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Abstract 15 

Activated and unactivated powders of protein wastes (feather, goat hair) and cellulosic 16 

wastes (coco-nut husk (coir), corn-cob), separated into two particle sizes of 325µm and 17 

625µm were used to mop up spilled crude oil, diesel, kerosene and petrol. It was observed 18 

that all the sorbents mopped up appreciable quantities of all the sorbates within an average 19 

of 90mins contact time. Large volumes of the hydrocarbon liquids were equally recovered 20 

by mere pressing, high percentage retention was also observed. The mechanism involves 21 

adsorption of sorbates on the surface of the sorbent and absorption into the pores and 22 

capillaries of the sorbents, sorbates on the surface were easily desorbed while most in the 23 

pores were retained. After mopping and recovery, each sorbent can be re-used several 24 

number of time.  Each sorbent has a distinct feature that enhances its mopping ability. The 25 

sorbates were mopped in the order: crude oil > diesel > kerosene > petrol. It was further 26 

observed that proteinous sorbents(feather and goat hair) with oleophilic and aquaphobic 27 

properties absorbed more of all the hydrocarbon liquids than cellulosic sorbent(coco-nut 28 

husk and corn cob) at any particle size and contact time, although both showed high 29 

sorption capacity for the sorbates. Particle size of sorbents, activation, contact time, 30 

molecular chain length and viscosity of sorbates determined the amount of hydrocarbon 31 

absorbed/adsorbed, recovered or retained. The amount of residual leachable diesel in the 32 

sorbent was below 3% and the waste sorbent after oil recovery could be used for making 33 

logs as alternative to fire wood or for making particle board for furniture. 34 
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1.0: Introduction 41 

The Niger Delta region of Nigeria has had extensive environmental (air, soil and water) 42 

devastation due to several years of environmental degradation caused by crude oil related 43 

operations such as oil exploration (geographical investigation, drilling, platforms, tankfarms 44 

and gas flaring), storage depots, transportation (pipelines networking and tanks) and oil 45 

processing (refining) (Adeyemi, 2004). All these release several million barrels of crude oil 46 

and its fractional distillates into the ditches, streams, rivulets, ponds and rivers of the Niger 47 

Delta region of Nigeria. The U.S department of energy estimates that since 1960, there have 48 

been more than four thousand (>4000) oil spills in Nigeria’s Niger delta region (Mayah, 49 

2006). These has resulted in the destruction of interwoven freshwater aquifers, hampered 50 

the cultivation and bountiful harvest of rice, sugar cane, yams, plantains, cassavas, rubber 51 

and timber as well as fishing and hunting which are the natural occupation of the native 52 

people [Nduka et al, 2008]. Planktons – the basis of marine food chain, including eggs and 53 

larvae of fish, aquaculture, fish and sea birds are also adversely affected (SPDC, Nigeria 54 

1997). Because of the fact that conventional clean up heavy equipment may not reach the 55 

creeks and river meanders of the Niger-delta because of its peculiar terrain, it becomes 56 

imperative to develop a cost effective means of containing (booming) and remediating 57 

(cleaning) oil spills that will not itself constitute environmental menace. Although several 58 

sorbents have shown promising results in oil/chemical spill control and containment in 59 

works such as experimental investigation of various vegetable fibers as sorbent materials for 60 

oil spills (Annunciado et al, 2005), oil adsorbent produced by carbonization of rice husks 61 

(Kumagai et al, 2007), efficiency of recycled wool-based nonwoven material for the removal 62 

of oils from water (Radetic et al, 2007) and removal by sorption and in situ biodegradation 63 

of oil spills limits damage to marine biota, a laboratory simulation (Suni et al, 2007). Also 64 

governing factors for motor oil removal from water with different sorption materials 65 

(Rajakovic-ornjanovic et al, 2008), evaluation of Kapok (ceiba pentandra (L) Gaertn) as a 66 

natural hallow hydrophobic-oleophilic fibrous sorbent for oil spill cleanup (Lim and Huang, 67 

2007) and use of biomass sorbents for oil removal from gas station run off (Khan et al, 2004) 68 

has all been investigated. A number of limitations (though not exhaustive) were inherent in 69 

them, most results and findings were for studies on a single sorbate (Rajakovic-ognjanovic 70 

et al, 2008; Annunciado et al, 2005), where several sorbents were used, they were used in 71 

their natural form (no activation) and for single sorbate (Annunciado et al, 2005), when 72 

carbonization was carried out, results were not compared with uncarbonized (Kumagai et al, 73 

2007), effect of particle size (surface area) was not discussed (Khan et al 2004, Nenkova 74 

2007), also suitable environment for application was not reported (Lim and Huang, 2007; 75 

Fletcher,1994;Davies,1994). This work attempted to minimize the limitation by cleaning 76 

oil/fractional spill using sorbents with high sorption capacity suitable for the creeks and river 77 

meanders of Niger delta region of Nigeria. 78 

 79 

 80 

2.0: Materials and Method 81 

2.1: Materials  82 

Collection of sorbents and preparation: Cellulosic sorbents (corn cob and coconut-husk (coir) 83 

were procured from a local market around Awka in Anambra State, while protein sorbents 84 

(goat hair and chicken feather) were sourced from Awka main abattoir. They were 85 

thoroughly washed with soap solution, sun dried for two days before drying in an oven at 86 

105
o
C for 1hr and then ground, one half of each ground material was carbonized at a 87 



 

 

temperature of 300
o
C for 30min, cooled and activated with 1M H2SO4 and further heated at 88 

a temperature of 500
o
C for complete carbonization. The carbonized materials were again 89 

pulverized. Both carbonized and uncarbonized materials were sieved into two particle sizes 90 

of 325µm and 625µm using mechanical sieve. Nylon 66 fabric whose adsorption profiles had 91 

been predetermined and found to be adequate was used for construction of pillow 92 

cases/bags (booms) of 2cm x 2cm x 1cm dimension for the sorbents (Nduka et al, 2008). 93 

 94 

The sorbates: Crude oil: [C(82%), H(15%), N(0.02%), O(0.5%)]: Diesel (C15 – C20), Kerosene (C9 95 

– C15) and petrol (C5 – C9) were procured from Port Harcourt Refinery, Nigeria. 96 

 97 

2.2: Method 98 

Exactly 1.5g of the sorbents [(goat hair, chicken feather, corn-cob and coconut-husk (coir)] – 99 

both carbonized and uncarbonized and different particle sizes were separately encased in 100 

the pillow cases/bags, stitched and weight noted. Four (4) pillow cases/bags each for a given 101 

sorbent (coconut husk, corn cob, chicken feather, goat hair), both carbonized and 102 

uncarbonized for a particular particle size (325µm and 625µm) were introduced into the test 103 

liquid and completely immersed and withdrawn one after the other at 30, 60, 90 and 104 

120mins intervals. Each pillow was hung in air for five mins to drain off unabsorbed surface 105 

liquid. The quantity of liquid actually absorbed/adsorbed by the sorbents was determined 106 

by weighing. The amount of sorbate recovered was obtained by pressing the pillow at room 107 

temperature on a carver hydraulic press model M, Ser. No. 12000 – 137 at a pressure of 25 108 

tonnes, for three mins for sorbate – sorbent system. Average of three (3) operations was 109 

taken for adsorption and recovery for a particular test. From the results, the percentage 110 

absorption/adsorption, recovery and retention were calculated. The concentration of 111 

leachable oil was determined by soaking 3g of each sorbent with diesel(having previously 112 

determined that of crude oil;Nduka et al,2008) for 1h, after which the oil was squeezed out, 113 

the squeezed sorbents was soaked in 10ml of warm xylene for 24hrs to extract the residual 114 

diesel from the sorbent. After filtration, the xylene layer was dried and the absorbance of 115 

the extract read on a UV-visible spectrophotometer at a wavelength of 420nm, the result 116 

compared well with a standard. This procedure was repeated at 48, 72 and 96hrs intervals.  117 

2.3: Calculations: 118 

% absorption/adsorption =  Final Weight – Initial Weight   X   100 119 

      Initial Weight 120 

 121 

% recovery =   Final Weight – Weight after Pressing   X   100 122 

      Initial Weight 123 

 124 

% retention = % adsorption - % recovery 125 

 126 

Calculation for leachability test: 127 

% leachability = 100 - % retention 128 

 129 

% retention = A – B  x  100 130 

       A 131 

  132 



 

 

Where  A = Initial concentration of leachable oil 133 

B = Concentration of leachable oil after 24, 48, 72 and 96hrs. 134 

 135 

A = Initial concentration of leachable oil = Weight after pressing – Weight before 136 

 absorption/adsorption 137 

 138 

B = Concentration of leachable oil is the amount of oil still retained by the sorbents 139 

 after initial 24, 48, etc extraction. 140 

 141 

3.0: Results and Discussion 142 

3.1: Results 143 

Table 1a: % absorption/recovery profiles by carbonized feather: 144 

For carbonized at 325µm; highest absorption/recovery of crude oil is at 120mins, diesel at 145 

120mins; highest absorption of kerosene is at 60mins while highest recovery is at 30mins 146 

contact time. Petrol was absorbed/recovered highest at 90mins. 147 

Carbonized feather at 625µm, crude oil was sorbed/recovered more at 120mins, diesel was 148 

sorbed more at 30mins, 60 and 120mins (the same value for the three contact time) and 149 

recovered highest at 60mins. Kerosene was absorbed most at 120mins but recovered 150 

highest at 60 and 90mins respectively, petrol was absorbed/recovered highest at 120mins. 151 

 152 

Table 1b: % absorption/recovery profiles of sorbates by uncarbonized feather:  153 

For 325µm, crude oil was absorbed/recovered highest at 120mins contact time, diesel, 154 

kerosene and petrol followed the same trend (highest absorption/recovery) at 120mins 155 

contact time. 156 

 For uncarbonized feather at 625µm, crude oil was sorbed/recovered highest at 157 

120mins contact time, that of diesel was at 90mins contact time, highest absorption/ 158 

recovery for kerosene and petrol occurred at 120mins contact time. 159 

 160 

Table 2a: % absorption/recovery profile of goat hair: 161 

For carbonized goat hair, at 325µm crude oil was absorbed/recovered highest at 162 

120mins contact time, diesel was absorbed highest at 120mins time of contact but 163 

recovered most at 60mins. Kerosene was absorbed/recovered highest at 90mins, petrol was 164 

absorbed/recovered most at 120mins contact time. 165 

 Using particle size of 625µm, crude oil was absorbed highest at 120mins while 166 

highest recovery was at shortest contact time (30mins) diesel, kerosene and petrol were 167 

absorbed/recovered most at 120mins contact time. 168 

 169 

Table 2b:  170 

For uncarbonized goat hair, using 325µm, particle size, crude oil, diesel, kerosene 171 

and petrol were all absorbed/recovered highest at 120mins contact time. 172 

 Using 625µm goat hair (sorbent), crude oil, diesel and kerosene were 173 

absorbed/recovered highest at 120mins contact time while petrol was absorbed highest at 174 

30mins but recovered most at 30mins and 90mins contact time respectively. 175 

 176 

Table 3a: % absorption/recovery profile of sorbates by coconut husk 177 



 

 

For carbonized at 325µm, highest absorption/recovery of crude occurred at 120mins 178 

contact time, for diesel was 120mins and 30mins, kerosene the same 120mins and petrol at 179 

90mins and 120mins. 180 

For carbonized at 625µm, crude oil was sorbed and recovered highest at 120mins, 181 

that of diesel was at 120mins and recovery was at 60 and 120mins while kerosene and 182 

petrol were both absorbed and recovered highest at 120mins. 183 

 184 

Table 3b:  % absorption/recovery profile of uncarbonized coco-nut husk,  185 

At 325µm highest absorption/recovery occurred at 90mins and 120mins for crude, 186 

diesel at (120mins and 90 and 120mins, kerosene at 30 and 120mins and petrol was 187 

absorbed and recovered highest at 120mins. 188 

 At 625µm particle size, highest absorption/recovery for crude occurred at 120mins, 189 

diesel at 120mins, that of kerosene and petrol occurred at 120mins respectively. 190 

 191 

Table 4a:% absorption/recovery of sorbates by corn cob  192 

Carbonized: 193 

For 325µm particle size, highest % absorption at 120mins contact time while highest 194 

recovery was at 60mins contact time for crude oil, highest absorption at 60mins but highest 195 

recovery at 30mins for diesel. Kerosene’s highest absorption was at 120mins while highest 196 

recovery was at 60mins. Highest % absorption/recovery for petrol was at 120mins. 197 

Averagely highest absorption/recovery occurred at 120min with a gradual decrease in 198 

absorption/recovery across the table (horizontal). For 625µm particle size, the same trend 199 

was observed though intermittent variation occurs due to forces of absorption and 200 

desorption. 201 

 202 

Table 4b: 325µm uncarbonized,slightly lower percentage absorption and recovery were 203 

recorded for uncarbonized corn-cob at a given particle size and contact time for each 204 

sorbent-sorbate system. Highest absorption of crude oil was at 90mins contact time, while 205 

highest recovery was at 30mins contact time, for absorption/recovery, diesel was at 206 

120mins time while recovery was at 90 and 120mins respectively. That of kerosene was at 207 

60mins and 90mins, petrol was at 90mins. 208 

For 625µm particle size highest absorption/recovery for crude oil was at 30mins 209 

contact time, diesel was at 120mins, kerosene was sorbed/recovered more at 60mins while 210 

petrol was sorbed more at 60mins and recovered more at 30mins. 211 

All the above considerations were based on the initial oil mop (1
st

 use), the  same trend was 212 

observed at 2nd, 3rd and 4th use with minor variation. 213 

Table 5: % retention profiles of sorbates by carbonized and uncarbonized feather at 214 

different particle size and contact time. when using 325µm particle size, averagely 215 

uncarbonized feather retained crude oil highest than carbonized from 1
st

 to 4
th

 use with 216 

minor discrepancies. There was outright highest retention of diesel, by uncarbonized 217 

feather at all application, the same scenario was observed in kerosene. petrol was retained 218 

highest by uncarbonized feather at 1
st

 and 2
nd

 use while carbonized retained highest at 3
rd

 219 

use and there was a near equal retention by both carbonizsed/uncarbonized at 4
th

 use. 220 

 Using 625µm particle size of feather, there is an averagely equal retention of crude 221 

oil by carbonized/uncarbonized feather at 1
st

 and 2
nd

 use while uncarbonized had highest 222 

retention at 3
rd

 and 4
th

 use. 223 



 

 

 Uncarbonized retained diesel more at 1
st

 and 3
rd

 use while carbonized retained 224 

highest at 2
nd

 and 4
th

 use. Kerosene was retained highest by uncarbonized feather from 1
st

 225 

to 4
th

 use for all contact time. 226 

 Reasonable percentage of fuel were retained by both carbonized/uncarbonized 227 

feather at all applications with no definite direction. 228 

 229 

Table 6: % retention profiles of carbonized and uncarbonized goat hair using 325µm, highest 230 

retention for both sorbents for crude oil occurred at 120mins, but at 4
th

 use, uncarbonized 231 

goat hair has highest % retention. For diesel, carbonized goat hair has highest retention at1
st

 232 

use while uncarbonized goat hair had the highest retention from 2
nd

 to 4
th

 use. Kerosene 233 

was retained most by uncarbonized at 4
th

 use. petrol was retained highest by carbonized 234 

goat hair from 1
st

 to 4
th

 use. 235 

 Using 625µm, crude oil was retained highest by uncarbonized goat hair at 1
st

, 3
rd

 and 236 

4
th

 use while carbonized retained more at 2
nd

 use. 237 

 Diesel was retained most by uncarbonized goat hair at 1
st

 and 3
rd

 use while 238 

carbonized retained highest diesel at 2
nd

 and 4
th

 application. Kerosene was retained highest 239 

by uncarbonized goat hair from 1
st

 to 4
th

 application while carbonized goat hair retained fuel 240 

most from 1
st

 to 4
th

 application. 241 

 242 

Table 7: % retention of sorbates by carbonized/uncarbonized coco-nut husk at different 243 

particle size and contact time. Using coconut husk of 325µm, carbonized coco-nut husk 244 

retained highest crude oil at 1
st

, 3
rd

 and 4
th

 use while uncarbonized coco-nut husk retained 245 

highest at 2
nd

 use. Diesel was retained highest by uncarbonized coco-nut husk in 1
st

 30 – 246 

60mins while carbonized retained it highest within 90 – 120mins of 1
st

 use. Uncarbonized 247 

retained it most in the 2
nd

 use while carbonized retained most in 3
rd

 and 4
th

 use. Diesel was 248 

retained highest by uncarbonized coco-nut husk at 1
st

 use at 30 and 60mins while 249 

carbonized retained it highest within 90 and 120mins of 1
st

 use. Uncarbonized retained it 250 

most in the 2
nd

 use while carbonized retained most in 3
rd

 and 4
th

 use. Kerosene was retained 251 

highest by uncarbonized coco-nut husk at first use while carbonized coconut husk retained 252 

highest at 2
nd

, 3
rd

 and 4
th

 use. petrol was retained highest by carbonized coconut husk at 1
st

 253 

and 3
rd

 use while uncarbonized coconut husk retained it highest at 2
nd

 and 4
th

 use.  254 

 Using 625µm particle size, carbonized coco-nut husk retained crude oil highest at 1
st

 255 

use, uncarbonized retained highest at 2
nd

 and 3
rd

 use while there was near equal retention 256 

by both carbonized/uncarbonized at 4
th

 use. Diesel was retained highest by carbonized 257 

coconut husk at 1
st

 use, uncarbonized retained highest at 4
th

 use while equal retention by 258 

carbonized/uncarbonized occurred at 2
nd

 and 3
rd

 use. No significant variation exists in the 259 

retention capacities of both carbonized/uncarbonized coco-nut husk for kerosene. For the 260 

petrol, uncarbonized coco-nut husk retained highest than carbonized for all the applications. 261 

 262 

Table 8: % retention profile of sorbates by carbonized and uncarbonized corn-cob at 263 

different particle sizes and contact time 264 

 Using 325µm, highest retention of crude oil by carbonized occurred at 90mins 265 

contact time while the uncarbonized retained highest at 120mins contact time, carbonized 266 

retained most at all application. Diesel was retained most by carbonized at 60mins while 267 

uncarbonized retained most at 90mins. Carbonized retained most at 1
st

 and 2
nd

 use while 268 

uncarbonized retained most at 3
rd

 and 4
th

 use. Highest retention of kerosene by both 269 

carbonized and uncarbonized occurred at 120mins contact time, but the uncarbonized 270 



 

 

retained more kerosene at 1
st

, 2
nd

 3
rd

 and 4
th

 use. petrol was retained most by carbonized at 271 

2
nd

, 3
rd

 and 4
th

 use while uncarbonized retained most at first use.  272 

 Using corn-cob of 625µm, crude oil was retained most by carbonized at first use 273 

while uncarbonized retained it most at 2
nd

, 3
rd

 and 4
th

 use. Uncarbonized corn-cob retained 274 

diesel most at first use while most was retained by the carbonized at 2
nd

, 3
rd

 and 4
th

 use. 275 

Kerosene was retained most by uncarbonized corn-cob at 1
st

, 2
nd

 and 4
th

 use, carbonized 276 

retained highest at 3
rd

 use. Fuel was retained highest by carbonized corn-cob at 1
st

 and 3
rd

 277 

use. Uncarbonized retained most at  2
nd

 use, equal retention of petrol by both carbonized 278 

and uncarbonized occurred  at 4
th

 use. 279 

 280 

3.2: Discussion 281 

Results of the absorption/recovery profiles of both carbonized and uncarbonized sorbents 282 

for the sorbent-sorbate system for each particle size and contact time has been reported 283 

(Tables 1a – 4a and Tables 1b – 4b). The sorbents have very high affinity for all the 284 

hydrocarbon liquids, mopping up appreciable quantities, often more than 500% of their 285 

weight of the hydrocarbon sorbates within an average of one hour contact time. 286 

Considering each table (tables 1a to 4a and 1b to 4b), at each point, viewing vertically and 287 

horizontally, it was observed that more hydrocarbons were adsorbed/absorbed as contact 288 

time increases (vertically) for each column (either 1st, 2nd, 3rd and 4th) application and 289 

decreases horizontally (across) on reuse (Table 1a – 4a). In all, percentage recovery follows 290 

the same trend (Tables 1b – 4b). Carbonized (activated) sorbents mopped up more sorbates 291 

than uncarbonized, the longer the contact time the higher the percentage 292 

absorption/recovery although minor variation exists. Smaller particle size (large surface 293 

area) absorbs the hydrocarbons more than the small surface area(large particle size). 294 

Proteinous sorbents absorbed more than cellulosic sorbents, among proteinous sorbent, 295 

feather absorbed more than goat hair as coconut husk (coir) absorbed more than corn cob 296 

when considering cellulosic. More higher molecular weight compounds were absorbed and 297 

recovered than lower molecular weight, may be because the later are subject to high rate of 298 

evaporation. At continuous usage, that is 1st,  2nd, 3rd and 4th re-use, less sorbates were 299 

recovered (tables 1b – 4b), this agrees with previous report where it was noted that the 300 

sorption capacities of many natural sorbents decline markedly with repeated use (Kato et al, 301 

1997, Choi and Cloud 1992, Choi 1996). The decrease in % absorption/recovery of 302 

hydrocarbon across the tables (horizontally) can be attributed to saturation of the pores and 303 

capillaries with the hydrocarbon liquids on re-use, this agrees with higher % retention of 304 

sorbates across the tables (Tables 5 – 8). A number of inherent natural features of the 305 

sorbents confer on them different affinities for the hydrocarbon liquids.  Feather and goat 306 

hair are keratin protein that possesses both oleophilic and aquaphobic properties for 307 

absorbing large quantities of oil through capillary action and by trapping the oil in the mat of 308 

criss-cross strands or fibers while cellulosic materials - Coconut husk (coir) and corn cob 309 

tend to be hydrophilic and would absorb water more readily than oil but do absorb oil using 310 

its fibrous cellulose/lignin strands. Although we have stated that the effect of these natural 311 

compositions are not overriding [Nduka et al, 2008), in a subsquent manuscript, it will be 312 

shown that they cannot be ignored, previous study has shown that cotton with enormous 313 

surface having lengthy strings of fibers absorbed more of these hydrocarbon liquids than 314 

materials of this study (Nduka, 2000); having stated in a previous study that activated and 315 

natural feather absorbs more than three times all the sorbates than goat hair and coco-nut 316 

husk (coir) (Nduka et al, 2008, Nduka et al, 2007), that seems not to hold here (although 317 



 

 

feather still maintains highest absorption/adsorption). The disparity may be due to 318 

difference in atmospheric temperature, lowering viscosity of sorbates and increasing 319 

volatility or nature of hydrocarbons, waxy hydrocarbons may be absorbed and retained 320 

more than less waxy hydrocarbons. The present study shows that the quantity of the 321 

sorbates adsorbed depends on the nature of sorbents features such as availability of 322 

pores/voids, convolutions, lumen, lacunae, inter-fibril/fiber spaces, enhanced by 323 

carbonization/activation (Nduka et al, 2008). The mere fact that large volumes of the 324 

hydrocarbons (sorbates) can be recovered by mere hydraulic pressing, it means that the 325 

absorption/adsorption of sorbates by these sorbents cannot be attributed to any chemical 326 

interaction such as covalent or electrostatic but the binding of the hydrocarbons by the 327 

sorbents must be by physical adhesive forces such as Van der Waal, London forces and 328 

other dispersion phenomena as well as physical entanglement/occlusion (Nduka et al, 329 

2008). Understanding the details of these weak non-bonding interactions are important in 330 

several fields of chemistry, because as inter molecular interactions control the structures of 331 

molecular clusters, crystal structures of organic molecules, binding properties of drugs, they 332 

also play a crucial role in determining the three-dimensional structures of large molecules 333 

including proteins and polymers, sorbents of present study are both protein and cellulosic 334 

polymers (Stone and Tsuzuki, 1997). The high percentage retention of the hydrocarbons by 335 

the sorbents even after pressing (Tables 5 to 8) proves that the materials been considered 336 

are actually suitable for crude oil/fractional spill containment and clean-up; since a feature 337 

of good sorbent is high degree of absorption and oil retention (Hoskin et al, 2001), good and 338 

highly necessary when clean-up does not require recovery and disposal. The high 339 

percentage retention of the sorbates by sorbents (Tables 5, 6, 7 and 8) is a good indication 340 

of type of mechanism of absorption/adsorption involved, the first mechanism is adsorption 341 

of the oil on the surface of the sorbents and the second is absorption into spaces within 342 

individual granules or pores of fibres of sorbent (secondary absorption), these two 343 

mechanisms are effective in our study. Carbonized sorbents retained hydrocarbons because 344 

of expansion of pore size due to activation (carbonization) which led to mass loss (release of 345 

volatile and liquid products), therefore a more complex and solid structure with a large 346 

specific surface is formed, because pores increases in number and size, new ones appear, 347 

two or more pores can merge into one with more pore surface and volume (Mansurov and 348 

Gilmanov, 2009). Most uncarbonized sorbents retained highest sorbates, this may be 349 

because carbonization opens up the pores (increase in the size of the pores), therefore 350 

more sorbates diffuse into the pores and effuse easily but uncarbonized sorbents has 351 

smaller size pores and capillaries which do not allow the sorbates to effuse easily. 352 

Uncarbonized protein sorbents (feather and goat hair) provides a textured surface which 353 

will increase external surface area and adsorption capacity (Moreau, 1993). Uncarbonized 354 

cellulose  sorbents (coconut husk (coir) and corn cob) are fibrous and aggregates into a form 355 

that provides physically stable air spaces for absorption and subsequent retention of spilt oil 356 

(Hoskin et al, 2001). Also, the high molecular weight compounds (long carbon chain), more 357 

viscous sorbates like crude oil and diesel are mainly adsorbed on the sorbent surface while 358 

low molecular weight compounds (kerosene and fuel) with low viscosity mainly diffuse into 359 

the pore and fibrous hollow spaces, therefore in the event of recovery by simple mechanical 360 

pressing, sorbates on the surface are easily recovered while those within internal spaces and 361 

pores are retained (Tables 5, 6, 7 and 8). 362 

Though there were minor variations, it was observed that percentage 363 

absorption/recovery increases down the group (vertically) as contact time increases and 364 



 

 

decreases across (horizontally) on re-use for both particle size, activation and contact time 365 

(tables 1a – 4a and 1b – 4b). The variation in % absorption, recovery and retention may be 366 

due to interplay of forces of absorption/adsorption and desorption due to saturation and 367 

also due to the fact that the sorbates are volatile even at ambient temperature especially 368 

the low molecular weight (less viscous) compounds, structural vibration, even atmospheric 369 

weather condition can be an important factor. Appreciable quantities of the hydrocarbons 370 

were absorbed/adsorbed and recovered even at fourth re-use and has capacity for further 371 

re-use, even up to ten times (Hoskin et al, 2001), the more the absorption, the more the 372 

recovery for each sorbent-sorbate system at a given contact time and particle size. A general 373 

trend can be established for the average sorption capacity of all the sorbents. 374 

 375 

For carbonized at 325µm; feather > goat hair > coconut husk (coir) > corn cob 376 

Carbonized at 625µm; feather > goat hair > coconut husk  (coir) > corn cob 377 

For Uncarbonized at 325µm; feather > goat hair > coconut husk (coir) > corn cob 378 

Uncarbonized at 65µm; feather > goat hair > coconut husk  (coir) > corn cob 379 

 380 

For all the sorbates and contact time (though minor variations exist). 381 

This study is developed for the calm waters of the river meanders, ditches, ponds and 382 

rivulets of the creeks of the Niger-Delta region of Nigeria where heavy clean-up equipment 383 

may not each. They are most suitable for containing (boom), recover and remediate oil 384 

pollution arising from minor or medium oil spill. According to Nigeria’s Department of 385 

Petroleum Resource (DPR) classification, a minor spill is less than 25 barrels discharged on 386 

inland water or less than 250 barrels discharged on land, coastal offshore water (SPDC, 387 

1997). They may be used in medium or major spill after skimming to remove final traces of 388 

oil, and its use in containment may involve tier one spill line response team which applies to 389 

localized spills on land, near shore and off-shore environment. This involves spills which can 390 

be managed by the field staff with materials and equipment. The response time for such 391 

spill is around three (3) hours with crises period of around one week (SPDC, 1997). To solve 392 

the problem of competitive absorption of oil and water, water separators are used. In 393 

comparing the sorbents, though corn cob absorbs the least hydrocarbon, it is highly 394 

recommended in terms of cost and availability. Although this study is a laboratory one, large 395 

volume of waste sorbents will be generated after oil recovery in actual field work, 396 

leachability test was conducted using uncarbonized sorbent with diesel regardless of the 397 

particle size, the result showed that the percentage release of the hydrocarbon into the 398 

environment is less than 3%(Fig 1), we have determined that of crude oil in our previous 399 

study (Nduka et al 2008) and therefore they can effectively be left in an open dump to decay 400 

since they are biodegradable. A good alternative is to use them as alternative to firewood by 401 

compressing into logs under high pressure or they can be used in making particle board for 402 

furniture. 403 

 404 

4.0: Conclusion 405 

The following conclusions are made from the investigation; the sorbents absorb substantial 406 

quantities of the hydrocarbon liquids. The quantity absorbed depends not only on the 407 

sorbent but also upon the sorbates. Large volumes of the sorbates were recoverable by 408 

mere mechanical pressing. Two types of absorption/adsorption takes place simultaneously 409 

during the process, adsorption on the surface of the sorbents and absorption into the pores 410 

and capillaries of the sorbents. During recovery, the adsorbed sorbates on the surface are 411 



 

 

easily desorbed while the sorbates absorbed in the pores are retained. Ability to absorb and 412 

retain are features of good sorbents. Each sorbent whether carbonized or uncarbonized has 413 

a feature that makes it a good oil mop. If the sorbates are ranked, the order is generally:  414 

Crude oil > diesel > kerosene > petrol. Therefore molecular weight control their absorption 415 

and retention. Activation, particle size, contact time, hydrocarbon chain length and viscosity 416 

are major determining factors. The sorbents are biodegradable and therefore can easily be 417 

disposed. They can be used as a alternative to firewood for domestic use or for making 418 

particle board for furniture making. 419 

 420 

421 
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Table 1a: Percentage absorption/recovery profiles of sorbates by carbonized feather at 487 

different particle size and contact time 488 

 % absorption/recovery 

S/No. 
Particle 

size 

Contact 

time 

(min) 

Sorbate 1st Use 2nd Use 3rd Use 4th Use 

1 325µm 

30 

Crude 

Oil 

540 (460) 485 (388) 440 (320) 450 (380) 

60 650 (486) 520 (390) 480 (325) 460 (320) 

90 600 (488) 480 (380) 460 (320) 420 (300) 

120 620 (490) 485 (380) 450 (320) 430 (300) 

2 325µm 

30 

Diesel 

520 (410) 465 (360) 430 (320) 416 (300) 

60 525 (412) 470 (360) 440 (322) 420 (305) 

90 520 (400) 460 (355) 420 (310) 424 (305) 

120 530 (415) 463 (355) 400 (300) 412 (302) 

3 325µm 

30 

Kero- 

Sene 

485 (386) 450 (320) 410 (299) 400 (290) 

60 495 (380) 460 (324) 420 (302) 415 (296) 

90 488 (380) 455 (318) 415 (300) 408 (290) 

120 480 (365) 458 (318) 420 (301) 410 (295) 

4 325µm 

30 

petrol 

395 (285) 390 (280) 380 (220) 350 (200) 

60 400 (290) 395 (282) 385 (221) 355 (202) 

90 405 (292) 385 (280)  388 (210) 352 (202) 

120 402 (288) 388 (283) 384 (205) 348 (200) 

5 625µm 

30 

Crude 

Oil 

500 (385) 480 (330) 410 (290) 400 (290) 

60 550 (398) 500 (325) 420 (295) 420 (295) 

90 520 (390) 475 (300) 415 (290) 410 (292) 

120 560 (402) 485 (320) 425 (298) 420 (294) 

6 625µm 

30 

Diesel 

 

420 (312) 420 (290) 400 (290) 380 (200) 

60 420 (318) 430 (292) 410 (292) 390 (204) 

90 415 (300)  400 (290) 402 (290) 350 (190) 

120 420 (298) 410 (285) 400 (290) 360 (185) 

7 625µm 

30 

Kero-

sene 

400 (310) 400 (290) 385 (221) 360 (185) 

60 410 (320) 405 (295) 390 (225) 375 (190) 

90 420 (318) 405 (292) 380 (220) 365 (188) 

120 435 (320) 425 (295) 395 228) 380 (195) 

8 625µm 

30 

petrol 

380 (210) 370 (200) 340 (160) 320 (163) 

60 395 (215) 375 (202) 360 (165) 330 (165) 

90 385 (210) 370 (200) 350 (162) 335 (170) 

120 400 (220) 375 (202) 370 (170) 340 (175) 

[% recovery in parenthesis] 489 

490 



 

 

Table 1b: Percentage absorption/recovery profiles of sorbates by uncarbonized feather at 491 

different particle size and contact time 492 

 % absorption/recovery 

S/No. 
Particle 

size 

Contact 

time(mi

n) 

Sorbate 1st Use 2nd Use 3rd Use 4th Use 

1 325µm 

30 

Crude Oil 

500 (390) 420 (288) 398 (250) 390 (240) 

60 515 (392) 460 (310) 400 (260) 405 (260) 

90 550 (405) 462 (312) 420 (270) 400 (260) 

120 580 (410) 465 (315) 425 (270) 410 (262) 

2 325µm 

30 

Diesel 

420 (262) 400 (258) 395 (250) 390 (245) 

60 435 (264) 420 (260) 410 (258) 405 (260) 

90 430 (265) 425 (264) 425 (270) 420 (270) 

120 450 (275) 435 (265) 430 (270) 428 (270) 

3 325µm 

30 

Kero- 

Sene 

405 (258) 400 (256) 380 (210) 350 (200) 

60 410 (260) 400 (250) 385 (220) 380 (205) 

90 420 (260) 405 (258) 390 (225) 385 (210) 

120 440 (262) 410 (260) 385 (225) 385 (210) 

4 325µm 

30 

petrol 

355 (180) 350 (180) 340 (180) 310 (160) 

60 380 (190) 355 (182) 350 (190) 315 (162) 

90 380 (190) 350 (180) 345 (180) 315 (162) 

120 395 (195) 360 (185) 350 (190) 320 (165) 

5 625µm 

30 

Crude Oil 

425 (290) 410 (255) 385 (220) 375 (180) 

60 465 (320) 420 (270) 396 (224) 380 (190) 

90 480 (324) 450 (280) 390 (220) 382 (190) 

120 500 (360) 445 (275) 395 (224) 385 (192) 

6 625µm 

30 

Diesel 

 

400 (280) 388 (260) 350 (160) 320 (175) 

60 405 (285) 398 (262) 380 (185) 340 (178) 

90 410 (288) 400 (280) 395 (210) 345 (180) 

120 405 (285) 400 (285) 395 (210) 350 (180) 

7 625µm 

30 

Kero-

sene 

385 (205) 380 (200) 340 (160) 310 (140) 

60 396 (208) 382 (200) 345 (162) 340 (152) 

90 398 (206) 380 (198) 348 (164) 340 (152) 

120 400 (225) 385 (200) 360 (170) 345 (160) 

8 625µm 

30 

petrol 

363 (165) 360 (160) 330 (162) 305 (140) 

60 375 (200) 365 (162) 340 (164) 310 (142) 

90 380 (202) 365 (160) 345 (165) 315 (146) 

120 385 (205) 370 (200) 350 (165) 320 (160) 

[% recovery in parenthesis] 493 

494 



 

 

Table 2a: Percentage absorption/recovery profiles of sorbates by carbonized Goat hair at 495 

different particle size and contact time 496 

 % absorption/recovery 

S/No. 
Particle 

size 

Contact 

time(min

) 

Sorbate 1st Use 2nd Use 3rd Use 4th Use 

1 325µm 

30 

Crude 

Oil 

450 (315) 445 (310) 420 (300) 400 (295) 

60 455 (316) 430 (290) 425 (305) 410 (296) 

90 470 (325) 430 (295) 430 (320) 425 (300) 

120 490 (328) 450 (315) 440 (325) 430 (305) 

2 325µm 

30 

Diesel 

416 (295) 400 (292) 390 (208) 350 (195) 

60 450 (298) 420 (298) 400 (230) 357 (200) 

90 443 (280) 400 (290) 405 (240) 397 (210) 

120 455 (285) 425 (300) 415 (260) 405 (220) 

3 325µm 

30 

Kero- 

Sene 

325 (201) 321 (200) 318 (169) 298 (200) 

60 326 (202) 324 (198) 320 (170) 300 (202) 

90 342 (218) 322 (196) 319 (168) 302 (198) 

120 338 (205) 326 (202) 322 (175) 299 (200) 

4 325µm 

30 

petrol 

310 (168) 308 (164) 302 (166) 288 (162) 

60 312 (170) 310 (165) 305 (168) 290 (165) 

90 325 (180) 310 (162) 310 (165) 290 (163) 

120 330 (182) 315 (170) 308 (164) 295 (166) 

5 625µm 

30 

Crude 

Oil 

358 (315) 330 (208) 310 (200) 300 (206) 

60 330 (300) 335 (210) 315 (202) 305 (205) 

90 350 (305) 336 (210) 325 (206) 304 (204) 

120 360 (310) 335 (208) 320 (205) 310 (208) 

6 625µm 

30 

Diesel 

 

320 (256) 308 (200) 303 (198) 300 (196) 

60 322 (255) 313 (202) 305 (200) 302 (198) 

90 328 (262) 322 (210) 303 (200) 300 (194) 

120 332 (270) 330 (213) 306 (201) 303 (198) 

7 625µm 

30 

Kero-

sene 

280 (196) 274 (190) 270 (188) 270 (168) 

60 278 (192) 275 (192) 270 (186) 268 (164) 

90 294 (198) 280 (195) 276 (190) 272 (168) 

120 304 (200) 298 (198) 280 (192) 275 (169) 

8 625µm 

30 

petrol 

262 (162) 260 (158) 260 (148) 258 (142) 

60 265 (163) 261 (159) 260 (149) 260 (143) 

90 266 (162) 264 (160) 262 (150) 260 (143) 

120 275 (166) 269 (162) 263 (150) 261 (142) 

[% recovery in parenthesis] 497 

498 



 

 

Table 2b: Percentage absorption/recovery profiles of sorbates by uncarbonized goat hair at 499 

different particle size and contact time 500 

 % absorption/recovery 

S/No. 
Particle 

size 

Contact 

time(min

) 

Sorbate 1st Use 2nd Use 3rd Use 4th Use 

1 325µm 

30 

Crude 

Oil 

420 (312) 416 (310) 415 (306) 398 (220) 

60 450 (316) 418 (310) 418 (310) 400 (240) 

90 456 (318) 425 (316) 419 (310) 398 (220) 

120 465 (320) 420 (312) 420 (313) 410 (250) 

2 325µm 

30 

Diesel 

400 (288) 388 (200) 380 (198) 376 (196) 

60 410 (290) 390 (201) 385 (200) 380 (196) 

90 403 (288) 388 (200) 390 (200) 380 (198) 

120 412 (292) 392 (204) 390 (202) 385 (198) 

3 325µm 

30 

Kero- 

Sene 

308 (200) 300 (198) 292 (180) 290 (176) 

60 315 (202) 302 (198) 288 (180) 285 (174) 

90 312  (202) 298 (196) 300 (188) 290 (176) 

120 320 (210) 310 (200) 305 (188) 294 (177) 

4 325µm 

30 

petrol 

302 (200) 294 (170) 284 (170) 272 (160) 

60 300 (198) 296 (180) 280 (168) 270 (158) 

90 304 (199) 300 (180) 285 (170) 272 (158) 

120 306 (202) 298 (172) 286 (171) 275 (159) 

5 625µm 

30 

Crude 

Oil 

280 (182) 272 (178) 276 (162) 275 (160) 

60 320 (206) 313 (207) 296 (169) 286 (165) 

90 330 (215) 310 (207) 292 (166) 280 (162) 

120 365 (220) 330 (210) 300 (180) 290 (166) 

6 625µm 

30 

Diesel 

 

260 (160) 260 (160) 260 (158) 250 (150) 

60 270 (162) 265 (162) 266 (162) 265 (160) 

90 288 (166) 262 (160) 268 (162) 260 (162) 

120 292 (170) 285 (165) 280 (170) 270 (165) 

7 625µm 

30 

Kero-

sene 

270 (166) 268 (160) 262 (156) 256 (149) 

60 265 (153) 265 (158) 268 (160) 266 (158) 

90 275 (168) 270 (160) 265 (157) 262 (156) 

120 280 (170) 278 (162) 270 (160) 268 (160) 

8 625µm 

30 

petrol 

225 (158) 208 (146) 202 (138) 198 (130) 

60 215 (152) 210 (148) 204 (136) 199 (133) 

90 220 (154) 215 (149) 203 (138) 197 (130) 

120 224 (158) 215 (149) 205 (136) 200 (136) 

[% recovery in parenthesis] 501 

 502 

  503 



 

 

Table 3a: Percentage absorption/recovery profiles of sorbates by carbonized Coco-nut husk 504 

at different particle size and contact time 505 

 % absorption/recovery 

S/No. 
Particle 

size 

Contact 

Time(min

) 

Sorbate 1st Use 2nd Use 3rd Use 4th Use 

1 325µm 

30 

Crude 

Oil 

405 (288) 382 (216) 388 (192) 305 (170) 

60 435 (290) 398 (220) 390 (182) 288 (158) 

90 430 (294) 410 (270) 390 (184) 296 (164) 

120 450 (300) 436 (280) 398 (202) 308 (172) 

2 325µm 

30 

Diesel 

400 (264) 336 (220) 300 (168) 288 (150) 

60 398 (230) 330 (210) 308 (170) 290 (150) 

90 402 (220) 332 (200) 310 (170) 285 (152) 

120 418 (235) 340 (215) 310 (165) 296 (156) 

3 325µm 

30 

Kero- 

Sene 

290 (180) 280 (160) 280 (160) 270 (158) 

60 285 (175) 288 (165) 284 (160) 272 (160) 

90 292 (178) 285 (164) 286 (162) 280 (160) 

120 298 (182) 288 (166) 286 (164) 290 (162) 

4 325µm 

30 

petrol 

280 (170) 272 (168) 260 (149) 260 (150) 

60 284 (168) 272 (170) 268 (150) 265 (152) 

90 288 (184) 275 (172) 266 (156) 264 (155) 

120 280 (186) 276 (170) 270 (158) 265 (156) 

5 625µm 

30 

Crude 

Oil 

340 (200) 310 (180) 288 (175) 268 (168) 

60 355 (202) 320 (185) 290 (180) 272 (167) 

90 365 (210) 315 (180) 292 (178) 276 (170) 

120 370 (220) 320 (190) 295 (182) 278 (170) 

6 625µm 

30 

Diesel 

 

288 (170) 270 (168) 262 (160) 258 (152) 

60 290 (172) 272 (166) 263 (160) 260 (156) 

90 288 (170) 268 (164) 265 (162) 268 (157) 

120 295 (172) 275 (170) 270 (164) 268 ((157) 

7 625µm 

30 

Kero-

sene 

260 (170) 252 (150) 220 (146) 208 (140) 

60 270 (175) 260 (150) 218 (146) 210 (120) 

90 286 (178) 268 (152) 225 (147) 210 (122) 

120 292 (180) 265 (156) 225 (147) 215 (125) 

8 625µm 

30 

petrol 

220 (150) 210 (136) 202 (120) 186 (110) 

60 218 (148) 210 (138) 205 (120) 188 (112) 

90 220 (150) 212 (138) 206 (118) 190 (114) 

120 225 (154) 212 (135) 202 (116) 192 (114) 

[% recovery in parenthesis] 506 

 507 

  508 



 

 

Table 3b: Percentage absorption/recovery profiles of sorbates by uncarbonized coco-nut 509 

husk at different particle size and contact time 510 

 % absorption/recovery 

S/No 
Particle 

size 

Contact 

time(min

) 

Sorbate 1st Use 2nd Use 3rd Use 4th Use 

1 325µm 

30 

Crude 

Oil 

405 (310) 390 (210) 326 (200) 280 (190) 

60 418 (310) 392 (213) 328 (200) 282 (190) 

90 422 (314) 396 (218) 328 (202) 288 (192) 

120 420 (314) 400 (240) 334 (208) 300 (194) 

2 325µm 

30 

Diesel 

388 (215) 320 (200) 300 (170) 268 (148) 

60 390 (218) 330 (202) 302 (173) 270 (150) 

90 396 (220) 335 (204) 305 (175) 270 (152) 

120 402 (220) 335 (204) 305 (168) 280 (160) 

3 325µm 

30 

Kero- 

Sene 

280 (162) 268 (156) 264 (152) 260 (150) 

60 285 (160) 275 (160) 268 (154) 264 (152) 

90 282 (160) 270 (156)  270 (158) 268 (155) 

120 285 (162) 275 (160) 270 (158) 268 (155) 

4 325µm 

30 

petrol 

270 (168) 260 (152) 256 (146) 250 (130) 

60 269 (166) 265 (153) 260 (150) 252 (130) 

90 272 (168) 262 (152) 264 (152) 252 (132) 

120 276 (169) 268 (154) 264 (152) 255 (135) 

5 625µm 

30 

Crude 

Oil 

306 (168) 300 (160) 284 (172) 260 (160) 

60 308 (172) 302 (160) 285 (172) 272 (165) 

90 308 (172) 310 (163) 290 (173) 270 (166) 

120 312 (175) 310 (163) 292 (175) 275 (168) 

6 625µm 

30 

Diesel 

 

272 (160) 264 (160) 260 (158) 258 (136) 

60 276 (162) 262 (160) 264 (160) 260 (137) 

90 274 (160) 265 (162) 262 (160) 260 (137) 

120 278 (164) 268 (164) 265 (162) 262 (138) 

7 625µm 

30 

Kero-

sene 

268 (162) 248 (146) 215 (138) 200 (102) 

60 268 (164) 250 (146) 220 (140) 202 (102) 

90 270 (168) 248 (145) 219 (140) 202 (106) 

120 272 (170) 252 (150) 220 (142) 206 (108) 

8 625µm 

30 

petrol 

202 (100) 186 (98) 182 (96) 180 (92) 

60 210 (104) 188 (98) 186 (98) 182 (92) 

90 208 (102) 185 (96) 185 (98) 185 (95) 

120 215 (106) 190 (100) 188 (100) 185 (95) 

[% recovery in parenthesis] 511 

 512 

  513 



 

 

Table 4a: Percentage absorption/recovery profiles of sorbates by carbonized Corn-Cob at 514 

different particle size and contact time 515 

 % absorption/recovery 

S/No 
Particle 

size 

Contact 

time(min

) 

Sorbate 1st Use 2nd Use 3rd Use 4th Use 

1 325µm 

30 

Crude 

Oil 

406 (292) 376 (220) 362 (196) 300 (164) 

60 416 (306) 378 (196) 358 (168) 298 (168) 

90 398 (224) 372 (200) 356 (186) 315 (196) 

120 426 (304) 385 (236) 364 (200) 294 (174) 

2 325µm 

30 

Diesel 

320 (240) 320 (250) 260 (195) 230 (120) 

60 390 (220) 369 (200) 270 (190) 220 (110) 

90 365 (200) 360 (200) 270 (192) 215 (120) 

120 335 (205) 350 (206) 295 (200) 220 (125) 

3 325µm 

30 

Kero- 

Sene 

280 (215) 266 (180) 266 (108) 260 (110) 

60 290 (216) 260 (160) 270 (102) 270 (112) 

90 300 (208) 293 (196) 260 (165) 265 (98) 

120 320 (202) 260 (120) 263 (120) 250 (108) 

4 325µm 

30 

petrol 

230 (140) 260 (128) 210 (120) 160 (80) 

60 260 (160) 265 (130) 230 (125) 170 (90) 

90 272 (180) 260 (130) 230 (120) 140 (76) 

120 280 (190) 265 (132) 231 (121) 155 (78) 

5 625µm 

30 

Crude 

Oil 

330 (210) 280 (200) 235 (180) 206 (160) 

60 300 (200) 300 (210) 260 (196) 208 (140) 

90 330 (205) 290 (205) 250 (186) 214 (150) 

120 320 (200) 300 (250) 260 (195) 220 (162) 

6 625µm 

30 

Diesel 

 

275 (190) 255 (140) 175 (106) 165 (100) 

60 280 (195) 230 (105) 170 (106) 150 (95) 

90 285 (206) 220 (103) 175 (110) 155 (102) 

120 295 (206) 240 (125) 170 (104) 150 (100) 

7 625µm 

30 

Kero-

sene 

260 (200) 240 (155) 197 (102) 175 (90) 

60 260 (180) 230 (150) 175 (100) 175 (92) 

90 265 (178) 220 (140) 170 (160) 170 (88) 

120 265 (170) 240 (142) 190 (102) 175 (90) 

8 625µm 

30 

petrol 

220 (100) 178 (104) 116 (96) 108 (80) 

60 218 (120) 169 (108) 140 (90) 110 (90) 

90 236 (108) 169 (106) 140 (92) 110 (92) 

120 220 (122) 184 (120) 150 (102) 115 (93) 

[% recovery in parenthesis] 516 

 517 

  518 



 

 

Table 4b: Percentage absorption/recovery profiles of sorbates by uncarbonized Corn-cob at 519 

different particle size and contact time 520 

 % absorption/recovery 

S/No. 
Particle 

size 

Contact 

time(min

) 

Sorbate 1st Use 2nd Use 3rd Use 4th Use 

1 325µm 

30 

Crude 

Oil 

376 (280) 374 (266) 346 (224) 274 (208) 

60 362 (256) 378 (248) 354 (220) 296 (204) 

90 378 (252) 350 (220) 350 (228) 330 (192) 

120 378 (240) 376 (242) 342 (216) 292 (204) 

2 325µm 

30 

Diesel 

342 (252) 322 (235) 268 (148) 222 (140) 

60 370 (255) 367 (240) 265 (128) 200 (140) 

90 357 (218) 320 (195) 265 (126) 202 (141) 

120 300 (240) 295 (180) 290 (180) 200 (140) 

3 325µm 

30 

Kero- 

Sene 

280 (127) 266 (106) 273 (102) 260 (102) 

60 330 (173) 276 (108) 280 (113) 280 (109) 

90 286 (175) 272 (104) 260 (101) 240 (104) 

120 280 (120) 220 (101) 253 (101) 246 (105) 

4 325µm 

30 

petrol 

225 (110) 221 (105) 200 (103) 160 (90) 

60 240 (135) 235 (106) 205 (101) 165 (91) 

90 265 (160) 220 (105) 200 (100) 134 (86) 

120 250 (145) 200 (102) 200 (100) 140 (76) 

5 625µm 

30 

Crude 

Oil 

300 (200) 265 (167) 220 (110) 200  (120) 

60 285 (196) 270 (188) 225 (115) 202 (120) 

90 290 (198) 270 (157) 224 (115) 200 (118) 

120 292 (198) 275 (168) 225 (114) 212 (116) 

6 625µm 

30 

Diesel 

 

250 (140) 245 (130) 150 (100) 130 (78) 

60 245 (130) 240 (130) 160 (104) 135 (80) 

90 255 (135) 210 (120) 150 (100) 140 (80) 

120 260 (142) 200 (110) 155 (100) 130 (75) 

7 625µm 

30 

Kero-

sene 

220 (105) 210 (100) 180 (100) 170 (85) 

60 230 (106) 220 (102) 170 (99) 172 (85) 

90 210 (100) 208 (100) 175 (92) 160 (78) 

120 215 (102) 205 (98) 160 (88) 162 (78) 

8 625µm 

30 

petrol 

190 (102) 165 (98) 114 (86) 105 (88) 

60 195 (100) 170 (100) 120 (90) 106 (88) 

90 190 (100) 160 (92) 108 (88) 104 (82) 

120 185 (90) 152 (88) 112 (80) 102 (82) 

[% recovery in parenthesis] 521 

 522 

  523 



 

 

Table 5: Percentage retention profiles of sorbates by carbonized and uncarbonized feather 524 

at different particle size and contact time 525 

 % retention 

S/No. 
Particle 

size 

Contact 

time(min

) 

Sorbate 1st Use 2nd Use 3rd Use 4th Use 

1 325µm 

30 

Crude 

Oil 

80 (110) 97 (132) 120 (148) 70 (150) 

60 164 (123) 130 (150) 155 (140) 140 (145) 

90 112 (145) 100 (150) 140 (150) 120 (140) 

120 130 (170) 105 (150) 130 (155) 130 (148) 

2 325µm 

30 

Diesel 

110 (262) 105 (142) 110 (145) 116 (145) 

60 113 (171) 110 (160) 118 (152) 115 (145) 

90 120 (165) 105 (161) 110 (155) 119 (150) 

120 115 (175) 108 (170) 100 (160) 110 (158) 

3 325µm 

30 

Kero- 

Sene 

129 (147) 130 (144) 111 (170) 110 (150) 

60 115 (150) 136 (150) 118 (165) 119 (175) 

90 108 (160) 137 (147) 115 (165) 118 (175) 

120 115 (178) 140 (150) 119 (160) 115 (175) 

4 325µm 

30 

petrol 

110 (175) 110 (170) 160 (160) 150 (150) 

60 110 (190) 113 (173) 164 (160) 153 (153) 

90 113 (190) 105 (170) 178 (165) 150 (153) 

120 114 (200) 105 (175) 179 (160) 148 (155) 

5 625µm 

30 

Crude 

Oil 

115 (135) 150 (155) 120 (165) 110 (195) 

60 152 (145) 175 (150) 125 (172) 125 (190) 

90 130 (156) 175 (170) 125 (170) 118 (192) 

120 158 (140) 165 (170) 127 (171) 126 (193) 

6 625µm 

30 

Diesel 

 

108 (120) 130 (128) 110 (190) 180 (145) 

60 102 (120) 138 (136) 118 (195) 186 (162) 

90 115 (122) 110 (120) 112 (185) 160 (165) 

120 122 (120) 125 (115) 110 (185) 175 (170) 

7 625µm 

30 

Kero-

sene 

90 (180) 118 (180) 164 (180) 175 (170) 

60 90 (188) 110 (182) 165 (183) 185 (188) 

90 102 (192) 113 (182) 160 (184) 177 (188) 

120 115 (175) 130 (185) 167 (190) 185 (185) 

8 625µm 

30 

petrol 

170 (200) 170 (200) 180 (168) 157 (165) 

60 180 (175) 173 (203) 195 (176) 165 (168) 

90 175 (178) 170 (205) 188 (180) 170 (169) 

120 180 (180) 173 (170) 200 (185) 165 (160) 

[% retention of sorbates by uncarbonized feather in parenthesis] 526 

 527 

  528 



 

 

Table 6: Percentage retention profiles of sorbates by carbonized and uncarbonized goat hair 529 

at different particle size and contact time 530 

 % retention 

S/No. 
Particle 

size 

Contact 

time(min

) 

Sorbate 1st Use 2nd Use 3rd Use 4th Use 

1 325µm 

30 

Crude 

Oil 

135 (108) 135 (106) 120 (109) 105 (178) 

60 139 (134) 140 (108) 120 (108) 114 (160) 

90 145 (138) 135 (109) 110 (109) 125 (178) 

120 162 (145) 135 (108) 115 (107) 125 (160) 

2 325µm 

30 

Diesel 

121 (112) 108 (188) 182 (182) 155 (180) 

60 152 (120) 122 (189) 170 (185) 157 (184) 

90 163 (115) 110 (188) 165 (190) 187 (182) 

120 170 (120) 125 (188) 155 (188) 185 (187) 

3 325µm 

30 

Kero- 

Sene 

124 (108) 121 (102) 149 (112) 98 (114) 

60 124 (113) 126 (104) 150 (108) 98 (111) 

90 124 (110) 126(102) 151 (112) 104 (114) 

120 133 (110) 124 (110) 147 (117) 96 (117) 

4 325µm 

30 

petrol 

142 (102) 144 (124) 136 (114) 126 (112) 

60 142 (102) 145 (116) 137 (112) 125 (112) 

90 145 (105) 148 (120) 145 (115) 127 (114) 

120 148 (104) 145 (126) 144 (115) 129 (116) 

5 625µm 

30 

Crude 

Oil 

43 (98) 122 (94) 110 (114) 94 (115) 

60 30 (114) 125 (106) 113 (127) 100 (121) 

90 45 (115) 126 (103) 119 (126) 100 (118) 

120 50 (145) 127 (120) 115 (120) 102 (124) 

6 625µm 

30 

Diesel 

 

64 (100) 108 (100) 105 (102) 104 (100) 

60 67 (108) 111 (103) 105 (104) 104 (105) 

90 66 (122) 112 (102) 103 (162) 106 (98) 

120 62 (122) 117 (120) 105 (110) 105 (105) 

7 625µm 

30 

Kero-

sene 

84 (104) 84 (108) 82 (106) 102 (107) 

60 86 (112) 83 (107) 84 (108) 104 (108) 

90 96 (107) 85 (110) 86 (108) 104 (106) 

120 104 (110) 100 (116) 88 (110) 106 (108) 

8 625µm 

30 

petrol 

100 (67) 102 (62) 112 (62) 116 (68) 

60 102 (63) 102 (62) 111 (62) 117 (66) 

90 104 (66) 104 (66) 112 (66) 117 (67) 

120 109 (66) 107 (66) 113 (66) 119 (64) 

[% retention of sorbates by uncarbonized goat hair in parenthesis] 531 

 532 

 533 

 534 



 

 

Table 7: Percentage retention profiles of sorbates by carbonized and uncarbonized coco-nut 535 

husk at different particle size and contact time 536 

 % retention  

S/No. 
Particle 

size 

Contact 

time(min

) 

Sorbate 1st Use 2nd Use 3rd Use 4th Use 

1 325µm 

30 

Crude 

Oil 

117 (95) 166 (180) 196 (126) 135 (90) 

60 145 (108) 178 (179) 208 (128) 130 (92) 

90 136 (108) 140 (178) 206 (126) 132 (96) 

120 150 (106) 156 (160) 196 (126) 136 (106) 

2 325µm 

30 

Diesel 

136 (173) 116 (120) 132 (130) 138 (120) 

60 168 (172) 120 (128) 138 (129) 140 (120) 

90 182 (176) 132 (131) 140 (130) 133 (118) 

120 183 (182) 125 (131) 145 (137) 140 (120) 

3 325µm 

30 

Kero- 

Sene 

110 (118) 120 (112) 120 (112) 112 (110) 

60 110 (125) 123 (115) 124 (114) 112 (112) 

90 114 (122)  121 (114) 124 (112) 120 (113) 

120 116 (123) 122 (115) 122 (112) 128 (113) 

4 325µm 

30 

petrol 

110 (102) 104 (108) 111 (110) 110 (120) 

60 116 (103) 102 (112) 118 (110) 113 (122) 

90 104 (104) 103 (110) 110  (112) 109 (120) 

120 94 (107) 106 (114) 112 (112) 109 (120) 

5 625µm 

30 

Crude 

Oil 

140 (138) 130 (140) 113 (112) 100 (100) 

60 153 (136) 135 (142) 110 (113) 105 (107) 

90 155 (136) 135 (147) 114 (117) 106 (104) 

120 150 (135) 130 (147) 113 (117) 108 (107) 

6 625µm 

30 

Diesel 

 

118 (112) 102 (104) 102 (102) 106 (122) 

60 118 (114) 106 (102) 103 (104) 104 (123) 

90 118 (114) 104 (103) 103 (102) 111 (123) 

120 123 (114) 105 (104) 106 (103) 111 (124) 

7 625µm 

30 

Kero-

sene 

90 (106) 102 (102) 74 (77) 68 (98) 

60 95 (104) 110 (104) 72 (80) 90 (100) 

90 108 (102) 116 (103) 78 (79) 88 (96) 

120 112 (102) 109 (102) 78 (78) 90 (98) 

8 625µm 

30 

petrol 

70 (102) 74 (88) 82 (86) 76 (88) 

60 70 (106) 72 (90) 85 (88) 76 (90) 

90 70 (106) 74 (89) 88 (87) 76 (93) 

120 71 (109) 77 (90) 86 (88) 78 (90) 

[% retention of sorbates by uncarbonized coco-nut husk in parenthesis] 537 

  538 



 

 

Table 8: Percentage retention profiles of sorbates by carbonized and uncarbonized corn cob 539 

at different particle size and contact time 540 

 % retention 

S/No. 
Particle 

size 

Contact 

time(min

) 

Sorbate 1st Use 2nd Use 3rd Use 4th Use 

1 325µm 

30 

Crude 

Oil 

114 (96) 156 (108) 166 (122) 136 (66) 

60 110 (106) 182 (130) 172 (134) 130 (92) 

90 174 (126) 172 (130) 170 (122) 119 (138) 

120 122 (138) 149 (134) 164 (126) 120 (88) 

2 325µm 

30 

Diesel 

80 (90) 70 (87) 65 (120) 110 (82) 

60 170 (115) 169 (127) 80 (137) 110 (60) 

90 165 (139) 160 (125) 78 (139) 95 (61) 

120 130 (90) 144 (115) 95 (110) 95 (60) 

3 325µm 

30 

Kero- 

Sene 

65 (153) 86 (160) 158 (171) 150 (158) 

60 74 (157) 100 (168) 168 (167) 158 (171) 

90 92 (161) 97 (169) 95 (159) 167 (136) 

120 118 (160) 140 (119) 143 (152) 142 (141) 

4 325µm 

30 

petrol 

90 (115) 132 (116) 90 (97) 80 (70) 

60 100 (105) 135 (129) 105 (104) 80 (74) 

90 92 (105) 130 (115) 110 (100) 64 (48) 

120 90 (105) 133 (98) 110 (100) 77 (64) 

5 625µm 

30 

Crude 

Oil 

120 (100) 80 (98) 55 (110) 46 (80) 

60 100 (89) 90 (82) 64 (110) 68 (82) 

90 125 (92) 85 (113) 64 (110) 64 (82) 

120 120 (94) 50 (107) 65 (111) 58 (96) 

6 625µm 

30 

Diesel 

 

85 (110) 115 (115) 69 (50)  65 (52) 

60 85 (115) 125 (110) 64 (56) 55 (55) 

90 79 (120) 117 (90) 65 (50) 53 (60) 

120 89 (118) 115 (90) 66 (55) 50 (55) 

7 625µm 

30 

Kero-

sene 

40 (115) 85 (110) 95 (80) 85 (85) 

60 80 (124) 80 (118) 75 (71) 83 (87) 

90 87 (110) 80 (108) 70 (83) 82 (82) 

120 95 (113) 98 (107) 88 (72) 85 (84) 

8 625µm 

30 

petrol 

120 (88) 74 (67) 20 (28) 28 (17) 

60 98 (95) 61 (70) 50 (30) 20 (18) 

90 128 (90) 63 (68) 48 (20) 18 (22) 

120 98 (95) 48 (64) 48 (32) 22 (20) 

[% retention of sorbates by uncarbonized corn cob in parenthesis] 541 

 542 

  543 
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