Journal of Environmental Treatment Techniques

=t

Removal of Reactive Dye from Agueous Solution Using Physico-
Chemically Treated Rice Husk

Anteneh Worku and Omprakash Sahu*

2014, Volume 2, | ssue 3, Pages: 77-84

Journal of

NVIRONMENTA

Treatment Techniques

Enviro. Treat. Tech.
ISSN: 2309-1185

Journal web link: http://www.jett.dormaj.com

Department of Chemical Engineering, KIOT, Wollo Uerisity, Ethiopia.

Received: 05/05/2014 Accepted: 320864 Published: 5/07/2014

Abstract

Dye removal onto low cost material is a suitablehod for textile wastewater treatment. Rice husk waestigated for its
ability to remove reactive dye from aqueous sotutibwo modes of operation were performed one whtysizal treatment and
another with physicochemical treatment. All expenits were conducted at batch system and effecedfexttive parameters
include pH, adsorbent dose, initial dye concerdraind contact time was investigated. Maximum amdmum value of 94 %
and 26.41% for physicochemically and 78% and 123fr physically treated rice husk was obtainedwlaH, high adsorbent
dosage and high contact time favors the adsorptizereas the percent dye removal decrease dranhatiggh the increase of
initial dye concentration. Based on the result,uRrdich isotherm (R=0.986) and second order kinetic£R.985) are best
modules for explanation of adsorption onto Phy€itmmically treated rice husk. The efficient pararetwere applied on
actual textile dye machine effluent. It was obsdrtieat the direct waste increase in dye conceotradind efficient removal
(91.24%) was observed for adjusted waste. In regambst of other methods in dye removal, Physibes@ically treated rice

husk could be suggested as relatively efficientlandcost adsorbent for dye removal from textilesteavater.
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1Introduction

Contamination of water resources by dye pollutaats
considered as an environmental important probleme
toxicity and unpleasant appearance, discharging dpe
pollutants into surface water resources is undelgrgbraha,
2007). In many industries such as food, textile@goarubber
carpet, plastic and cosmetic, dyes are used in faetwes
process (Rehman et al., 1997). Textile and dyirtysiries
are two main sources of dye wastewater productiod a
treatment of this wastewater is difficult due tm#hetic and
complex structure of dye.

Besides its great economic contribution, the textiying
industry is known by the consumption of large qitgnof
water and generation of huge amount of wastewdtbe
textile finishing sector especially the dyeing usithe major
source of polluting wastewaters in the industry. [I dye
1kg of cotton, which represents half of the worlthef
consumption, 70- 150 liters of water is consumed amost
similar amount of wastewater will be generated raftee
process. Residual color is a problem with reactiyes
because, in current dyeing processes, as much%sobthe
dye is lost in the wastewater. These losses aretalube
relatively low levels of dye-fiber fixation and tipeesence of
un-reacted hydrolyzed dye in the bath. Dye hydislgscurs
when the dye molecule reacts with water rather thigim the
hydroxyl groups of the cellulose [2]. The reasohibé this
phenomenon is that in the process of dyeing cdlialfibers
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with reactive dyes, the use of alkalis are requicegromote
formation of covalent bonds between the dye antlilosic

substitute. However, the uses of alkalis resultbyidrolysis
of reactive groups in the dye, and the reactioressary to
introduce the substitute on the fiber do not gedmpletion.
Therefore, residual reactive hydrolyzed dyes remairihe
process water. These problems are compounded blighe
water solubility and characteristic brightnesshaf tlyes [3].

In many researches, different materials have baderlyv
used as adsorbents for dye removal including oreaary®
banana peels [4], apple peel and wood [5]. Thencom
methods have been used for dye removal from wastewa
include biological methods (anaerobic treatment)d an
physicochemical methods such as coagulation, electr
coagulation, floating, filtration, ion exchange, mi@ane
filtration and advanced oxidation [6-8]. Howeveramy of
these technologies are expensive, especially whey tsed
for treatment of large wastewater streams. Consghye
adsorption methods using low cost adsorbents Havenost
potential for application in industrial wastewateeatment,
because their efficiency is proven in the removiabrganic
and mineral pollutants and economic considerati®$1].
Rice is the second largest produced cereal in tbedwlin
Ethiopia according to CSA (2003) report, more tBz826.50
hectare of land was under rice cultivation in 2@Gg the
yield of 154,120.39 quintal owned by 30,391 holdgr2].
During milling of paddy about 78 % of weight is edeed as
rice, broken rice and bran. Rest 22 % of the weidtgaddy
is received as husk. The possible utilization oé fiusk and
rice husk ash as an adsorbent for reactive dyes &mueous
solutions can be investigated because of its effect
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adsorption properties [13]. However, the amountsoaf husk
available are so far in excess of any local usdshave posed
disposal problems in the world developing countgaern. It
was chosen because of its granular structure, ca¢mi
stability and its local availability at very low sand there is
no need to regenerate it due to their easy avhilabind low
production costs. Various modifications on rice khisve
been reported in order to enhance their sorptipaaites for
dye, metal ions and other pollutants [14]. Mostd&s
indicated that the modified adsorbents are efficierbinding
either the cationic or anionic species but not both

The aim of this study was to investigate the appiin of
physically and physico-chemically treated rice hufsk
reactive dye removal from aqueous solution
determination of adsorption capacity in optimum catdent
dose and reactions dynamic using common isothemmds a
kinetics.

2 Material and Methods
2.1 Materials
2.11 Rice Husk

Rice husk was collected from by-product of loceérimill
factory and it was packed using sack and transpddehe
laboratory site.

2.1.2 Dye Solution
(a). Dye House Waste Water

The actual waste water was collected from Yirgalem

Addis textile factory and Kombolcha textile factofyr the
purpose of simulation for the artificially constidd waste
water. The wastewater was taken just from the puoflehe
dyeing machine before it is mixed with other dyeus®
wastewater streams in order not to contaminate witter
source of waste waters in the dyeing section.

(b). Constituted Wastewater

According to the actual waste water from Kombolcha

textile factory, laboratory constituted dye solatiovas
prepared using Reactive Black 5 which can be reptative
of reactive dye groups. C.I. Reactive Black 5 waschased
from Chemical store. Reactive black 5 has chenfimahula
of CyeH,1Ns5Na,0416Ss molecular weight of 991.82g/mol with
maximum absorbance of 593 nm.

2.1.3 Preparation of Adsorbent
(a). Physical treatment

The raw rice husk was washed several times with ta

water until the supernatant solution was clear thercleaned
rice husk was oven dried completely at %D®vernight. Then
it was cooled in the open air and crushed and dig¢ue-
500/+250 pm.
(b). Chemical treatment

The physically treated rice husk was gone througthér
chemical treatment using nitric acid as follows01§m of
physically treated rice husks were soaked in 2 rbleitric
acid for 4 hours. Then it was washed several timéh
distilled water. Washing continues until the sup¢ant
solution from the slurry becomes pH of 7 and cl€amally it
was oven dried overnight at %%
(c). Preparation of Adsorbate
1. An accurately weighted 1gm of the dye was dissoived
1000ml of distilled water to prepare stock solution
(2000mg/L).
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2. Experimental solutions of the desired concentrati@ne
obtained by successive dilutions.

3. The pH of each experimental observations were raizied
with the use of 0.IN HCl or 0.1N KOH.

2.2 Methods
2.2.1 Batch Adsorption Experiment
The batch adsorption experiment was performed as
follows
1. The stock solution of dye (i.e 1gm of dye in 1fidéstilled
water) was prepared.
2. A desired amount of adsorbent (10, 30 and 50 ¢ put
in to the 250 ml flask.

and3. A desired amount of adsorbate ( 50 , 150, 250 ingés

added in to the flask by adjusting the pH (2,7 a0) while
dilution.
4. The samples were shaken for a predetermined time
intervals in the shaker at 150 rpm and room tenipeza
5. At the end of contact time the samples were witivdra
from the shaker and filtered using vacuum filteiaatman-
42 (290) filter paper.
6. Finally the concentration of the remaining dye was
measured using spectrophotometer.

Removal efficiency was calculated as follows

FiTte

U5 Removal = =100 1)

Ce

All the experiments were done in triplicate and the
average value was reported.

2.2.2 Experimental Design

The fractional factorial design (model), consistiofya
four-factor and three-level pattern was used todach the
experiment. The result of the experimental desigs studied
and interpreted by SPSS statistical software (1Bl
version for windows) to estimate the response of th
dependent variable.
1 The percentage dye removal was used as responablear
2 The potential design factors that have prime é&féet the
adsorption efficiency of the sorbent are initial edy
concentration (mg/l), Contact time (min), Adsorbddbse
(g/l) and pH

Table 1 represents the respective level and raoge f
selected factors. Factors those were held condtairig the
experiment are particle size distribution, tempeeiand the

r?:lgitation speed at -5Qf/+250 uym, 22°C and 150rpm

respectively.

2.2.3 Experimental
Variables

The initial dye concentration selected for batch
experiments is within the range recommended inattteal
textile effluent which was used in the light, medivand
heavy shad. The levels taken for contact timesbased on
assumption that, the dye will have affinity for bot
adsorbents. The levels taken for Adsorbent doséased on
literature suggestion for other adsorbents [11he@oning the
pH value selected, the range includes both theicacdd
basic range.Design comprised of 27 runs in ordepaints in
coded factor levels. The combination of the fouctdes
studied in the response experiment.

Range and Levels of Independent
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Table 1: Parameters with their respective level rande

parameters levels and range

0 1 2
Concentration of dye (mg/l) 50 150 250
Adsorbent dose (g/l) 10 30 50
pH 2 7 10
Contact time (mir 4C 8C 16(

2.2.4 Test on Actual Waste Water

The efficient adsorbent which is physico-chemically
treated rice husk was investigated for the capasftydye
removal from the textile factory waste water. Thbdratory
runs was performed in two parts. It was first deout any
modification on the physical and chemical appeaganicthe

Where, @s the initial dye con. in the liquid phase  Cis
the final dye conc. in the liquid phase s is the mass of
adsorbent, and  Muion IS the volume of experimental
solution.

waste and another runs were conducted under the san® Results and Discussion

condition by adjusting the Physical properties luf tvastes.
Those parameters needs adjustment was pH, disssblit
and concentration of dye.

2.2.5 Adsorption | sotherm Study
Equilibrium adsorption isotherm for the physico-
chemically treated rice husk were determined atatjitation
speed of 150rpm, room temperature, 180 minutesacbnt
time, pH 2, adsorbate dose of 150mg/l and diffeiatital
dosage (10, 20, 30, 50 g/l ). The content was shéethe
specified time until equilibrium reaches. Then #snfiltered
using whatman filter paper in vacuum filter. Thigrdite was
analyzed for dye concentration to fit adsorptiontherm
models. It was done in duplicate and the averaggevaas
reported.
£i~Ce

* V )

F00

Amaunt dye adsorbed = 2

ution
Msgrhent

3.1 Adsorbent Characterization

The chemical composition and the physical propeie
the rice husk were determined according to the auettogy.
The results are tabulated in Table 2. The chemaa
physical property of the adsorbent is significaattér for
adsorption capacity.

As compared to the maximum value of 1 the selected
model is effectively correlated to the predicteduea The
number of factors and 27 experimental runs has mino
influence on the Adjusted R square, which is thal re
explanatory for the proportion of variance [15]heTvalues
are mention in Table 5.

Table 2: Chemical composition and physical propsrtf rice husk used

Chemical Composition

Fresh rice husk

Physicallgted rice  Physico-chemically treated

husk rice husl
Moisture content (%) 8.81 5.6 4.5
Total organic carbon (TO! 76.2 714 48.3¢
SiO, % 22 28.1 17.2
Ash content (%) 25.9 30.2 16.6
Nitroger (%) 2.3t 5.64 8.€
Cation exchange capacity (CE - 30.C 44.02
Bulk density (g/crf) - 0.49 0.71
Particle density (g/cf - 1.53 1.62

Dye House Wastewater Characterizatidte actual dye house wastewater after it has beatyzed using the analytical

instruments shows the following characteristicsrghon Table 3.

Table 3: Characteristics of the wastewater sanfpdes the two textile factory

Waste water sample pH COD (mg/L) BOD (mg/L) TS (mg/L)  Turbidity (NTU) Concentration (ppm)*
source

Yirgalem Addis textile 9.9 1101.48 174 73680.2 2. 196.32
Kombolcha textile 10.f 2408.4! 18€ 54329.¢ 25.2 62.3¢

*Measured at absorbance of reactive blackls= 593nm.

The model summary shows summaries for the seldéicied model shown in Table 4.

79



Journal of Environmental Treatment Techniques

2014, Volume 2, | ssue 3, Pages: 77-84

Table 4: Model fit summary for physico-chemicaligated adsorbent.

Model R R Square Adjusted R Square Std. Error @Bbtimate
1 0.864(a) 0.747 0.701 12.46072
Table 5: ANOVA table for the physico-chemicallydted rice husk
Model Sum of squares df mean square f sig.
1 Regression 10068.628 4 2517.157 16.212 .000(a)
Residual 3415.927 22 155.269 - -
Total 13484.556 26 - - -

The final equation for the response dependenchefotur
studied factors:-

Percent Dye Removal= 37.58159 + 0.323*Contact Time
+ 0.38*Adsorbent Dose - 2.1813*pH of Solution -
0.0419*Dye Concentration

3

These are the 95%
coefficients.

confidence intervals for the

3.2 Effect of Parameters on Percentage Dye Removal
3.2.1 Effect of Contact Time

The contact time between dye and adsorbent is
significant parameter in waste water treatment gisin
adsorption methods. A rapid removal of pollutantsl a
establishment of equilibrium in a short period figs the
efficacy of that adsorbent. As can be seen in Tahle
contact time is significant factor with coefficieof 0.33.
Fig.1 gives the relation between agitation time pectent
dye removal for the adsorption of dye onto ricekhus
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50.00 - i
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Fi
Fi
¥
40.00 -

T T T T T
S0.00 7v5.00 100.00 125.00 150.00

contact time (min)

Figurel: Relation between contact time and perdgatremoval

Color removal was rapid at initial stage but théera
decreased with the increase in time was shown gn Fi
Similar trends of bioadsorption were reported fbree
similar reactive dyes for EDTA modified rice husk ®ng
et al., in terms of dye adsorption ratio. Initialhapid
increase was due to the presence of large numbexcaht
sites and with the passage of time, number of adites

80

starts to decrease which is responsible for theatémh of
adsorption rate.

3.2.2 Effect of pH

The pH value of the solution is process controlling
parameter in the adsorption study since it detezmitine
surface charge of sorbent. pH plays a major rokeimoval
of reactive dye. P < 0.05. Its correlation with tlesponse
variable is in negative magnitude (-2.13) which nwea
increase in pH decrease in percentage dye remBial2
shows the relation between pH of the solution amatent
dye removal.

62.00
600 - ~
= \\
E
& so.oo0 \\
A
£ \
2 kY
56.00 LY
Y
LY
kY
L
2.00 .00 6.00 &.00 10.00
pH

Figure 2: Relation between pH and percent dye reinov

Increase in pH from 2 to 7 decreases the adsorption
efficiency by about 21.33% and further decrease in
adsorption rate observed when pH increase to 1@. jild
favors adsorption of reactive black 5 dyes on feesk
treated with nitric acid. Similar behavior was db&al for
the rice husk treated with EDTA for reactive dyéusons.
The reversed trend was also reported using remokal
Metaylin Blue 2 where the percentage of uptake mase
favorable in high pH [16]. As the pH of the system
increases, this lead to the deprotonation of sarfoups
and the presence of excess Qidsults in the electrostatic
repulsion between the anionic dye and negativelrged
sites.

3.2.3 Effect of Dye Initial Concentration
In batch absorption systems, available adsorbétalin
concentration in solution plays an important role &
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driving force which overcomes mass transfer rescstaof adsorbent. The relation between the adsorbent dode

adsorbate between aqueous and solid phase. Dye percent dye removal is explained in Fig. 4.
concentration is significant and it has negativerelation

with percent dye removal (Table 3). The graphiedation

between dye initial concentration and percent dyreaval .
is shown in Fig.3. '
6200 3, 60.00 - /
\\ 3= //
LY S 7
\\ % 57450 = /’f
2 \\ = //
g GO0 =4 \ 5 {
o '\ 3 S5.00 /
£ N\ > Vi
2 Y o 7
=] ™, 7
o LY 52.50 7
5 6000 \\ ,f
& AN
\ T T T T T
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56.00 T T T
50,00 100.00 150.00 200,00 250,00 Figure 4: Relation between the percent dye remandladsorbent dosage

Dye Concentration {mg/l) . . . .

The increase in adsorbent dose accompanied with the
increase in percent dye removal. This is mainlyabse
increase in adsorbent dose means adding more extra

Figure 3: Relation between the percent dye remandlinitial dye
concentration

A L e adsorption sites for the adsorbate. Roughly lirretation
dyeTr(]:inr(?e?rL\JtI:altri]orflgf.r?ér?]h%v(\)ls tt(g]atlgx(/)lthrﬁgﬁre?ﬁg cr)g?nhéval can be observed in Fig. 4. A similar result fort_edtr F.
efficiency decreases from 87 % to 65.43% ’(averagee) Scarlet dye was observed by Abdglal. (2005), it was
The decrease in removal efficiency cein be expl ah)ethé reported that an incremental of 10% was observedvery
o . 2.5g/l increase biomass for citric acid treatece riusk
fact that all the adsorbents had a limited numbeactive [11]
sites, wh|c_h would have become saturated abovetairte The selected model is effectively correlated to the
concentration. predicted value as compared to the maximum valde Bf
square is the proportion of variance in the depende
3.2'4Agégefg;r]:téjd§ggb§n:)[r?gs§f the important factors beea variable (percent removal) which can be explaingthis
. h . . independent variables, the overall selected paemiean
it is used to determine capacity of an a_dsorbenirfﬂlal explain 42.5 % of the percent dye removal, showfahble
concentration of adsorbate. By monitoring the anaafn 7

adsorbent, it is possible to study the effects dffoaption
process to attain maximum adsorption capacity & th

Table 6: The model fit summary for physically teshdsorbent
Model R R Square Adjusted R Square Std. Error @&stimate

1 .652(a) 425 .320 15.866
*Predictors: (Constant), dye concentration, solupél, adsorbent dose, contact time.

Table 7: ANOVA table for physically treated ricask

Model Sum of Squares df Mean Square F Sig.

1 Regression 4092.680 4 1023.170 4.065 .013(a)
Residual 5538.049 22 251.729 - -
Total 9630.728 26 - - -

*Predictors: (Constant), dye concentration, solupél, adsorbent dose, contact time

Dependent Variable: Percent dye removal the figak&on of the response dependence on the fouiestfattors

Percent Dye Removal = 40115 + 0.1499 = Contact Time + 0.31386 * Adsorbent Dose— @)
1.2720 = Ph Of Solution — 0.08812 = Dy= Concentraticn
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The confidence intervals are related to the p-wakiech
that the coefficient will not be statistically sifioant if the
confidence interval includes 0 which is the nullpbthesis
value (coefficient = 0) is correct. These conficerintervals
can help to put the estimate from the coefficientoi
perspective by seeing how much the value could.vary

3.3 Effect of Parameters on Percentage Dye Removal
3.3.1 Effect of Contact Time

The effect
investigated for the given time range of 40 to hGi@utes. It
is main parameters for the design of adsorptiorcgse. It
was described in Table 4.9 that time is signifidactor with
coefficient of 0.15. Fig. 5 shows the relation betw
agitation time and percent dye removal.

S0.00

<5.00 -

]

b
&
=}
5}

Percent removal %

30.00 -

T T T T
T5.00 100.00 1z5.00 150.00

Contact Time {min)
Figure 5: Relation between contact time and penambval

As can be seen from Fig.5 the amount of percent dy¢

removal increases with agitation time. This is leseathe
agitation of the solution facilitates the rate i@nisport of the
adsorbate species from the outer sites to thaontsite of the
adsorbent. As the vacant sites are occupied the ot
adsorption becomes decrease.

3.3.2 Effect of Adsorbent Dose

The effect of adsorbent is determinant factor tosader
while assessing the possibility of using the adsuatifor large
scale process. The positive effect to the percentdge
removal and it is significant parameter shown ig. Bi.

The amount of dye removal was increased with irsinep
the adsorbent dose up to 30 mg/l and after thatrdhe
becomes more pronounced as it goes to final. e&sa of
adsorbent dosage from 10 to 30 g/L increases ditzon@te
by =~ 4.7% and increase of adsorbent from 30 to 50 as@®
the percent dye removal By18%. This is due to the fact that,
increase in adsorbent dosage increase area aeaifabl
adsorption.

3.3.3 Effect of Solution pH

The physically treated rice husk goes through furth
chemical treatment as the pH of the solution chengée
change in pH affects the adsorption process bec¢haseH of
the solution affects the charge in the surfacéhefadsorbent
where the ions concentration may react with thectional
groups on the active sites of the adsorption sarfiacan be
recalled that the effect of treatment was to attivhe surface
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of contact time (agitation time) was

functional group. It is correlated negatively withagnitude
of -0.222 and a negative coefficient of -1.272. Thktion
between solution pH and percent dye removal isenitesl in
the Fig. 7.
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;
rd
47 50 = Fd
P
i
E /7
g 45.00 = //
E //
@
S oazsn d
c d
@ i
2 pd
@
[= S i]
37.50 -
T T T T T
10.00 20.00 30.00 40.00 50.00
Adsorbent Dose (g/l)
Figure 6: Relations between adsorbent dose anéperemoval
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Figure7: Relations between solution pH and percembval

From the Fig.7 it can be seen that the effects Hfip
positive at the initial stage and after neutrahditon the
percentage removal sharply decrease up to pH dfd®.pH
favors adsorption of reactive black dye on physicakated
rice husk.

3.3.4 Effect of Dye Concentration
The value for dye concentration was 0.025 which is
significant and inversely correlated to percentadge
removal. The relation between initial dye concerdgraand
percentage dye removal is presented in Fig.8.

A smooth plot of initial dye concentration and merage
dye removal was obtained. As in Fig. 8 the average
percentage dye removal was decreasd?% for addition of
100 mg/l dye. This effect was due to the increasalye
concentration occupy the adsorption site and s@buaraf all
adsorption sites reaches easily.
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plotting log (qe) vs. log (Ce) in Fig.10. Linearizéorm of
Freundlich equation is
™, 1
38001 N logq = logK + -logC, ®)
n
= Ay
= Y o
z '\\ 220 R2= 0,957
E I7.00 \' °
: . \ 2.004
5 \
E \ 1.80—
i \ In{qe
35.00 = \ 188 °
M,
'\ 1.40—
A
T T T T T 120 o
s0.00 100.00 150.00 200.00 250.00
Dye Cencentration (mg/fl) 107 o
Figure8: Relations between dye concentration ancepe removal 080
3 IDD ! . 4 gl] 5 IIZID

3.4 Adsorption | sotherms
3.4.1 Langmuir isotherm

The plot of specific sorption (Ce/qe) against the
equilibrium concentration (Ce) for the dye is shawifrig.9.
Linearized form:

4 00
In(Cy)
Figure 10: The Plot of (Ce/ge) against the equiilibrconcentration (Ce)

3.4.3 Temkin I sotherm
Temkin adsorption isotherm model
evaluate the adsorption potentials of the adsorkfent

was chosen to

Ce 1 1 c @ adsorbate, shown Fig. 11. Linearized form
Ge K @m Om © RT RT 6
qg—;anT-l-glan (6)
22,00 R2=0.893
20.00— R2=0.918
18.00— 00 @ °
16.00—
ce/qe 5.00
14.00—
Qe 2
12.00 4.00—
10.00— o
3.00-
5.00— @ o
ZU‘DU QDI.UEI EU?UU BD?UU 1UE:.DD 12IJI.DU

G

T T T T T
3.00 3.50 4.0 450 .00

" ()

Figure 11: Temkin equilibrium isotherm model foe tadsorption of reactive
black 5 onto the physico-chemically treated ricekhu

Figure 9: The plot of (Ce/ge) against the equilibriconcentration (Ce)

3.4.2 Freundlich Isotherm
The experimental data were fitted to the Freundlich
isotherm and correlation coefficients were obtaineyd

Table 8: Langmuir, Freundlich and Temkin isothenstants for the adsorption of reactive black Bloysico-chemically
treated rice husk.

Adsorbent Langmuir Freundlich Temkin
Qm KL R? N K R? R? Kt br
(mg/g)  (Lmg?)
Physico- 8.34 0.061 0.914 0.60 0.000575 0.956 0.918 0.992 .3R42
chemically
treated
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4 Conclusions

The effect of treatments was discussed using the

parameters such as agitation time, initial conegiatn of dye,
solution pH and adsorbent dosage. It was obsethvatdthe
maximum percent dye removal was 94% at 160minuie? p
adsorbent dose 50g/l, dye concentration 100 mgfbtigsico-
chemically treated rice husk and 73 % at 80mindtoebent
dose 50 g/l, pH 2, dye concentration 50 mg/l foygatally
treated rice husk. These figures show that chamic
treatment enhance the adsorption of reactive dy@cerhusk.
According to statistical result from SPSS, time ahtl have
high significant followed by dose and dye conceidraon
the percent dye removal. For the selected isothmandels a
regression coefficient of 0.893, 0.957 and 0.918s wa
calculated for Langmuir, Freundlich and Temkin estns
respectively. The experimental data yielded exneffié with
Freundlich isotherm equation. Rice husk is a bydpod from
rice milling industries and abundant material eafalé with
low cost, the treatment of reactive dye using iadsorbent is
expected to be economical. The result based oralatehile
waste water gives rice husk as a good treatmenbropt
especially for Kombolcha textile factory and it dedurther
work to reach the industry. In the visited textitelustries,
they fail to meet the effluent discharge standasds by
regulatory bodies.
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