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Abstract: A comparative study of oil sorbency using modified polyurethane foam as sorbents is performed where Polyurethane type
polyester was prepared locally. The objective of the study was to compare the oil spill removal capability of the pure and modified
polyurethane where this modification was done by adding both sisal fibers and rice hulls (600 um size) as reinforcing fillers to the
polyurethane matrix. The study also examined the effect of pin holes density .All Experiments were performed on a beaker scale. The
obtained results showed the increase in sorption efficiency with the increase of the immersion time according to the difference in the
capillary structure of both pure and modified polyurethane. Pin holes have a high effect on the sorption efficiency with a saturation
sorption efficiency for each case of pin hole numbers. At small number of pin holes the saturation values is 86.58 while at high pin
holes number the saturation value is 448.32. We also have an exponential increment of sorption efficiency with the increase of pin

holes which is an indication of high loading capacity according to the transition of surface sorption to three dimensional one.
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1. Introduction

Oil is one of the most important sources of energy as well as
of raw material sources for synthetic polymers and
chemicals worldwide .There has been an increasing demand
for oil supply in the modern industrial world. Qil spills can
be caused by operation failures, equipment breaking down,
accidents, and natural disasters during the production,
transportation, storage and use of oil. Qil spills into lands,

rivers or ocean impose a major problem on the environment
(t-2)

The problem of water pollution with oil and its products has
an increasing international conce, p]\ [pk9rn because of the
importance of the marine environment to the living species
including the human beings ©*. Such spills not only
represent a loss of oil but also often have a major negative
effect on natural flora and fauna and human health. Physical,
chemical, and biological processes can be used to
recover/remove the oil or to destroy it in situ among the
methods that can remove the oil from a water surface are
various sorbents. They include manufactured polymeric
materials, naturally occurring minerals, expanded graphite,
and naturally occurring organic materials ¢

It is found that some synthetic polymeric materials like
polyurethane foam and urea formaldehyde have the
absorption ability toward Crude oil spilt in the marine ©#-10
where the first publication on the use of polyurethane foam
(PUF) for sorption processes dates back to 1970,

Most commonly used commercial sorbents are synthetic
sorbents made of polypropylene or polyurethane V. They
have good hydrophobic and oleophilic properties, but their
no biodegradability is a major disadvantage “*™2.

The spilt crude oil environmentally undergo a wide variety
of weathering processes, which include evaporation,
dissolution, dispersion, photochemical oxidation, microbial
degradation, adsorption onto suspended materials,

agglomeration etc ¥,

In recent years, biological surface-active compounds that is
biosurfactants, are gaining prominence and have already
taken over in a number of important industrial uses, due to
their advantages of biodegradability, production of
renewable resources and functionality under different
conditions “>*°). Biosurfactants are biodegradable and can
also enhance the biodegradation of oil by increasing the
bioavailability of hydrophobic compounds “7.

This paper covers studying of the use of local rice husk and
sisal fibers to modify polyurethane which is prepared locally
and examine capability as a sorbing substance for treating
oil pollution of Iraqgi waters.

2. Experimental Work

The sisal fiber is obtained from the leaves of the plant Agave
sisalana, which was originated from Mexico and is now
mainly cultivated in East Africa, Brazil, Haiti, India and
Indonesia It is grouped under the broad heading of the “hard
fibers” among which the sisal is placed second to manila in
durability and strength. A good sisal plant yields about 200
leaves when each leaf has a mass composition of 4% fiber,
0.75% cuticle, 8% other dry matter and 87.25% moisture.
The fiber is composed of numerous elongated fusiform fiber
cells that taper towards each end. The fiber cells are linked
together by means of middle lamellae, which consist of
hemicelluloses, lignin and pectin. Physically, each fiber cell
is made up of four main parts, namely the primary wall,
thick secondary wall, tertiary wall and the Iumen.
Chemically the vegetable fibers comprise cellulose,
hemicelluloses, lignin, pectin and a small amount of waxes
and fat. The mechanical properties of sisal fiber such as
initial modulus, tensile, Young’s modulus and average
modulus increase with test length

The sisal fiber consists of 66-72% cellulose, 12%
hemicelluloses and 10 -14% lignin. The superior engineering
properties (diameter 50-200 pum; microfibril angle 10-220,
Ultimate Tensile strength of 468-640 Mpa; Modulus of
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9.40-15.80 Gpa and elongation of 3-7%) make it an
excellent material for manufacturing the high strength textile
and reinforcing in composites for various applications ¢¢2?

Rice hulls have a very low bulk density (118 kg/m3). Rice
hulls are a hygroscopic material, i. e. they change their
equilibrium moisture content depending on temperature and
relative air humidity The explanation for the observed
unique properties of rice hulls should be sought in their
considerable silicon content. It is indicative that the
amorphous SiO, is 93.54 %, potas-sium oxides are 3.12 %,
iron oxides 1.11 %, and the remaining oxides are in
minimal amounts®?.

Pure polyurethane type polyester foams are prepared by two
types pure and modified polyurethane where pure
polyurethane is prepared by reacting a liquid isocyanate with
a liquid blend of polyols. The modified polyurethane is
prepared as mentioned above which adding sisal fibers and
rice hulls to the reacting materials .

Crude oil was brought from Qurna west oil field with A.P.I.
equal to 22.2 and hydrolic oil are used in the sorbent
evaluation procedure.

An uncovered glass jar of 2- liters capacity and a diameter of
14.8 cm is used. In each experiment 2 liters of water and
250 ml of an oil sample was placed in the jar. The dry
weights of polyurethane cubes are taken before immersing
them into the jar. The samples are periodically removed
from the test jar .The wet surface of the cubes are dried
between filter paper and weighed immediately to the nearest
+ 0.1 g .The samples are placed back immediately into the
test jar and the experiments are carried out in progress. The
experiments are repeated at the same conditions using
modified polyurethane

3. Results and Discussions

The results are obtained as a function of two variables which
are the time of immersion and the pin holes density (pin
holes / surface area of polyurethane sample) where we used
both perpendicular and horizontal pin holes due to sample
surface .We used five different densities of pin holes (0,0.5,
1, 1.5 and 2.5 hole/ cmz) . Pin holes with 100 pum in diameter
are made in order to increase the sorption efficiency of the
polyurethane foam. The sorption efficiency is calculated on
the basis of the weight of oil absorbed per kilogram of the
sorbent

Figure (1) shows the variation of sorption efficiency of pure
and modified polyurethane foam as a function of immersion
time. Modified polyurethane shows an obvious increase in
sorption efficiency along with the increase of the immersion
time. Another result is obtained where the sorption
efficiency of crude oil is less than that of hydrolic oil made
from modified polyurethane while we have almost the same
efficiency for both pure polyurethane. This can be explained
in terms of the amount of oil sorption by a sorbent which is
mainly affected by the capillary structure, the spreading of
the oil on the sorbent, adhesive energy of the oil on the
sorbent, and cohesive energy of the 0il® .

Figure (2) shows the effect on sorption efficiency of
modified polyurethane with the increase of pin holes
numbers for both crude and hydrolic oil . The sorption of
modified polyurethane is much related to both immersion
time and pin holes numbers. The saturation value for crude
oil is increasing with the increase of the pin holes number
where at 5 and 25 pin holes the saturation values are 86.58
and 448.32 respectively. The above figure shows that the
saturation value at 25 pin holes is higher for light oil
(hydrolic oil) than that of viscous oil (crude oil) which
means higher sorption efficiency due to increase of hydrolic
oil sorbed by modified polyurethane . These results can be
explained in term of the volume of penetration which is
proportional to the square root of the time of soaking and the
square root of the ratio of the surface tension to the viscosity
ratio ®.

Figure (3) shows the variation of the sorption efficiency as a
function of pin holes density at a constant immersion time
which is 5 minutes. It is obvious that the exponential
increment of the sorption efficiency is an indication of the
high loading capacity. The increase in loading capacity can
be related to transition from surface sorption to the volume
sorption, deep inside the modified polyurethane. This result
is very important due to the necessity of treating polluted
waters during the early hours of oil leakage or spillage
especially where the pollutants are light oils.

4. Conclusion

The sorption capacities of modified polyurethane are more
enhanced than those of pure polyurethane due to the
capillary structure changes made to the polyurethane after
adding rice hulls and the sisal fibers .These two materials are
readily and normally available as well as affordable . All
obtained results suggest that that modified polyurethane has
a Considerable potential as an oil sorbent specially during
the first hour of oil leakage or spillage especially when the
pollutants are light oils. The 5 minutes period is sufficient
for both viscous oils such as heavy crude oil and light oil. A
comparison between PUF and other sorbents reveals that this
solid phase has obvious advantages due to the light weight,
ease of fabrication and handle,high ability to be shaped in
any form and its reusability as sorbent substance . The pin
holes have a huge effect on sorption efficiency due to the
transition from the surface sorption to three dimensional
one.
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Figure 3: The variation of sorption efficiency as a function of pin holes number
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