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Abstract

Powder sof chicken feather, goat hair, corncob and cotton, wereused to mop spills of crudeoil,
diesd, kerosene and petrol from water surfeces. It was observed that thefour sor bents mopped up
appredableamounts, often mor ethan 500% of their weights of thehydrocar bon sorbates, within
the firs onehour of contact. Theability of the sorbents to absorb the hydr ocarbonliquidswasin
the order: feather > cotton > goat hair > corncob. Furthermore, it was evident that large
guantitiesof theabsorbed oil were recover ed from the sorbents by draining and by merepressing.
Thelatter observationis attributable to thefact that theweak physical adhesive forcesbinding the
hydrocarbonsto the sorbents become easily deactivated by pressing. This high degree of
absorption and recovery suggeststhat thefour sorbents have good potentials asmopsin water
environments.
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Introduction

Along with coal, petroleum is the primary sourcen@iny organic chemicals. Though the major
use of these fossil fuels s energy productionuaid® is used to make the numerous industrial
products that contan carbon (Birk, 1994). Crudefram which myriad of fractions can be
obtaned, is a dark, thick, odoriferous liquid casgd of about 95% hydrocarbons such as
alkanes, cyclbalkanes and aromatics.

In the course of the 20century, the worlds consumption of crude oil hmsreased
exponentially, owing manly to the rapidly growrdemand for petrol and heatng ol (John,
1982). Ths has necessitated transporting somesahd milion tonnes of crude petroleum
each year from the producing countries to the coessi mostly in tankers. It is inevitable
that from time to time one of these giant vessel$nolved in an accident caused by storms
and mechanical faiure, resuling n massive gpt of ol into the sea. Although, tanker
accidents are spectacular and wel-pubished eveatssing severe contamination locally,
they account for only about 25% of the total g (Oyefolu and Awobayo, 1979). Other
sources include natural seeps from the seabedisgerds in rocks, offshore oil seeps from
driling and ol exploraton, air-bome ol drogetfrom unburnt fuel and combustion engines
on lknd, and dscharges from shipping as wel albedste discharges into the sea as
ecological terrorism (Kerin and Lewss, 1993). Hshbeen established that the main causes of
ol poluton n Nigeria nclude flow Ine/pipeinekeaks, over-pressure faiure of process
equipment components, sabotage to well heads awmd khes, hose failure on the tanker
loading system and faiures along discharge dugbtational effects.

The fate and the effects of ol spils have atedca spate of voluminous literature (e.g. Kerin
and Lewis, 1993; John, 1996) while the various guopes for combating the menace have
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been extensively discussed (Okonkwo and Eboat; 188geret al., 2000). In this article,

we report on the use of some soid wastes as dbests in contradistinction from

conventonal materials such as perite, tak, \‘eultd, straw, sawdust, bark, peat,
polyurethane, polystyrene, polyesters and ureadidehyde.

M aterials and M ethods

Chicken feather and goat hair were collected frofncal abattor near Udoka Housing Estate
Awka, Anambra State. Cotton int was obtained frarmearby ginnery at Ugwuoba n Oji
River, Enugu State, Nigeria while comcob was rekifrom the Ministry of Agriculture.
Nylon 6.6 fabrics were used to make pilbwcasesdntain the waste materials used. These
waste materials include: crude oil; diesel (AGOgrokene (DPK) and petrol (PMS), all of
which were sourced from a refinery.

Preparation of the sorbents

The materials were thoroughly washed with detergehition, rinsed with distilled water and
then dried in the sun. Corncob, goathair and é&atiere separately ground into fine powders
using a manual kitchen grinder. Several pillows evarade by encasing exactly 7g of sorbent
in 2.2g nylon bags.

Mopping of oilsby the sorbents

Exactly 200cr of crude ol was added into a glass beaker camjaam equal volume of tap
water and the mixture was strred wih mechanidieles for 2 minutes, to simulate an oil
slick in a stormy sea. The prepared feather pilloas completely immersed nto the soltion.
After a resident tme of 30 min, the pillow was mmed and hung in air to drain. The
volumes of oil and water recovered were measurBHte pilow was then pressed with a metal
press of 5kg weight, for 20 secs, and the volunfeal and water recovered were also taken.
This procedure was repeated four times with diffepdlows prepared wih the same material
and the average wolumes of ol and water recovevett determned. This exercise was
carried out for each sorbent — sorbate par atrdifit time intervals (1h, 2h, 5h, 10h, and 24h)
after soaking. The volume of the absorbed oil waterthined as the difference between the
original volume (200 cA and the quantity remaining after the soaking narogne. The
same treatment was also adopted for water. Bwgntkie specific gravities of the Iquds,
volumes were converted to weights.

% weight absorbed was formulated as:
weight of sorbate/ weight of sorbent x 100/1

Smiarly, % weight drained, expressed or retaimegls calculated. In all cases, mixtures of
water and hydrocarbon were separated by meanseyeaatory funnel.

Results and Discussion

The resuts of the absorption, draning, expresand retention of the hydrocarbon and water
by the different sorbents are shown n Figs. 1 2ndThe following observations were evident
from the investigation:
@) Weight of hydrocarbon absorbed: The abiity of teerbents to absorb the
hydrocarbon Iquids was generally in the orderattier > cotton > hair > comcob.
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Generally the sorbents, to varying degrees, aldodpgpreciable quantties of the
hydrocarbons.

(b)  Weight of water absorbed. On the average, thebiigpaf the sorbents to take
up water roughly folowed the trend: cotton > haifeather > corncob; except for
crude oil where feather imbibed more water than hai

(©) Weight of hydrocarbon drained: The greatest amofiriydrocarbon was drained
from goat har. In diesels and in petrd, the od@s: goat hair > feather > cotton
> comcob. In crude oi on the other hand, it vilag > corncob > feather > cotton;
whie in kerosene the order was sightly differeh&iir > comcob > cotton >
feather.

(d)  Weight of water drained: The trend here is rougifithe order. cotton > hair >
feather > comcob for diesel and petrol For croitlé was feather > cotton > hair
> corncob, while for kerosene it was cotton > hafeather > corncab.

e) Weight of hydrocarbon expressed: The krgest tpaoit crude was expressed
from cotton, feather, corncob and hair, in thateord Diesel was not expressed
from corncob, kerosene not from goat har, whiérgbevas only expressed from
cotton.  Generally the order of the sorbents teasd absorbed hydrocarbon by
pressing was: cotton > feather > corncob > hairr.

® Weight of water expressed: For diesel and kerossaee water was expressed
from cotton than from feather, none was expressenh feither corncob or hair.
For petrol, water was recovered only from cottoRrom crude oil the trend was:
cotton > feather > har. Therefore n general thder of the sorbent to release
water was: cotton > feather > har > corncaob.

(@@ Weight of hydrocarbon retained: Retenton of thgrécarbon liquids by the
sorbents is in the order: cotton > feather > aiwne hair.

) Weight of water retained: in crude ol and pettiok sorbents retaned water in
the order: cotton > feather > hair > corncob (featdid not retain any water).

The effects of contact tme on the quantty of bgdrbon or water absorbed by the different
sorbents are shown in Figs. 3 and 4. Evidentlybiilk of the hydrocarbons were mopped up
withn 1h. The diferences in absorption profiek the various sorbents as observed in this
investigation can be explaned. The rate and exténabsorpton by the sorbents depend
upon various factors such as their nature-partsiie, porosity, presence or absence of
specific interaction sites, and the viscosty andamsizes of the sorbates. The nature of the
absorbent material influences their affinties toe hydrocarbon lquids. Cotton and corncob
are celulosic while hair and feather are protaeimda. It has been reported by Nduka (2000)
that feather possesses both oleophiic and aqueplooaliies, ie. it readily absorbs large

guartities of ol through capillary action; the sarban be said of har kerath proteh. Cotton
and corncob, being celulosic tend to be hydreptdind would absorb water more readily

than ol These expectations are borne out by thesults

The surface areas of the sorbents (the reason uleeripation) are another factor to be
considered. Cotton fber has a very large surfa@a made of the convoltions, lumens and
inter-fibrilfiber spaces. The other powdered sotb may not have such large surface areas.
Thus, t 5 hardly surprising that this materakabs very appreciably. Feather comes next
after cotton. The latter would have absorbed gfdrobarbons readiy on account of the large
surface area but for its hydrophiicty, i.e. wotkhd to absorb more water than the rest of the
sorbents (Fig. 2a).
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The hydrocarbon and water molecules are bound dostinbent external and internal surface
walls by means of weak physical adhesive force$ s Van der Waalk, London forces, as
well as by mere physical entanglement, which aglyebroken on applicaton of pressure. It

is ako seen that the nature of the hydrocarborewstiet determines the relatve affinties for

the sorbents. This is attributable to the chaigtle (molar mass) of the hydrocarbon. Those
with longer chains (e.g. crude oil) are likely te lbsorbed more slowly but retained better
than smaller molecular chain species (e.g. petvd)ich are more loosely held, as wel as

desorb more readiy, (Fig. 1a). The trend by whitgh hydrocarbons were absorbed/adsorbed
by each of the sorbents & as follows:

Feather: crude oil > diesel > kerosene > petrol.
Goat har: Diesel > crude ol > kerosene > petrol.
Corncob: Crude oi > petrol > kerosene > diesel.

Cotton: crude oil > diesel > petrol > kerosene.
Conclusions
The folowing conclusions are drawn from this study

» The four sold waste materials show excelent tiebii to absorb the hydrocarbon
liquids from water surfaces.

» Large proportions of the absorbed oils are recbierby draining and mere pressing,
at room temperature.

» Appreciable quantites of the hydrocarbons were padpup within 1h of contact with
the sorbents.

» The quantity of hydrocarbon removed depends onndtere of the sorbent: protein —
based samplkes perform better off-shore (in presehaeater) whie the cellulosic ones
are more suted to on-shore (absence of watergafphs.

* Feather s the best mop for the hydrocarbon ligodswater environment in that it
preferentially absorbs more of ol than water.

 The amount of the hydrocarbons absorbed does rmmtndeon the sorbents only; the
molar chain length of the hydrocarbons is of imgoart consideration.

e« This technique is a cheap and ready way of mopjdaging a water envionment
contaminated by hydrocarbon sicks. This has daching implicatons in that these
otherwse solid wastes, have now found exceleiity uh combating a major problem
of the ol industry. These wastes abound in Negeri Moreover, they are all
biodegradable.
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