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ABSTRACT

Carbonaceous sorbent from rice-straw that can be used as adsorbents for
the purification of water were prepared and eval uated. Effects of charring
temperature and activation of charring rice straw by acid and alkali on
textural and adsorption were investigated. The adsorptive capacities of
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charring rice straws were measured by Pb ion adsorption. The charring
was characterized by el ectron microscope (SEM) and I R spectrum; round-
shaped and porous structures were formed by activation.
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INTRODUCTION

Activated carbon hasthe uniqueability to adsorb a
widerange of compoundsfrom boththeliquid and gas
phase. Thisadsorptivefeatureisrespons blefor remov-
ing contaminantsfromwater and other substanceswhere
the adsorbent material isadded.

Commercially activated carbonisproduced from
bituminousor lignitecod. Thelong-termavail ability of
coal, environmentd impactsand potentidly increasing
cost hasencouraged researchersto find other alterna-
tives, which may becast effectiveand equally potentid.
Activated carbon is aform of carbon that has been
processed to makeit extremely porousand thusto have
avery large surface area available for adsorption or
chemical reactions. It can be produced from carbon-
aceous sourcemateriadslikenutshells, pest, wood, coir,
lignite, cod and petroleum pitch by oneof thefollowing
processes, (a) Physical reactivation by usingoneor a
combination of Carbonization and Activation/Oxida-

tion. (b) Chemical activation; theraw materia isim-
pregnated with certain chemicals, and then carbonized
at lower temperatures. Activated carbon can be manu-
factured fromany materia that hasreasonabled emen-
tal carbon content. Any lignocel lulosic materia canbe
converted to an activated carbon. Theliterature men-
tions many precursors for activated carbon such as
bagasse*2 scrap tires, saw dust’®, almond, pecan,
Englishwalnut, black wal nut, macadamianut!®, pista-
chio® hazelnut shell S8 (K obya, 2004), ricehusk!™, rice
brani® and corn cobs* etc.

In recent years, the use of low-cost waste, espe-
cidly agricultura by-productsas precursor to prepare
activated carbons has attracted much attention. Inthe
past 20 years, severa researchers began to focuson
devel oping porous activated carbonsfrom rice straw
for theremova of pollutantsfrom wastewater*,

Ken-Linet a foundthat, theavailability and suit-
ability for production of carbonaceousadsorbentsfrom
rice straw biomass makesit one of the materia sthat
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can beused for removal of carbofuran from aqueous
medium™!, Oh and Park adopted a2-stepsactivation
inwhichtheraw rice straw wasfirst carbonized and
subsequently activated with KOH. Porous carbons
with high surface areaand high adsorption capacity for
both methyl ene blue and i odine were obtained™.

In Egypt rice cultivation inthe River Nile Delta
produceslarge amountsof rice straw asresidue. As-
suming that about 20% were used for other purposes
about 80% wereleft on thefiedsfor burningwithina
period of 30 days, wherethereisashort duration to
preparethefield for the next crop, to get quickly rid
of leftover debris. It hasbeen observed that openfield
burning of crop residuesisaprocess of uncontrolled
combustion duringwhichair pollutantsareemitted into
the atmosphere. And these air pollutants have signifi-
cant toxicological propertiesand are notably potentia
carcinogens. Theresulting emissionsgiveasgnificant
contribution to the air pollution called the “Black
Cloud”t3,

Besides activation time, temperature, affectsthe
characteristic of the activated carbon produced. Gen-
erally, for commercial activated carbon usually con-
ducted at temperature above 800°C in a mixture of
steam and CO,*4.. Organic matter may be converted
by controlled thermal decompositioninto carbon. The
mechanismsinvolvedinthe conversion of organic mat-
ter to carbon are: (1) desorption of adsorbed water up
to 150°C, (2) splitting of matter structure and water
between 150 and 260°C, (3) chain scissions, or depo-
lymerization, and bresking of CO and C-C bondswithin
ring unitsevolving water, CO and CO, between 260
and 400°C, (4) aromatization forming graphitic layers
above 400°C, and (5) above 800°C, the thermal in-
duced decomposition and therearrangement reaction
areadmost terminated |eaving acarbon template struc-
ture. Thema or components of organic matter break
downinastepwise manner at 200-260°C (hemicellu-
lose), 260-350°C (cellulose) and 280-500°C (lignin).
Between 260°C and 400°C almost 80% of the total
weight lossoccurswhich may vary between 40% (lig-
nin) to about 80% (cellulose) dueto evolution of H,0,
CO,, and volatile hydrocarbon speciesfrom fragmen-
tation reactions of the polyaromatic constituentg®.

Recently, the researchershave been working out
onoptimizing thefina activation temperatureto econo-
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mize the cost of production. Asreported by several
authors, activation temperaturesignificantly affectsthe
production yield of activated carbon and a so the sur-
faceareaof activated carbon. Thetemperature used as
low as 200°C and up high to 1100°C18.

The optimum temperatures have been reported to
be between 400°C to 500°C by most the earlier re-
searchersirrespectiveof thetimeof activation andim-
pregnation ratio for different raw material™”.

Theimportance of thiswork liesin the urgent need
to utilizerice straw which createsacommon problem
known as Black Cloud by producing new carbonaceous
sorbent from rice-straw. In addition, sorbent adsorp-
tion capacitiesand surface properties as an adsorbent
for theremovd of heavy metdsfromwater will beevau-
ated.

EXPERIMENTAL

Raw material

Thestraw fromtheNilevalley, harvested in Octo-
ber wasusedfor thisstudy. Thestraw (leavesand stems)
were collected after and the seedswere separated. They
werewashed and oven dried at 110°C overnight be-
foreusing.

Methods
Charring

A weighed amount of rice straw charged into the
furnace at atemperature of 300, 400, 500 and 600°C
for 0.5, 1.0, 1.5and 2 h. Theresulting charred materid
was collected and cooled at room temperature. The
domain of variation of thesefactorsisdefined accord-
ingtoBornemann et al.,*8.

A known amount of ricestraw charcoa (10 g) was
transferred in abeaker (250 mL) and added 100 mL
distilled water to it and continued adding water toit up
to 200 mL to completely soak thecharringricestraw in
beaker. Whenthe charring rice straw compl etely settled
down then decanted the distilled water and repeated
thisprocessfor severa timesuntil the decanted water
become cleared. Rice straw charcod wasthenfiltered
through ordinary filter paper and washed againwith dis-
tilled water. Cleaned rice straw charcod wasdried in
an oven to get aconstant weight and stored inan air
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tight bottlefor further use.
Charringyidd

Theresulting cooled charred materid sobtained from
theabove processwereweighed to determinetheyield
of each material at different charring temperatures?.

The percentage yield for each charred material was
determined using thefoll owing equation (1):

W,

— 1x100

W @
Where W = Initial weight before charring and W_=
Fina weight after charring

PercentageYield (%) =

Chemical treatment of ricestraw char coal

A known amount (10g) of uniform particle sized
rice straw charcoal wastransferred in atwo separate
beakers and added to each beaker 200 mL of 1.0 M
NaOH, or HCI. Themixtureswerekept overnight. The
superficia solutionswere then decanted and added to
it 200 mL of distilled water. The distilled water was
again decanted and the process was repeated until the
decanted water becomescleared. Ricestraw charcoal
was then filtered through ordinary filter paper and
washed again with distilled water. Cleaned and rice
straw charcoa wasdriedin anoventill constant weight
and stored inan air tight bottlefor further use.

The samples were later soaked in 2% (w/v)
NaHCO, or 10 % acetic acid to remove any residual
acid and akali left respectively. Theresulting mixture
werefurther washed with distilled water to bring the
pH to 7.0andfinally drained and dried overnightinan
oven at 110°C'%, They werelater cooled a room tem-
perature and wei ghed to determinetheamount of the
material washed-off in the process. The percentage
washed-off for each material was determined fromthe
relation (2).

W, — O

Per centage washed-off (%) = { } %100

| %)

Where o, =Initial weight beforeactivation and o_=
Fina weight after activation

Characterization of sorbents
Ricestraw charcoa was characterized beforeand
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after chemicd trestments. VarioustechniqueslikeFTIR,
elemental anaysis, and SEM were used to ascertain
the presenceof variousfunctiona groupsand morphol-
ogy studies.

Elemental analysis

Determination of C, H, N, and O (by difference)
wasperformed withaGmBH Elemental Andyzer Sys-
temof fromELEMENTARAndysessystem, Germany.

CharacterizationusingFTIR

FTIR spectraof the sorbentswereobtained by using
NICOLET 380-FTIR, Thermoscientific, UK, Fourier
Transform Infrared Spectrophotometer along with
OMNIC XP software and computer control disc (ZnSe)
unit. The FTIR spectraof the sampleswererecorded
intheregion of 400-4000 cm'™.

Characterization by scanning electr on micr oscopy
(SEM)

Themorphol ogiesof the sorbent particleswereana
lyzed using scanning electron microscope FEI IN-
SPECTS Company, Philips, Holland, environmental
scanning without coating.

Bulk density deter mination

Bulk dengity of theresulting materialswere deter-
mined using the method of Ahmednaet al.,'* which
cons & of placing known weight of granulated charring
ricestraw ina25 ml cylinder to aspecified volumeand
tapping thecylinder for at least 1 — 2 min and measur-
ing thevolumeof charring rice straw. The charred ma-
teridsin thisstudy were crushed to granulesusing mor-
tal and pestle, thereafter screened with 10 BSS mesh
size (over screen) and 120 BSS (under screen). The
bulk density wasmeasured asfollowing:

Bulk density(g/cm®)= Ws 3
VS

Where Wsistheweight of the screened sample(g) and

Vsisthevolume of packed dry sample (cmd).

Adsorbate

All theglassware used for thisstudy werewashed
with detergent, rinsed with distilled water and alowed
todryintheoven beforeuse. Stock solution of Pb (I1)
wasprepared (100 ppm) by dissolving required amount
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of, PbCl, inacidified double distilled water. The mix-
turewas carefully swirled together for 10minto allow
proper dissolution. Then, distilled water wasadded to
themixture, properly shaken for thorough dissolution
of the adsorbents; then madeupto 1 L mark withthe
distilled water'??. All the chemicalsused were of ana-
Iytical reagent grade.

Deter mination of adsor ption capacity

A 30 mL of the Pb (Il) solution was added to
weighed amount (0.05g) of each of therice straw char-
cod in 250mL conical flask. Themixturein theflask
was covered and placed on magnetic stirrer at 150 rpm
for 22 at an ambient temperature (28+2 °C) and pH
7.524, After which the content was all owed to stand
for 1 h and the supernatant solution wasfiltered with
Whatman filter paper into sampl e bottles. Thisproce-
durewasrepeated for all rice straw charcoal samples
produced at various burning temperatures (300- 600
°C) andfor different times (0.5- 2 h). Theresulting fil-
tratesweresubjected to anaytica analysis. Analytica
method

Lead concentration wasandyzed using atomic ab-
sorption spectrophotometer usng ICP-AES Jobin'Yvon
J4 Spectrometer.

From Pb (11) concentration measured beforeand
after adsorption (C, and C,, respectively), dry weight
of the adsorbent (W) and the volume of agueous solu-
tion (VinL), theamount of equilibrium adsorption of
metals (Q,) wasca culated using the Eq. (4):

Q,(mmol /g)=(C-C)V/w 4

RESULTSAND DISCUSSION

Optimal conditionson the prepar ation of charring
ricestraw

Theinfluence of the carboni zation temperature and
timewasshowninFigure 1. Theincreasing of activa-
tiontemperature reducestheyield of thecharringrice
straw continuoudly. Thisisexpected Snceanincreasing
amount of volatilesisreleased a increasing tempera-
ture®. These phenomenaare also manifested inthe
decreasing volatile content and increas ng fixed char-
ring ricestraw for increasi ng activation temperature.

Besidesactivationtemperature, theactivationtime
also affectsthe charring processand propertiesof char-
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ring ricestraw. Asthetimeincreased, the percentage of
yield decreased gradually. Thisresult ispossibly dueto
thevolatilization of organic materidsfromraw materid,
whichresultsinformation of charringricestraw. The
extent of decreasein product yieldisobserved when
excessive activation occurg®,
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Figurel: Effect of carbonization tempetureand timeon
yield%
Effect of charringtemperatureand timeon thebulk
density

Figure 2. showsthebulk density of thericestraw
charcod produced at different temperature namely 300,
400, 500, and 600 °C. The bulk density obtained after
charring did not show direct relationshiptotheincreas-
ing charringtemperature, whileit decreaseswithincress:
ing charring time. It was observed in this study that
changesin charring temperature hasno significant ef-
fect onthebulk density of charring obtained fromrice
Straw.
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Figure?2: Effect of carbonization temperatureand timeon
thebulk density

Effect of activation on yield

Figure 3. shows the percentage wash-off of rice
straw charcoal obtained at different temperatureand
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time after acid and akali activation using HCl and
NaOH. The percentage wash-off decreased asthetem-
peratureincreased and increased astimeincreased. The
overdl resultsshowed that the activation process has
effect ontheyield of charring obtained fromricestraw.
M ore biomassis oxidized might have been produced
at higher temperature, given thereduction trend when
the charcoa were activated with HCl and NaOH.
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—#—500°CA
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Figure3: Effect of activation onyield at different car boniza-
tion temper atur eand time (A=HCI treatment, B=NaOH treat-
ment)

Elemental analysis

Theelementa analysisof different selected char-
ring ricestraw sampleswhich produced by charring at
500°C and acid or base activated was carried out on a
Perkin-Elmer dementd anayzer. These sampleswere
analyzed for their carbon, hydrogen, nitrogen and ash
content. Theamount of oxygen contentinthesesamples
aswascd culated by difference. Theelementd analysis
of selected samplesof charring rice straw hasbeen de-
pictedin TABLE 1. It isclear that the carbon content
of charcod wassignificantly higher after acidicor basic
activation than untreated one and the oxygen and hy-
drogen werelower.

TABLE 1: Elemental analysisof charringricestraw at 500°C
for 1.5h and acid and baseactivated

Sample C% H% N% O% Ash%
Untreated 4291 211 187 5311 41.06
Acid Treated 46.78 218 213 4891 36.71
Base Treated 5058 229 221 45.03 3246

Ftir spectraof ricestraw char coal

Infrared spectroscopy initsvariousformsisanim-
portant and forceful technique, giving useful informa:
tion about structures such as surfacefunctiona groups.
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FTIR offerssevera advantagesover conventiona dis-
persivemethods. Theuseof aninterferometer in place
of systemsof gratingand dits, resultsinahigher energy
throughout the detector. Coupled withinternally cali-
brated computer systems, to add alarge number of
interferograms, this produces markedly superior spec-
tra, which can givemore preciseinformation concern-
ing the oxidation of carbonsand theformation of sur-
face oxygen structures. FTIR can also alow measure-
ments of lower concentrations of surface functional
groups.

FTIR spectraof untreated, acid treatment and ba-
Sctreatment ricestraw charcod a 500°C for 1.5h have
beengiveninFgure4. FromtheFig., itisclear that, the
intensity of ~OH groups have a higher value in case of
treated charcoal with HCl and NaOH than untreated
one. Thisisdueto that, thetreatment with sodium hy-
droxide and hydrochl oric acid decreasesthe hydrogen
bonds between —OH groups. The crystallinity index
(Bandintensity at 1440 cm* / band intensity at 900 cm
1) are 0.883, 0.947 and 0.921 for untreated, acid
treated and alkali treated rice straw charcoal, respec-
tively. Thecrystdlinity index of acid—treated charcoal
ishigher than that of alkali —treated charcoal and un-
treated one. Thisis attributed to the degradation of
amorphousregionsinremained cdllulosechainsduring
treatment process. The FTIR of untreated and treated
charcoal showsthat, theabsorption at 1725 cm?, the
specific peak for the carboxylic acid group isobserved
for theuntreated and treated charcoal but theintensity
of thepeak isincreased in acid treetment thanin akali
trestment. Thisphenomenonindicatesthat acidic groups
such ascarboxylic groupsare additionally formed by
acid treatment, but decreased or eliminated by treat-
ment. Thistrend supportsthefact that acidic groups
created from the oxidation dominatethe surface charge
of the charcoa ",

Asshown fromtheFigureanincreaseintheinten-
sity of theband at 1600 cm* in treated charcoa than
untreated onewhich isattributed to quinone structure.
Also, theintensity of the band at 1098 cm* which rep-
resents CO- in phenoxy structurewasincreasedinacid
treated than alkali treated than untreated rice straw
charcoal. Compared with the overal spectra, itiscer-
tain that the absorption bandsat 1720- 1098 cm are
changed after chemica modification of thecharcodl. In
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addition, thechemica nature of surfacefunctiondity is
significantly atered by acid and basetreatments.

| B

Transmitance %

b,

4000 3000 2000

Wavenumber (cm’l)
Figure4: FTIR spectraof (1) Untreated, (2) acid treatment,
and (3) basic treatment charring rice straw at 500°C for
1.5h

1000 400

Scanning electr on micr oscopy

The SEM enables the direct observation of the
changesin the surface microstructures of the carbons
dueto themodifications. Studiesareavailablewhich
have reported the utilization of the scanning el ectron
microscopy analyssfor showing the surface modifica
tion changesin the devel oped adsorbent. Rice straw
charcoal is characterized by their strong adsorption
capacity, which occursmostly in cavitiesof molecular
dimensions called micropores. Depending on their
preparation, rice straw charcoal also containslarger
pores, known as mesoporesand macroporesintheclas
sification proposed by Dubinin and now adopted by
IUPAC™, Figure5. showsthat, thereare differences
could be seen between untreated and treated charcod .
In addition, there are differencesto be seen between
two typesof activation carried out onrice straw char-
coal, whereas, acid treated charcoal appearsmore ho-
mogeneousthan akali treated and untreated charcodl.

L ead ion adsor ption

The samplesof powdered selected asan outcome
of thisstudy, wereevduated for their efficiency towards
remova of Pb. Thismetal was chosenfor thisstudy, as
thisarethecritical and strategic metal.

Adsorption experiments were carried out for
samplesobtai ned at different burning temperature (300
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T 1000x i
Figure 5 : Scanning electronic micrograph for charring
rice straw carbonized at 500°C for 1.5h;Untreated, Acid
treatment, Basic treatment
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— 600 C°) andfor different burning time (0.5- 2 hours)
for untreated, acid and alkali treated rice straw char-
cod with afixed lead nitrate solution. Asshown from
Figure6. ab,c,d anincreaseinremovd efficiency with
increas ng burning temperaturefrom (300— 600 C°)in
untrested and treated charcod wasobserved. Also, after
onehour and haf from burning of rice straw, maximum
removal of Pb(ll) ion takes place in untreated and
treated rice straw charcoal. Thisisrelated to by in-
creasing burning timeand temperatureleadsto anin-
creasein active sitesin the samples consequently, the
removal efficiency of lead ionsincreases.
Duetotheacidictreatment of charcodl, it becomes
protonated, havingapostivechargeonitssurface, which
provides effectivesitesfor lead adsorption. Figure 6
also explainsthat acid treated charcoa becomesmore
effectivein adsorption for the abovereason. Thede-
creasein sorption capacity in basetreated charcoal is
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attributed to the accumulation of anegative charge at
theadsorbent surface, providing rel aively fewer effec-
tivesitesfor |ead adsorption.

Themechanism of adsorption of Pb(11) may beex-
plained based on the Bronsted-Lowry acid-base
model? and ion exchange model 234, For acid-acti-
vated rice straw charcoal, some carbon-oxygen com-
plexes (-COOH, C'- OH and C" -O- C") areformed.
And these surface oxygen- contained complexes hy-
drolytic water moleculesmay ion exchangewith P(11).
Thereactionsmechanism may be shownasfollows:

-COOH +Pb? +H,0—>-COOPb* +H,O* ®)
C’ -OH+ Pb?+H_O—> C*- OPb* +H O 6)
(-COOH), + Pb?* + 2H O— (-COO),Pb + 2H O* @)
C* -O- C* +2H,0—>C,0H 2 + 20H C)
2(C,0H,>) + Pb? — (C,0),Pb?* + 4H* 9)

Thereactions proposed above present differencesin
adsorption capability and indicate avariety in mecha
nism of interaction between carbon surfaceandionic

400 °C
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Figure6: Adsorption of Pb(l1) untountreated and treated rice straw char coal at (a)300 °C(b)400°C (c) 500 °C (d) 600°C
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metal speciespresent in agqueoussolution.
CONCLUSION

Activated carbonissensitivetoward modification
by 1 M hydrochloric acid or sodium hydroxide. Acid
treatment givesriseto alargeincreasein theamount of
total acidity resulting from theincrease of surfaceoxide
groupssuch as carboxyl, lactoneand phenol. Thein-
creased surface oxidegroupslead to anincreaseinthe
intensity of 1725-1400 cm™ absorption peaksin the
FTIR spectra Inthe caseof rice straw charcoa modi-
fiedwith 1 M sodium hydroxide, thetotal activity was
almost comparabl e to untreated rice straw charcoal
caused by anincrease of lactone groupsbesides of the
decrease of carboxyl groups. Ricestraw charcod isan
effectiveadsorbent for theremova of Pb(I1) from aque-
oussolution. It could be employed for the economic
trestment of wastewater containing theheavy metd stud-
ied, asthisadsorbent wasderived from an agricultura
waste by-product and had ahigh adsorption capacity.
Removal of Pb(I1) from agueous sol ution was consid-
erably enhanced by acid treatment, which may bere-
lated to poreswidening, increased cation —exchange
capacity by oxygen groups, and the promoted hydro-
philicity of the carbon surface.
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