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ABSTRACT
This novel study is based on using two solid waste materials, pulverized coal fly ash and rice straw
for manufacturing of a valuable product, which is laminate grade colored base paper.  The rice straw
has been used as a potential source of fibrous raw material. The chemical and mechanical processes
have been explored to extract cellulosic fibers from rice straw. Coal fly ash has been processed to give
required properties of inert fillers in paper. Experimental study was carried out for manufacturing of
laminate base paper.  Fly ash is available world  wide from coal based thermal power plants at zero
cost and it contains nearly 35-70 % SiO2, 15-30% Al2O3, 1-10 % MgO, 1-10% CaO, 5-10% Fe2O3 and 1-
2% TiO2. Fly ash can prove to be a very good filler for laminate grade colored base papers and other
specialty papers where very high opacity is sought but whiteness is not important.  The paper
samples with 22 % filler shows an opacity of 99.6 % ISO, burst strength of 1.4 KPa.m2/g, and tear
strength of  3.82 mN.m2/g.  It will decrease the production cost of paper significantly. Rice straw is a
fibrous lignocellulosic material obtained as agricultural residue and contains high amount of silicon
dioxide (SiO2). Rice straw burning in agricultural fields is a serious environment pollution problem in
north India and other parts due to not finding proper utilization. Utilization of rice straw will solve the
problem of its handling and scarcity of fibrous raw material for pulp and paper industries. This is
specifically a boon for countries cultivating rice in large quantity and generating pulverized coal fly
ashes from thermal power stations.

Key Words :  Fibers, Rice straw, Silica, Pulverized coal fly ash, Laminate base paper, Opacity,
Burst strength,  Air pollution

INTRODUCTION
Sustainability of industrial growth depends on
effective and environment friendly use of natural
resources and industrial waste materials. As we
are facing environmental problems of solid waste
handling due to not finding suitable utilization and
on another side mining and other mineral
exploration processes are putting a lot of pressure
on natural resources of planet earth and
destabilizing the eco-system.

Pulverized coal fly ash as solid waste
Fly ash is a major by-product of thermal power
plants, which is carried with the stack gases and
is collected by electrostatic precipitators or a bag
house prior to exiting the stack. It can be defined
as a  residue materia l result ing from the
combustion of ground or powdered coal. Fly ash
obtained from the burning of pulverized coal is
very fine in particle size. The most common paper
making fillers are Kaolin clay (typical composition
of 39% Al2O3, 46% SiO2, and 13% H2O), Calcium
carbonate (98-100% CaCo3), titanium dioxide (98-*Author for correspondence
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100% TiO2), hydrated silica (consists of 78% SiO2,
5% CaO, and 17% H2O), aluminum tri-hydrate
(65% Al2O3 and 34% H2O), and talc (magnesium
silicate). Clays are still one of the most used filler
materials in paper making1. This has the same
constituents as available in fly ash.
Production of fly ash in India and other part
of world
Current annual production of fly ash from coal
based power plants is 112 million tones in India.
More than 65,000 acres of land is occupied by
ash ponds for disposal of fly ash. A number of
policies have been framed by Govt. of India for
utilization and disposal of fly ash2. High ash
content (30-50%) of Indian coals is contributing
to these large volumes of fly ash3.  Nearly 73%
of India’s total installed power generation capacity
is based on thermal power plants, of which 90
percent is using coal as fuel. These plants use
either bituminous or sub-bituminous coal and
produce large volumes of fly ash.
Problem with handling of fly ash
Only about one third of the trapped fly ash (31 %
by weight in the U.S.) is utilized as a secondary
raw material and rest is directly disposed of in
surface impoundments and landfills4. Utilization
of fly ash in India and other developing countries
is lower in comparison to U.S. and European
countries.
Scope for use of fly ash as filler in paper
manufacturing
Fly ashes from coal fired power plants of different
countries have shown the nearly similar chemical
and physical properties which are comparable with
chemical and physical properties of Kaolin clay.
This was found with reference to studies done
for different coal based power plants of U. S.,
Turkish, Israel, Greece, Spain, Netherlands and
Italy which have been reported in Fuel
(ELSEVIER) and other journals5-10. Coal fired
power plants generate about 23 % of the
electricity consumed worldwide. The particle size
range of the resulting fly ash is 0.2-90 micro
meters for high combustion efficiency super
thermal power plants11. Significant variations in
the bulk density (800-980 kg/m3), porosity
(45-57%) and surface area (0.138-2.3076 m2/g)
were recorded in study of fly ashes of different

plants in India12. Coal fly ash elemental analysis
on dry basis shows Si (29.39%), Al (13.40%), Ti
(1.01%), Fe (1.58%), Ca (1.71%), Mg (0.77%)
and  O2(50.43%) as the major elements present13.
Morphological characterization by SEM of the
seven fly ash samples of thermal power plants in
Argentina has shown porous and irregular shapes,
fine solid and hollow spheres.  All the samples
were analyzed by EDAX for elemental
determination and revealed a similar diffraction
pattern, with dominant silicate mineral abundance,
mineral oxides and presence of amorphous
phases. The mineral and chemical composition
shows that the major minerals are quartz (SiO2)
and mullite (Al6Si2O13) confirming that the coal
burned in the power plant produces class-F fly
ash. The other mineral phases present as minor
or accessory are lime, hematite, magnetite,
gypsum and rutile14. The extent of fly ash
utilization in India is very low compared to
European countries. Fly ash sample from Talcher
thermal power plant, Orissa has been analyzed
for its particle size and chemical composition. It
shows that the fly ash is grayish white in color,
having bulk density of 1gm/cm3 and specific
gravity of 2.13. The specific gravity of fly ash is
lower than its components such as quartz, mullite,
magnetite and glass, which indicates that it is
compositionally heterogeneous and contains many
hollow spheres. It is very fine grained (d50 = 16.1
micro meter). The major elements present are Si
(SiO2 = 58%) and Al (Al2O3=26%), which are
corroborated by an abundance of quartz and
mullite15. The addition of filler affects the pore
structure and its interaction with paper properties
is found to be important. To produce effective
filler-paper interaction, the particle content in the
sheet must be high16. The effects of addition of
fly ash were compared with effects of addition
of Kaolin clay. The fly ash addition increases
opacity of paper remarkably and better than kaolin
clay17.
Scarcity of fibrous raw materials
Scarcity of conventional wood based and other
fibrous raw materials for pulp and paper industry
is one of the most challenging tasks. Rice straw
is available in abundant quantity in India and other
Asian countries, so a suitable  technology apart
from conventional soda and other pulping methods
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is required to convert rice straw from a biomass
waste to a useful fibrous raw material. The Indian
paper industry uses a variety of fibrous raw
materials such as wood, bamboo, agro residues
and waste paper. Nearly 36% of the paper
production comes from the forest based raw
material and the remaining from the non-
conventional raw materials such as agro residues
and waste paper18.
Rice straw as agro residue
Rice straw is a fibrous lignocellulosic material
typical of most agricultural residues; it differs from
most crop residues in its high content of silicon
dioxide (SiO2). Ash content on a dry weight basis
ranges from 13 to 20%, varying according to the
state of conservation of the straw after harvest.
The ash in rice straw has nearly 75% SiO2, 10%
K2O, 3% P2O5, 3% Fe2O3, 1.3% CaO, and
smaller amounts of Mg, S, and Na. The potential
environmental benefits of diverting rice straw from
open-field burning is reduction of air pollutants
such as VOC, SOx, NOx, and PM10, and also
silica emissions, which are not specifically
monitored but can be a health hazard19.
Production of rice straw
Annual world rice (Oryzae sativa) production is
about 618 million metric tons in year 2005. Asian
farmers are contributing nearly 559 million metric
tons. India and china produced 130 and 183 million
metric tons respectively in 2005.  More than 50
countries contribute to this sum with the production
of at least 100,000 tons of rice annually20. For
every ton of grain harvested, about 1.35 ton of
rice straw remains in the field. Rice straw has a
high potential as a source of ligno cellulosic
biomass because of the high yield of rice straw
per hectare. The proportion of recoverable straw
depends on the technique of reaping and
harvesting (manual or mechanical) and on the
condition of the field (wet or dry). About 5.6-6.7
ton per hectare (2.5-3 tons per acre) of dry straw
is an average net production.
Rice straw burning problem
Rice straw burning in agricultural fields is a serious
environment pollution problem in north India and
other parts due to not finding proper utilization.
Rice straw was usually disposed of by open-field
burning because it is a cheap disposal method21.

The potential environmental benefits of diverting
rice straw from open-field burning is reduction of
air pollutants such as VOC, SOx, NOx, and
PM10, and also silica emissions, which are not
specifically monitored but can be a health hazard.
At present three-fourth of the crop residue
amounting to 70 to 80 million tones of rice straw
is disposed of by burning in India. Fractionation
analysis and the profile and mapping of silica by
scanning electron microscope combined with an
energy dispersive X-ray analysis (SEM-EDXA)
indicated that the silica in the bleached pulp was
located mainly in epidermal cells and not in other
elements, such as fibers and parenchyma, and that
the silica-rich epidermal cells were scattered
throughout the pulp as single cells or in bundles22.
Suitable chemical processes for rice straw
pulping
To facilitate delignification of woody materials,
use of organic solvents has been greatly expanded
during the past few years. The huge amounts of
residual plant biomass considered as “waste” can
potentially be converted into various different
value added products like natural fibers used for
paper making, bio-fuels and chemicals23. A variety
of variations on acetic acid pulping have been
developed over the years and several new acetic
acid based processes are currently under
development. Mineral acid catalysts have been
utilized to varying degrees of success. Lignin
removal and recovery are analyzed.  The
importance of swelling the lignocellulosic gel is
emphasized for lignin removal. The molecular
weight characteristics of lignin from acetic acid
based pulping of wood are described in relation
to liquor composition and degree of delignification.
It appears that rapid delignification is associated
with removal of large lignin fragments24. The
increase in concentration of acetic acid in pulping
process favors the delignification and provides
better quality pulp with lower Kappa number. Pulp
yield decreases with increase of acetic acid
concentration in liquor due to increase of
delignification and solubilization of
hemicelluloses25. Solvent pulping methods can be
divided into uncatalyzed, acid-catalyzed and base-
catalyzed processes. The rates of acid-catalyzed
processes appear to be governed by the hydrolysis
of a-ether bonds in lignin26. Wood processing in
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HCl-catalyzed acetic acid media (Acetosolv
pulping) provides an efficient way to separate the
main fractions of the raw material. In a single
step, delignification and hemicellulose degradation
are reached with good selectivity. The economic
feasibility of this approach depends on the
recovery of two marketable pulping byproducts:
lignin and furfural27. Organosolv pulping (based
on the utilization of organic solvents as
delignification media) can be considered as
biomass refining technologies, since they lead to
a solid phase enriched in cellulose and to liquors
containing hemicelluloses and lignin-degradation
products free from sulfur. Rice straw pulping with
formic acid was studied for different
temperatures, cooking times and acid
concentrations. Delignification percentage of
approximately 85% with a pulp yield of 44.4%
was obtained under relatively mild cooking
conditions (temperature, 100°C; cooking time, 60
min; formic acid concentration, 90%). Pulp
chemical and mechanical properties were
comparable with those found for pulp obtained in
basic environments. However, the advantage of
this technique compared with cooking in basic
environments is that most of the silicon derivatives
remain in the pulp28.
Laminates base paper
Decorative laminates are typically comprised of
an assembly of three layers; a core layer, a print
layer and a surface layer. The core layer
comprises a bottom or supporting layer onto which
the other layers are bonded. In conventional high
pressure laminate manufacture, the core layer
consists of 3 to 9 sheets of cellulosic material,
e.g., resin impregnated kraft paper. A print layer
is superimposed above the core layer which is
generally an alpha cellulose pigmented paper
containing a print, pattern or design that has been
impregnated with a melamine-formaldehyde resin.
Typically, the printing is performed prior to
impregnation by a high speed rotogravure. The
surface layer or overlay sheet, as it is commonly
called, is typically a high quality alpha cellulose
paper impregnated with a  melamine-
formaldehyde resin. This layer protects the print
sheet from wear and tear, harsh chemicals, and
burns etc. In the manufacturing of laminate, all
the three layers are stacked in a superimposed

manner. The resulting bundle of sheets is placed
between polished steel plates and subjected to
pressure and temperature for a time sufficiently
long to cure the laminating resins impregnating
the respective layers. Temperatures of 120 °C -
250°C are typically used. Decorative laminates
may be prepared using both high and low
pressures. High pressure Decorative laminates
are typically formed using pressure in between
55 to 110 Kg/cm2. Flexible decorative laminates
are prepared using low pressures, e.g., pressures
below 55 Kg/ cm2 (12 – 16 Kg/ cm2). Decorative
laminates, particularly high pressure laminates, find
utility in manufacture of furniture, kitchen counter
tops, table tops, store fixtures, wall paneling,
partitions, doors, bathroom and kitchen work
surfaces and wall paper. It has been shown that
non magnetic fraction of fly ash having average
particle size of 19 micro meters could prove to be
very good filler for laminate grade colored base
papers. It will decrease production cost of paper
significantly. This will not only reduce the disposal
and environmental problems but also give value
to fly ash29,30.
Although the core sheet is less expensive than
the print or overlay sheet, the core sheet
represents a significant cost factor because of
the high number of core sheets used in decorative
laminate. Generally three to nine core sheets of
45 to 200 GSM (g/ m2) paper are used. Inert filler
materials (TiO2, CaCo3, Clay etc.) are used in
the paper core sheets to give high opacity, liquid
absorption (Klem Value), mechanical strength and
surface properties. TiO2 is particularly useful as
a filler because of its high optical scattering power
resulting from its high refractive index. Titanium
dioxide is relatively expensive compared to other
fillers that are used in the paper industry, but its
optical properties produces high degree of opacity
and brightness in the core sheet and the resulting
decorative laminates. If we are able to find some
cheaper filler which can give high opacity and
other required properties, the reduction in the
amount of TiO2 in paper sheet would reduce the
cost of the core sheet and finally the cost of the
laminate.
The paper based laminate, melamine film, paper
foil and high pressure laminate are widely used
for the surface finishing of particle board and other
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substrates. However, the competing non-paper
based materials wood veneer, pigmented lacquer
and thermoplastic films also account for a
substantial share in surface finishing. The trend
is not only influenced by price, mechanical and
chemical resistance and design/color, but also by
ecological and emotional factors which play an
important role in the consumer’s decision. From
a global point of view, the development of the
laminate’s market is positive in absolute terms as
well as versus non-paper-based surface materials.
Demand for laminated furniture will further
increase, as well as other applications of
laminated board in the building industry31. The
porosity of a laminate paper has a strong influence
on the impregnation process32. The laminate or
decorative foil is a product formed by the saturation
(impregnation) or coating of a paper or other fiber
based material with a thermally active resin under
conditions of pressure and temperature for curing
and development of properties like scratch
resistance, abrasion resistance, flexibility, glossy
or matte finishes, and the ability to use temperature
sensitive substrates33.  Decor paper based
surfaces continue to enjoy over-proportional
market growth versus other surface materials.
Merging markets with their industrialization
require more materials and open opportunities for
more diverse product solutions. The key success
of this industry is based on color and design
creativity and the properties of a melamine cured
surface with its durability standards. Saturation
in certain areas and product application become
compensated by development of new and more
sophisticated applications and even more by the
growth of laminate flooring. The availability of
requested products created in intervals pipeline
effects in the warehouses of producers and
distributors. On the other hand dynamic growth
perspectives can be expected by overall
investments in board production and even more
in decor paper processing especially in Asia and
North America34.

AIMS   AND   OBJECTIVES
This research is based on using two solid waste
materials for manufacturing of a valuable product.
These two solid wastes are :
a) Pulverized coal fly ash
b) Rice straw

The valuable product is laminate grade colored
base paper.  Experimental study will be carried
out to find suitable process and technology for
manufacturing of laminate grade colored base
paper. Fly ash can prove to be a very good filler
for laminate grade colored base papers (dark grey,
slate grey, bluish grey, violet base, teak base, gold
rust and other brown dark colors), colored
magazines, and poster papers where very high
opacity is sought but whiteness is not important.
It will decrease the production cost of paper
significantly. Utilization of rice straw will solve
the problem of its handling and scarcity of fibrous
raw material for pulp and paper industries. In this
way, two solid waste materials will result together
in a very valuable product for the benefit of
environment and laminates related industries.

MATERIAL   AND   METHODS
The bleached rice straw pulp (80%) and long fiber
Southern pine pulp (20%) are used in this study.
The rice straw and pine pulp were having
brightness of 72.2% and 89% ISO respectively.
Coal Fly ash samples were collected from
Thermal power plant, Bathinda, Punjab (India).
Grinding and fractionation of fly ash based
on particle size
Non magnetic fraction of fly ash was separated
using magnets. Fly ash sample was ground in ball
mill to have uniform fine size and then passed
through sieve stacks in a sieve shaker using sieves
no. (B S 410 1986) 36, 60, 85, 150, 300, and 400.
The finest fraction, G having average particle size
of nineteen micrometers was used as filler in
paper making.
Rice straw pulping
Delignification (pulping) reaction of rice Straw
was carried out in polyethylene bags at controlled
temperature water bath. Acetic acid was used as
main chemical and H2SO4 was used as catalyst.
Each experiment was carried out by taking 100
gm of oven dry rice straw cut into small pieces.
After completion of reaction for a given time for
that batch, the mass was cooled and then filtered
out. The crude pulp was obtained above the screen
medium and subjected to further processing for
analysis.
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Rice straw bleaching
The rice straw pulp was bleached using C E H P
bleaching sequence. The rice straw was having
final brightness of 72.2% ISO.
Paper hand sheet preparation
The pulp slurry was diluted to 0.8 % consistency.
Slurry of 1% solid percentage of fly ash was also
prepared and hand sheets of 100 GSM were
prepared. Paper hand sheets of 100 GSM were
made on lab sheet former with different wt
percentages of fillers. The pulp was treated in
disintegrator and then diluted to 2% consistency
for beating in lab valley beater for internal and
external fibrillation to 40°SR. Paper hand-sheets
of 100 g/m2 were prepared in lab Sheet former.
The wet papers were pressed in Lab sheet press
and then air dried for 24 hrs. The air dried papers
were sealed in polythene bags for analysis of
important properties.
Test of paper samples
Paper samples (hand-sheets) were conditioned
for three hours in environmental chamber

maintained at 25°C temperature and 52 % relative
humidity. Brightness (ISO), opacity (ISO), burst
strength, tear strength, tensile strength, Gurley
porosity, Bendtsen roughness  properties of paper
hand sheets have been measured as per TAPPI
test methods.

RESULTS   AND   DISCUSSION
Proximate analysis of rice straw is shown in
Table 1. It shows that ash and silica percent in
rice straw are 17.48 % and 13.33 % respectively,
which are significantly higher in comparison to
other fibrous raw material. This is a major problem
in evaporation and combustion of black liquor
obtained by conventional chemical pulping process
using soda pulping or kraft pulping. Catalyzed
acetic delignification can prove to be a alternative
process for use of rice straw in paper industry as
cellulosic fiber source due to quite lower dissolving
of silica in spent liquor.

The bulk density is 113.8 Kg/m3, which is quite
lower in comparison to wood chips, so  larger
volume reactors will be required for handling the
rice straw in pulping process.

S.No.                       Analysis Avg. Value (with variation) for
differentsamples

  1. 1%  NaOH Solubility 35.75 +-2.81

  2. Ash in rice straw 17.48 +- 1.30

  3. Silica in rice straw 13.33 +- 1.06

  4. Alcohol benzene solubility of the raw material 10.75 +- 1.42

  5. Klason lignin in rice straw 17.34 +- 0.69

  6. Holocellulose in rice straw 55.35 +- 0.68

  7. Hot water solubility 13.49 +- 0.43

  8. Cold water solubility 7.25 +- 0.45

  9. Moisture content in rice straw 13.51 +- 0.98

  10. Bulk density of  rice straw (Kg/m3 ) 113.8 +- 2.8

Table 1 : Analysis of rice stream

The chemical composition of fly ash
The majority constituent of fly ash is silica, which
is more than 50 %.  The other are alumina and
iron oxide as shown in Table 2 to Table 4.

Effect of filler addition on optical properties
Brightness of paper with fly ash as filler decreases
with increase of filler percentage due to lower
brightness of fly ash in comparison to kaolin clay

Source : IPPTA25
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as shown in Fig. 1. But the printing opacity is
remarkably higher for fly ash loaded paper and

Table 3 : Fractionation of fly ash based on particle size17

Screen opening size Mass Fraction Average particle size
(10-6 m) (µm)

425 0.000708 425

250 0.003746 337.5

180 0.025108 215

106 0.114002 143

53 0.555634 79.5

38 0.141844 45.5

0 0.158955 19

Table 4 : Properties of fly ash (non magnetic fraction) and Kaolin clay29

                                                          Average Value
               Parameters

Fly ash Kaolin clay

Mean particle size, µm 19 7.0

Bulk density, Kg/m3 800 710

Brightness, % ISO 29.4 90.4

pH 8.8 6.8

Specific surface area,  M2/g 1.40 7.2

Refractive index 1.65 1.55

Color Grey brown White

the difference increases with increase of filler
percentage as shown in Fig. 2.

Table 2 : Chemical composition of fly ash17

       Constituents    Percentage (Range)

      Silica (SiO2) 49-67

      Alumina (Al2O3) 16-29

      Iron oxide (Fe2O3) 4-10

      Calcium oxide (CaO) 1-4

      Magnesium oxide (MgO) 0.2-2
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Fig. 2 : Effect on printing opacity of paper

Fig. 1 : Effect on brightness of paper
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Effect of filler addition on Mechanical
Strength Properties
Mechanical strength properties like burst strength
index of paper with fly ash as filler is nearly equal
to the burst strength index of paper with other
common filler like Kaolin clay. Decrease in tear
factor with increase of filler percentage is lower
for paper with fly ash in comparison to paper with
kaolin clay.

CONCLUSION
It can be concluded that fly ash added paper has
higher tear factor than kaolin clay added paper
especially at higher filler percentage. Both the
fillers are showing the similar effects on tensile
index of paper up to 10% filler loading in paper.
For higher percentage of filler addition, paper with
fly ash shows better tensile index.
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