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ABSTRACT

Nowadays, the concern about the environment contamination possibility
of petroleum oil extraction to its processing, transportation and storage
has been increased. The petroleum industries are undoubtedly great re-
sponsible of environmental impacts. On the other hand, the importance of
the petroleum in our society is widespread and fundamental, because be-
sides being one of the main energy sources used to days, its derivatives
areraw materialsfor the consumption of countless consumer goods. Many
efforts have being accomplished to devel op new alternativesto remediation
petroleum contaminated sites. A number of agricultureresiduesare utilized
as adsorbents. They are insoluble in water, have a good chemical stability
and high mechanical strength, have possesses a granular structure, mak-
ing them a good adsorbent material. The use of biomass sorbents, which
are less expensive and more biodegradable than synthetic sorbents, in
such a way is one of the primary research directions in the field of the
environmental protection. When oil pollution does occur, the issue is not
only the cleaning of the environment but also recovery of this precious
commaodity. Hence any oil absorbing material used must also be able to
releasethe oil. © 2011 Trade SciencelInc. - INDIA

KEYWORDS

Agriculture residue;
Sorption;
Desorption;
Remediation;

INTRODUCTION

The chemical contamination of water withawide
rangeof toxic productssuch asmetd ions, aromatic mol-
ecules, dyes and so on, isaserious of environmental
problem. Theindustrid activity acce eratesthe process
of environment degradation, through uncontrolled gas-
eous emissions, inadequate disposal of theindustrial
wastesand other severd formsthat cause the contami-
netion of theenvironment. Environmental concerns, dem-
onstrated asbeing of vital importanceaslong asmore
and more environmental accidents started to happen,
dimulatingtheresearchinaway torepar or tominimize,

thoseenvironmentd damages. Besides, thepressurefrom
the governmentsand public opinion hasbeen forcingthat
environmentally correct postureof theindustries, estab-
lishing lawsthet regul atethewaste management(Y.

The petroleumindustriesare undoubtedly grest re-
spons bleof environmenta impacts. On theother hand,
theimportance of the petroleum in our society iswide-
spread and fundamental, because besi desbeing one of
themain energy sourcesused nowadays, itsderivatives
areraw materia sfor the consumption of countlesscon-
sumer goods. Whenever oil isexplored, transported
and stored and itsderivatives are used, thereisrisk of
spillagewiththe potential to causesignificant environ-
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mental impact. Pollution by petroleum oilsaffectssea
life, economy, tourism and lel sure activities because of
the coating propertiesof thesematerids. Oil spillsharm
the beauty of polluted sites; the strong odor can befelt
miles away and the excessive growth of green algae
atersseacolor and thelandscape .

Each year, an average of 14 million gallonsof oil
from morethan 10,000 accidenta spills, aredischarged
intofreshwater and sat water environments. Thesespills
occur asaresult of under water well blowourts, tanker
accidents, storagetank failures, production platform
blowouts, intensfied petroleum exploration on thecon-
tinental shelf, transfer operations between shipsand
shores, economic sabotage and youth restiveness®.
Immediate responsein the cleaning up of theimmis-
cibleoil doesmuch goodinreducing the environmenta
hazards, theuse of boomsto containtheoil, aswell as
other methodshave proved very useful deaning method,
nevertheless, thereisthe problem of dissolved frac-
tionsof theoil inthewater bodies, these, infact cause
more harmthan the bulk of the ail that floatson thetop
of thewater sinceit interfereswith theecosystem of the
water bodies. Thedissolved fraction of theoil aremade
up of hazardous organic substances such asbenzene,
xylene, toluene, that are capable of causing diseases
such ascarcinogenesisand mutagenesis, they can dso
lead to death of aquatic lives.

Efforts have being accomplished to develop new
aternativesto remediation petroleum contaminated
gtes. Organic contaminated soilsmay demand theutili-
zation of abiological, physica and chemica combina-
tion of technol ogiesto reducethecontaminationuptoa
safe and acceptableleved. Mechanicd recoveryisthe
transfer of oil from the spilled areato sometransport-
ableform of temporary storage by the help of oil sor-
bents or skimmers®. The sorbentsin use canbeclas-
sfied aspolymers, natura materialsor treated cellulo-
sicmaterias!®. Themost commonly used commercia
sorbents are synthetic sorbents made of polypropylene
or polyurethane!™. They have good hydrophobic and
oleophilic properties, but their non-biodegradability is
amajor disadvantage™. Sincemost oil productsare
biodegradable, oil could be disposed of for example
by composting. A biodegradable materia with excel-
lent absorption propertieswould be advantageousin
thisrespect. A number of natural sorbents have been
studied for useinoil-spill cleanup, e.g. cotton®% wool
(19 park 114 and rice straw 2,

Awidevariety of natura sorbentssuchasricestraw,

> Rey/ew

corn corb, peat moss wood, cotton, milkweed floss,
kapok, kenaf and wool fibers have been employed as
sorbentsinoil spill deanup. Thesenaturd sorbentshave
theadvantagesof economy and biodegradability but have
al so been observed to have the disadvantages of poor
buoyancy characteristics, relatively low oil sorption ca
pacity andlow hydrophobicity. However, it hasa so been
shown that it is possiblefor some natural sorbentsto
sorb sgnificantly moreoil than even polypropylenema-
teridsthat are normally used commercialy4. For ex-
ample, Kobayashi et a.[*¥ previoudy reported that the
oil sorption of cellulosickapok fiber usedinamat, block,
band or screenwas gpproximately 1.5-2.0 times greater
than that of polypropylene mat which was observedto
sorb 11.1 g heavy oil and 7.8 g machineoil inwater. It
has a so been reported 58 that milkweed and cotton
fiberssorbed S gnificantly higher anountsof crudeail than
polypropylenefiber and polypropyleneweb from the
asurfaceof anatificid seawater bath containing crudeoil
andfrom acrudeoil bath.

Agricultura by-productshavebeenwiddy reported
for effectiveremova of metal ionsfrom agqueous solu-
tion. Therearefew reportson their capacity toremove
dissolved organic compoundsfrom agueous solution
partly becausethebinding sitesinagriculturd by—prod-
uctsareconsidered to beineffectiveintheremoval of
many polluted molecules. Theseagriculturd productsand
resduesarelocaly inexpensveand avalable. Someare
waste materialsand hencethe r reuseswill in savingsin
disposa fee. Thecellulosic productswhichexist infi-
brous form can be easily formed into mats, pads and
non-woven sheetsfor convenient applications®. They
areinsolubleinwater, haveagood chemicd stability and
high mechanica srength, have possessesagranular Sruc-
ture, making them agood adsorbent materidl.

Non-treated agricultureresidue

Theimportanceof systematic utilization of bagasse
(sugar cane cellulosic residues) has been noted inthe
past decade. Environmenta concernshavefueledthis
focusnot only because of the quantity of bagasse pro-
duced annually but al so because of the nature of the
material 18, Thesugar product from thisplant repre-
sentsonly thirteen percent of thebiomass. Bagassefrom
sugar productionistwenty e ght percent of thebiomass
(191, The study of bagasse as an absorbent of environ-
mental pollutantshasreceived attention recently 2022,
Theutilization of bagasse asraw materialswould ac-
cessto chegper materia for adsorptioninwater pollut-
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antscontrol system.

Plant materia shavelong been used as sorbentsfor
oil spill deanupinwhichoil concentrationisrdatively
high 623, However, the oil concentration in storm water
runoff wasre aively low 24 Moreover, alimited number
of sudiesonthegpplication of plant biomasstoremove
oil from stormwater runoff have been conducted 1. A
recent study investigatesthefeasbility of using biomass
sorbentsto remove oil from water runoff. Seven plant
biomass; kapok fiber, cattail fiber, Salviniasp., wood
chip, ricehusk, coconut husk, and bagasse were exam-
ined for oil sorption and desorption . Polyester fiber, a
commercia synthetic sorbent, wasd so experimented for
comparison purpose. The sorbentsweretested in the
smulated conditionsthat would occur inthefidd. More
than 70% of oil massremova wasachievedwith dl sor-
bents, except coconut husk and bagasse, which sorbed
only 32% and 20% of oil mass. The sorbentsthat are
hydrophobi ¢ such askapok fiber, cattail fiber, Sdvinia
sp., and polyester fiber, could removemoreail thanthe
other sorbents. Theloose-fiber structures of thesefour
sorbents, contai ning amplevoid spaces, alsofacilitated
oil sorption. Polyester and cattall fibersprovided theleast
averageeffluent oil concentrations. Theoil sorption abil-
ity of some biomass sorbents (kapok fiber, cattail fiber,
and Sdiviniagp.) wasnot much different from thecom-
mercia sorbent (polyester fiber). During thedesorption
tests, lessthan 1.5% of the oil sorbed leached out of
each of the sorbents tested except for polyester fiber
that rel eased the highest amount of oil of 4% of totd il
sorbed. The useof polyester fiber asan oil sorbent must
be practiced with care; frequent inspectionto avoid the
oil saturationisneeded 9,

Ch. Teas et d [ examined the oil sorption capaci-
tiesof five sorbentsacommercial cellulosic materia
from processed wood, acommercia synthetic organic
fiber from polypropyleneand three commercia types
of local expanded perlitefromtheisland of Milosin
threetypesof oil, namely Light cycleail, Iranian heavy,
and Light gasoil, to determinethe potentia usein oil
spill clean-up, with and without the presence of seawa:
ter. They found that; in wet environments, the best per-
forming materid swerepolypropyleneand cdllulosicfi-
ber, whilein the presence of water and Light cycleall,
onetype of hydrophobic perlite had comparabl e ab-
sorption efficiencieswith polypropyleneand cellulosic
material. Inadry environment, polypropylene exhib-
ited the best absorption characteristics, whereasdl ex-
panded perliteshad s milar absorbing efficiencieswith
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Figurel: Schematicrepresentation of thepossible products
of thereaction of TCM Swith a cellulose substrate in the
presenceof controlled humidity (adapted from Ref. [41),

thecdluloscmateria for al oilsused. Theresultssug-
gest that substitution of commercial synthetic oil sor-
bentsinoil spill clean-up and wastewater purification
from organic moleculesispossible by natural ly occur-
ring mineraswithregiond interest, giventheir friendli-
nessto theenvironment and their local abundancy.

Treated agricultureresidue

The hydrophobization, and especially the
superhydrophobi zation, of material swhich arenot natu-
rally hydrophobic hasbeen atopic of chemical research
for at least 60 years?. In thelast decadethat interest
inthistopic has grown spectacul arly, aswitnessed by
theexponentialy increasing number of studies!?34,

Thehydrophobicity of amaterial may be assessed
by the contact angle of awater droplet deposited onto
itssurface. Ingenerd, hydrophobicity isachieved, on
theonehand, by lowering the surfaceenergy, and more
specificaly the polar contribution toit, and, ontheother,
by creating adequate surface micro- and/or
nanomorphologies, which hinder water spreading.
When thewater contact angleishigher than 90°, the
corresponding materid isconventionally defined ashy-
drophobic 2,

Nonhydrophobic materials may be rendered hy-
drophobic by appropriate surface modificationsinvol v-
ing both physical treatment and/or chemical reactions
33 e.g., by appending apolar moieties, such asakyl or
perfluoro groups, to thefiber surface?

Chloroslanesareagood example of moleculesex-
tensively studied for thispurpose, sincethey readily
couplewith OH bearing substratesthrough aconden-
sation reaction that releases HCI 34

Organic chloroslanesare commonly used as coat-
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ingsfor silicon ! and glass surfaces, aswdl asinthe
production of silicone polymers (polysiloxanes) 27363
specifically, methylchlorosilanesareanimportant and
widely studied family of chlorosilanes®4%, which find
different applications depending on the number of me-
thyl groups, varying between one and three.
Trichloromethylsilane (TCMS) hasalready been em-
ployed to generate branched structures onto the sur-
face of several OH-bearing substratesinorder toin-
creasether surface hydrophobicity.

The hydrophobi zation and li pophobization of cel-
lulose fibers through their reaction with gaseous
trichloromethylsilane (TCMS) were processed by Ana
etal 7.

A smplesystemwasused for theslanization of the
filter paper with TCM SasshowninFigure 1.

Abdemouleh et d 1“2 modified the surfaceof cellu-
loscfibresusngorganofunctiond slanecoupling agents
inanethanol/water medium. They foundthat; Slanecou-
pling agents adsorbed from diluted sol ution on cellu-
losefiber surfaces, followed by heat treatment, were
shown to condense both among themsel vesand with
the OH groups of the substrate to give S—O-Si and
Si—O-C couplings, respectively. These reactions en-
sured efficient andirreversible chemica bonding of the
silane onto the cellul ose surface. Contact anglesand
Inverse gas chromatographic measurementsrevea ed
that thehydrophilic character of thecellulosefibrescan
be strongly decreased after the silanetreatment. A par-
ticularly hydrophobic surface could thus be obtained
after treatment with Hexadecyltrimethoxysilaneor y -
Methacryloxypropyltrimethoxys laneinthe presence of
triethylamine. Moreover, polymerisationtests, carried
out inthe presence of different monomers, showed that
the presence of adequate functiona groupsonthesi-
lanemoleculeenablethem to participatein the polymer
chain growth and giveriseto chemical grafting of the
fibers. Thechemical modification of natura cellulose
fibers has been the obj ect of much attention >4, Es-
terification reactions can be carried out to modify the
fiber surfaceand decreasethe natural hydrophilic char-
acter of cellulose Fatty acidsare carboxylic acids, of -
tenwithaongaliphatictail that may beether saturated
or unsaturated. They arefoundinanimal and vegetable
fats and oils and have the general formula
C H, .,COOH. Cellulose esters of short chain fatty
acids (length of four carbonsor less) arecommercialy
synthesized using acid anhydridesand asulfuric acid
catalyst in aheterogeneous phasereaction. Cellulose

estersof higher acid chain lengths have been prepared
using acid chlorideswith pyridine, acid chloridesunder
vacuum “8 gnd diphatic acidswith trifluoroacetic acid.
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Figure2: Acyl chloridepreparation

Wang and Tao [ reported the synthesis of fatty
acid cdllulose estersusing hydrolyzed soybean oil and
thussoybean fatty acids(mainly oleic, linoleicandlino-
lenic acid). They prepared thefatty acid chlorideswith
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Figure3: Egterification- M echanism of Reaction

phosphorous pentachl oridein benzeneand reected these
with activated (by mercerization) a-cellulose. The es-
terification reaction was performed in DM F and pyri-
dinewasa so added to chel ate the condensation reac-
tion by-product HCI.

Kwatraet d sudied thesynthesisof long chainfaity
acid cdluloseegtersby thevacuumacyl chloridemethod
481 |n this process, the HCl is removed by vacuum
ditillation, 7 thus €liminating the need for additional
solvents and producing less complex solvent waste
streams. Theacyl chlorideisprepared by treating the
carboxylicacidwiththionyl chloride(SOCL,) inthepres-
ence of abase 1.

Acyl chloridesarethemost reactiveof the carboxy-
lic acid derivatives and therefore can bereadily con-
verted into other carboxylic acid derivatives. They are
aufficiently reactivethat they react quitereedily with cold
water and hydrolyzeto the carboxylic acid.

The esterification reaction occurs by nucleophilic
addition/elimination. Theacyl chloridereactswiththe
alcohol to produce the ester and HCI. The reaction
mechanismisasfollows:

Theacyl chloride carbonyl ishighly polarized and
the positive carbon is attacked by the nucleophilic a-
cohol. Thed cohol addstoformahighly unstableionic
intermediate viaaC-O bond and ther electron pair of
the C=0 doubl e bond moves onto the oxygen atomto
giveit afull negative charge. The C-Cl bond el ectron
pair then movesonto thechlorineatomwhichleavesas
achlorideion. Paralely, oneof thelonepairsof elec-
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tronsfrom the negative oxygen atom shiftsto reform
the C=0 carbonyl bond. Finaly, theprevioudy formed
chlorideion abstractsaprotonto formthe oxoniumion
and the ester product (7,

Themodification of bagasseby acyla@iongraftingwith
afatty Acid, stearic acid, produced amateria signifi-
cantly morehydrophobi ¢ than the bagasse starting mate-
rid. Thisgrafted bagasse had littleaffinity for water and
good affinity for oil. Raw bagasse had been shownto
absorb ail better than the other materialsin thisstudy.
However, raw bagasse a so absorbed water. Hence the
grafted raw bagassewould be most suitablefor gpplica
tionswhereail isto beremoved from an aqueousenvi-
ronment. For oil absorbing gpplicationsintheabsence of
water, the raw bagasse was found to be an excellent
material. It can be prepared for thisapplication by Ssm-
ply cleaningto removeresidua sugar and drying“.

Cdlulosefibersweregrafted with aiphatic anhy-
drideshaving C6, C8, C12 and C16 chainlengthusing
aheterogeneous sol vent exchange acyl ation procedure.
The prepared modified fibers appeared to be efficient
to trap different organic molecules dissolved in water.
Recycling testsreveal ed that the saturated substrates
could beregenerated tensof timeswithout loosingtheir
capacity of absorption of organic contaminantstl. The
surfaceof cellulosefibers, Avicell (AV), aswell asthat
of Whatman paper (WP)was chemicaly modified with
two fluorine-bearing alkoxysilane coupling agents,
namely: 3,3,3-trifluoropropyl trimethoxysilane and
1H,1H,2H,2H,perfluorooctyl trimethoxysilane. The
contact angle measurements showed that, after graft-
ing, the surface of AV and WP samplesbecametotally
highly hydrophobicwith acontact angleof 140°. Thus,
the polar contribution to the surface energy of themodi-
fied substrates was found to be closeto zero. These
modified substrate could beinteresting for application
such as salf-cleaning surface, wipes paper, grease bar-
rier paper or for biocompositewith apolar matrix 59,

Using Surfactant

Theadsorption of surfactantsat thesolid-liquidin-
terface has been asubject of considerableinterest and
laysanimportant rolein controllingavariety of nterfacia
processessuch asflotation, paper manufacturingand re-
cycling, flocculation and dispersion, soil remediation, and
adsorption of contaminantsinwater treatment 552,

Theaggregation of surfactant moleculesat thesolid-
liquid interface generates hydrophobic coresformed by
the associated surfactant tails on which organic com-

pounds can be trapped. This process, termed
adsolubilization, stimul ated much research and hasfound
many gpplicationsindifferent domains, such assurface
modification usng admicelar polymerization™>, chro-
meatographic separation, wastewater trestment and drug
carrier targetingin pharmacol ogy 5.

Fadhd Aloulou et d found that surfactant-modified
cd lulosefibersnamdy octadecyltrimethylammoniumbro-
mide (C18), hexadecylpyridinium chloride (C16),
tetradecyltrimethylammonium bromide (C14) and
dodecylpyridinium chloride (C12) gppeared to beeffec-
tivesorbentsfor theremovd of organic compounds(Ben-
zene, Cholrobenzene, 1,3,5-Tricholorobenzene, Ni-
trobenzene, 2-Naphthol, Naphta ene, 2-Cholorophenal,
and Quinaline) dissolved in agueousmedia™!.

Activated carbon

Activated carbon, with agood adsorption prop-
erty, hasbeen widely applied asan effective adsorbent
to organic contaminantsin water and wastewater tregt-
ment. Adsorption by activated carbon isthe most com-
monly used method in removing organic pollutantsfrom
water®-%1, Neverthel ess, the adsorption of organic pol-
lutants on activated carbonisonly asuperficial pro-
cess, andwith poor sdlectivity to organic pollutantsand
saturation-prone property, activated carbon needsto
be regenerated frequently during the adsorption pro-
cess. Soitisdissatisfactory to useactivated carbon to
remove hydrophobic persistent organic pollutantsin
traceor ultratrace amount from water.

Jiaet al ™ prepared acomposite adsorbent which
composed of the supporting activated carbon and the
surrounding triolein-embedded cdllul ose acetate mem-
brane. The adsorbent was stablein water, for no tri-
olein|eakage was detected after soaking the adsorbent
for five weeks. The adsorbent had good adsorption
cagpability todiedrin, and theremovd efficiency of the
composite adsorbent was higher than the traditional
activated carbon adsorbent.

Pyrolysisof rice husks at temperature of 450 °C
for 3 hrsformed acomposite comprised of hydrocar-
bon component containing over 98% S O,. Thistreat-
ment |eadsto obtaining of an adsorbent materia with 2
to 3.5timeshigher sorption capacity for thewholerange
of petroleum products— petrol, diesel fuel, motor oil,
light and heavy crude oil (¥

Activated carbon adsorbentsfrom corncobswere
produced by Diya’uddeen et al at various conditions
and successfully employed intheremovd of crudeail
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fromwater surface. The optimum activation tempera-
turewas 700°C and the temperature had no definite
effect on both the apparent and solid densities of the
corncob activated carbons. Theresult of theanalysis
indicatesthe dependence of the adsorption of thecrude
oil onthesurfacetextura propertiesof theadsorbents.
Vauesof purity indicesof thecrudeoil showed that the
processisaphysica adsorption 2,

An attempt by Hussein et a 3 was madeto pro-
videaneffident, easly deployablemethod of cleaningup
oil spillsand recovering of theoil. Carbonized pith ba-
gasse, ardlatively abundant and inexpensivematerid is
currently beinginvestigated as an adsorbent to remove
oil contaminantsfrom water. Fibersextracted from ba-
gasse and carbonized at 300 °C were found to have a
high performancefor sorption and recovery of light, heavy
oilsand eventheviscousones. The carbonized pith ba-
gassewas packed into apolypropylenebag. A compari-
son was made between the prepared pad and the com-
mercia sorbents show that the pad containing carbon-
ized pith bagasse has higher sorption capacity in com-
parison to the commercia sorbents. The pad exhibited
highail retention ability and ahigh selectivity for theoils
over thewater. The pad showed apossibility of reusefor
elght times. Thesorption capacity of thepadscontaining
carbonized pith bagassewasfound toincreasewithin-
creasngthetimeof sorptiontill it reachesthemaximum
vaueat thetimeof sorption equal to 60 min.

CONCLUSIONS

Thisreview providesagenerd overview of thewide
variety of sorbent materid sthat have been investigated
for remova of il spill with naturd sorbents. Thereview
showsthat variousworkershave successfully prepared
hydrophobiclignoce lulosic materid sby employing vari-
ous modification proceduresto incorporate chemical
functiondity. Itissuggested that eterfication or carbon-
ization of rice straws and other biodegradable
lignocelluosi ¢ vegetabl e products such as cotton woal,
sugar cane, paper, wood, etc may provevery economi-
cd, technicaly feas bleand environmentally acceptable
for gpplicationinoil spill deanuptechnol ogy.
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