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ABSTRACT

Carica papaya seed (CPS) waste was used as an adsorbent for the removal
of malachite green and was studied in batch mode the effect of agitation
time and initial dye concentration, adsorbent dosage and pH were exam-
ined. The study revealed that the amount of dye adsorbed (mgg?) in-
creased with increase in agitation time and reached equilibrium after 35
minute. for dye concentration of 2.00-10.00 mg/l. the adsorbent dosage of
1.00 g/60.00 ml and pH 8.0 were found to be the optimum for maximum for
maximum dye removal. The batch mode adsorption followed both the
Langmuir and Freundlich isotherms. The pseudo first and second order
kinetics model provided the best correlation of the equilibrium data. The
adsorption kinetics of malachite green showed that the pseudo first order
kinetic model provided the best correlation of the equilibrium data. This
study implies that it is possible to develop a dye removal system using
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carica papaya seed, which occur as awaste in the environment.
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INTRODUCTION

The preparation of low cost adsorbent for indus-
tria effluent purification hasrecently been reviewed
by!. For example awiderange agricultural by-prod-
ucts have successfully been converted into activating
carbon includes coconut shell, rice husk, maize cob
etc. activated carbon prepared from variouslocally
available materials have been employedin adsorption
processes for thetreatment of waste water and even
for the purification of water inless devel oped coun-
tries¥. Inthe present investigation, the possibility of
using Carica papaya seed waste for the removal of
Malachite Green from an agueous sol ution was ac-

cessed. Batch mode experimenta parameters such as
agitationtimeandinitial dye concentration, adsorbent
dosage and pH weredetermined. Adsorption isotherms
and rate kineticswere gpplied to the batch mode equi-
librium adsorption data.

EXPERIMENTAL

Material

The samplesof caricapapayawere carbonized and
activated by 2- step method?. 2.00 g of raw CPS
samples was weighed into reweighed crucibles and
placed inacarbolitefurnace at 500°C for 3minuteto
carbonize as shown bel ow
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500 C, 3 minutes
» C + CO2 (Carbonization)

Raw-CPS
A

2.00 g of carbonized CPS sampleswere mixed, Sepa-
rately with2.00cm? of ActivatingAgents(AA) (i.e0.1M
H,PO,)

Thesampleswereheatedinafurnaceat 750°C for
5minutes after they were cooled with ice cold water
and allowed to dry at room temperature. They were
stored in sedled air tight pol ythene bag

AA, 750 C, 5 minutes
» AC + CO2 (Activation)

Carbonized-CPS
A

The above was repeated until substantial amount of
activated CPSwasobtained. It wasallowedto cool in
H,O and dlowedtodry a roomtemperatureand stored
inpolythenebags. Thedyeusedinthisstudy wasmda
chite green and It has a molecular formula of
C,,H,.CIN, with amolar mass of 364.911g/mal. Its

23" 25
maximum absorbancewas 620nm

N(CH3)2—©—C:®:T\I(CH3)ZCI'

Sructureof malachitegreen

A stock solution of 1000.00 mg/l maachitegreen
was prepared by dissolving 1.00g of ma achitegreenin
1000.00 cm? volumetric flask contai ning about 500cn®
of distilled water. It was madeto mark with distilled
water to obtain 1000mg/I stock solution of malachite
green. Dye concentrations were estimated using
CORNING colorimeter. All chemical sused were of
andytica grade

Methods
Batch mode of studying adsor ption kinetics

The prepared adsorbent wastested for theremoval
of ma achitegreen usngabatch modeprocess. Inthese
studies, variousparameters such asinitia dye concen-
tration and agitation time, adsorbent dosageand pH were
determined for maximum dyeremoval. Theeffects of
agitation timeand initial concentration weretested by
adding 1.00g of adsorbent to 60ml of dye solution of
various concentration (2.00 mg/l -10.00 mg/l) and agi-
tating in a shaker at predetermined time intervals at
29+2°C. Thesampleswerewithdrawn from the shaker
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at predetermined timeinternalsand the adsorbate and
adsorbent were separated by centrifugation at 1395 (x
g). Theabsorbanceof thesupernatant sol ution wastaken.
Thestudy was carried out with different adsorbent dos-
ages. 0.50, 1.00, 1.50, 2.00 and 2.50 ¢/60.00 ml at a
predetermined equilibriumtimeof 35minutes. Inorder to
find out theoptimum pH for maximum dyeremova effi-
ciency, theexperimentswere conducted at different pH
vauesranging from 2.0to 10.0 with optimum adsorbent
dosageof 1.00gfor 35 minutesat 29+2°C. theLangmuir
plotswereobtaned usngtheequilibriumtimecurvesdaa
(i.etheadsorbent dosagewasfixed whilethe adsorbate
concentration was varied). Freundlich plotswere ob-
tained from the equilibrium dataof the adsorbent dose
effect (i.ethe adsorbate concentration wasfixed while
theadsorbent dosagewasvaried). Kinetic studieswere
dsocariedoutwithdifferent initial concentrationof maa
chite green while maintaining the adsorbent dosage at
congtant level. Control experimentswerecarriedoutin
theabsenceof the adsorbent in order tofind out whether
therewasany adsorption on the container wall2.

Desor ption studies

For the desorption experiments, the adsorbate-
laden adsorbent from batch process for H,PO, acti-
vated-CPSfor variousinitia dyeconcentrations(2.00-
10.00 mg/l) waswashed gently with distilled water to
removethe unadsorbed dye. Thewashed sampleswere
resuspended inflasks containing 60.00 ml of 0.10 M
NaOH and agitated in ashaker at 12.52 (xg) for differ-
ent timeinterval sto determinetheequilibrium timefor
maximum dye desorption. Oncethe equilibriumtime
for desorptionwasfixed, the dye- |aden adsorbent was
suspended in theflasks containing 60.00 ml of various
concentration of NaOH (0.10-0.50 M) and agitated
for the predetermined equilibriumtimeto determinethe
optimum NaOH concentration for maximum desorp-
tion. The desorbed dye concentration was determined
inthesupernatant using corning colorimeter.

RESULTSAND DISCUSSION

Effect of initial dye concentration and agitation
timeon dyeremoval

Thisstudiesreved ed that the percentagedyeremova
decreaseswith anincreaseintheinitial dye concentra-
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tion and the amount of dye uptake increased with an
increasein contact time but remained constant oncean
equilibriumwasachieved when H,PO, activated - CPS,
asshowninFigure 1. However, the percentage dyere-
moval a equilibrium timedecreasesfrom 94 % —-85%
for H,PO, activated — CPS, for the dye concentrations
of 2.00-10.00mg/l. It wasclear that the percentagedye
removal wasdependent ontheinitia dye concentration
and theequilibrium timefor the adsorbent was 35 min-
utesat dl the dye concentrations studied. Theeffect of
agitation timeon dye uptakewasasingle, smoothand
continuous curveleading to saturation, suggesting the
possible monolayer coverage of dye on the surface of
the adsorbent. Thisstudies agreed with reports of“¢
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% MG Removal

w400 mg/l
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Figurel: Effect agitation timeand initial dyeconcentrations
on MG removal usingH PO, activated-CPSsamples, pH 8.0
and adsor bent dosageof 1.00 g and temper atur e of 29+2°C.

Effect of adsor bent dosage on dyeremoval

Theeffect of adsorbent dosage ondyeremova was
studied for H,PO, activated—CPS, Figure 2. However
theminimum and maximumdyeremova of 80%—91%,
and 85 %97 % were observed at dosagesof 0.50 and
2.50g/60.00 ml respectively when H,PO, activated-CPS

Natural Products

was used for the adsorption of MG and It wasa so no-
ticed that an optimum dyeremoval of 82%—94% was
observed at adsorbent dosage of 1.00 g/60.00 ml for
H,PO, activated-CPS. Theresult indicated that anin-
creasein adsorbent dosageincreasethe percentage dye
removal which either reached a constant value or re-
vealed avery low rateof removal after aparticular dos-
ageleve. Thereason for theabove may bethat therate
of adsorptionincreased with anincreasein adsorbent
dosagewnhich may beduetotheavailability of morebind-
ingStesat higher adsorbent dosage. Thisstudy isinagree
ment with reportsof 4, An adsorbent dosage of 1.0.00
0/60.00 ml wasused for further studies.

80 +

—&— 10.00mg/|
50 1 —8—8.00mg/|
6.00mg/1

% MG remaoval

=k 4.00mg/1
= 2.00mg/1

o 0.5 1 15 2 2.5 3 3.5 4

Adsorbent dosage(g)
Figure?2: Effect of adsorbent dosageon theremoval of M G
usingH_PO, activated -CPSat pH 8.0,and temper ature29+2°C

Effect of pH

Theinitia pH of dyesolutioninfluencesboththedye
moleculesand the CPSin an agueoussolution. Further-
more, thevariationin pH (2-10) did not cause any de-
generation of the biosorbent as shown on Figure 3.
H,PO, activated-CPS, showsthat amaximum dyead-
sorption of 94% was observed at pH 8.0 but at acidic
pH (2-4) thedye adsorption unto CPSwasunfavourable.
Thissuggeststhat CPS may benegatively charged onits
surfaceand sincetheinitia pH of thedyedecreased the
number of negatively charged adsorbent Stesand posi-
tively charged sitesincreased which did not favour the
adsorption of positively charged dyes dueto el ectro-
static repulsion. However thelower rate of dye adsorp-
tionat acidic pH isa sodueto the presencesof excessof
H* ionscompeting with dye cationsfor adsorption Sites.
Thereforetheionic exchangeand € ectrogtatic repulsion
andt heorganic and structurd propertiesof thedyeand
CPScould play avita roleinthe adsorption process.
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Figure3: Effect of pH on theremoval of MG using H_PO,
activated-CPSat temper atur eof 29+2?C and adsor bent dos-
ageof 1.00g

Deter mination of adsor ption isotherms

A comparison of calculated and experimental re-
sultsfor dyeremoval onto CPSisshown TABLES,
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2for H,PO, activated — CPS,. All the tables shows
that for the pseudo-second-other model, therate con-
stant (k) decreaseswith anincreaseininitia dye con-
centration. Thecorrelation values (R?) of the pseudo-
second order model for Ma achite Green were much
higher than those for pseudo first order. However the
sorption capacity (g,) for the pseudo-first-order equa-
tion was slightly more reasonabl e than that of the
pseudo-second-order when compared to experimental
g, valuesin (TABLE 1) Thissuggeststhat the adsor-
bent system studied belongsto the pseudo- first-or-
der kinetic model based on the assumption that the
ratelimiting step may be chemical or chemisorption
involving vaency forcesthrough sharing or exchange
of electrons between adsorbent and adsorbate. Simi-
lar phenomenahave been observed in biosorption of
RB 2, RY 2 and Remazol Black B dyeson biomass’”®
and expl ditation of trichodermaharianum mycelial to
adsorb Rhodamine 6G. Theadsorption capacity(Q,)
calculated from Langmuir isotherm was 9.85 for

TABLE 1: Comparison of thefir - and second-or der adsor ption rateconstantsof calculated gevalueswith experimental ge
valuesfor different initial concentration using H_PO, activated-CPS

Dye concentration  ge(exp) First-order kinetic model Second-order kinetic model
(mg/l) (Mmgg")  Ku(min?) ge(cal) (mgg) RZ  K,(gmg'min®) ge(cal) (mgg?)  R?
2 1.94 0.318 0.920 0.966 2.089 0.480 0.989
4 3.75 0.359 2.010 0.922 1.271 0.830 0.987
6 5.51 0.306 3.090 0.952 0.720 1.290 0.984
8 7.02 0.576 6.460 0.852 0.592 1.570 0.983
10 8.53 0.327 7.890 0.942 0.004 1.890 0.982

TABLE 2: Langmuir and Freundlich constantsfor there-
moval of malachitegreen (M G) usingH,PO, activated-CPS

D)t/e ti o B R Kf-l R2
Comzﬁ?g;,?'on (mgg?) (Img?) ([["rﬂg.n]) n

2 7798 1680 0781

4 33.806 0457 0871

6 30303 0327 0984 15066 0352 0.906

8 5957 0310 0911

10 0.948 0255 0.900

H.PO, activated — CPS.
Desor ption studies

The desorption process allows therecovery of
dye from waste water and regeneration of the ad-

sorbent, which minimize cost of treatment. In the
present study NaOH was used for the desorption of

mal achite green from H_PO, activated-CPS because
the dye hasincrease solubility in water with higher
pH and thus the dye was eluted from CPS.[® used
HCIl and ethanol for the desorption of methyl violet,
basi ¢ fushin from aspergillus niger. The equilibrium
timerequired for the desorption of various dye con-
centration(2.00-10.00 mg/l) wasfound to be 90 min-
utesasshowninfigure4. It was noted that at equi-
librium time, the minimum desorption ratefor H,PO,
activated—CPS was 30%-40% and maximum 53 %-
61 %. The desorption studies results showed that an
increase in NaOH concentration from 0.1M-0.5M
caused an increase dye desorption from 30 %-61 %
H.PO, activated—CPS. The desorption profileindi-
catesthat the adsorbent can berecycled. Similar re-
sultswere obtained by!®l
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Figure4: Langmuir isothermfor H PO, activated carbon

CONCLUSION

Fromtheobsarvationsresults, and discussions it can
be seenthat caricapapayaseed samplesare chegp, good
aternative sources for AC production and the 2-step
method of preparation with suitableAA and activation
time can beemployed for industrial production. How-
ever from our studies, it can be concluded that Carica
Papaya Seed waste can be used as an adsorbent for
decolouration of Mdachite Green and hasmaximum dye
removal capacity at lower dye concentration. The ad-
sorption processwashighly dependent on agitationtime
andinitia dyeconcentraion, adsorbent dosageand pH.
Theadsorption capacitiesbased onthe Langmuir (Q,)
and Freundlich (k) isothermswerefound to be 33.806
t0 0.908 for H,PO, activated-CPS. Based on adsorp-
tionratekinetic studies. The pseudo first-order rateki-
netics provided the best correl ation of experimentd deata
and the sudies assumethat the chemi sorption mecha-
nismmay betherate controlling step. At thisjuction, ad-
sorption by caricapapayaseed hasemergeasan option
for devel oping an economica and eco-friendly method
for traeting dyewastewaters.
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Figure5: Desorption profilefor H PO, activated-CPS
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