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Abstract

The pollution of water with phenol from chemical industriesis a highly important
environmental problem because of the propagation of the pollution and its unfavorable
consequences to life. The potential of rice husk ash for the removal of phenol from
aqueous solution was investigated in a batch process. | sothermal studies were carried
out under different experimental conditions of contact time, adsorbent dose and initial
phenol concentration. The suitability of the Freundlich and Langmuir adsorption
models to the equilibrium data were also investigated for each phenol-adsorbent
system. The result showed high efficiency of rice husk ash for phenol removal and also
the data for the phenol-adsorbent systems fit the Freundlich model best within the
concentration range studied. It can be inferred that rice husk ash can be used as a low
cost adsorbent for phenol removal from aqueous solution.
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1.0 Introduction

There is a growing concern about wide spread canttion of surface and ground water by various niggaompounds
due to the rapid development of chemicals and pbé&mical industries over the decades [1]. Many stiil wastes contain
phenolic compounds which are difficult or impossib remove by conventional biological treatmemicpsses [2]. The US
Environmental protection Agency (USEPA) reporteat phenol is the 1of 126 chemicals designated as priority pollutants
[3]. Phenol is very soluble in water and noticébad taste and odour in water supplies. It formsrcighenol in the presence
of chlorine in drinking water which has a medicitedte that is pronounced and objectionable [BAgnolic compounds are
harmful to organisms at low concentrations and mbshem are classified as hazardous pollutantausec of their potential
harm to human health. Phenolic compounds are comemrtaminants in waste water and are generated from
petrochemicals, petroleum, coal conversion, paeatile and pharmaceutical industries. Among vagieater pollutants,
phenol and its derivatives are the most toxic beeani their carcinogenic nature [5].

Rice husk also called hull, is the coating of teedsor grain of the rice plant. It is made up afdhaaterials, including
silica and lignin, which protects the seeds dutheygrowing season and is indigestible to humadsaéout 20% by weight
of the whole grain [6]. It is considered a wast¢ha rice mill and often burned in the open to piarice husks ash (RHA)
or dumped on the waste land. The whole rice graidehusked by milling or winnowing to separate gh&ins from the
husks (hulls).Rice husk is difficult to ignite addes not burn easily, it is highly resistant to shaie penetration and fungal
decomposition (good insulation material), has Hsiilca content (poor fodder), bulky and dusty, ieigg large volumes for
storage and transport. When burned, the rice hsisksaabout 17-26%, containing more than 95% sllicaveight with high
porosity and large surface area [7 - 9]. Rice husksused in juice extraction, brewing, siliconbide production, pillow
stuffing and as ingredients in animal feeds. lalso used as fuel source for grain drying and phingoand for electricity
generation in the modern rice milling industryislian excellent insulator and has applicationsi@tustrial processes such as
steel foundries and manufacture of insulation nmtefor houses and refractory bricks. It is anv&cpozzolan and has
applications in the cement and concrete industrytfe manufacture of low cost building blocks and
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production of high quality cement. The rice husk has high adsorption capacity and is used to bdsibon hard surfaces
and potentially to filter arsenic from water. Itused to synthesize siliceous raw materials suatiegsmaterials due to its
high porosity [4, 10].

Current methods for removing phenols from wasteewatclude adsorption on activated carbon (as mbamfillers),
chemical oxidation, deep well injection, incineoati solvent extraction and irradiation [11, 12]. &my these methods,
adsorption has gained considerable attention owdingts high efficiency for treating aromatic compeols in aqueous
solution/streams due to the characteristics ofatteorbent such as high surface area, high adsonpdioacity, microporous
structure and special reactivity. Activated chatamacarbon removes many of the impurities contdiire the water and
waste water but the process is expensive due todugt of adsorbent and the variable performanasadfon regeneration.
South African coal fly ash has been used to renmih inorganic heavy metals [13] and organic phermdmpounds. It is
also used to treat acid mine drainage, phosphetes fvaste water and sources of metal oxides. ltitezareported of its
potential to remove and retain a substantial ametiqgthenols from solution [14]. Other agricultusahste materials that
have been used to remove phenolic compounds adéritsatives from waste water include water hydcimh, rubber seed
coat.

In the present research, rice husk ash, whichasiabte and economically cheap, is investigateddsorbent of ageoues
phenol contaminants and to present a cheap andtieffealternative to activated carbon and also ilean improved
agricultural waste management by converting wasteerials to useful materials in scientific processe

2.0  Materials and Methods.

Sample collection and preparation:

The rice husk was collected from a rice milling @any in Lafia Local Government of Nassarawa stétiigeria. It
was sieved to obtained residue with particle sB@uin and above. It was thoroughly washed with Ithdtiwater to remove
adhering soil and clay, air-dried and kept in asaedor for further work. The rice husk ash wastbbtained by burning the
treated rice husk at 480 and 608C, respectively, in a muffle furnace for three rour

Preparation of phenol solutions: Phenol solutidi#$\{/v) was prepared by dissolving 10g of phenostalg in distilled
water and made up to 1000ml. Phenol solution coimtgi 2.5, 5.0,7.5, 10.0 and 12.5mg/ml phenol weepared by series
of dilutions of the initial solution and calibraticurve plotted using the corresponding absorbaalues.

Determination of Ash content: 30g of the preparaagle was placed in crucibles and inserted intaifilenfurnace and
heated to 40% for three hours in triplicate, another sample heated to 60T for the same time in triplicate. The crucibles
were then removed, cooled and weighed. The weifjtienash was expressed as a percentage of tliag¢ dritial sample
using the relationship

Percentage Ash = (weight of ash /weight of sanypE)0% (1)

Adsorption Experiments: Adsorption was carried atutoom temperature. 0.1g of each of the adsonvestadded to a
20ml portion of 1% phenol solution and shaken apB0using an orbit shaker for 60 minutes. The mixtwas then filtered
and the concentration of the filterate determinsithgi the spectrophotometer. Five control bottlased containing only
phenol solution with no adsorbent were used to klaeal if necessary correct for phenol volatilizatend adsorption onto
walls of the container and filter paper during theerimental procedure, and two containing distiNeater with two an
adsorbent to check for presence of contaminartteimdsorbent and water.

Effect of contact time: The contact time was variexm 20-100 minutes with 20 minutes intervals neestigate the
phenol uptake efficiency.

Effect of adsorbent dose: Various Doses: - 0.055,00.25, 0.35 and 0.45g of adsorbent per 20ml ghs&siution were
used. Other parameters kept as described abovthapthenol uptake efficiency investigated.

Effect of initial phenol concentration: The effextthe initial phenol concentration on the phemplake efficiency was
investigated with initial phenol concentrations205, 5.0, 7.5, 10.0 and 12.5g/L. The 2.5, 5.0,ané 10.0g/L solutions were
prepared by diluting 5, 10 and 15ml of the 1% ptesaution, respectively, up to 20ml and the 12.5gblution was
prepared by fetching 20ml of a phenol solution pred by dissolving 1.25g of phenol crystals in 100frdistilled water.
All other factors were as described in the procedinove.

Determination of final phenol concentration, pheadsorption and phenol removal efficiency: The afaoce of each
phenol solution after adsorption was determinedgisi spectrophotometer. The concentration valuggsmonding to the
obtained absorbance on the calibration curve mlaehen calculated using the straight line equatind recorded as the
final concentration. The difference between theidghiand final phenol concentration are recordedh&s concentration
adsorbed.

The amount of phenol adsorbed per gram of phengighin each process is given by

Q=(CG-C)xV+M @)

Where

Q= amount of phenol adsorbed (mg/g)

Co= initial phenol concentration (mg/ml)
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C: = residual phenol concentration after adsorptiog/(nt)

V= Volume of phenol used (ml)

M= mass of phenol present in portion of origindlgon (g)

Phenol removal efficiency is given by

E=P x 100% 3)
Where E= Phenol removal efficiency and amount &g removed or adsorbed (g/g) is
P=Q-1000 )
3.0  Results and Discussion
The results are shown on tables and graphs
Table 1: Results of values for calibration curve
Concentration(mg/ml 2.50 5.00 7.50 10.00 12.50
Absorbance 0.485 0.690 0.800 1.000 1.100
Table 2: Results of Ash content Determination
RHA-400 RHA -600
Sample weight 30.00 30.00 30.00 30.00
before ashing (g)
Sample weight 5.962 6.142 10.581 11.355
after ashing(g)
% ash content 19.87 20.47 35.27 37.85
Average ash 20.17+0.300 36.56 + 1.29
content
Table 3: Results of Constants for Freundlich andgnauir Isotherm models
Adsorbent Langmuir Constants Freundlich Constants
Qmax a R2 K 1/n R2
RHA-400 0.0420 -0.3651 0.4619 7.7419 36.940 0.6662
RHA-600 0.0620 -0.3830 0.4672 2710 -1.4436 0.7521
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Fig.1 Calibration curve for Phenol
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Fig. 2 Effect of Contact/Agitation Time on phenol adorption

=—¢—RHA-400
===RHA-600

Phenol removal efficiency (%)

0.05 0.15 0.25 0.35 0.45
Adsorbent Dose (g)

Fig. 3 Effect of Adsorbent Dose on phenol adsorption
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Fig. 4 Effect of Initial Phenol Concentration on phenol agorption
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Fig 5. Linearised Langmuir Isotherm for Phenol with RHA-400
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Fig 6. Linearised Langmuir Isotherm for Phenol with RHA-600
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Fig 7. Linearised Freundlich Isotherm for Phenol wih RHA -40C
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Fig 8. Linearised Freundlich Isotherm for Phenol wih RHA-600

Table 1 is the result for the calibration curveeTash contents for rice husk ashes a’@0ind 608C are shown in
Table 2. RHA-600 has higher ash content, whiclicatés a larger surface area, which in turn favitsrsurface reactions
such as adsorption. This also agrees with [5]ghatved that the specific surface area of rice lasskincreased with higher
ashing temperature.

Figure 1 is the graph of calibration curve whis used as a standard. Rapid adsorption waswaaserithin the first
80 minutes for the RHA-400 beyond which no apptaei@dsorption occurred. For the RHA-600, rapisloagtion occurred
within the first 60 minutes beyond which adsorptiate gradually reduced only to increase agairnaw/s in Figure 2. This
is possibly because further shaking after equilirtime only leads to desorption of already adsirinelecules. The results
indicate that the sorption process can be verya@seported by [15, 16] because the largest anafyitenol attached to the
sorbent within the first 60-80 minutes.

The adsorption rate increased with increased ioragst dose for the two adsorbents as shown inr&igudue to an
increase in the number of available sites for phadsorption. RHA-400 proved to be the better doksotr with variation of
adsorbent dose. This also agrees with [15]. THaimhenol concentration also affects the adsorptifficiency as shown in
Figure 4. Increased initial phenol concentratioordased adsorption efficiency [15 - 17]. This maydoie to the competition
of more phenol molecules for the same availabtefsit adsorption present in the 0.1g adsorbent.used

Table 3 shows the values obtained for the Langemir Freundlich constants. The Langmuir constants, &do are
related to the maximum adsorption evaluated fromititercept and slope of the linear plot of theezipental data of 1/Q
versus 1/P shown in Figures 5 and 6 for the twormsts. At high surface coverage, data would deiam a straight line.
The magnitude of R indicates that the amount per unit weight of sottie form a complete monolayer on the surface
appears to be quite higher for phenol-RHA-600 systiean for the phenol-RHA-400 system. The Freuhdigotherm as
shown in Figures 7 and 8 for the RHA-400 and RHA-@8spectively shows higher K value for the RHA-60hich
indicates a higher uptake of phenol from aqueolgtisa and is more favoured than uptake by RHA-4880 for the 1/n,
the uptake of phenol is more favoured for the RH®-6han for the RHA-400 since values of 1/n indicatbetter adsorption
mechanism and relatively stronger bonds betweeradiserbate and adsorbent [18].THevRlues, which are a measure of
goodness- of- fit, show that both the Langmuir &nelundlich isotherm models can describe the adsorgata, though the
Freundlich model describes it better.

Journal of the Nigerian Association of Mathematical Physics Volume 25 (November, 2013401 — 408

407



Potential of Rice husk ash for removal... Kangpe, Alemika, Egga, and Marti J of NAMP

4.0 Conclusion

The results obtained show that the adsorption pe@s fast and equilibrium occurred within 60-8@utes. The
results also show that an increase in adsorbent dogeases adsorption efficiency, while increasenitial phenol
concentration decreases adsorption efficiency. ddsorption data fit the Freundlich isotherm beghwwithe concentration
range studied and RHA-600 showed better phenol vahitban RHA-400 due to its higher ash content surdlace. It can be
concluded that rice husk when ashed at’608as a good potential for phenol adsorption ineags solution with a high
adsorbent dose at concentration less than 2.5g@llcantact time of about 60 minutes. Therefore, hicgk ash is a low cost,
natural and abundant source for the removal of gplhfemm aqueous solution.
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