"’;““ EVALUATION OF EGG SHELL ASA COAGULANT AID IN DYE

Supported by
REMOVAL FROM AQUEOUS SYSTEM

i

TERTIARY EDUCATION TRUST FUND

R.O.A. Adelagun*, O.C. Ngana and E. Ezekiel

Department of Chemical Sciences, Federal UniveWitkari, PMB 1020, Taraba State, Nigeria
*Corresponding authofemiruth2009@yahoo.com

Received: August 14, 2016 Accepted: September 10, 2016

Abstract: The evaluation of powdered egg shell (ES) as ceagwdid to alum [ASOy)s], a primary coagulant in the
treatment of basic dye, Methylene blue (MB) contateéd aqueous system was investigated. The abflity o
alum and the Egg Shell (ES), separately, to decieuthe methylene blue contaminated water was
investigated by method of continuous variationhaf alum and ES dosages. The ability of the ESriess a
coagulant aid was also assessed. The coagulatibficmeulation process variables (pH, dosage efiadial
dye concentration) were also optimized by methodasftinuous variation. The results obtained whemal
alone was used as primary coagulant showed that alane has precipitating effect on the removaWiéf
from aqueous solution, with over 86% of the MB reeabvOn the other hand, when ES alone was used, the
precipitating effect was very low. However, the d@mation of alum, as primary coagulant, and ES as
coagulant aid enhanced the amount of MB removed ovitht 98% removal achieved. The effect of pH on the
removal of MB was not noticeable but the percent@gdB removed was appreciable at all the pH studied.
This result indicates that egg shell could be ssgfodly used as a coagulant aid to alum in thetrireat of
dye contaminated wastewater.
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Introduction Inorganic coagulants such as aluminum and irors sa
Wastewater from textiles, cosmetics, printing, dyifood  the most commonly used. When added to the watey, th
processing, and paper-making industries is pollutgd furnish highly charged ions to particles. Common
dyes. Wastewaters containing dyes are very diffitol  coagulant chemicals used are alum, ferric sulffegjc
treat; the dyes are recalcitrant molecules (pdeibuazo  chloride, ferrous sulfate, and sodium aluminatadkiaand
dyes), resistant to aerobic digestion, and arelestaty = Ogunfowokan, 2002; Azhaet al., 2005; Garcia, 2005;
oxidizing agents (Niganet al., 2000). Discharge of these Badmuset al., 2007). Coagulation efficiency on the other
coloured effluents presents a major environmentalpm  hand is enhanced by adding appropriate coagulaht ai
because of their toxic and carcinogenic effectslizing Coagulant aids are generally used to reduce flotionla
beings (Acemioglu, 2004). Azo and nitro compoundgeh time and when the raw water turbidity is very loagd
been reported to be reduced in sediments of agoatiies  density to slow-settling flocs and add toughnessh®
giving rise to potentially carcinogenic amines (Chen flocs so that they will not break up during the mgand
2006). Many dyes are made from known carcinogekgs li settling processes. Common coagulant aids include
benzidine and are also known to accumulate, thegig@a  bentonite, calcium carbonate, sodium silicate, r@inio
serious threat (Baughman and Perenich, 1988). Mgay d polymer, nonionic polymer.

are also known to get reduced to toxic substarcgigdé In recent time, in other to compensate the hight cbs
living organisms (Weber and Wolfe, 1987). The inorganic coagulants and problems associated with
carcinogenicity of azo dyes, which constitute anigant residual metals after water and wastewater treatmen
proportion of textile dyes, is well known (Weisbarg (Sayedet al., 2004), naturally derived substances have
2002; Umbuzeiro et al., 2005). Color is the first been developed as coagulants and coagulant aiatar
contaminants to be recognized in any wastewaterignd and wastewater treatment. The need to improve en th
gives an indication that such water has been maullut economy on water and wastewater operations and
(Azhar et al., 2005). This affects its aesthetic merit, environmental friendly coagulants has geared Seisnto
impedes light penetration and may be toxic to dquat search for more biocoagulants (materials of biaalgi
lives. origin). A lot of these substances have been regosthile
Therefore many methods such as adsorption, chemicalfforts are still directed at obtaining more. Thasgdude
coagulation, ion exchange, electrolysis, and bicklg turkey's feathers, pre-cooked puffed cereals, giocorn
treatments (Gupta&t al., 2004; Adelaguret al., 2014), cobs (Sayeckt al., 2004), periwinkle shells (James and
have been developed for removing dye pollutionsnfro Okolo, 2006; Badmust al., 2007), fly ash, red mud
wastewater before being discharged into the enmisot.  (Shaobinet al., 2005), sugarcane baggase (Azbaal.,
Coagulation is one of the cheapest processes fantemt  2005), tannin (Ozacar and Sengil, 2003a, 2003lifpsdm

of various organic effluents (Pradeegi al., 2011). and modified chitosan biopolymer (Pat al., 1999,
Coagulation and flocculation processes are used tdluanget al., 2000; Bratskayat al., 2002; Strandt al.,
separate the suspended solids portion from therwitest ~ 2003; Roussyet al., 2005), plantain peelings ash extract
solids suspended in water possess a negative chahe (Oladoja and Aliu, 2008), snail shell (Oladoja afiil,
since they have the same type of surface charge répel  2009).

each other when they come close together. Therdftgg  Recent advances in biotechnology have shown that egg
will remain in suspension rather than clump togetred  shell is no longer regarded as a waste but ratbea a
settle out of the water. Coagulation and floccolatbccur  feedstock for producing several products. Thudgiefit

in successive steps intended to overcome the forcesecycling of egg shell requires extensive reseaamnod
destabilizing the suspended particles, allowingtiglar  development work towards exploring newer applicatio
collision and growth of floc (Tridib and Bhudeb, )0 and maximizing the use of existing technologies dor
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sustainable and environmentally sound managemér&. T solution, MB. Same procedure was followed as desdrib

present study is aimed at the use of alum as pyimarabove. The combination that gave the least residyal

coagulant and egg shell as a coagulant aid in theoncentration was taken as the optimum alum/ES

decolourisation of methylene blue (methylthioninium combination.

chloride) (Fig. 1) contaminated water. Determination of pH effect for methylene blue remalv
Coagulation and flocculation is a unit process tlsat
highly pH dependent. In order to optimize the effefcpH

(\//' \ t@\ on the removal of MB from aqua system using alum
SN S S N cr coagulant; the pH of MB contaminated water was ddflis
| \ to 2, 3, 4, 5 and 6 using HCI and NaOH as apprapriat
Fig. 1: Structure of methylene blue Same procedure was followed as described above.
Materialsand M ethod Results and Discussion
Preparation of powdery egg shell Effect of initial alum concentration

The egg shell (purchased from local farms and uestas An qverview .of the result obtgined when alum aleves
in Wukari, Taraba State) was first washed with wagter ~ @Pplied as primary coagulant in dye removal fromeamys
then rinsed thoroughly with deionized water, driedhe ~ SYystem is presented in Fig. 2 Increase in theainéium
oven and ground in a wooden mortar and pestle. Th&oncentration resulted in a corresponding redudtiothe
ground egg shell was finally made into powder using!ntensny in the col_our of tht_a samples. The visibhange
laboratory grinding machine and sieved with a lakany N the colour and increase in the amount of MB resdo

sieve of mesh size 50 microns and stored in atigit- Showed that alum is an efficient coagulant in dy@aoval.
container. At the initial alum concentration 5 mg/L, the amowf

Preparation of coagulant (alum) solution methylene blue removed was 52%, which increased to
A stock solution of 500 mg/L of commercial alum 86% with increased in alum concentration of 100lmg/
[Al(SOy);] was prepared while working solutions of Alum efficiency in the present studies can be latited to
various concentrations (5 - 100 mg/l) were prepdreth the fact that alum dissolves in water to produateseof

the stock solution by serial dilution. products with positive charges. Edzwaﬁj al. (1990_)
Preparation of dye solution reported the po_SS|b|I|t|es_of Al [AI(OH)] , [AI(OH)41

A stock solution of 500 mg/L of Methylene Blue (MB) &nd Al(OH) during aluminum coagulation. The cations,
was prepared while working solutions of various produced by the alum ionization in aqueous medium,

concentrations (5 -100 mg/L) were prepared from thedestabilized the MB particles by neutralizing thesgative
stock solution by serial dilution. charges. Neutralization of the negative chargesltess in

Determination of effect of initial alum concentratin the formation of flocs which was observed. From the

Five (5) mL of the dye solution (MB) of 50 mg/L was result, optimum alum concentration for removal véds
added to 50 mL beaker containing 50 mL of varyingM9/L.

concentration of alum (5-100 mg/L). Each mixtureswa
stirred vigorously for two min at 240 rpm and folled by
gentle stirring at 80 rpm for 20 min using a magnet

stirrer. Settling time of 30 min was allowed andr80 of 80
the supernatant was drawn from the mixture with a 701
syringe. Uniform level of drawing was maintained 60 1
throughout the experiment. Residual MB concentrations 50 1
was analysed using UV-spectrophotometer at a 40 1
wavelength of 497 nm. The alum dose that gavedhst| 301
residual MB concentration was noted and the 209
corresponding coagulant dose was taken as the wptim 18 |
5 10 20 50 100

alum dose in each case.

Determination of effect of initial dye concentratio

Five (5) mL of alum of (50 mg/L) was added to 50 mL
beaker containing 50 mL of varying concentratior1(@0
mg/L) of the dye solution, MB. Same procedure was_. L )
followed as described above. The MB dose that gage t F19- 2 Effect of initial alum concentration
least residual alum concentration was noted and the

corresponding coagulant dose was taken as the aptim Effect of initial dye concentration
dye dose in each case. Effect of initial dye solutions of various conceattons (5-

Determination of effect of egg shell dose 100 mg/L) was investigated on the coagulation pedey

Powdered egg shell (ES) was used as coagulanbdiei @lum showed that the removal of dye increases thieh
present study. However, its ability to coagulate ¥iB  Increase in concentration (Fig. 3) achieving a mmaxn
molecules singly was tested. 5 mL of 50 mg/L MB waseémoval of 81% at 50 mg/l. This implies that aluoul
added to 50 mL beaker containing varying amoursgyf € Used to treat dye contaminated wastewater fereliit
shell (1, 2, 3, 4, 5, 6, 7 g). Same procedure \wievied concentration. Optimum dye concentration of 50 mg/L
as described above and the egg shell dose thattgave Was taken.

minimum residual dye concentration in each case was

regarded as the optimum egg shell dose.

Determination of optimum alum/egg shell dose

The effects of alum/egg shell combination were ishct

fixed alum (25 mL of 50 mg/L) and varying egg sh&s)

doses (1, 2, 3,4, 5, 6, 7 g) and 25 ml of 50 ngg/the dye

100 +
90 -

% Removal

Initial Alum Concentration (mg/l)
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90 - MB dye solutions. The amount of MB removed from the
80 | solution was higher with the combination of ES ahamn
than when alum was used alone. This implies thati&Si
701 as a coagulant aid improved efficiency of MB removal
g 60 1 This is attributed to the presence of elementalpmsition
£ 501 of the ES, CaC¢ which releases Gathus precipitating
@ 40 4 the MB from solute.
R 30 -
20 1 Table 1: Deter mination of optimum alum/egg shell dose
10 1 Concentration (mg/l) % Removal
0 A ; . ; .
5 10 20 50 100 % ggg;gg
Initial Dye Concentration 3 78:5861
4 85.6148
- P . 5 90.6826
Fig. 3: Effect of initial dye concentration 6 047313
7 98.7608
%0 7 Table 2: Deter mination of pH effect on MB removal
80 1 pH % Removal
70 4 2 86.99461
_ 60 3 89.99431
2 5. 4 90.99402
£ 5 92.99343
€ 401 6 97.65000
30 4
20 Effect of pH for the removal of MB from aqueous
10 - solution
o | Coagulation and flocculation is a unit process tlzat
1 2 3 4 5 6 7 highly pH dependent. The pH influences polymeridahe
Egg Shell Dosage species which are formed when the metal coagularmts
dissolved in water (Stumm and Morgan, 1996). The
Fig.4: Effect of egg shell dosage influence of pH on chemical coagulant, as positgd b
Randtke (1988) is a balance of two competitive ferce
Effect of egg shell dosage between H and metal hydrolysis products for organic

The result obtained from this study, expressed as #gands and between hydroxide ion and organic anfon
percentage are presented in Fig. 4. The percemntatiee metal hydrolysis products. If the pH is too lowe fhrotons
dye removed increased with increase in the ES eofag outcompete the metal hydrolysis products for organi
each dye concentration. In the present studiesadbigion  ligands and poor removal occurs because some of the
of egg shell to the various dye solutions produseder ~ organic acids are precipitated. At a higher pH,@h€ ion
with low-residual dye concentrations. This incredse competes with organic compounds for metal adsamptio
attributed to increase in the driving force of maming all ~ Sites and the precipitation of metal hydroxide eschy
mass transfer resistance between adsorbent mowigts CO-precipitation.

the adsorbate. Evaluation of the effects of pH on the removal d flom
Effect of egg shell dosage as coagulant aid aqua system by alum coagulation of MB dye was
In order to evaluate the ability of ES to act aggedant ~ conducted at the optimum alum/ES combination. The
aid, the optimum dose of primary coagulant (alungsw percentages of MB dye removed in all cases were
used with the ES shell dosage varied (1, 2, 3, 8,d&hd 7  appreciably high at all the pH values studied (€ad).

g). The different combination ratios were usedaoyout ~ This shows that flocs were appreciably stable esen
the coagulation process at the neutral pH of the MBvarying pH range. Similar stability of aluminiumrieates
solutions. The results obtained (Table 1) showee thcoagulant (polyaluminium chloride) has been rembrte
efficacy of ES to improve the efficiency of alum tee  (Pernitsky and Edzwald, 2003). When the experimeas
primary coagulant. The percentage of MB dye removed-onducted at the natural pH of the MB (pH 6.7),thlies
from different initial concentrations increasedrfr60% to  of the percentage MB removed was not less than 98% i
98% as the concentration of MB was increased from 5-almost all the concentrations studied. Hence weilckn

100 mgl/L. that pH has little or no effects on the removaM®B dye
The performance of alum/egg shell combination waméi ~ molecules from solution and that the possible stmat

to increase with increase in concentration of tH2 d§e. ~ change occasioned by the change in pH did nottafec
Alum molecules undergo hydrolysis reactions in wate  interaction between the dye molecule and the egdl sh
give cationic, neutral and anionic complexes dependn  used for the coagulation.

the extent of substitution of @ with OH. A complex

containing several molecules of aluminium may eben Conclusion

formed with OH as a bridging group by a process called The effects of alum as primary coagulant and ES as
flocculation. These several alum products are dapab  coagulant aid in the removal of MB from aqueousesyst
forming stable flocs by “sweep floc” and/or desiséion ~ were studied in the present work. The effects ofraand

of MB particles. Adsorption could even take place ES dosages, alum/ES combination ratio and pH were
simultaneously due to polymeric nature of egg shall  optimized by method of continuous variation. Alurhen

this would account for the optimum clarification tfe  used alone was found to be effective in the deciation
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of MB and the effects increased with increase immalu Garcia | 2005. Removal of natural organic matter by
dosage. The ability of alum to decolourise MB dye ba enhanced coagulation in Nicaragua. Licentiate Bhesi
attributed to the formation of positively chargezhiin Department of Chemical Engineering and Technology,
aqueous system which will then interact with the  Stockholm, Sweden, pp. 1 — 56.

negatively charged MB molecules. Thus precipitationGupta VK, Mittal A, Krishnan L & Gajbe V 2004.

occurred. The ability of ES when used alone to remo Sustainable food waste evaluation: “Adsorption
MB was very low. However, the process was enhanced kinetics and column operations for the removal and
when alum was used as primary coagulant in corribimat recovery of malachite green from wastewater using
with ES as coagulant aid with over 98% removal exdl. bottom ash.’Sep. & Purif. Tech., 40(1): 87-96.

The optimization of pH showed little or no variatiomm the = James MO & Okolo PO 2006. Removal of heavy metal
amount of MB removed from solution. However, the ions by blended periwinkle shelld. Appl. Sci., 6(3):
amount of MB removed was appreciably high at allghe 567 — 571.

studied. This project through its effective demaomtsin Nigam PG, Armour IM, Banat D & Singh R 2000.
has successfully evaluated powdered egg shell as Physical removal of textile dyes from effluents and

coagulant aid to alum a primary coagulant in teatment solid-state fermentation of dye-adsorbed agricaltu

of dye contaminated water. It is therefore reconuieen residuesBioresou. Technol., 72: 219-226.

that use of egg shell as a coagulant aid in dyeovaim Oladoja NA & Aliu YD 2008. Evaluation of plantain

from agueous system. peelings ash extract as coagulant aid in the catigol

of colloidal particles in low pH aqua systeiVater
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