | 47.65
11 |70%BG+30%BB | X+Y+1.0%CS+N* | 46.87 | 51.23 | 59.81 | 54.29 | 51.96 | 49.91
12 | 70%BG+30%BB | X+Y+1.0%CS+N* | 50.34 | 56.59 | 63.89 | 55.31 | 53.11 | 52.35
B,
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Fig. 4.34: Double folds vs. CSF of 1™ recycled paper prepared by blending of blgd. bamboo pulp with bagasse pulp with addition of sizing
chemicals, soap stone filler, & varying doses of cationic starch & retention aids (N*)
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addition of sizing chemicals, soapstone filler & varying doses of cationic starch & retention aids (N¥)
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Fig. 4.36: Dauble folds vs. CSF o first recycled paper sheet prepared from blerding of beached barboo pulp with bagasse pupin various
ratios with addition of cationic starch in varying doses and retention aids ( N*).

It was observed from the Table 4.22, that when the fibre blending composition is
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kept constant and the cationic starch dose has been increased from 0.5% to 0.7% and
1.0% there is an increase in the double folds at 590 ml CSF and the double fold increases
as 4, 5, 6 respectively, when 10% blending of bamboo pulp is carried out with 90%
bagasse pulp. It was observed that cationic starch is helpful in increasing the double folds
of the paper sheet as per the results shown in Table 4.22. The improvement in double
folds was noticed as 10, 15, and 16 when the dosing of cationic starch was increased as
0.5%, 0.7% and 1.0% respectively (310 ml CSF).

4.25 Effect of blending of long fibreed pulp

In case of blending of long fibreed pulp, the effect on double folds was studied
keeping the degree of beating and dosing of cationic starch content constant into the
furnish. It was observed that due to blending of long fibreed pulp in furnish, the double
folds of paper sheet was increased if the blending of long fibreed pulp was increased from
10% to 20%. But if the blending of bamboo pulp was further increased from 20% to 30%
the effect on double folds improvement was not much as in the previous case and the
increase in double folds improvement was less. This shows that further improvement in
double folds will need much long fibreed pulp. More long fibreed pulp will be needed to

maintain the previous performance of double folds.

TABLE 4.22
Effect on double folds of first recycle of paper dueto blending of long fibre bleached
bamboo pulp in different proportions and addition of varying doses of cationic
starch at different CSF

S. No. | Fibre composition Che”?- composition
CSFinml  (—) | 590| 560 | 540 | 510 | 440 | 310
1 | 90%BG+10%BB | X+Y+0.N* 2 2 5 4 5 6
2 | 90%BG+10%BB | X+Y+0.5%CS+N* 4 3| 7 6 7| 10
3 | 90% BG+10%BB | X+Y+0.7%CS+N* 5 4 8 7 7 | 15
4 | 90%BG+10%BB | X+Y+1.0%CS+N* 6 5 10 | 8 8 | 16
5 | 80%BG+20%BB | X+Y+0.N* 4 5 6 7 5 9
6 | 80%BG+20%BB | X+Y+0.5%CS+N* 6 7 8 9 8 | 13
7 | 80% BG+20%BB | X+Y+0.7%CS+N* 7 8 9 9 | 10| 17
8 | 80%BG+20%BB | X+Y+1.0%CS+N* 9 10 | 11| 11| 12| 18
9 | 70%BG+30%BB | X+Y+0.N* 6 7 8 9 9 | 12
10 | 70%BG+30%BB | X+Y+0.5%CS+N* 8 9 10 11 ] 12| 16
11 | 70%BG+30%BB | X+Y+0.7%CS+N* 9 10 | 11| 12| 14| 20
12 | 70%BG+30%BB | X+Y+1.0%CS+N* 11| 11 | 12| 13| 15| 21
4.26 Effect of beating on doublefolds
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For observing the performance of double folds of paper sheet with respect to the
beating of pulp and other parameters like long fibre blending with the bagasse pulp and
increased dosing of cationic starch content was kept constant into the furnish.

It was observed that as the beating increases the double fold of paper sheet
improves, but there are some variations in the results, which may be due to the cloudiness
in the paper sheet. Some good results are observed at low CSF which may be due to
bonding strength of the fibres with the cationic starch as more specific surface area of the
fibre is available due to more beating effects. The good flexibility in paper sheet is
available at low CSF pulp because at low CSF the cellulose fibres have good tendency to
hold more water content in it. Due to more fibrillated pulp, the paper sheet possesses high
density, as more beaten pulp contains more bonding strength among the fibres with in the
paper sheet. Whereas at high CSF, the fibre to fibre bonding remain less and paper sheet
contains more void fractions and resulting the porous and bulky paper sheet which
produces the less double folds in paper sheet. The maximum double folds of standard
paper sheet was obtained 21 at 310 ml CSF with 30% bleached bamboo pulp blending
and 1.0% dosing of cationic starch (Table 4.22).

4.27 Effect on breaking length of second recycled paper sheet

Q) Analysis of results of second recycled paper sheet

The second recycled paper sheets were prepared by blending the 50% fresh beaten
pulp mixture of pulp containing 70% bleached bagasse and 30% bleached bamboo pulp
i.e. (70% BG + 30% BB pulps) by beating it up to the same extent as per the samples
available for making the second recycled paper sheets. The fresh pulp was blended in the
recycled pulp as this pulp was become too weak after re-slushing after the first recycled
stage. As in further processing the cationic starch imparted the bad effect on the strength
properties of paper after the first recycle of these paper sheets. So 50% fresh pulp
(containing the mixture of 70% bleached bagasse pulp and 30% bleached, bamboo pulp)
was blended in the second recycled paper sheets.
The effect on breaking length was analyzed on the basis of

(1) Previous fibre composition present in the sheet.

(2) Blending of fresh pulp (containing mixture of 70% fresh bleached bagasse pulp
and 30% fresh bleached bamboo pulp) after beating it up to the same extent of
the in which this pulp to be blending.

(3) Addition of cationic starch T-25 in making the standard sheet in varying doses
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(as mentioned in the table).
(4) On the basis of beating extent of the previous pulp from which the recycled
paper sheets were made.

After the evaluation of test results of breaking length, the results were analyzed
and plotted in the Fig. 4.37 and Fig. 4.38.

From the Table 4.23, it was observed that when 50% fresh beaten pulp was
blended in the re-slushed pulp after the first recycle of paper sheet and the standard
laboratory sheet was prepared without mixing any chemical in it. The breaking length of
second recycled paper sheet was obtained 3687.57 meters at 560 ml CSF and 3721.39
meters at 310 ml CSF. Moreover when the second recycled paper sheet were prepared
from the first recycled paper sheet with the dosing of cationic starch in it after re-slushing
and by adding 50% fresh pulp on the O.D. basis. The breaking length of second recycled
paper sheet was recorded 2493.67 m on 560 ml CSF and 2294.91m on 310 ml CSF.
These paper sheets were having about 32.38% and —38.33% reduced breaking length at
590 ml, and 310 ml CSF respectively Table 4.23, this decrease in breaking length was
quite significant.

Effect of cationic starch on second recycled paper sheet prepared by blending the
50% fresh pulp in the pure bleached bagasse re-slushed pulp from the first recycled paper
sheets. A 2.04% increase in breaking length was observed, when the cationic starch
dosing was increased from 0.7 to 1.0% on 560 ml CSF. Similarly at 310 ml CSF the
(9.09%) improvement in the breaking length was observed when the dose of cationic was
content increased from 0.5% to 0.7%. Further at 310 ml CSF when the dose of cationic
starch content was increased from 0.7% to 1.0%. A 12.09% increase in breaking length
was observed at 310 ml CSF, which is the good sign of the recycle-ability of the paper
sheet due to the addition of the cationic starch content. As per the detailed analysis of the
data of Table 4.23, it was observed that good strength development in the breaking length
of paper was observed 3687.57 meters at 560 ml CSF. Whereas at 310 ml CSF the
improvement in the breaking length was observed 16.0%, when the standard paper sheet
was prepared from the pulp having the fibre composition of first recycled paper sheet
with the blending of fresh pulp (having composition 70% bagasse pulp plus 30% bamboo
pulp, 1.0% cationic starch along with other chemicals as per the previous paper sheet).
The minimum improvement was observed in the paper prepared under the conditions
given at the serial no.4 inthe Table 4.23.
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Fig. 4.38: Breakinglength vs. CSF of 2 recycled paper prepared from blending of bleached barmboo pulp with Heached bagasse pulp adding fresh
pulp, sizing chemical, soap stonefiller, cationic starch, and retertion aids (\N¥).
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TABLE 4.23
Effect on breaking length of second recycled paper dueto increased blending of
50% fresh bleached bamboo pulp and varying doses of cationic starch.

S. No. Fibre composition Chemical Breaking Gainin | Improved | Gainin
composition length of breaking | breaking | breaking
paper sheet length length at length
(m) at (CSF-310) (%)
CSFinml (—) at (CSF-510) ) )
(CSF-560) )
(@)

1 |100%BG+00%BB+50%FP |No Chemical added 3687.57 3721.39
2 |100%BG+00%BB+50%FP | X+Y+N* 2493.67 -32.38 229491 | -38.33
3 |100%BG+00%BB+50%FP | X+Y+0.5%CS+N* 2629.34 2806.
4  |100%BG+00%BB+50%FP | X+Y+0.7%CS+N* 2684.75 211 3061.38 9.09
5 |100%BG+00%BB+50%FP | X+Y+1.0%CS+N* 2739.53 2.04 3431.73 12.09
6 |90% BG+10%BB+50% FP | X+Y+0.5%CS+N* 2271.01 2489.81
7 |90% BG+10%BB +50% FP | X+Y+0.7%CS+N* 2529.87 114 2852.73 14.58
8 |90%BG+10%BB+50%FP | X+Y+1.0%CS+N* 2712.61 7.22 2914.16 215
9 |80%BG+20%BB+50%FP | X+Y+0.5%CS+N* 2371.01 2665.43
10 [80% BG+20%BB+50%FP | X+Y+0.7%CS+N* 2607.58 9.98 2984.71 11.18
11 [80%BG+20%BB+50%FP | X+Y+1.0%CS+N* 2739.53 5.06 3048.54 15.54
12 |70%BG+30%BB+50%FP | X+Y+0.5%CS+N* 2527.87 2991.18
13 [70%BG+30%BB+50%FP | X+Y+0.7%CS+N* 2842.76 12.46 3184.78 6.47
14 |70%BG+30%BB+50%FP | X+Y+1.0%CS+N* 3687.57 29.12 3694..31 16.0

These results show the maximum strength development in the paper sheet
prepared, as per the conditions given in the Table 4.23 at serial no.14. It was observed
from the analysis of the data at s. no.14 in the Table 4.23 that the breaking length
increases from 3687.57 meters to 3694.31 meters due to the increase in beating degree
from 560 ml to 310 ml CSF.

4.28 Effect of cationic starch addition on the breaking length of the
paper sheet

In the second recycle of the paper sheet the cationic starch improves the breaking
length effectively as per the results tabulated in the Table 4.23.
It is observed that as the long fibre blending is carried out at 560 ml CSF the
increase in breaking length is less in comparison to the increase in breaking length at 310
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ml CSF. But some exceptions are observed in this case at 560 ml CSF. The maximum
improvement in breaking length was observed at 1.0% cationic starch dosing, at with
30% long fibreed pulp blending at 560 ml CSF. It takes place because at 310 ml CSF, the
intrinsic strength of the fibre decreases due to the more beating treatment on the fibres,
and the pulp becomes weak due to the more mechanical treatment of fibre in the beater as
well as in the disintegrator at the time of re-slushing of the paper sheet prior to make the
second recycled paper sheet.

4.29 Effect of blending of long fibreed pulp in the second recycled
paper sheet

It is observed from the Table 4.23 that long fibreed pulp is beneficia in
increasing the breaking length of the paper sheet. It was observed from the Table 4.24
that the improvement in the breaking length is 2.11% at 560 ml CSF.

The standard paper sheet was prepared by increasing the dose of cationic starch
from 0.5% to 0.7% with the blending of 50% fresh pulp in furnish of first recycled paper
sheet initialy prepared from pure bleached bagasse pulp. The breaking length improves
from 2629.34 meters to 2684.75 meters (s. no. 1 and 2 in Table 4.24). Similarly at 310 ml
CSF this improvement (9.09%) is quite significant, when blending of 30% bleached
bamboo pulp was carried out along with 1.0% dosing of cationic starch at 560 ml CSF
and 310 ml CSF. The corresponding increase in breaking length was observed 29.72%
and 16.0% respectively. It can be concluded from the above results that the higher dosing
of cationic starch is helpful when the long fibre pulp is more in furnish.

The Table 4.25 shows that the increase in breaking length 6.62% with 0.5%
dosing of cationic starch content with 30% blending of bleached bamboo pulp, and
12.22% increase at 310 ml CSF. The Table 4.26 shows that the increase in
breaking length 9.02% with 0.7% dosing of cationic starch and 30% blending of bleached
bamboo pulp into the furnish. It clearly indicates that the improvement in the breaking
length of paper is 6.7% due to the 30% blending of bleached bamboo pulp 560 ml CSF
(Fig. 4.38).
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TABLE4.24
Effect on breaking length of second recycled paper due to blending of bleached
bamboo pulp and addition of varying doses of cationic starch

S. No. Fibre composition Chemical composition The Gainin Breaking Gainin
breaking breaking lengthin | breaking
lengthin |lengthin (m) (m) at length due

(m) dueto to addition
at addition of |(CSF-310) | of doses
(CSF-560) cationic of cationic
starch at starch at
(CSF-560) (CSF-310)
(%)
1 |100% BG+00% BB +50% FP | X +Y + 0.5% CS+ N* | 2629.34 - 2806.00 -
2 |100% BG + 00% BB +50% FP | X +Y + 0.7% CS+ N* | 2684.75 211 3061.38 9.09
3 |100% BG + 00% BB +50% FP | X +Y + 1.0% CS+ N* | 2739.53 2.04 3431.73 12.09
4 |90%BG+10% BB +50%FP |X+Y +0.5%CS+N* | 2271.01 - 2489.81 -
5 |90%BG+10%BB +50%FP |X +Y +0.7% CS+ N* | 2529.87 114 2852.73 14.58
6 |90%BG+10%BB+50%FP |X+Y +1.0%CS+N* | 271261 7.22 2914.16 2.15
7 |80%BG+20%BB+50%FP |X+Y +0.5%CS+N* | 237101 - 2665.43 -
8 |80%BG+20%BB+50%FP |X+Y+0.7%CS+N* | 2607.58 9.98 2984.71 11.18
9 |80%BG+20%BB+50%FP |X+Y+10%CS+N* | 2739.53 5.06 3048.54 214
10 |70%BG+30% BB +50% FP |X +Y +0.5%CS+ N* | 2527.87 - 2991.18 -
11 |70%BG+30% BB +50%FP (X +Y +0.7% CS+ N* | 2842.76 12.46 3184.78 6.47
12 |70%BG+30% BB +50% FP |X +Y +1.0% CS+ N* | 3687.57 29.72 3694..31 16.0

It was observed that with the addition of 1.0% cationic starch the increases in

breaking length at 560 ml CSF and 310 ml CSF was 34.61 and 21.18 % respectively
(Table 4.27). This shows that the starch addition is quite effective on 560 ml CSF due to
the good intrinsic strength of the fibres, where as at more beating at 310 ml CSF the
intrinsic strength of the fibre is less and the increase in breaking length is 21.18%.
Moreover by increasing the dose of cationic starch, there is less improvement in the
breaking length. The more addition beyond 1.0% cationic starch creates the problem of
drainage on the wire part of the paper sheet making machine. So the increased dosing of
cationic starch in the stock reduce drainage rate on the wire part of British sheet former.

4.30 Effect of increasing the beating of the stock

The intrinsic strength of the fibres decrease and the increase in breaking length
was 21.18%, which is less in comparison to the results of the breaking length at 560 ml
CSF.
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TABLE 4.25
Effect on breaking length of paper sheet by the addition of 0.5 % cationic
starch dosing

S. CSF of Paper sheet composition Paper sheet composition Paper sheet composition
No. pulp of 90%BG+10%BB+50%FP | 80%BG+20%BB+50%FP | 70%BG+30%BB+50%F
standard X+Y +0.5%CS+N* X+Y +0.5%CS+N* P
paper Breaking length (m) Breaking length (m) X+Y +0.5%CS+N*
sheet Breaking length (m)
making
M) () () (b
560 2271.00 2371.00 2527.87
Increase in breaking length
due to long fibreed pulp
blending in previous paper 4.40 6.62
sheet (%)
(=)
3 310 2489.81 2665.43 2991.18
4 Increase in Breaking length
in (m) due to previouslong
fibres pulp blending in the 7.05 12.22
paper sheet
=)

TABLE 4.26
Effect on breaking length of paper sheet by the addition of 0.7% cationic
starch dosing

S. CSF of pulp at Paper sheet Paper sheet composition Paper sheet composition
No. | standard sheet composition 80%B G+20%BB+50%FP 70%BG+30%BB
making (ml) | 90%BG+10%BB+50% X+Y +0.7%CS+N* +50%FP
FP Breaking length (m) X+Y+0.7%CS+N*
X+Y+0.7%CS+N* Breaking length (m)
Breaking length (m)
() () () ()
1 560 2529.87 2607.58 2842.76
2 Increase in breaking
length in (m) dueto
previous long fibreed 3.07 9.02
pulp blending in paper
sheet (%) (—)
3 310 2489.81 2984.71 3184.78
4 Increase in breaking
lengthin (m) dueto 4.63 6.70
blending (%)
(=)
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TABLE 4.27

Effect on breaking length of paper sheet by the addition of 1.0% cationic
starch dosing

S.No. | CSFof pulp | Paper sheet composition | Paper sheet composition Paper sheet
at standard | 90%BG+10%BB+50%FP 80%BG+20%BB composition
sheet X+Y+1.0% CS+N* +50%FP 70%BG+30%BB
making Breaking length (m) X+Y+1.0% CS+N* +50%FP
Breaking length (m) X+Y+1.0% CS+N*

Breaking length (m)
(3] ) @) (L

[ERN

560 2712.61 2739.53 3687.57

2 Increase in breaking length
dueto previous long
fibreed pulp blending in 0.99 34.61
paper sheet (%)
(=)

3 310 2914.16 3048.31 3694.31

4 Percent increase in B.L.
due to previous long
fibreed pulp blended 4.61 21.18

composition of paper-sheet

=)

The effect of increasing the beating of fibres on the breaking length improvement
isshownin Fig. 4.38 at 560 ml and 310 ml CSF.

4.31 Effect on burst factor of the second recycled paper sheet

It is observed from the Fig. 4.39 that when the chemicals like fortified rosin size,
poly- aluminium chloride 2014 and soap stone filler 15% was added in the second
recycled paper sheet the burst factor was reduced from 23.08 to 16.73 at 560 ml CSF at
the second recycled stage of paper sheet.

It is observed from the Fig. 4.39 that when the chemicals like fortified rosin size,
poly aluminium chloride 2014 and 15% soap stone filler was added in the second
recycled paper sheet the burst factor was reduced from 23.08 to 16.73 at 560 ml CSF.
Whereas at 310 ml CSF, it reduces from 25.26 to 23.91, as these chemicals reduces the
chemical bond strength between the specific surface of the fibres. To reduce this
weakening of bond strength, the strength improving chemicals and long fibre blending
was used to recover the loss of the paper strength. From the Fig. 4.40 the following
improvement in burst factor were observed due to blending of bleached bamboo pulp and

the addition of cationic starch in the varying doses.
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4.32 Effect of addition of cationic starch

The effect of addition cationic starch in the second recycled paper shest, it is
observed that the cationic starch is increasing the burst factor of the paper sheet and the
increase in burst factor is more at 310 ml CSF and the significant increase in burst factor
is observed 19.21% (at the s.no.5 Table 4.28). The maximum burst factor was achieved
about 28.91 at 310 ml CSF as shown in the table, under the condition of blending and
increased beating rate. It shows that cationic starch is good for increasing the burst factor
of second recycled paper sheet at 310 ml CSF.

4.33 Effect of beating on bur st factor of second recycled paper

From the observation of the Table 4.28, it is evident that there is good increase in
the burst factor of second recycled paper sheet. The increase in burst factor was observed
from 19.21% and 11.79% at s.n0.5 and 8. It can be concluded that the degree of beating
of the pulp is also a good parameter for obtaining good results of burst factor of second

recycled paper sheet.

TABLE 4.28

Effect on burst factor of paper sheet dueto the blending of bleached bamboo pulp
and cationic starch at 560 and 310 CSF

S. Stock composition Chemical Theburst |Gaininburst| Burst Gainin
No. composition of factor | factor dueto| factor burst factor
paper at addition of at dueto
(CSF-560) | cationic | (CSF-310) | addition of
starch at cationic
(CSF-560) starch
(%) dose at
(@) (CSF-310)
@) (@) @) @) ) (1
1 | 90%BG+10% BB+50% FP | X+Y +0.5%CS+N* 15.34 20.51
2 | 90%BG+10% BB+50% FP | X+Y +0.7%CS+N* 15.94 3.19 21.85 6.53
3 | 90%BG+10% BB+50% FP | X+Y +1.0%CS+N* 16.06 0.75 22.73 4.03
4 | 80%BG+20% BB+50% FP | X+Y +0.5%CS+N* 16.28 20.93
5 | 80%BG+20% BB+50% FP | X+Y +0.7%CS+N* 17.48 7.37 24.95 19.21
6 | 80%BG+20% BB+50% FP | X+Y +1.0%CS+N* 18.56 6.18 22.27 9.30
7 | 70%BG+30% BB+50% FP | X+Y +0.5%CS+N* 17.16 24.43
8 | 70%BG+30% BB+50%FP | X+Y +0.7%CS+N* 17.95 4.60 27.31 11.79
9 | 70%BG+30% BB+50% FP | X+Y +1.0%CS+N* 18.93 5.45 2891 5.86
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4.34 Effect on burst factor due to blending of fresh pulp in the
admixture of the pulp suspension at the second recycled of paper

The blending of fresh pulp increases the burst factor of paper as tabulated in
Table 4.28. A significant increase in burst factor was observed (19.9% in comparison of
s. no.3 and 5) and minimum observed was about 2.50% { e.g. (6.53-4.03) with comparison
of s.no. 2 and 3} at 310 ml CSF.

4.35 Effect on tear factor on second recycled paper

The effect of fresh pulp, addition of varying doses of cationic starch and increased
beating effects are tabulated in the Table 4.29 and Fig. 4.41.

It can be observed that when the fibre composition of the paper sheet is kept
constant and cationic starch content is increased from 0.5 % to 0.7 %, there is 1.2 %
increase in tear factor. The increase was 1.93 % when cationic starch dosing was
increased from 0.7 % to 1.0 % at 560 ml CSF. Similarly at 310 ml CSF, the increase in
tear factor observed was 12.62 % and 8.74 %. Similarly, the increase in tear factor was
observed by changing the composition of the fibres in the paper sheet. An increase in the
tear factor was noticed with 80 % bagasse and 20 % bamboo pulp and 50 % fresh pulp
was added to make the standard paper sheet. Similarly the fibre composition of the paper
sheet was maintained as 70 % bagasse and 30 % bamboo pulp and the 50 % fresh pulp
was added for making the standard paper sheets. It was observed that the maximum
increase in tear factor was about 12.62 % at 310 CSF (Table 4.29). The increase in tear
factor was due to the proper ratio of reactants and optimum pH conditions maintained in
the admixture of the pulp slurry. These conditions create the better paper sheet
consolidation at the wire part of the British sheet former.

4.36 Effect of long fibreed pulp blending on tear factor of second
recycled paper sheet

The effect of the long fibre pulp blending into the pulp furnish on tear factor of
second recycled paper sheet was studied and the results are tabulated in Table 4.30 and
plotted in Fig. 4.42.
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The maximum increase in tear factor was observed at 310 ml CSF when the
cationic starch dose was 0.5 % and 30 % long fibreed pulp blending along with 70 %
bagasse pul p. The maximum tear factor (59.64) was noticed at 560 ml CSF when the long
fibre fraction was 30 % bamboo and 70 % bagasse with 1.0 % cationic starch. It was
noticed that the maximum tear factor development was achieved in the presence of

maximum long fibre content and at the 1.0 % cationic starch addition.

4.37 Effect of beating on tear factor

As per the results tabulated in the Table 4.30 it can be concluded that the tear
factor is more in each case at 560 ml CSF. The tear factor decreases due to more beating
if beating degree approaches towards 310 ml CSF. It indicates that the optimum beating
lies between the values 560 to 310 ml CSF, after which the tear factor of the paper sheet
starts decreasing. So more beating beyond 310 ml CSF is harmful for increasing the tear
factor of the paper sheet.

This condition shows that there are so many parameters on which the good sheet
consolidation and strength development of the paper sheet depend. To study the effect of
blending in standard paper sheet, the paper were prepared from pure bleached bagasse
pulp and their tear factors were evaluated as shown in Fig. 4.41.

To evaluate the increase in tear factor due to the long fibre pulp blending; into
furnish the addition of cationic starch doses have to keep constant. The results of tear
factor due the blending are given in the Table 4.30. From the analysis of the results of
the Table 4.30, the maximum increase in tear factor was observed at 310 ml CSF when
the cationic starch dose was added 0.5% in case of 30% long fibreed pulp blending along
with 70% bagasse pulp. The maximum tear factor (59.64) was noticed at 560 ml CSF
when the long fibre fraction was used 30% bamboo and 70% bagasse with 1.0% cationic
starch Fig. 4.42. From these data it was noticed that the maximum tear factor
development was achieved in the presence of maximum long fibre content and at 1.0%
cationic starch addition. For the good strength development the other parameters are also

responsible for the achievement of the maximum tear factor in the paper sheet.
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TABLE 4.29

Effect on tear factor of second recycled paper sheet due to addition of varying doses
of cationic starch at 560 ml CSF and 310 ml CSF

Gainin tear Gainin tear
Tear factor due to Tear factor factor dueto
. - Chemical addition of addition of
S.No. Fibre composition o factor at R at o
composition CSE 560 cationic CSF 310 cationic
starch at 560 starch at 310
CSF (%) CSF (%)
1 |90%BG+10%BB+50% FP|X+Y+0.5%CS+N* | 51.21 - 40.32
2 |90%BG+10%BB+50% FP| X+Y +0.7%CS+N* | 51.82 1.20 45.41 12.62
3 [90%BG+10%BB+50% FP| X+Y+1.0%CS+N* | 52.82 1.93 49.38 8.74
4  |80%BG+20%BB+50% FP|X+Y+0.5%CS+N* | 55.67 - 42.89 -
5 |80%BG+20%BB+50% FP|X+Y +0.7%CS+N* | 56.28 1.10 46.53 8.49
6 |80%BG+20%BB+50% FP|X+Y+1.0%CS+N* | 58.23 3.46 50.13 7.74
7 | 70%BG+30%BB+50% FP| X+Y+0.5%CS+N* | 56.84 - 48.34 -
8 |70%BG+30%BB+50% FP|X+Y+0.7%CS+N* | 57.78 1.65 49.79 3.0
9 |70%BG+30%BB+50% FP|X+Y+1.0%CS+N* | 59.64. 3.22 52.03 45

Tear factor of paper

0

\
\

CSF-560 310
—+— 100%BG+B0%FP), No chem adced 5948 5089
-5 100YBGHBOYFP), XHYHN* 4501 02
100YBGHEOUFP), XHY+0.5%CSHNF 4739 3|41
100YBGHGOUFP), XHY+0.7%CSHNF 4846 2032
=t 100%BGHEOYP), XHY+1OYCSHN 4985 4579

Fig. 4.41: Tear factor vs. CSF of 2" recycled paper prepared by blending of bleached bamboo pulp with bleached bagasse pulp adding 50%
fresh pulp, sizing chemicals, soapstonefiller varying doses of cationic starch, and retention aids (N*)
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TABLE 4.30
Effect on tear factor dueto theincreased blending at 560 CSF and 310 CSF

CSF pulp sample — 560 560 310 310
Gainintear Gainin
S Tear factor of paper Tear | factor dueto Tear tear factor
Nc.> Fibre Composition (Chemic alpap factor at | blending of | Factor at dueto
' Composition) 560 bleached | (CSF310)| blending
P CSF | bamboo pulp CSF of pulp
(%) (%)
1 [90%BG+10%BB X+Y +0.5%CS+N* 51.21 - 40.32 -
2 |80%BG+20%BB X+Y +0.5%CS+N* 55.67 8.71 42.89 6.37
3 |70%BG+30%BB X+Y +0.5%CS+N* 56.84 2.10 48.34 12.71
4 |90%BG+10%BB X+Y +0.7%CS+N* 51.82 - 45.41 -
5 [80%BG+20%BB X+Y +0.7%CS+N* 56.28 8.61 46.53 247
6 |70%BG+30%BB X+Y +0.7%CS+N* 57.78 2.66 49.79 7.01
7 [90%BG+10%BB X+Y +1.0%CS+N* 52.82 - 49.38 -
8 [80%BG+20%BB X+Y +1.0%CS+N* 58.23 10.24 50.13 1.52
9 |[70%BG+30%BB X+Y +1.0%CS+N* 59.64 242 52.03 3.79
m,
a),
@
: o
5
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8
& 21
]0,
0
CF-50 30
—— OBGHOYEBHEAD, X HOTACSIN: 5121 0
-5 OBGHOVEBHEAD, X YO SN 518 &4l
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Fig.4.42: Tear factor vs. CSF of 2nd recycled paper prepared by blending of bleached barmboo pulp in bieached bagasse pulp by adding
fresh pulp, sizing chemicals, soap stone filler, varying doses of cationic starch & retention aids (\¥)
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4.38 Effect on double folds of second recycled paper sheet prepared by
using bleached bagasse pulp blended with the long fibre bleached
bamboo pulp and fresh pulp, at different CSF

Effect of cationic starch T-25

The effect of cationic starch can be studied from Fig. 4.43 and Fig. 4.44. For
studying the effect of varying doses of cationic starch, the fibre composition in the paper
sheet is kept constant at different CSF like 560 and 310 ml CSF.

It can be observed that as the dose of cationic starch is increased in making the
second recycled paper sheet, there is appreciable increase in the double folds of the paper
sheet, at 310 ml CSF when 0.7 % cationic starch was mixed in the furnish and the pulp
furnish was not containing the bamboo pulp. The fresh pulp was added in the second
recycle stage of paper making system as at s. no.3 in Table 4.32. This type of same effect
was also observed at the s. no.10 of the Table 4.31.

At this condition the cationic starch content has shown good double folds strength
at both 560 and 310 ml CSF. At this stage the gain in the double folds is 16.67 % when

the cationic starch content is only 0.7 %.

4.39 Effect of blending on double folds of paper sheet due to blending
of long fibreed bleached bamboo pulp with bleached bagasse pulp
at the second recycle stage of paper

The effect of blending on double folds was studied by keeping the cationic starch
content constant at a particular CSF and the results are plotted in Fig. 4.43 and Fig. 4.44
and tabulated in Table 4.32. It was found that maximum double fold value was 18 (s
.n0.11, Table 4.32) at 310 ml CSF but the increase in blending from 10 to 20 % of the
long fibreed pulp or beating of pulp was not showing the good performance. It concludes
that good bonding in the fibres was not taking place and the results obtained were not
good. Therefore some strength improving chemicals were required for enhancing the

double fold of paper sheet.
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Fig. 4.43: Double folds vs. CSF of 2" recycled paper prepared by blending of bleached bamboo pulp in bleached bagasse pulp by adding
fresh pulp, sizing chemicals, soap stone filler, varying doses of cationic starch & retention aids (N¥).
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Fig. 4.44: Double folds vs. CSF of anrecycled paper prepared by blending of bleached bamboo pulp in bleached bagasse pulp and by adding
50% fresh pulp, sizing chemicals, soap stone filler, varying doses of cationic starch & retention aids (N*).

108



TABLE 4.31
Effect of cationic starch T-25 on double folds of paper sheet

Gainin Gainin
double folds double
Double |of paper due| Gainin folds due
S. Fibre composition Chemi_c_al foldsof | to ado_litiqn doublefolds| to add_itic_)n
No. composition paper at | of cationic | of paper at | of cationic
CSF-560 | starchat CSF-310 | sarchat
CSF-560 CSF 310
(%) (%)
1 |100%BG+00%BB+50%FP | X+Y+N* 8 - 8 -
2 |100%BG+00%BB+50%FP |No chem. Added 13 62.5 18 12.50
3 |100%BG+00%BB+50%FP | X+Y+0.5%CS+N* 10 - 11 -
4 |100%BG+00%BB+50%FP | X+Y+0.7%CS+N* 11 10.00 13 18.20
5 [100%BG+00%BB+50%FP | X+Y+1.0%CS+N* 12 9.10 15 15.40
6 [90% BG +10%BB+50%FP | X+Y+0.5%CS+N* 06 - 12 -
7 |90%BG+10%BB+50%FP X+Y+0.7%CS+N* 07 16.67 14 16.67
8 |90%BG+10%BB+50%FP X+Y+1.0%CS+N* 08 14.30 15 7.14
9 |80%BG+20%BB+50%FP X+Y+0.5%CS+N* 06 - 13 -
10 |80%BG+20%BB+50%FP X+Y+0.7%CS+N* 07 16.67 14 14.25
11 |80%BG+20%BB+50%FP X+Y+1.0%CS+N* 08 14.30 16 14.28
12 |70%BG+30%BB+50%FP X+Y+0.5%CS+N* 10 - 15 -
13 |70%BG+30%BB+50%FP X+Y+0.7%CS+N* 11 10.00 17 13.33
14 |70%BG+30%BB+50%FP X+Y+1.0%CS+N* 12 9.09 18 5.88
TABLE 4.32

foldsin second recycled paper sheet

Effect of blending of bleached bamboo pulp with bleached bagasse pulp on double

CSF — 560 560 310 310
Gainin Gainin
s _ - Tear factor of paper Double double folds Double | doublefolds
No. Fibre composition (Chemical folds of of d foldsof | of paper due
paper due
composition) paper a to blending paper & | to blending of
560 CSF of pulp (%) 310CSF pulp
(%)
1 100%BG+00%BB+00%FP | X+Y +N* 8 - 8 -
2 100%BG+00%BB+50%FP |No Chemical added 13 62.5 18 125.0
3 100%BG+00%BB+50%FP | X+Y +0.5%CS+N* 10 - 11 -
4 90%BG+10%BB+50%FP | X+Y +0.5%CS+N* 6 - 40.00 12 9.09
5 80%BG+20%BB+50%FP | X+Y +0.5%CS+N* 6 0.00 13 8.33
6 70%BG+30%BB+50%FP | X+Y +0.5%CS+N* 10 66.67 15 15.38
7 100%BG+00%BB+50%FP | X+Y +0.5%CS+N* 11 - 13 -
8 90%BG+10%BB+50%FP | X+Y +0.7%CS+N* 7 - 36.6 14 7.69
9 80%BG+20%BB+50%FP | X+Y +0.7%CS+N* 7 00.00 14 00.00
10 |70%BG+30%BB+50%FP | X+Y +0.7%CS+N* 11 57.14 17 21.43
11 | 100%BG+00%BB+50%FP | X+Y +1.0%CS+N* 12 - 34.00 18 20.00
12 |90%BG+10%BB+50%FP | X+Y +1.0%CS+N* 8 00.00 15 -16.66
13 | 80%BG+20%BB+50%FP | X+Y +1.0%CS+N* 8 0.00 16 6.67
14 | 70%BG+30%BB+50%FP | X+Y +1.0%CS+N* 12 50.00 18 12.5
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10.

CHAPTER 5
CONCLUSIONS

During recycling process of bagasse paper it was observed that the breaking length
of paper decreases subsiquently at each recycling stages.The reduction in breaking
length at lower CSF (310 ml) is higher i.e. 6.3%,19.73% 22.32%,27.65%,34.31%,
on each recycling process.

The reduction in breaking length was significant at low CSF. As the reduction in
the breaking length of the paper sheet was observed on addition soap stone filler
(15%) on the O.D. basis.

To recover the reduction of breaking length, the retention aids chemicals were used
to Improve the consolidation of paper sheet at the time of paper sheet formation on
British Sheet Former. A good recovery of breaking length was observed with the
Addition of 0.3% anionic polyacrylamide and 0.04% modified polyethyleneimine
Retention aids.

Similar improvement was observed in the case of burst factor of the paper sheet.

At the higher concentration of these chemicals, a decrease in the strength
properties was noticed with respect to the original paper.

High dosing of anionic polyacrylamide and modified  polyethyleneimine is
beneficial at first and second recycle, stage of paper formation.

Long fibreed pulp was blended with the recycled pulp of after maintaining the
equal CSF followed by beating action of the pulp, resulted the significant increase
in the breaking length and burst factor.

In the second recycled paper sheet, the breaking length was reduced significantly at
low CSF by the addition of fortified rosin size (1.2%), poly-aluminium chloride
and 15% soap stone filler. This reduction has been recovered by the addition of
30% long fibreed radiata pine wood pulp and retention aids (anionic
polyacrylamide 0.3% and modified polyethyleneimine 0.04%).

The recovered breaking length was more than the initial breaking length of the
paper sheet.

More recycling of paper reduces the strength properties of recycled paper. The
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11.

12.

13.

14.

15.

16.

cationic starch along with retention aids N* (Coagulant N-7607 and flocculent N-
7530) were added in the pulp. It improves the retention of starch, fillers, and fines
in the paper web on the wire part of the paper sheet making machine.

A good improvement in the breaking length was observed with the addition 1.0%
cationic starch dosing and retention aids. A significant increase in breaking length
at 310 ml CSF was also observed with the blending of 20% long fibreed bamboo
pulp in the original paper sheet.

The improvement in the strength properties of paper indicates that there is very
good recycling potential of the bagasse paper. The strength properties of the first
recycled paper sheet was very low and these low strength properties were
improved by the addition of varying doses of cationic starch and by blending the
long fibreed bleached bamboo pulp in the furnish.

The maximum breaking length was obtained with 30% blending of the bamboo
pulp and 1.0% retention aids. The maximum tear factor was obtained at 540 ml
CSF with 30% blending and 1.0% cationic starch dosing and retention aids
chemicals.

The maximum double folds of first recycled paper sheet were aso obtained by
30% blending and 1.0% cationic starch dosing. By observing strength properties of
second recycled bagasse paper, the blending of fresh pulp was carried, out to
improve the strength properties of second recycled paper sheet. The maximum
breaking length was observed with 50% blending of fresh pulp and 1.0% cationic
starch dosing at 310 ml CSF.

The bagasse pulp can be recycled successfully for number of times for producing
the recycled bagasse paper with blending of long fibres up to 30% on O.D. basis. It
would help to produce paper from the waste bagasse paper made from the seasonal
agri-residue waste from the sugar mills.

More experiments are required to be carried to examine the statistical interpretation
and through experimental design along with analysis of variance. We can aim to
propose for industrial exploitation for the benefit of the industry.
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CHAPTER 6
SCOPE FOR FUTURE WORK

To investigate the optimum requirement of retention aids, reaction time and at a
particular temperature at the time of sheet formation for development of good
strength and recycing potential of the paper produced.

To improve the recycling potential of bagasse based paper, the study of blending of
the long fibreed agri-residue species like saccharum-arundinaceum (moonze) pulp,
(khar-saccharum-arundinaceum) sarkanda and ischoemum angustifalium (bhabhar
grasses) may be carried out in future plan as these are economic and fast growing
Species.

The study for the improvement of the recycling potential of the bagasse based
paper may be carried out by investigating such chemical which may reduce the rate
hornification and degradation of fungal attack on the bagasse fibre and other agri-
residue pulp fibres.

The study of addition the extract of hemicelluloses in the ready made stock at the
time of paper sheet formation for improving the recycling potential of the bagasse
based paper.

The study on different polymers may be carried out to promote the retention fibre
fines and other chemicals to enhance the strength properties of paper sheet
prepared from the secondary fibres.

The study the low consistency refining of the stock for the improvement of the
strength, surface and other properties paper may be carried out for the secondary
fibre.

112



1

2)

3)

4)

5)

6)

7)

8)

9)

10)

11)

12)

REFERENCES

Alince, B., Lebreton, R. and St- Amour, S. “Using Cationic Starch in Filled
Papers”, Tappi J. 73 (3) 191 (1990).

Al — Turaif, H., Unertl, W.N. and LePoutre, P. “Effect of Pigmentation on the
Surface Chemistry and Surface Free Energy of Paper Coating Binders’, J.
Adhesion. 9(7) 801(1995).

Al- Turaif, H. and LePoutre, P. “Evolution of Surfaces Structure and Chemistry of
Pigmented Coatings During Drying”, Prog. in Organic Coatings. 38, 43 (2000).
Azevedo, M. A. D., Drelich, J.,, and Miller, J. D., “The Effect of pH on Pulping and
Flotation of Mixed Office Waste Paper” Pulp & Paper Science J., 25 (9) 317
(1999).

Bangji Cao, Tschirner Ulrike and Shri Ramaswamy, “Impact of Pulp Chemical
Composition on Recycling”, Tappi J., 81 (12) 119 (1998).

Basta, A.H., Zhan, H., Wang, S., Li, B., Huang, C and Chen, J.X.-“The Use of
Deinking Rate and Cleaning Rate to Evaluate Deinking Plant Performance”,
AppitaJ. 57 (1) 23 (2004).

Bhardwaj Nishi K., Bgjpai, Pratima and Bgjpai, Pramod K. “Enhancement of
Strength and Drainage of Secondary Fibres”, Appita J., 50 (3) 230 (1997).
Bhardwa Nishi K., Kumar Sanjay, and Bgjpai, Pramod K., “Improving Retention
and Drainage of Recycled Pulps by Controlling the Zeta Potential for better
Environment & Competitiveness” Paperex 2003, India, International Conference
on Pulp & Paper Industry, 432 (2003).

Bhardwg, N. K., Bagpa, P., Bapa, P. K., “Use of Enzymes to Improve
Drainability of Secondary Fibres’, Appita J., 48 (5), 378 (1995)

Bhardwaj, Nishi K., Bgpai, P., and Bapa, P. K., “Use of Enzymes in
Modification of Fibresfor Improved Beatability”, J. Biotechnol., 51 (21) (1996).
Bhardwaj, Nishi K. and Ranjan, Vikas, “Wet Strength Paper Repulping: Effects of
Process Variables”, Appita J. 57 (4) 305 (2004).

Bhuwania B.K., Ambardekar N.N., and Sharma, Hemant. "Benefits of Using Short
Cut Polyester Staple Fibres (SC PSF) As 'Reinforcement Additive' to Pulps made

113



13)

14)

15)

16)

17)

18)

19)

20)

21)

22)

23)

24)

25)

from Agro-Residues and Secondary / Recycled Fibre Blends'. Ippta Convention
Issue, 81, (1999).

Bitla, S., Tripp, C.P. and Bousfield, D.W. “A Raman Spectroscopic Study of
Migration in Paper Coatings’, J. Pulp Pap. Sci. 29 (11), 382 (2003)

Bley, L., “Latest Experiences of Online Charge Measurement: a Process Control
Concept”, Pulp & Paper Canada, 99 (5), 51 (1998).

Chang, Y.C., Henderson, K., and Matters, J. F., “The Application of Zeta Potential
for Filler Retention Optimization”, Tappi Papermakers Conference, 331 (1986).
Chase,R., “Supplementing Kraft Liner Board Furnish with Old Corrugated” Tappi
J., 58 (4), 90 (1975).

Dasgupta, S. “Mechanism of Paper Tensile- Strength Development Due to Pulp
Beating,” TappiJ. 77 (6) 158 1994).

De Ruvo A., Farstrand, P., Hagen, N., and Haglund, N. “Upgrading of Pulp From
Corrugated Containers by Oxygen Delignification” Tappi J., 69 (6), 100, (1986).
Donna, A., Johnson and Edward, V., Thompson, “Fibre and Toner Detachment
During Repulping of Mixed Office Waste Containing Photocopied and Laser —
Printed Paper” Tappi J., 78 (2) 41 (1995).

Dixit, M. K., Maeike, T. A. and Jackowski, C. W., “Retention Strategies for
Alkaline Fine Papermaking with Secondary Fibre: A Case History, Tappi J., 74
(4), 107 (1991).

Duff, A., Bergatt, M., and Rabideau, J., Abitibi , “Saves Fibre With More
Retention Aids”, Pulp And Paper Canada, 76 (3), 58 (1975).

Eastwood, F., and Clarke, B., “Handsheet and Pilot Machine Recycling
Degradation Mechanism”, Paper Technology, 18 (5), 156 (1977).
Elstner,H.,Klix,j.,Schempp,W. and Krause,T. “Change in Fibre Structure During
Recycling and its Influence on Interactions Between Fibres Cationic
Polyelectrolytes,”Wochenbl.Papierfabr. 119(1) 5 (1991).

Engstrom G. and Rigdahi, M., “Binder Migration Effects on Printability and Print
Quality”, Nord. Pulp Pap. Res.J. 7 (2), 55, (1992).

Formento, J.C., Maximino, M.G., Mina, L.R., Srayh, M.l. and Martinez, M.J.
“Cationic Starch in the Wet End: its Contribution to Interfibre Bonding”. Appita J.
47 (4): 305 (1994).

114



26)

27)

28)

29)

30)

31)

32)

33)

34)

35)

36)

37)

39)

39)

Gaiolas, C., Costa, A.P., Silva, M.S., and Belgrade, M.N. “Adsorption of Cationic
Starch on Typical Furnishes Used in the Portuguese Paper Industry”, Appita j. 57
(2) 112 (2004).

Gaiolas Carla, Mendes Paula, Silva M. Santos, Costa Ana P., and Belgacem
Mohamed Naceur. “The Role of Cationic Starch in Carbonate — Filled Papers”,
AppitaJ., 58 (4) 282 (2005).

Ganpati R. Bhat, John A. Heitmann and Thomas W. Joyce “Novel Techniques for
Enhancing the Strength of Secondary Fibre” Tappi J. 74 (9), 13 (1991).

Garg M., and Singh, S.P., “Recycling Potential of Bagasse and Wheat Straw
Pulps”, Tappi J., 3 (9) 25 (2004).

Gess, J. M., “The Chemistry and Mechanics of Fine Particle Retention, in
“Retention of Fines and Fillers During Papermaking”, (Gess, J. M., Ed.), p.18,
Tappi Press, Atlanta, USA (1998).

Goto Shisel and Pelton Robert "The Link Between Strength and Shear Sensitivity
for Filler Flocs Formed with Retention Aids', Tappi J., 83 (4) 82 (2000).

Giri, Manish, Simonsen J. and Rochefort W.E., “Dispersion of Pulp Slurries Using
Carboxymethylcellulose”, Tappi J., 83 (10) 58(2000).

Gregory, J., “Rates of Flocculation of Latex Particles by Cationic Polymers”,
Journal of Colloid and Interface Science, 42 (2), 448 (1973).

Glittenberg, D., “Starch Alternatives for Improved Strength, Retention and
Sizing,” Tappi J., 76 (11), 215 (1993).

Hietanen, S. and Ebeling, K. “Fundamental Aspects of the Refining Process,”
Papri ja Puu,72 (2) 159 (1990).

Hoang Quoc Lam, Yves Le Bigot, Michel Delmas and Gerard Avignon
“Production of Paper Grade Pulp From Bagasse by a Novel Pulping Process”,
AppitaJ. 57 (1) 26 (2004).

Horn, R.A., "The Effects of Recycling on Fibre and Paper Properties'. Paper Trade
Journal, 159 (6), 78, (1975).

Howard, R.C.and Bichard,W. “The Basic Effects of Recycling on Pulp
Properties,J.Paper Sci.18(4)151(1992).

Hsieh, Jeff; and Stevens, Jeff; “Achieving Maximum Peroxide Bleaching Response

Through Proper Selection of pH: A Comparison of Decomposition and Bleaching

115



40)

41.

41)

42)

43)

45)

46)

47)

48)

49)

50)

51)

52)

Reaction Rates.” American Institute of Chemical Engineers” Symposium Series for
the Forest Products Industries. 94, 47 (1998).
Hsieh, Jeffery; Gilbert, Chris; and Stevens Jeff A.; “ECF Bleachability
Comparison Between Conventional Kraft and Kraft-AQ Softwood Pulp”.
American Ingtitute of Chemical Engineers’ Symposium Series for the Forest
Products Industries. 94, 82 (1998).
Hsieh, J. S.; and StevensJA.; “Kinetic Analysis of Hydrogen Peroxide
Brightening of Thermomechanica Pulp”. Advances in Pulping and Papermaking,
AIChE Forest Products Symposium, 91 (307) 25 (1995).
Hsieh, J. S,; and Meng, M.X., “Follow up of the Acid Change in Ozone Bleaching:
Process Optimization by Acid Control”. Advancs in Pulping and Paper Making,
AIChE Forest Products Symposium, 91 (307) 62 (1995).
Hsieh, J. S;; and Su., W,; “Effect of Lignin Content on Ozone Bleaching at
Medium Consistency”; TAPPI Journal, 78 (6) 111 (1995).
Ingmanson, W. and Thode, E. “Factors Contributing to the Strength of a Sheet of
Paper”, Tappi J., 42 (1) 83 (1959).
Jain, G. C. “Developments in Processing of Secondary Fibre—A Dominant Future
Raw Material For Paper Industry”, IPPTA, 6 (2) 33 (1984)
Jeon, S. and Bousfield, D.W. “Print Gloss Development for Controlled Coating
Structures”, J. Pulp Pap. Sci. 30 (4), 99. (2004)
John H., Klungness and Daniel F., Caulfield "Mechanisms Affecting Fibre
Bonding During Drying and Aging of Pulps’, Tappi J. 65 (12), 94 (1982).
Juntai, L., “Cationic Polyacrylamide as a Drainage Aid in Mechanical Pulp”, Tappi
J, 78 (4), 149 (1995).
Kaul K.K., "Importance of Recycling Through Waste Paper Deinking", IPPTA, 10
(1) 73 (1998).
Ken K.Y. Wong, John D. Richardson, and Shawn D. Mansfield “Enzymatic
Treatment of Mechanicd Pulp Fibres for Improving Papermaking
Properties’Biotechnol.Prog.16 (6) 1025 (2000).
Kenneth N., Maddern and Jim French, "The Potential Application of Non-Wood
Fibresin Papermaking,: An Australian Perspective”, Appita 48 (3), 191, (1995).
Kerekes, R.J., Clara, M., Dharni S. and Martinez, M. “Application of the C-factor
to Characterize Pulp Refiners”, J. Pulp Paper Sc. 19 (3)125 (1993).

116



53)

54)

55)

56)

57)

58)

59)

60)

61)

62)

63)

64)

65)

Kibblewhite, R. B. and Bailey, D. G. “Measurement of Fibre Cross-Section
Dimensions Using Image Processing”, Appita J. 41 (4) 297(1988).
Kim, SH. and Shin, D.S. “Effects of the Flotation Chemicals on the
Deinkingability and Physical Properties of Deinking Xerographic Waste Paper”,
Palpu, Chongi Gisul. 21 (40) 5 (1989).
Krigstin, S., and Sain, M., “Recovery and Utilization of Fibre from Recycled Paper
Mill Sludge”, Paper Technology J. 46 (7) 37 (2005).
Laivins,G.V. and Scallan,T. “Acidic Versus Alkaline Beating of Pulp”, J. Pulp
Paper Sci.26 (6) 228(2000).
Laivins, G. V. and Scdlan, A. M.., “The mechanism of hornification of wood
pulps,” Transactions of the 10" Fundamental Research Symposium, Mechanical
Engineering Publications, London, 1993, Vol. 2, p. 1235
Lam, H.Q., Le Bigot, Y., Delmas, M. and Avignon, G. “A New Non- wood
Pulping Process for High Silicon Content Raw Material, Application to Rice
straw”, Appita J. 54 (2) (2003).
Lee, H. K. and Joo S. B., “The Effect of Recycling Procedures of Papermaking
Fibres and Fines on the Adsorption of Cationic Polyacrylamide” Nordic Pulp and
Paper Research J. 15 (5) 446 (2000).
Lewis, J. and Danforth, D.W. “Stock Preparation Analysis,” Tappi J., 45 (3) 185
(1962).
Lindstrom, T., Soremark, C., Heinegard, C., and Martin-Lof, S., “Importance of
Electrokinetic Properties of Wood Fibre for Papermaking”, Tappi J., 57(12), 94
(2974).
Lumiainen, J., “Refining — A Key to Upgrading the Papermaking Potential of
Recycled Fibre”, Paper Technology, 35 (2) 41 (1994).
Nagargjan, R., and Sarkar, JM., “Evaluation of Drainage Improvement by
Enzyme-Polymer Treatment”, Tappi Papermakers Conference, 475 (1996).
Mahgjan Sushma, Bhatt O.P., Pandey Rajiv “Physical Strength Properties of
Standard Test Sheets Made From Bagasse and Their Blends With Bamboo Pulp,”
Inpaper International, 5(3) 1 (2001).
Mahapatra S., Prasad K.D. and Paruthi S.C. “Manufacture of Packaging Grades
Paper from Recovered Papers - An Experience”, IPPTA Convention Issue 85
(1999).

117



66)

67)

68)

69)

70)

71)

72)

73)

74)

75)

76)

77)

78)

Marton, J. “The Role of Surface Chemistry in Fines — Cationic Starch
Interactions”, Tappi J. 63 (4) 87 (1980).

Marton, J. and Marton, T. “Wet End Starch Adsorption of Starch on Cellulosic
Fibres”, Tappi J. 59 (12) 121 (1976).

Mendes, P., Santana, p., Silky, J., Costa, C.A.V and Belgrade, M. N. —“Cationic
Starch as a Dry Strength Additive for Bleached Kraft Pulps from Eucalyptus
Globulus,” Appita J. 54 (3) 281 (2001).

Mendes, P., Costa, C.A.V, Silky, J. and Belgrade, M.N. “Adsorption Behaviour of
Cationic Starch for Bleached Kraft Pulps from Eucayptus Globulus”, Appita J. 54
(1) 45 (2001).

Michael J. Jaycock, and Darren K. Swales, “The Theory of Retention” Paper
Technology, 35 (2) 26 (1994).

Minor, J.L.” Hornification — its Origin and Meaning”, Prog. Paper Recycling 3 (2)
93 (1994).

Muvundamina Mutombo, "Contaminant Characterization from Mixed household
Paper Recycling", Tappi, 80 (9) 129 (1997).

Muvundamina Mutombo and Li Minlan, “Fractionation of Recycled Pulp Obtained
from Mixed Paper”, Tappi J., 80 (2) 149 (1997).

Nishi, K., Bhardwaj, Sanjay Kumar, Pramod K. Bajpai, “Improving Retention and
Drainage of Recycled Pulps by Controlling the Zeta Potential for Better
Environment and Competitiveness” Paperex, 6" International Conference on Pulp
& Paper Industry pp 431 (2003).

Njaa Caren, Renders Annie and Walsh Patricia, “Secondary Fibre Processing:
Laboratory Evaluation - Wet Strength Paper Repulping” Progress in Paper
Recycling, 26 (11), (1994).

Nagargjan, R., and Sarkar, JM., “Evaluation of Drainage Improvement by
Enzyme-Polymer Treatment”, Tappi Papermakers Conference, 475 (1996).

Norayr Gurnagul, "Sodium Hydroxide Addition During Recycling: Effects on
Fibre Swelling and Sheet Strength” Tappi J., 78 (12), 119 (1995).

Pablo Bustamante, Juan Ramos, Virgilio Zuniga, Harmohinder S., Sabharwal, and
Raymond A. Young., “Biomechanical pulping of bagasse with the white rot fungi
ceriporiopsi s subvermispora and pleurotus ostreatus” TAPPI J., 82 (6) 123 (1999).

118



79)

80)

81)

82)

83)

84)

85)

86)

87)

88)

89)

90)

o1)

92)

Page, D. H., “A Theory for the Tensile Strength of Paper,” Tappi J., 52 (4), 674
(1969).

Page, D.H., Seth, R.S. and De Grace, JH. “The Elastic Modulus of Paper,” Tappi
J. 62, (9) 99 (1979).

Page, D .H. “Mechanism of Strength development of Dried Pulps by Beating,”
Svensk Papperstidn, 88 (3) 30 (1985).

Page, D. H. “Beating of Chemical Pulps — “The action and the effects in
‘transactions’ of the ninth fundamental research symposium” Cambridge pp 1-37,
(1989).

Pala, H., Lemos, M.A., Mota, M., and Gama F.M., Enzyme and Microbia
Containers, Enzyme and Microbial Technology, 29 (4), 274 (2001)

Phipps, J., “The Effects of Recycling on the Strength Properties of Paper”, Paper
Technology, 35 (2) 37 (1994).

Pietschker, D.A., “Practical Application of Zeta Potentia”, Tappi J., 68(4), 84
(1985).

Pommier, J. C., Goma,G., Fuentes, JL., Rousset, C., and Jokinen, O., “Using
Enzymes to Improve the Process and the Product Quality in the Recycled Paper
Industry- Part 2: Industrial applications”. TAPPI J., 73 12), 197 (1990).

Potucek, F.; Marhanova, M.: “Displacement of Black Liquor From Pulp Fibre
Bed”. Chem.Papers 54 (4), 221 (2000).

Potucek, F.; Milichovsky, M.; “Totally Chlorine — Free Bleaching of Kraft Pulp”.
Cdlul. Chem. Technal., 35,(2001).

Rao, N.J, Ray A.K., Upadhaya J.S.; Khanna, R; Chandrasekharan, S.; and
Batra,P.K. “Studies on the Effect of Recycling of Fibre and Paper Properties”.
IPPTA 2 (3) 16 (1990).

Rao, N.J.; Ray A.K.; Kumar, N.; Arora, A.K.; and Mahotra, A. “Soda-Oxygen
Delignification of Ricce Straw”- TAPPI Pulping Conference, Toronto. 499 (1990).
Rao, N.J; and Ray, A.K.; “Pulp and Paper Technology Inputs in Changing
Scenario”- IPPTA 3 (4) (1991).

Ray A.K.; and Goyal, SK.; “Economic Comparison of Soda and Soda
Anthraguinone Process of Cereal Straw” TAPPI Non-Wood Plant Fibre Pulping,
Report Published by TAPPI, USA, 19 (1991).

119



93)

94)

95)

96)

97)

08)

99)

100)

101)

102)

103)

Ray A K., Rao N. J., Mohan, R., Prasad R., and Yadav, R., “Pulping Studies of
Wheat Straw Using Soda and Soda- AQ Process” Proceeding of the international
non wood Pulping and Paper Making conference, Beijing (PRC) 339 (1988).
Ray A.K.; Goyal, SK.; Bhardwaj, N.; Upadhaya, J.S. and Gupta, A.; “Pulping
Studies of Rice Straw Using Soda and Soda Anhraguinone Process” in TAPPI Non
Wood Plant Fibre Pulping Process Report Published by TAPPI, USA. (1991).
Ray AK., and Rao N.J., “Bagasse as A Raw Material for Pulp and Paper
Industries” Presented at the seminar of Sugar Technologists Association of India,
Roorkee, (1987).
Ray A.K. and Goyal, SK.; “Optimization of Bleaching Parameters for Bagasse
Pulp-An Economic Analysis’-TAPPI Non Wood Fibre Pulping Progress Report
Published by TAPPI, USA; 19 (1991)
Ray, A.K.; Rao, N.J,; Bansal, M.C. and Mohanty, B.;-“Newer Pulping Process For
Non Conventional Raw Material An Economic Question” TAPPI Non- Wood
Plant Fibre Pulping Progress Report Published by TAPPI, USA. 20 (1992).
Ray, A.K.; Garceau, J.J.; Kokta, B.V. and Carrasco, F.;“Explosion Pulping of
Annual Fibres” Proceeding Bio-Mass Conversion Held at Interlaken, Switzerland.
(1992).
Ray, A.K.; Garceau, J.J.; Kokta, B.V. and Carrasco, F-“Steam Explosion High
Yield Pulp From Mill Wet Bagasse- A prelude to further Study” ibid.1 pp.1131.
Ray, A.K.; Garceau, J.J.; Kokta, B.V. and Carrasco, F -“High Temperature Vapor
Phase Short Time Cooking of Rice Straw and Bagasse”-ibid, TAPPI Pulping
Conference (1993).
Ray A.K., and Rao N.J,, KukrgjaV .K., Singh V.P. “Application on Mathematical
Methods for Solving Pulp Washing Problems in Paper Industry”- Presented at
International Conference on “Differential Equations-Theory—Methods &
Applications” held at B.M. Birla Science Centre, at Hydrabad, 1994.
Ray, A.K.; Mohanty, B. Kannan, V.; and Sri Ram S.; “Kinetics of Hypo Chlorite
Bleaching Pulp” The 56" Annua Convention Proceedings. The Sugar
Technologists Association of India, (56) G615 (1994),
Ray, A.K., Srcar, M; Mathur, A.; VashV.,and Aggarwa,R.; “Effect of
Recycling on Properties of Sheets Obtained From Mechano Chemical Pulp”-
Published in APPITA, Australia, 49 (4), p 283.

120



104)

105)

106)

107)

108)

109)

110)

111)

112)

113)

114)

115)

116)

Ray, A. K.; Upadhyaya, JS; Roy, D. N.; and Mohta, D.C., “Oxygen
Delignification of Soda AQ Bagasse Pulps’- TAPPI J. 81 (6) (1998).

Ray, A.K.; Singh, V.P., and Kukregja, V. K.; “Mathematical Models for Washing
and Dewatering Zones of a Rotary Vacuum Filter” — Indian Journal of Chemical
Technology; 5, 276 (1998).

Ray, A.K.; Gupta Anjana, and Singh, V.P.; “Optimization of Multi-Stage Bleach
Pant”- IPPTA, 13 (1) 29 (2001).

Ray, A.K.; Kumar Satish; and Tahiliani Dinesh; “Development of Bleaching
Process Through Statistical Experimental Design” IPPTA 15 (2) 39 (2003).

Ray, A.K.; Dutt, Dhram; Tyagi, C.H.; Upadhyaya, J.S.; and Lal Mohan
“Development of Specialty Papersisan Art Automobile and Industrial Filter Paper
From Indigeneous Raw Materials’- Part XV, JSIR. 64, 447 (2005).

Ray, A.K.; Dutt, Dhram; Kumar Vivek ; Mittal, K.C.; Upadhyaya-“Comparison of
ECF Bleaching Sequences of Bagasse Pulp”-IPPTA Journal-IPPTA (Convention
Issue), 77 (2005).

Ray, A.K.; Sharma Aseem; and Srivastava S.K.; “Off- Line Quality Control — An
Important Factor in Modern Industrial Statistical Quality Control”- IPPTA Journal,
(2) 79 (2005).

Ray, A.K.; Dutt, Dhram; Ray, A.K.; Sircar, M.; Mathur,A., Vaish, V. Aggarwal R.
“Effect of Recycling on Properties of Sheets Obtained From Mechno- Chemical
Pulp’-ibid 1510157 (1995).

Satyanaryan Rao P.V.V., Ch. Vidhya Sagar V., Annam Rau P.V., Murthy
N.V.SR. and Satyanarayana U.V., “Effect of Recycled Fibre on Strength
Properties of Paper”, IPPTA convention Issue, 13 (1999).

Sixta, H. Hand book of Pulp. In: Sixta H.(Ed.) Introduction (Chapterl), Wiley-
VCH Verlag GmbH & Co. Kga A (2006), p. 2-19.

Scallan, A. M., “Fibre-Water Interactionsin Papermaking, Vol. 1, BPBIF, London,
1978, pp. 9-27.

Scallan, A. M. and Tigerstrom, A.C., I°", Research Forum on recycling, CPPA,
Montreal, 1991, P149.

Seo, Y.B., Chaoi, C. H., Seo, SW,, Lee, H. L. and Shin, J. H., “Fibre Property
Modification by Mechanical Pretreatment”, Tappi J., 1 (1), 8 (2002).v

121



117)

118)

119)

120)

121)

122)

123)

124)

125)

126)

127)

128)

129)

130)

Seth, Rgjinder S., “Beating and Refining Response of Some Reinforcement Pulps”,
Tappi J., 82 (3) 147 (1999).

Seth R. S. and Chan, B.K. “Measurement of Fibre Coarseness With Optical Fibre
length Analyzers”, Tappi J. 80 (5) 217 (1997).

Seth, R. S. and Page, D. H. “The Problem of Using Page’s Equation to Determine
Loss in Shear Strength of Fibre-Fibre Bonds Upon Pulp Drying.” Tappi J. 79 (9)
206 (1996)

Shearin, Randall H., “The Current State of Recycled Paper Supply”. Tappi J., 78
(2) 55 (1995).

Shisei Goto and Robert Pelton "The Link Between Strength and Shear Sensitivity
for Filler Flocs Formed with Retention Aids', Tappi J., 83 (4) 82 (2000).

Stratton, R., and Swanson, J., “Electrokinetics in Papermaking: A Position Paper”,
Tappi J., 64 (1), 79 (1981).

Strom,G. and Kunnas,A. “The Effect of Cationic Polymers on the Water Retention
Value of Various Pulps”,Nordic Pulp paper Res.J. 6 (1) 12 (1991).

Stone, J. E., Scallan, A.M. and Abrahamson, B. “Influence of Beating on Cell Wall
Swelling and Internal Fibrillation”, Svensk Papperstidn. 71(19)687(1968).

Stefan Zauscher, C., Tim Scott, J. L., Willett Daniel J., Kilngenberg, "Pulp
Extrusion at Ultra- High Consistencies: A New Process Method for Recycling
Waste Papers and Paper Mill Sludges', Tappi J., 83 (6), 62 (2000).

Steven J., Severtson Martin J., Coffey and Michael J. Nowak "Wax Dispersion
During Recycling of Old Corrugated Containers', Tappi, J., 82 (12) 67 (1999).
Sundberg Anna, Holmbom Bjarne, Willfor Stefan and Pranovich Andrey,
“Weakening of Paper Strength by Wood Resin”, Nordic Pulp and Paper Research
J,, 15 (1) 46 (2000).

Strom, G., Carsson, G. and Schultz, A. “Chemical Composition of Coated Paper
Surfaces Determined by Means of ESCA”, Nordic. Pulp Pap. Res. J. 8 (1) 105
(1993).

Sushan L., Anderson," The Outer Limits of Paper Recovery & Recycling”. Tappi J.;
80 (4) 59(1997).

Swerin, A. Odberg, L. and Lindstrom, T. “Deswelling of Hardwood Kraft Pulp
Fibres by Cationic Polymers”, Nordic Pulp Paper Res. J. 5 (4) 188 (1990).

122



131)

132)

133)

134)

135)

136)

137)

138)

139)

140)

Tanaka, H., Swerin,A., Odberg,L. and Park, SB. “Competitive Adsorption of
Cationic Polyacrylamides With Different Charge Densities Onto Polystyrene
Latex, Cellulose Beads and Cellulose Fibres”,J. pulp Paper Sci. 25 (8) 283 (1999).
Vanderhoek, N.,“Optimizing Paper Machine Performance Through Electrokinetic
Measurement™, Appita J., 47(5) 397 (1994).

Tandon, R., Mathur, R.M. and Kulkarni, A.G. “Recycling of Wet Strength Paper”,
IPPTA Conv. Issue p19 (1999).

Vainio A., and Paulapuro, H. “Observations on Interfibre Bonding and Fibre
Segment Activation Based on the Strength Properties of Laboratory Sheets’,
Nordic Pulp and Paper Research J., 20 (3) 340 (2005).

Waller, M., “Charge Measurement Sensors Offer New Opportunities for Better
Wet End Control”, Pulp & Paper, 76 (3) 54 (2002).

Warren J. Batchelor, “Refining and the Development of Fibre Properties” Nordic
Pulp and Paper Research J., 14 (4) 285 (1999).

Welch, L. V. and Kerekes, R. J. “Characterization of the PFI Mill by the C-
Factor,” Appita J. 47 (5) 387 (1994).

Wise, U. and Paulapuro H., "Effect on Drying and Rewetting Cycles on Fibre
Swelling" Journal of Pulp and Paper Science: 25 (5) 163 (1999).

William E., Franklin "Trends in Recovery and Utilization of Waste Paper in
Recycling Mills, and Other Users of Waste Paper 1970-2000” Tappi J., 69 (2) 28
(1986).

Windstorm, T. and Florin, T. “ The Effect of Filler Particle Size on the Dry-
Strengthening Effect of Cationic Starch Wet- End Addition”, Nordic. Pulp Pap.
Res. J. 2(4) 142 (1987).

123



Name

BIO-DATA

Par mod Kumar

Address : Head, Chemical Engg. Deptt.

S. J. P. Polytechnic, Damla, Y amuna Nagar, Haryana
(India)

Educational Qualification : M.E. Chemical Engg. P.U. Chandigarh (U.T.)

Publications:

1

2.

Anil K. Saroha, Parmod Kumar and Shishir Sinha, “Effect of Cationic Starch and
Long Fibre Pulp in The Development of Burst and Tear Index of Recycled
Bagasse Paper”, IPPTA 20 (4), 159 (2008).

Saroha Anil K., Kumar Parmod, Kansal P. and Shishir Sinha, “Effect of Cationic
Starch and Long Fibreed Bamboo Pulp on The Double Folds of Recycled
Bagasse Paper”, IPPTA 20 (3), 179 (2008)

Anil K. Saroha, Parmod Kumar and Shishir Sinha, “Effect of Cationic Starch and
Long Fibre Pulp in the Breaking Length of Recycled Bagasse Paper”,
Inpaperindia, 10 (4), 22 (2007).

Anil K. Saroha, Parmod Kumar, P.V.K.K. Varma and Shishir Sinha,
“Improvement in Strength Properties of Recycled Bagasse paper by Blending
with Long Fibre Pulp and Retention Aids”, In paper International 10 (2), 21
(2008).

Paper s Presented in Conferences:

1

A. K. Saroha, Pramod Kumar and Shishir Sinha, Effect of Catiofast Retention Aids
in the various Recycling Stages of Bagasse Paper, National Conference on
Advances in Chemical Engineering and Technology (ACET-07) held at SLIET,
Longowal, Punjab,26-27 March 2007.

Pramod Kumar, S.K.Thapar, Shalini Sinha, A.K.Saroha and Shishir Sinha, Effect
of Cationic Starch in the Various Recycling Stages of Blended Bagasse Pulp,
CHEMCON 2006, Bharuch, Gujrat, 27-30 Dec. 2006.

124



3. Pramod Kumar, S.K.Thapar, A.K.Saroha and Shishir Sinha, Effect of Sursalone
and Catiofast Retention Aids in the Various Recycling Stages of Bagasse,
CHEMCON 2006, Bharuch, Gujrat, 27-30 Dec. 2006.

3. Pramod Kumar, S.K.Thapar, A.K.Saroha and Shishir Sinha, Study of Strength
Properties of Recycled Paper made from Bleached Bagasse Paper using Cationic
Starch and Retention Aids with Blending of Bleached Bamboo Wood Pulp,
CHEMCON 2006, Bharuch, Gujrat, 27-30 Dec. 2006.

125



