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ABSTRACT

Rice husks (RHY, a major agricultural waste by-rpoduct, has
been chosen toe be employed in several en91ronm?nta1 pollu;zon
control applications. A syurvey abouF BH 1@clu¢1ng producthT.
composition, wuwrtilization and usage limitation is given. Ouye rto
the known effect of pH an removal processes of many substan;es
from wastewaters, the present wWark concerns alsa with ;tudv\ng
the effect of RH on the pH of the_treated aqueous solut10n5_ as
well as to investigate cthe p0551b111t? of catians and anxg;s
removal from these solutieons by adsorption onte RH surface. :
obtained results showed that RH considerably changed the pH nd
the treated acidiec and alkaline uaters_and both hydrogen and
hydroxyl ions, which of them existed in excess, were reTau:H
from aqueocus solutions by RH., Treatment of neutral water w1.- .
revealed also that, the latter slightly released hydrogen 10ns to
the treated solutions.

1-INTRODUCTION

Rice husks are the dry outer envelopes af the rjce kernels.
They are Separated as 3 by -

i product during dehulling process at
rice mills. The qQuantity, Quality, size, coelour, and other
apparent oproperties of RH vary with many different factors such
as temperature, season of harvest, type of 5011, and method of

agricul ture. The international annyal yield of paddy reaches
about 300 milljon tons and in Egypt the annual yield of paddy
reaches about 2.4 million tons. Rice husks represent 1e-20 % of
the output producte of rice milling process [2,2]. So, the annual
vyield of RH in Egypt is about half million ton. Dues ta 1tg
' which will be discussed shortly, RH
one of the majlar waste products of the agraicultural

9eneral characreristics
canstityte

Industry,

Many investigations have been made to utilize husks{3-77],
Historically, RH has been burnt as a source of anargy., Other
forms of fuels such as coal, producer gas and liquid fuels may
also be obtained fram RH by appropriate treatment af the latter,
2.3., by burning i1n a limited amount of air, by thermal
decomposition 1n absense of oxygen, and by suitable chemical,
thermochemical and biological treatmant. RH 15 used also 1n
poultry and cattle feeding and ground RH is used as a filling
materials in livestock fodder. RH may also be used in building
materials to produce Products of light weights and insulation

properties, I'n addition, RH may be used as a filling marerials
In rubber industry and RH ash fmay be used i1n some glass industry,
Furthermore, RH may be wused in production of mars valuably
Products such as silicon carbide and nitride, furfural, acrtiuve
carbon. ete,

There are also sevaral other secondary uses aof RH,
Unfortunately, reperts pointed out that util:zation of RH :n the
fields outlined above still economically unsuccessful procecss.
S0ma literature(8,31 ravealed that RH possess some 3peo: 3l

characteristics that may limit their aconomical use. Th=ase
1nglude

a) Actual RH density i35 0.73% g/crn3 and bulk dan=zir

sbout 0.13 g/er” which greates  great R ificulfies
withdrawal, 4ransportation, and staorage,

s only
during
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b)Y RH cannot he stored outdoors 1n forms of piles because 1t can
be easily scattered by air and, in the same time, storaqge indoors
needs relatively larg=s chambers which makes this process to
be very costly.

c¢) RH have high content of silica and cellulese in their
structure which make them very hard. Furthermore, RH have a
needle shape with very sharp ends and have a very abrasive
nature. These factors cause high consumption of the tools
in grinding machines due to rapid wear of their surfaces.

d) There is a risk in using RH as a fodder in poulrry and cattle
feeding because they have hard tissue and harmful needle
structure that may irritate the alimenctary canal and cause
dyspepsial?2].

@) Low content of proteins, vitamins, and valuable minerals make
them of little nourishing value and limit their use as a
nutriment. For example, 100 kg of RH has the same nourishing
value of 2.3 kg of starch.

f) High ash content, consisting mainly of silica, hinders their
complete combution in case of direct burning and lowering
their calorific value. Besides, evolved gases and flying
ash are considered as air pollutants.

q) Due to low content of alpha-cellulose {portion of
holocellulose that is insoluble in strong sodium hydroxide)
in RH and due to their short fibers, RH, is not suitable

for paper industry,

Accordingly, possible wuses of RH have been surveyed as an
universal problem [8,2] and as a local one [5]. Therefore,
fur ther attention cshould be paid to research for n e
tachnological methods rhat would be most efficient, The sought
methods will be the key tg put an end to the care problem of RH
accumulation in rice mills., The authors tried to find some other
vseful application of RH [10,11] and several studies have been
conducted to wuse 1t in the field of environmental pollution
control.

RH a3s a material to be used in environmental peollution
control enjoys a good advantage: that it is available in large
quantities at a central collection points. Thus costs of
applications will be very cheap. Among the studied applications
is the wuse of RH in the treatment of industrial wastowaters
before their discharge into receiving water ways. ODue to the
known effect of the pH on the removal processes of many
substances from wastewaters ({(e.g.,the fractional percent of
different adsorbate species , the extent of hydrolysis of many
1ons , the number of available adsorption sites on the adsorbent
surface , etc., are pH dependent) the study 1is started by
finding the effect of RH on the pH of the treated agqueaus
solutions. The study also investigates the possibility aof
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ramoval of different cartions and anions fraom the treatad
solutions by adsorptinon onrto RH surface.

£ EXPERIMEMTAL, RESHLTS, 2MND DISCUSSION

2.1, Marerials:

_ Rice husks are obtained from a local mill. It was washed,
dried, ground and sieved. The fraction of grain size 160~500 m
was the one used in all conducted experiments. Stirring was

conducted using a home-made stitter, Figure,l, where six mixtures
could be stirred at the same time. Experiments were caonducted at
room  temperature (25 + 2 °cy. The standard deviation in
replicate experiments did not exceed + 0.1.

2.2, Effecrt of Inirial pH

To determine the effect of initial pH on ApH of the treated
solutions, the following experiments were carried nut, Aliquots
of water (2100 ml) of known pH (1.0-212.08) were introduced into
beakers each contained one gram of RH. The mixtures were
agitated for 2 hours and the final pH of each mixture was
measured. The obtained results are plotted in Figure 2 which
indicates that the change of pH value per weight of RH,A pH/g, is
strongly dependent on the initial pH of the treated solutions.
The change was ranged from -2.0 at pH 10 to 2.4 at pH 4.3, under
the used experimental conditions. The increase in the pH value
(+ ve ApH) in the acidic region (1-6.3) indicates that hydrogen
ions wera removed from acidic solutions by RH, In the sazme time,
the decrease in the pH value {-vedA pH} in the alkaline region
(12-7.5) indigates that hydroxyl iaons were removed from alkaline
solutions by RH.

figure 3 showe the dependence of the percentage removal of
hydrogen and hydroxyl ions per gram of RH on initial pH walues of
the treated solutions. The figure 1illustrates that maximum
remoeval occured at pH 4.3 for the hydrogen ions and at pH 10 for
hydroxyl ions.

Reamaval of both hydrogen and hydroxyl ions fraom equeous

solutions indicates that the surface of RH have different groups
which are able to reagt with and adsorb both ions,

2.3, Treatment of Alkaline Selutions

Figure 2 shows that ApH had a zero value when the initial
pH of the treated solution was 7.3 under the used experimental
conditions. This leads to the suggestion that hydrogen ione 1s
probabkly supplied to the treated medium from RH,

To examine the effect of RH on solutions at pH values about
neutrsl (7.,040.5), equal volumes of water (100 ml esch) at pH 7.3
were agitated with different RH weights (0.5-10g) for 2 hours and
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the final pH of each mixtur2 was measured. The mixtures were
covered and laft for 24 houre and their pH values were remesasured
again., The obtained resultes are plotted in Figure 4. The drap
in the pH wvalues of different mixtures (curves A and B)
demonstrate that bydrogen ions are released to the solutions from
RH. Furthermore, the liberated amount ¢of hydrogen ions depends
on contact time. Figuyre 4 (curves C and D) illustrates also that
for RH concentration greater than 2.5% by weight, the change in
pH wvalues per gram of RH is almost constant specially after 2
hours agitation period. It is expected that the release of
hydrogen ions from RH will be suppressed in acidic media and
enhanced in alkaline media.

2.4, Trestment of alkaline Solutions :

Equal volumes of water at pH 11.0 wers treated with
different weights of RH. The final pH of the mixtures were
measured after agitation for 1 hour and rvemeasured after 48
hours from agitation. The obtained results are shown in Figures
8 and & which conform the previocusly obtained results that
hydroxy ions are removed from alkaline solutions when these
solutions are treated with RH. Figure 35 shows that the final pH
values of te mixtures decrease linearly with the concentration of
RH for the two cantact time periods and the value of the pH drop
depends on the contact time period. Figure 6 C and D reveal that
the amounts of the hydroxyl ions removed from the treated
solutions per weight of RH tend to be constant as the
cancentration of RH in these solutions is increased. The remowval
of hydroxyl ions from the treated alkaline solutions by RH is
mainly occured by two mechanisms:

a) Hydroxyl ions are removed due to the action of different
adsorption and chemizorption forces.
=] Reaction of hydroxl 1ons with hydrogen ions released by RH

to the surrounding solutions . The releasement is further
enhanced by the alkalinity of the treated medium.
The predomination of one of the twoe mechaniems will depend on
the solution pH, concentration of RH, and contact time periad.

2.%. Trestment of Acidic Solutiens

Water at pH 3.0 was used to conduct this experimental part,
Ta find the agitation time necegssary to reach equilibrium, a
mixture of RH concentration 10 g/l was stirred and the pH after
different stirring time periods was measured. The relation bhetween
measured pH and the stirring period is given in Figure 7. The
shape of the curve in Figure 7 indicates that approximately
2 hours stirring period are needed to reach equilibrium.

The effect of RH weight on the final pH of treated solutions
at pH 3.0 is shown in Figure %, The shape of the curve in Figure §
15 similar to that obtained in acid-base titratien where hydrogen
ions are gradually removed from the titrated solution by the
successive addition of the base to it. The gradual increase in
the concentrations af RH from aone solytion to another replaces
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the gradual addition of the base. The pH change and the pH
change per gram as function of RH weight are given in Figure §.
Figure 98B reyeales that maximum ApHS3 15 obtained at RH
concentration of 12 g/1 wunder rthe menrioned experimental
condi tions.,

Data collected during an adsorption test will describe the
performance of the adsorbent and will yield valuable information

if properly interpreted. The presentation of the ammount of
so0lute adsorbed per unit weight of adsorbent as a function of the
equilibrium concentration in  bulk solution at constant

temperature, is commonly termed the adsorption isotherm. So, the
adsorption isotherm in the present case will bhe the relation
between the amount of hydrogen ions adserbed per gram of RH and
the equilibrium caencentration of hydrogen ions. However, it is
seen that a more useful and visible isotherm may be abtained by
plotting ApH/9 23s a function of equilibrium pH, Figure 9,
The figure reveals alse that maximum change in ApH/g9 occurs at
RH concentration of 12 g-l.

Several mathematical relationships have been developed to
describe the equilibrium distribution of solute between the solid
and 1liquid phases and thus aid in the i1nterpretation of
adsorption data. Among these relations are those of Langmuir
and Freundlich[1l2].

The reciprocal of Langmuir equartion yields the equation

m/x = (14) + (1/a5)(1/C,)

where x is the amount of material adsorbed {mg), m is the weight
of adsorbent (g), ©£_ the equilibrium concentration of the =aolute
{mg/1) and a,b 23are constants. 1f adsorption follows the
Langmuir, linear trace chould result when the quantity (m/x) iz
plotted against (1/C_ ), ‘Yalues of constants a and b ean be
determined Ffrom the Slope and intergept of the plot where the
slope is equal (l/2b) and the intercept is equal (1/b).The wvalue
of constant b is important since it represent the maximum or
monolayer adserption capacity of the adsorbent. The influence of
isotharm shape on whether adsorption is favourable of
unfavourable for Langmuir isotherm , can be classified by a
term " r *. A dimensionless constant, called separation factor,

r=1/(1+aCo)

where C is the inittial adsorbate concentration fmg/l). The
value o T must be less than unity and greater than zero for
favourable adsorption process., The plots of m/x versus 1/8E gave
straight line, part of the straight line is chown in Figure 10,
Langmuir parameters have been compouted and are listed in
Tableea |- The value of r shows rthat adsorption of hyderogen ions
is a favourable process.
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Table 1. Langmuir Parameters For the Adsorption of Hydrogen

Ions at pH 3.0 on Rice Husks .

intercept slope correlation ab a] a r
(1-B) {1/ 3b) coefficient (mgs9) (1l/mg)
5.4 0.1 1.0 16 0.12 83.3 0.01

The linear form of Freundlich equation is the following :
lag (x/m) = log k + (1/n) log Ce

where x,m, and C_ have the same meaning as in Langmuir equation
and k and n, are constants characteristic of the system., Values
of constants n and k can be determined from the slope and the
intercept of fDE plot. From these constants the wultimate
capacity, K O , of the adsorbent for a given adsorbate can be
determined, 3lotting log %/m versus log C_ is given in Figure
1% . The plot showed some soart of curvatuve. In sueh cases,
these results can be better represented by more than one straight
line [13],. The best slope 1/n and intercept, log k , for each
section are obtained by the least squares method. These
parameters as well as the ultimate capacity for each section are
given in Table-2-

Table 2. Freundlich Constants for Adsorption of Hydrogen lons at
pH 3.0 Onto Rice Husks.

intercept slope correlation k n k q:/n

(log k) (1l/n} coefficient (l-mg) (g-/1) {ma g)
first section -0.22 0.06 1 D.12 l16.7 0.12
second section -—-0.3Q 0.27 0.98 6.30 2.7 0.5

——— e e e e e e e e e e e ey . o o Ty o o o o o o o o o o o o e . e .

The magnitude of the exponent, n, gives an indication of the
favourability and capacity of the adsorbent/adsorbate system, [t
is generally stated that values of n greater than one represent
favourable adsorption conditions [13]. Therefore, the adsorption
of hydercgen ions onte RH surface is a fawoyrable process
according to Freundlich interpretation. The maximum or monolayer
adsorption capacity "b" obtained from Langmuivr 1=otherm is 0.12
mg-g9 Wwhich 1is in a complete agreement with ultimate capacity
obtained from the first section of Freundlich isotherm.
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3- CONCLUSION

The performed experiments clearly show that :

The pH values of the treated aqueous solution were
significatly affected by the use of RH.

Both hyderogen and hydroxyl ions were removed from acidiec and
alkaline sclutions , respectively , by RH . The amount of
ions removed depend on pH of the treated solution,
concentration eof RH , and contact time period.

Treatment of neutral salutions shows that hydrogen ions were
released by RH ta the treated medium.

The application of Langmuir and Freundliech isotherms showed
that adsorption of hydrogen ions from acidic media onto RH
surface was a favoyrable process. The Langmuir maximum
capaci$y (b value) and the Freundlich ultimate capaciry
(k Co‘ "y for adserption of hydrogen ions onto RH surfarce
were 1n agreement and found to be 0.12 mg-g.

Experimental results obtained in addition to the availability
and the wvery low price aof rice husks make this technique
appears promising for wastewater treatment in sSituations
invelving acidic or alkaline wastes.
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