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Abstract: A comparative absorption capability analysis was conducted using adapted polyurethane foam as crude oil
Sorbents. The used Crude oil has been brought from the west of the Qurna city oil field with A.P.I. equals 22.2- 27. API
measures how heavy or light a petroleum liquid is compared to water; crude oil's sorption and absorption ratio amounts
are investigated. The findings demonstrate that the absorption ratio of fluff feather to wing feather is very distinct. The
fluff feather absorbed much more crude oil than the wings. Moreover, much crude oil absorption causes the three types
of feathers to plunge into crude oil. Owing to the disparity of the capillary structures of pure and modified polyurethane
and the particular arrangement of the feathers, the absorption of modified polyurethane foam is beyond pure foam. The
absorption ratio is saturated at (240-270) % (where the modified foam releases some additional volume of crude oil rather
than the saturation ratio). Because of the cross-link density inside the modified foam, the last results were clarified. Also,
we analyzed the effect of 10 holes on the absorption ratio in which the absorption is less than the unpinned ratio.
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|
Introduction

If oil leaks happen, we must then scrub the leaked oil
to prevent humans and significant environmental problems.
Human health and environmental protection are at threat!.
The ecological threats of spilled crude oil are not only re-
lated to water and sea life but also to the future of human
beings. It is of great concern to use sorbents to minimize
the chances of oil contamination and to consider the use
of sorbents as one of the most economical and effective
ways of cleaning up hydrocarbon pollution on the shoreli-
ne?®. Nature is the main source of many sorbents, and the
industry created many modern sorbents*®. The mechanism
of both natural and synthetic sorbents depends on inver-
ting absorbed oil from the liquid phase to semi soil phase.
In such a way, preventing spilled oil from controlling more
water surfaces is easier and faster’-'°. The ultra-light polyu-
rethane foams are one of significant oil absorbers. They can
trap oil from oil-water mixtures several times its weight since
that absorption capacity is associated with different ratios of
bubbles spread within the foam matrix where more bubbles
mean more oil absorption ability’-'3. In natural conditions,
the cross-linking density of polyurethane foam is conside-
red to be one of the major factors that affect the absorption
ability to both water or crude oil where the amount of ta-
king water or oil by foams is highly related to that density
since it affects the movement of molecules or jamming the
way of absorbed molecules through the inside of polymer
matrix'. In such a way, Polymer with such properties has
taken much attention due to their wide area, different size
formation, ease of handling, and transfer from one place to
another. It is well known that sorbents can be either natural
organic (eat moss, feathers), natural inorganic [clay, sand]",

or synthetic [polyethylene, nylon'>'”. Owing to their low den-
sity, low water absorption, and excellent physical and che-
mical resistance, synthetic polymers such as polypropylene
are said to be suitable materials for marine oil-spill reco-
very'®2°_The main objective of this research is to compare
the oil spill removal capacity of the small, medium, and large
feathers and then to use the three different sizes of feathers
to modify the foam. We based on the combination of natural
and synthetic sorbents feather to adjust synthetic sorbents
polyurethane foam and analyze the modified foam as spill
oil sorbent in this paper.

|
Materials and methods

In this study, the used feather is obtained from the chic-
ken (Gallus gallus domestics) bird. The used feathers were
retrieved from the chicken farm site and washed multiple
times to remove dust or filth. Two kinds of feather fluff and
wings feathers were used. Each type of feather was distri-
buted into the reaction container and mixed with reaction
chemicals, as shown in figure (1). Di-isocyanates (part B)
and polyols (part A) are reacted to produce polyurethane
foam. A 1:1 (50:50) mixture ratio was used, which indica-
tes that part A was equivalent to part B. The synthesis of
Gallus gallus domestics-filled polyurethane foam was ac-
complished by combining 200 grams of part A and (200 g)
of part B in a container, then adding (15 g) of Gallus Gallus
domestics feathers directly to the mixing container.

The manual mixing of the used feathers and the reac-
ting chemicals takes (3-4) minutes. At the end of the mixing
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phase, the mixture would rise, forming the upper layer, be-
fore being broken into random shape parts and left for one
day. The crude oil brought from the Qurna West oil field has
an A.P.l. of 22.2-27. For the absorption tests?', crude oil was
poured into a (3 liters) exposed glass container with a dia-
meter of 14.8 cm. In each experiment, a container was filled
with (2 liters) of water and 300ml of oil. The amount of fat in
the beaker was selected so there would be plenty of oil left
during the absorption test. The dry weights of pure polyure-
thane foam parts are measured. Each piece was carefully
mounted on the oil surface. After a specific time (As seen
in the diagrams below), the samples were regularly taken
out of the test jar. The wet surfaces of immersed foam are
dried between tissue papers and measured directly to the
nearest (+0.2 g). The samples are immediately returned to
the specimen jar, and the tests are carried out. The steps
of the method were repeated under the same conditions,
but this time with modified polyurethane. On a weight ba-
sis, the sorbent's oil sorption was measured. Qil absorption
capacity is calculated by the formula [g/g] = [S~S,] /S, that
according to (22). Where S denotes the original dry weight
of a sorbent and St indicates the importance of the sample
after immersion. Figure 1 shows the modified polyurethane
foam added with feathers.

|
Results

To use the modified polyurethane foam as a crude oil
absorbent, we measured the absorption capacity of the fea-
thers of chicken (Gallus domestics). Three different sizes
of feathers were used (big, medium, and small). Figures 2,
3, and 4 show the changes made to the absorption ratio
related to immersion time in crude oil. Figure (5) depicts the
difference in the absorption ratio of modified polyurethane
due to natural oil immersion time. The effect of pinholes and
the obtained result in such a case are shown in figure (6).
Figure (7) shows the shape of the modified foam after the
immersion in crude oil and how the absorption of that oil
blacked the inside matrix of that foam.

|
Discussion

It is evident from the last figures (2, 3, and 4) that the
immersion time is limited to one minute. After that, all three
feather sizes diving into the crude oil, indicating the heavy
amount of crude oil absorbed by the feather. A second noti-
ceable thing from the last figure is that the absorption capa-
city is more prominent with a small feather than that with a

Figure 1. Shows the modified polyurethane foam added with feathers.

Figure 2. Absorption ratio of the me-
dium feather as a function of immer-
sion time.
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Figure 3. Absorption ratio of the
big-size feather as a function of im-
1

mersion time in crude oil.
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Figure 4. Absorption ratio of small feather as a function of immersion time.
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Figure 5. Absorption ratio of modified polyurethane foam as a function of immersion time.
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Figure 6. The effect of pinholes on absorption ratio of modified polyurethane.

Figure 7. The shape of modified polyurethane foam after immersion in crude oil.
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medium and large size feather. The previous result is due to
the unique structure of feather-like barbs linking density per
feather?24, Figure 5 indicates that the time range starts with
one minute to 240 minutes. The saturation absorption ratio
is restricted to 240 %, which is more than pure polyurethane
foam. We must note that we used big feathers since they
had the highest absorption ratio, as shown in the last three
photographs—[105 %].

Moreover, in another sample of modified foam, the rea-
ched saturation ratio is 270%. The difference between these
two ratios is surely related to the geometrical distribution of
feathers into the foam matrix. This saturation and limitation of
the absorption capacity are also due to the heavy cross-lin-
king density of polyurethane foam chains. This cross-linking
density prevents further oil molecules from taking into the
foam since no more space between chains is available in
that foam. Thus we see the absorption ratio is increasing
with time, especially at 120 minutes, but it decreases at 240
minutes. The last decrease in absorption ratio may explain in
terms of no space to control molecules of oil into it due to the
high cross-linking density. Thus for the previous result, we
moved to study the effect of pinholes on the absorption ra-
tio. The reason for choosing pinholes is to make a new way
for oil molecules to cross their way up into the polyurethane
foam matrix. We decided 10 holes per (25cm?) distributed
through the foam matrix. The diameter of each pinhole was
(1mm). Figure 6 shows less absorption ratio is obtained, but
no absorption saturation is reached. Even though they ma-
naged new ways into the matrix of foam, the lower absorp-
tion ratio still has much space in that foam.

More tests are needed to determine the appropriate ra-
tio between the two components, A and B, of polyurethane.
Compared with other natural additives added to polyuretha-
ne foam, the absorption ratio obtained in this study is less
than that obtained by other researchers?-2%, Aside from the
lower absorption potential, natural organic sorbents inclu-
de hay, feather, straw, peat moss, and other carbon-based
materials?-32, Natural crude oil sorbents have the unfavo-
rable characteristics of being gritty, difficult to use under
windy weather and having no oil absorbency. Furthermore,
specific natural organic sorbents accumulate oil and water,
allowing the sorbents to sink. In such a manner, the modi-
fied foam seems to solve the problematic use under windy
conditions, but the small absorption capacity is still less
than the aim of this study®. It is vital to note that the immer-
sion time ranges from one minute to three minutes, with a
two-minute break in between.

|
Conclusions

The absorption action is related to the kind and size
of the used feathers. The fluff feathers are becoming more
suited for the absorption of crude oil and the modification of
polyurethane foam as an absorbent. The absorption capa-
city is larger with a small feather than with a medium and
large size feather. Furthermore, the absorption ratio of mo-
dified polyurethane is improved due to capillary structure
improvements made to the polyurethane foam, which is at-
tributed to adding a chicken feather. Modified polyurethane
has significant potential as an oil sorbent, especially within
the first hour of an oil leak or spill. The 120-minute duration
is long enough to achieve a saturation absorption ratio. Pin-
holes have the opposite effect on the absorption properties
of modified polyurethane foam.
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