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ABSTRACT

Cassava is one of the most important food sources in Nigeria. Cassava
peel (CP) isan agricultural waste from food and starch processing indus-
tries. Inthis study, CPwas used as a precursor for activated carbon prepa-
ration. Activated carbonswere prepared from CP using both physical and
chemical activation methods; they were characterized using Brunauer-
Emmett Teller (BET), Fourier Transform Infrared (FTIR), Scanning Elec-
tron Microscope (SEM) and proximate analyses respectively. Their effi-
ciencies were tested in the removal of dyes from agueous solutions. The
two activated carbons were efficient in the adsorption of eight, structur-
aly related, acid dyes of the monoazo and anthraguinone class in aque-
ous solutions; the CP activated with chemical method showed higher
percentage removal efficiencies (90-100%) than the physically activated
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INTRODUCTION

Cassava (Manihot esculenta Crantz) isastorage
root crop which serves as a staplefoodstuff for more
than 500 million peoplethroughout tropica Africaasa
result of itscarbohydraterich and low protein contents™.
CassavaproductionishighinNigeriaasitisutilized by
traditional food industries, therest are used astheraw
materid for cassavastarchindustries. Cassavastarch
produci ng operation produces|arge amount of cassava
peels (CP) and direct discharge of these solid wastes
cause environmental problems. Thisbecomesaby-

product from cassavaprocess ng after harvest withlittle
use, itsuncontrolled spill (e.g. inriversand streams)
cause seriousenvironmental problems.

Natural and synthetic organic dyesare extensively
used intextileindustries. Particularly, theacid dyes of
the monoazo and anthraguinone classare used in the
dyeing of wool, silk, acrylic and nylon. Thedischarge
of colored wastewater fromtextileindustriesintorivers
and lakeshas caused many problemsintheaquaticlife
becausethe color reduceslight penetration, which has
derogatory effect onthe photosynthetic phenomenoni?.
Thecommercial activated carbonisthe most widely


mailto:osbello@yahoo.com

142

Adsorption of acid dyes of the monoazo and anthraquinone class

PCAIJ, 6(3), 2011

Full Poper ===

used adsorbent for theremoval of such dyes, but re-
cently some non-carbonized low cost adsorbentssuch
as. avocado kernel®® bananaped™ coconut shell®™ or-
angeped(® peanut hullg” periwinkle shel® sawdust®
e.t.c have been used to prepare activated carbon
adsorbents. The use of waste materia sfrom agricul-
turd originisaninteresting aternativefor the prepara-
tion of carbonaceous adsorbents.

Therearetwo methodsfor preparation of activated
carbon: chemical activation and physica activation.
Chemicd activationisknown asasinglestep method of
preparation of activated carbon inthe presence of chemi-
cd agents. Physicd activationinvolves carbonization of
acarbonaceousmateria sfollowed by activation of the
resulting char inthe presenceof activating agentssuch as
CO, or steam. Thechemicd activationusudly tekesplace
at atemperaturelower thanthat usedin physicd activa-
tion, Thecarbonyieldsof chemica activationarehigher
than the physical ond'?. Chemical activation hasthree
mainadvantages. Firgtly, itiscarried outinasinglestep.
Secondly, carbonization and activation are united™?.
Ladly, itisperformed at rdatively lower temperaturewhen
compared with physica activation; itimprovesporede-
velopmentinthecarbon gructure. Itinvolvespyrolyzing
thefeedstock in the presence of achemica activating
agent suchasH_PO,, ZnCl,, and KOH.

Although thereare many studiesintheliterature
relating to the preparation and characterization of acti-
vated carbon from agricultural wastes, to the best of
my knowledge, thereisno report onthe preparation of
theactivated carbon using CPasaprecursor with ZnCl,,
aschemica activating agent for the adsorption of acid
dyesof themonoazo and anthraquinoneclassinlitera-
ture. Onthispremise, CP obtained from cassavagtarch
industry in Nigeriawas used to prepare activated car-
bon using both physica and chemical activation meth-
ods. Studieswere conducted on the use of activated
carbons prepared from CPin theremovd of eight struc-
turally related acid dyes of the monoazo and an-
thraguinone classin agueous solutions.

METHODS

Activated carbon preparation
Physical activation method
CPwasfirst washed withwater toremovedirt from
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itssurface and subsequently dried at 105°C for 24 hto
removethemoisture content. Thedried waste CPwas
ground into small piecesand sieved tothedesired par-
ticlesizeof 1-2 mmandloadedin astainlesssted ver-
tical tubular reactor placed in atubefurnace. Carbon-
ization of thedried CPwas carried out at 500°C with
heeting rate of 10°C min under purified nitrogenflown
through at aflow rate of 150 cm®min* for one hour.
Theresulting char was activated under the same condi-
tion, but to afina temperature of 700°C for 2 h. Once
thefind temperaturewasreached, thenitrogen gasflow
was switched to CO, (200 cm® min') to completethe
activation process. Theactivated product denoted as
P-CPA C wasthen cool ed to room temperature under
nitrogen flow and then washed with hot del onized wa-
ter and hydrochloric acid (0.1M) until the pH of the
solution used for washing reached 6.5 - 7.0.

Chemical method

Thewashed and dried CPwasground and sevedto
aparticlesizeof 1-2mmbeforeloadingitinastainless
stedl vertical tubular reactor placed in atube furnace.
Carbonization step wascarried out at 400°C for 30 min
under nitrogen (99.99%) flow at flow rate of 150 mL
min™. Thechar produced wasimpregnated withZnCl,
pellets (Impregnationretio, IR=40 (wt :%). Deionized
water wasthen added to dissolveadl theZnCl, pellets.
Theactivation step wasdoneusing Smilar reactor asin
carbonization sep. Oncethefina activationtemperature
(700°C) wasreached, the gasflow was switched from
nitrogento CO, at aflow rateof 150 mL min to com-
pletethe activation process. The activated product de-
noted as C-CPA C was then cooled to room tempera-
tureunder nitrogen flow. Then, thesamplewaswashed
with hot deionized water and hydrochloricacid (0.1M)
until thepH of thewashed solution reached 6.5-7.

Reagents used

Thereagentsused were of analytical grade, they
were supplied from BDH. The adsorbates used are
Acid Blue 80, Acid Blue 32, Acid Green 25, Acid
Green 27,Acid Orange 7, Acid Orange 8, Acid Or-
ange 10 and Acid Red 1. Thetreatment was carried
out using abatch process; 500 mg of the adsorbent
was agitated at room temperature (30 =+ 1°C) with 50
ml of the adsorbate for at predetermined times (30-
90 mins) at 160 rpm in 250 ml conical flasks. The
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supernatant was separated by centrifugation at 10,000
rpm and anal yses spectrophotometricaly.

ANALYSIS

The concentrations of the dyes before and after
trestment weremeasured a their respectivewave engths
spectrophotometrically. The percentageremova was
ca culated using the equation below

(C' _Cf)

% Removal =— x 100

where C, and C, (mg/L) are the concentrations of the dye be-
fore and after treatment. The experiments are conducted in

triplicate and the average results are reported.
RESULTSAND DISCUSSION

Char acterization of theadsor bents

The characteristicsof thetwo adsorbentsused are
reported in TABLE 1. The surface areaof C-CPAC
was higher than P-CPAC. Thehigh surfaceareaof the
C-CPACwasdueto chemica activationusing ZnCl,,.
ZnCl, isadehydrating agent that penetratesdeeply into
the structure of the carbon causing tiny poresto de-
velop*!. Theaddition of ZnCl, and thethermal treat-
ment enhanced theattack of the chemical onthematrix
of the precursor, leading to reorganization of the
precursor’s matrix, swelling of the particles, dehydra-
tionand gradua devel opment of aporousstructureupon
activation. Thevolatile matter, ash and the moisture
contents of C-CPAC were lower when compared to
P-CPAC. The fixed carbon content of 62.52 % ob-
tained for C-CPAC was satisfactory enough for dye
adsorption. Similar result wasreportedinliteratureon
the study of activated carbons by pyrolysisof cassava
ped inthepresenceof zinc chloride?,

FTIR techniquewas used to examinethe surface
groupsof C-CPAC adsorbent and to identify thegroups
responsi blefor dye adsorption. Infrared spectraof the
adsorbent and dye-loaded adsorbent sampl es, before
and after the adsorption process, wererecorded inthe
range 4000400 cm™ (Figure 1). As observed for C-
CPAC adsorbent after the adsorption process, thefunc-
tiona groupsthat interacted with thedyesuffered ashift
tolower wavenumbers. Figure laand b showstheFTIR
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TABLE 1: Characteristicsof activated cassava ped carbon

Parameters P-CPAC C-CPAC
pH 8.38 7.14
Conductivity (ms/cm) 0.57 0.11
Moisture (%) 11.16 340
Volatile Matter (%) 58.30 28.20
Fixed Residue (%) 30.41 62.52
Ash Content (%) 4.56 3.20
Decolorizing power (mg/g) 6.70 44.00
Surface area (m?/q) 250.16 834.17
Water soluble matter (%) 7.23 9.61
Acid soluble matter (%) 13.16 15.43
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Figurel: FTIR spectraof C-CPAC (a) beforeadsor ption;
(b) after adsor ption

vibrational spectraof the C-CPAC beforethe adsorp-
tion and when it was|oaded with the dye after adsorp-
tion. Theintense absorption bandsat 3427 and 3417
cm* areassgned to O-H bond stretching, before and
after adsorption, respectively. The CH, stretching band
at 2922 cn! are assigned to asymmetric stretching of
CH, groupswhich present the samewave numbersbe-
foreand after theadsorption, indi cating that these groups
did not participatein theadsorption process. Smdl bands
at 1740 and 1731 cm*, before and after absorption
were assigned to carbonyl groupsof carboxylic acid.
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Sharp intense peaks observed at 1633 and 1627 cm'?,
before and after absorption, respectively, areassigned
to thearomatic C=C ring stretch. In addition, thereare
severd smdl bandsand shouldersintherangeof 1510
1424 cmr! that are assigned to ring modes of the aro-
matic ringg™®. Thewave numbers of thesebandswere
practically thesamebeforeand after the adsorption pro-
cedure. Small bandsranging from 1160-1031 cm* and
1158-1027 cm™ before and after adsorption are as-
signedto C-O stretching vibrations of lignin®>4. FTIR
resultsindicatethat theinteraction of thedyewiththe C-
CPA C adsorbent occur with the O-H bonds and car-
boxylategroups. In addition, strong bandsof 1116-1061
and 1100-1026 cm*, before and after adsorption con-
firmthepresence of C-O bond (Figure 1b)™** reinforc-
ing theinteraction of the dyewith carboxylate groups.
Scanning e ectron micrographsof C-CPAC (Figure 2a)
and C-CPAC+Dye (Figure 2b) show drastic differences
inthesematerias. C-CPACisamaterid that hasahigh
surface areathat led to an increase in the maximum
amount of dye adsorbed.

F

Figure: SEM micrograph of (a) C-CPAC beforeadsor ption;
(b) C-CPAC after adsor ption
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Results presented in TABLES 2 and 3 show that
thetwo types of activated carbon are effectiveinthe
remova of dyesfrom agueoussolutions. Interestingly,
therewas completeremoval (100 %) for some of the
dyeswiththeuse of C-CPAC. Activated carbon pre-
pared by chemical activation using ZnCl, wasmoreef-
ficient than that prepared by physical activation dueto
improved pore development in the carbon structure.

TABLE 2: Removal of acid dyes from aqueous solution
using P-CPAC

Initial Final hma Per centage r emoval

Dye

pPH  pH (M) 30mins 90mins 120 mins
Acid Blue 80 6.4 6.8 627 6516 84.21 85.10
Acid Blue 32 7.6 81 600 6624 74.67 87.21
Acid Green 25 6.8 72 642 6437 6943 74.27
Acid Green 27 6.1 65 642 7142 7256 77.94
Acid Orange 7 6.1 6.6 490 7317 80.21 89.43
Acid Orange 8 6.3 6.7 490 6243 71.68 78.43
AcidOrangel0 6.1 65 475 5843 68.43 74.92
Acid Red 1 6.0 6.8 506 6732 7216 84.76

TABLE 3: Removal of acid dyes from aqueous solution
using C-CPAC

Initial Final Amax Per centage removal

Dye

pPH  pH ("M) 30min 90mins 120 mins
Acid Blue 80 64 814 627 8821 9824 100.00
Acid Blue 32 76 826 600 9846 100.00 100.00
Acid Green 25 6.8 832 642 7353 8342 91.26
Acid Green 27 6.1 846 642 7542 79.01 90.42
Acid Orange 7 6.1 852 490 8269 100.00 100.00
Acid Orange 8 6.3 816 490 7842 84.62 96.45
Acid Orange 10 6.1 836 475 8421 88.63 92.18
AcidRed 1 6.0 821 506 91.06 98.31 100.00
CONCLUSION

Insummary, pyrolysisof cassavaped impregnated
with ZnCl,, produces materia swith awel|-developed
porestructureand high adsorption capacities, making it
possibleto attain surfaceareaashighas834.17 m? g*
(TABLE1). Theimpregnation withZnCl, hasastrong
influence on the pore structure of the activated carbon.
The study showed that C-CPAC ismoreeffectivein
the treatment of acid dyes of the monoazo and an-
thraquinonedassin agueoussolutionsthanthe P-CPAC.
Asawasteraw material, itsapplicationin such treat-
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ment process can be commercialized.
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