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Abstract 

Natural and pretreated corn straw fibers (CSF) have 

been studied and explored as a cheap, readily 

available and environmentally clean up approach 

with the sorption of crude oil spills (sediments) on 

surface water. The proximate compositions with 

moisture (16.25%), ash content (8.53%), crude fiber 

(72.12%), cellulose (23.15%), hemicellulose (14.05%) 

and lignin (45.23%) were determined. The identity of 

the CSF was ascertained by FT-IR. Five different 

particle sizes (60,100,150,203, and 305mm) were 

adopted with the treatment of the selected 

characteristics. The relationship between the particle 

size and the bulk density (R2=0.9151), tapped 

density (R2=0.9577), true density (R2=0, 9577), 

porosity (R2=0.0867), repose angle (R2=0.9534), 

Carr’s index (R2=0.0845), Hausner ratio 

(R2=0.0889), and OSC (R2=0.9963) were defined. 

Two paired sample T-tests between the particle size 

and the bulk density, tapped density, true density,  

 

porosity, Carr’s index, Hausner ratio, and OSC 

retained significant relationships, while the angle of 

repose was significance in only one direction. 

The concluded conditions for the effective adsorption 

of the CSF were disclosed with particle sizes of 

259.1369 to 68.0631mm, 0.4227 to 0.1529g/ml with 

the bulk density, and 0.5260 to 0.1984g/ml with the 

tap density, 0.7813 to 0.2935 g/ml with the true 

density, and 0.4921% with porosity, 1.2067 with 

Hausner ratio and 19.7003% with the oil sorption 

capacity. 

 

Keyword: Corn straw fibers, particle size, gravimetric 

properties, frictional properties, functional 

properties 

1.INTRODUCTION 

Crude oil is a natural resource is a bedrock of energies 

industrially. Meanwhile, there is always an accidental 

means of polluting both the aquatic and terrestrial 

ecosystems by the direct discharge of oil spills. The spills 

must be eliminated and prevented before it becomes 

emulsified with the water bodies forming sludge. 

Emulsified oil is exceptionally difficult to clean by 

ordinary strategies as the oil contains numerous harmful 

and extremely destructive synthetics to the environment 

where they can have impacts on living organisms. At 

present, physical, chemical, and natural treatment 

techniques are employed for the cleanup and 
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remediation of contaminated wastewater [2]. Physical 

adsorption procedures, which connected with 

hydrophilic materials to expel released oil from water, 

are considered as the most financial and legitimate 

technique because of its high retention limit and 

economy [3]. Meanwhile, the majority of synthetic 

absorbents usually limited with respect to non- 

biodegradability, low absorption capacity, poor 

separation efficiency and high cost of production [4]. 

Thus, the fabrication of new environmental-friendly oil-

absorbing material with a higher absorption ability and 

lower production cost is required and urgent [4]. 

Utilizing waste biomass materials as an oil absorbent is 

of incredible interest for oil-water partition and is 

turning into a zone of extreme research since they are 

modest, available, and biodegradable [4]. As of late, 

super-hydrophobic surfaces have stood out in view of 

their remarkable properties, including self-cleaning, 

against staying, waterproof, substance steadiness, and 

oil recuperation [4] In principle, development of a 

natural structure with low surface strength is an 

imperative parameter for the making of super-

hydrophobic surface, which is described by a water 

contact angle more than 150° [4]Corn straw fiber, 

natural and biodegradable biomass from agricultural 

waste, is typically disposed by incineration within the 

environments as it raises the level of air pollution. Truth 

be told, effective use of this waste is indispensable in 

fathoming and managing the effects of air 

contamination. Zang et al. (2016) expelled oil from water 

applying super-hydrophobic/super-oleo phobic corn 

straw yarns with ZnO particles by means of regular 

impregnation [4]. ZnO particles are deep spheres with a 

normal measurement of 5 μm, with 

hexadecyltrimethoxysilane (HDTMOS) as a hydrophobic 

modifier. The super hydrophobic/superoleophobic 

properties of the organized corn straw fiber emerged 

from the consolidated impacts from the deposition of 

homogeneous SiO2 inorganic particles, with normal 

molecule size around 40–50 nm with sol-gel technique, 

and the hydrophobic advancement with 

(Heptadecafuoro-1, 1, 2, 2-tetradecyl) 

trimethoxysilane[5]. This enables the biomass the 

capacity to effectively remove oils from water bodies. In 

view of its intrinsic water-repellency, high absorption 

capacity, chemical stability, and environmental 

friendliness, the prepared corn straw fiber float on the 

surface of the water after absorbing the oil, allowing it 

to be easily transported and recycled[4]. However, the 

gap with natural and intrinsic corn straw fiber particles 

need to be defined physicochemically prior to 

modification to be filled. Therefore, this paper 

established some selected physical and chemical 

properties of corn straw particles in its natural state 

comparatively and subsequently with properties 

enhancement in the treatment of oily wastewater, 

thereby providing new insight into producing a 

sustainable high-efficiency oil absorbent from 

agricultural waste. 

 

2.MATERIALS AND METHOD 

 

2.1. Preparation and pretreatment of the corn straw 

fibers 

 

 Corn straw was shredded and blended to obtain straw 

fibers for selected proximate compositions, which were 

then sieved through mesh standard screens to obtain 

seven uniform graded fibers (60,100,150,203,305,400 

and 450mm). The powdered corn straw was then rinsed 

with equal volumes (50ml) of deionized water and 

ethanol. Afterward, they were immersed in a beaker with 

a mixture of 100 ml of 0.5 wt. % sodium hydroxide 

aqueous solution and 30 %( 3.5ml) of H2O2 and mixed 

for 5h at ambient temperature. Moreover, the solution’s 

pH  

(6.8-7.0) was regulated by HCl acid. After washing off 

with distilled water several times, the pretreated corn 

straw was dried at 400C until its weight remained 

constant [6]. 

 

2.2. Proximate analysis 

Moisture content, ash content and crude fiber were 

determined using AOAC (2000) method [7]. Cellulose, 

hemicellulose, and lignin were also determined [8]  

 

2.3. Determination of gravimetric properties 

 

2.3.1. Bulk density 

 

Bulk density is the fraction of the sample solids mass to 

its volume. It was estimated by filling the sample to a 

known volume with a measuring cylinder. Tapping 

during the filling was done to acquire a uniform packet 

and to limit the divider impact. The filled sample was 
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gauged and the mass thickness was determined with the 

equation below [9].  

 

 
  

2.3.2. True density 

 

The true density is characterized as the fraction of the 

sample mass to its actual volume. It was calculated by 

the toluene displacement technique so as to prevent 

water retention during the test. 5g of the sample were 

taken and soaked into a 100 ml measuring cylinder with 

50 ml of toluene [10].The net volumetric changes were 

recorded. The equation below was applied. 

 

 
 

2.3.3. Tap density 

 

Tap density is applied to forecast the movement 

characteristics, nature and compressibility of solid or 

powder particles [9] 

 

 
 

2.3.4. Porosity 

 

Porosity, ε (%) shows the measure of pores in the 

material and was determined from the normal 

estimations of bulk and true densities. [11] 

 

 
 

2.3.5.  Carr’s index 

 

The Carr or compressibility index means the 

compressibility of a powder. It is determined by the 

equation  

 

 
  

Where pB is the unreservedly settled mass thickness of 

the powder (bulk density), and pT, the tapped mass 

thickness of the powder (tapped density). In a free 

moving powder, the mass thickness and tapped 

thickness would be close in size with the smaller Carr’s 

index. Then again, in a poor moving powder where there 

are more interparticle relationship, the contrast between 

the mass and tapped thickness would be more 

pronounced, hence, the Carr record would be larger. [14]  

 Carr’s limit of more than 25 is regarded as an index of 

bad flowability, and less than 15 is of good flowability 

 

2.3.6. Hausner ratio 

 

The Hausner proportion is a number that is related to 

the flowability of a powder or granular material. It is 

determined by the formula: 

 

 
 

Where PB is the openly settled mass thickness of the 

powder, and PT is the tapped mass thickness of the 

powder. 

Hausner ratio of more than 1.25 is considered a sign of 

poor flowability [15]. 

 

2.4. Determination of frictional properties 

 

2.4.1. Angle of repose 

 

The angle of repose is the angle with the level at which 

the material will stand when heaped. The chamber was 

set over a plain surface and corn straw powder was filled 

in. Tapping during filling was done to get uniform 

pressing and to limit the cylinder impact assuming any. 

The cylinder was gradually raised over the floor with the 

aim that the entire material could slide and shape a 

characteristic incline. The tallness of the mass over the 

floor and the width of the load at its base were 

estimated and the edge of rest (Φ) was determined by 

following condition [12]; 
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 Where, Φ = angle of repose (◦); h = height of the pile 

(cm); and D = diameter of the pile (cm). 

 

Table I. Repose angle standards. 

 
 

2.5. Functional properties (Oil absorption capacity) 

 

0.5 g of the samples were blended with 6 ml of crude oil 

in a pre-gauged axis tube. They were mixed for 1 min 

with dainty metal wire to distribute the sample in the oil. 

After a holding time of 30 min, the cylinders were 

centrifuged for 25 min at 3000rpm. The isolated oil was 

then expelled with a pipette and the cylinders were 

reversed for 25 min to drain the oil. Triplicate decisions 

were done and the oil sorption limits were 

communicated as a gram of oil per gram of the dried 

sample. [13] 

 
3.RESULTS AND DISCUSSION 

 

Table II. Proximate values of corn straw fiber 

particles. 

 
  

 

 

Table III. Selected Instrumental analysis of unmodified corn straw fibers 
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Figure I. FT-IR of natural corn straw. 

 

Table IV. Selected gravimetric, frictional and functional parameters of corn straw fiber particles 
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Table V. Statistical average mean of the selected parameters of pretreated corn straw fiber particles

 

 

 

Figure II. 3D column for gravimetric, frictional and functional characteristics of corn straw fiber powder. 
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Table VI. The T-test between particle size and bulk density of corn straw fiber powder. 
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Table VII. The T-test between particle size and tapped density of corn straw fiber powder. 

 

 
  

Table VIII. The T-test between particle size and true density of corn straw fiber powder. 

 

 
  

Table IX. The T-test between particle size and porosity of corn straw fiber powder. 
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Table X. T-test between particle size and angle of repose of corn straw fiber powder. 

 

 
 

Table XI. The T-test between particle size and Carr’s index of corn straw fiber powder 

 

 
 

Table XII. The T-test between particle size and hausner ratio of corn straw fiber powder. 
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Table XIII. The T-test between particle size and oil sorption capacity of corn straw fiber powder. 

 

 
 

Table II is the selected proximate analysis of the 

pretreated fiber particles at room temperature where 

the crude fiber as a major parameter responsible for its 

sorption activity was obtained at 72.12%, while the 

fraction of cellulose, hemicellulose, ash content, and 

lignin are at 23.15%, 14.05%, 8.53%, and 45.23% 

respectively. Figure I reveals the FT-IR spectrum of the 

pretreated fiber particles with the pronounced peaks at 

3336cm-1, 1032cm-1, and 899cm-1 which are assigned 

to stretching vibrations of –OH, C-O-C and β –glycosidic 

linkage in the cellulose framework. Similar and previous 

works on corn straw fibers are depicted in Table III with 

scanning electronic microscopy (SEM), FT-IR, energy 

dispersive x-ray spectroscopy (EDX), chemical stability in 

terms of contact angle with respect to natural and ZnO 

modified corn straw were summarized. Selected 

gravimetric characteristics (bulk density, tapped density, 

true density, porosity, Carr’s index, and hausner ratio), 

frictional properties (Angle of repose) and functional 

properties (oil sorption capacity) were estimated with 

the individual relationship with the particle sizes. Figure 

II is the 3D histogram of the entire properties of the 

pretreated corn straw fibers (CSF). Figure III, IV, V, VI, VII, 

VIII, IX, and X are plots of the particle sizes against bulk 

density, tapped density, true density, porosity, repose 

angle, carr’s index, hausner’s ratio, and oil sorption 

capacity respectively. The plots against the bulk density, 

tapped density, true density, and oil sorption capacity 

(OSC) retain a strong positive correlation with the 

particle size distributions, while repose angle, porosity, 

Carr’s index, and hausner ratio presented an inverse and 

non-linear relationship with the particle size of the 

pretreated fiber. Table V provides the statistical average 

mean values for all the selected parameters at the 

highest and the lowest levels. Two paired sample T-tests 

were conducted between the particle size and bulk 

density (Table VI), tapped density (Table VII), true 

density (Table VIII), porosity (Table IX), repose angle 

(Table X), carrs index (Table XI), hausner ratio (Table XII) 

and oil sorption capacity (Table XIII). 

 

4.CONCLUSION 

 

This study has established the nature of pretreated corn 

straw fibers as a chemically unmodified sorbent for 

crude oil spills on the aquatic environment with respect 

to some selected parameters. 

Meanwhile, the average quantity of these CSF with the 

particle size of 163±95.5369 mm, bulk density of 

0.2878±0.1349g/ml, tapped density of 

0.3622±0.1638g/ml, true density of 0.5374±0.2439g/ml, 

porosity of 0.4682±0.0239%, carr’s index of 

21.1966±4.3157, repose angle of 45.2±8.0542o, hausner 

ratio of 1.2718±0.0651 and oil sorption capacity of 

12.2720±7.4283% were estimated. However, the repose 

angel was accepted at the level of 37.1458o (Table I). 

Porosity is enhanced at 0.4921% but will be higher when 

CSF is chemically treated [R]. Carr’s index at 25.5123%, 

hausner ratio at 1.2067 for better flowability and 

19.7003% with OSC. 
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