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Abstract:
Global paper production is expected to reach over 500 million tons by 2020. The resulting waste poses serious environmental
problems. This new type of aerogel can alleviate this negative environmental impact. Aerogels are porous, lightweight materials
traditionally made from silica gels. They are synthesized by replacing the liquid within the gel with gas. The developed cellulose
aerogels are coated with at least one type of surface modifier methyltrimethoxysilane(MTMS) to make it oleophilic for oil
absorbent and to exclude water absorption. The surface morphology test was carried out for the given process which shows the
macro pores and the nano structure of the obtained cellulose aerogel. Oil absorption test was carried out showing good absorption
capacity and recoverability.
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I.INTRODUCTION
The cellulose aerogels developed from paper waste can help to
solve environmental problems around the world tremendously.
The cellulose aerogels synthesized via sol–gel processes have
larger diameters and lengths of 10–50 mm and 0.3–5 mm than
those of nanoscale cellulose fibers of previous studies,
respectively. The developed cellulose aerogels are coated with
at
least
one
type
of
surface
modifier
like
methyltrimethoxysilane to make it oleophilic for oil absorbent
and to exclude water absorption. The cellulose aerogels are
cost-effective, flexible, squeezable, and have a very low
thermal conductivity such as air. They can also absorb liquids
with high viscosity such as crude oils up to four times more
than currently available commercial sorbents. The cellulose
aerogels having a surface modifier are stable at least for 6
months under tropical weather. They can be used as ecofriendly sorbents with high absorption capacity for cleaning
oil spills, water repellent and eco-friendly heat insulators for
buildings, piping, and clothing.
With globalization and population boom, paper industry has
quickly developed. About 400 million tons of paper-related
products were consumed in 2010 and the global production of
paper is expected to increase to 500 million tons by 2020. It
has been found that 25%–40% of municipal solid waste
generated each year. The huge mass of waste causes forest
destruction, difficulty for disposal as well as environmental
pollution. Therefore, it is important to recycle or convert this
enormous waste into useful products. It has been reported that
only a half of the produced paper is recycled, that is, 200
million tons of paper were globally recycled in 2012. There
have been several efforts for solving this problem.
Superabsorbent polymers are materials that have the ability to
absorb and retain large volumes of water. As a result, they are
used in water absorbing applications such as baby diapers and
feminine napkins.However, the absorbed water can only be
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removed by drying and the disposal of these polymers causes
environmental problems. As a consequence, there is a demand
to synthesize new absorbent materials with high absorption
capacity, easy water removal, and biodegradability.
Oil spills have been considered as one of the most serious
disasters that are threatening marine ecosystem. There have
been many ways for oil spill cleanup classified as chemical,
biological, and physical methods. Dispersion, in-situ burning
and solidification are considered as chemical methods that are
complicated and expensive .Using microorganisms in the
biological methods is effective but requires long time and
affected by environmental conditions.In physical methods,
booms and skimmers are often used but cannot remove oil
from sea effectively. Among all methods, sorption has been
considered as one of the most effective ways for oil spill
cleaning due to its ability of collection and complete removal
of oil from oil spill sites. Hydrophobicity and oleophilicity are
the most important properties of a sorbent to be considered in
oil spill cleanup. Other important factors are the retention over
time, the recovery of oil from sorbents, the amount of oil
sorbed per unit weight of sorbent, the reusability and the
biodegradability.
The greenhouse effect has been warming up the earth and
threatening human life. It was found that CO2 emission from
buildings contributed more than 30% of greenhouse gas
emission in developed countries . To achieve better thermal
insulation with current insulation materials, thicker walls are
expected. However, this will increase the building cost and
affect several issues such as floor area and architectural
restrictions. Therefore, there have been many efforts in
developing effective insulation materials.Aerogels have
recently been investigated as a state-of-theart thermal
insulation solution, and may be the most promising with the
highest potential of them all at the moment.The production
costs of aerogels are still very high. Aerogels have relatively
high compression strength but is very fragile due to its very
low tensile strength.
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II.MATERIALS AND METHODS

2.

To synthesize aerogels, sol–gel method is commonly used.
The sol–gel method is a process in which nanoparticles
dispersed in a liquid aggregate together to form a threedimensional network . The essential steps in synthesizing
aerogels include dissolving cellulose fibers, cross-linking
cellulose chains to obtain the polymer network, and drying
process to remove the liquid within the network.
1. Recycled cellulose ﬁbers (2 wt %) were dispersed
into a sodium hydroxide/urea solution by magnetic
stirrer followed by homogenizer for 20mins.

3.

4.

5.

Then the solution was placed in a refrigerator for
more than 24 h to allow gelation.
After the solution had been frozen, it was then
thawed at room temperature, followed by immersion
into ethanol (99 vol %) for coagulation.
The specimen thickness was controlled by using a
beaker as a mold. After coagulation, solvent
exchange was carried out by immersing the gel in DI
water for 2 days.
Freeze-drying was carried out for the sample for 2
days at −98 °C with a BIOBASE BK-FD10S after
prefreezing the sample at −18 °C for 12 h.

Figure [2] Process flow diagram
HYDROPHOBIC COATING
Cellulose contains several hydroxyl groups and oxygen atoms.
This makes the as-synthesized recycled cellulose aerogel
hydrophilic. To improve its hydrophobicity, two different
coating methods—physical and chemical, were used.
chemical method, the recycled cellulose aerogel was placed in
a big glass bottle. A small open glass vial containing MTMS
was added into the glass bottle. Then the glass bottle was
capped and heated in an oven at 70 °C for 2 h for the
silanation reaction.

III.RESULTS AND DISCUSSIONS:
SEM ANALYSIS:
The morphology of the prepared recycled cellulose aerogel
was investigated using scanning electron microscopy (SEM) .
As shown in Figure A, a light and porous aerogel was formed
after the freeze drying step. The aerogel had an open porous
network structure of uniform fibers, indicating that recycled
cellulose fibers successfully self-assembled.

3[A]
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3[C]
FIGURE3 :[A] Recycled cellulose aerogel (paper)
[B] Its SEM image 0f 50µm
[C]Its SEM image 0f 5µm

3 [E]

3 [F]

3[G]
FIGURE2 :[E] The as-prepared recycled cellulose aerogel(banana fiber)
[F]its SEM image 0f 50µm
[G] its SEM image 0f 5µm
OIL ABSORPTION TEST:
Crude oil absorption capacity was calculated using the
following formula:

aerogel before absorption. The ratio of the sample volume
before the absorption test and its original volume (Vn) was
calculated as below:

Where Qt (g/g) is the crude oil absorption capacity of the
aerogel at a certain time t (min), mw (g) is the weight of the
aerogel after absorption, and md (g) is the weight of the

Where Vd (mm3) is the volume of the sample before the
absorption test and Vi (mm3) is the original volume of the
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sample. The squeezed ratio of crude oil (Qs) was calculated
using the formula:

Where ms (g) is the weight of the aerogel after squeezing.
mw=7.23g
md= 0.585g
ms=2.7g
Using above formula :
Qt(Oil Absorption capacity)=11.35g/g
Qs(Recoverability)=68%

Figure [3] :Oil absorption test
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