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ABSTRACT KEYWORDS
The main objectives of the present work is develop an efficient procedure Ricestraw;
for treating the rice straw (RS) to separate silica and activating the carbon Activated carbon;
left behind for Cr(V1) adsorption from its aqueous solutions. This has been Chromium;
possible by first digesting the RSwith NaOH solution to dissolve the silica Silica
content followed by an acidification step to obtain silica gel which was Titaniawaste.

dried at 110 C° and calcined at 750 C°. The determined optimum factors
thereof have resulted in 85.5% silica leaching efficiency and a product
purity of 99.8%. The separated silica has been specified through relevant
chemical aswell asvia XRD and FTIR analyses. The residue left behind
after silica extraction was then heat-treated for its activation before being
applied for Cr (VI) adsorption. The relevant adsorption factors have in-
cluded the effects of pH and the time as well as the effect of the initial Cr
(V1) concentration. Using the optimum values of the latter, the prepared
activated carbon was applied for chromium management from a titania
waste solution assaying 650 ppm Cr species and it was possible to realize
an adsorption efficiency exceeding 98%.

© 2015 Trade Science Inc. - INDIA

INTRODUCTION

Riceisastaplefood of over haf theworld’s popu-
lation and isthe 2™ largest cereal crop but produces
large amount of crop residues™. Theworld’s annual
riceresidueoutput (straw andricehull) isestimated to
be around 600 milliontonswhilein Egyptitisaround 6
milliontons. Inthericeproducing countries, much of its
residuesareether burnt, amatter which causes severe
air pollution in addition to the loss of valuable re-
sources?. Therefore, it is quite urgent to undertake
proper researcheson utilizethericeresidues. Therice
residueismainly composed of cellulose, hemi-cellu-
lose, lignin and silicaand can thusbe considered asan

important silicon source. Thesilicaintherice straw,
rice husk and rice husk ash attains around 10, 20 and
55% respectively and would vary with the variety, cli-
mate and location of thericegrowth®, Silicaisusedin
severd indudtriesindudingdectronics, ceramicand poly-
mers, etc¥. Many studies have thus been applied for
dlicaleachingfromthericeresduesind uding controlled
combustioninair or oxygen flow at 600-650 C°>¢ as
well asalkali digestion using NaOH"or Na,CO 8.
Ontheother hand, activated carbonisusedin me-
dicind purposes, cgpacitors, pollutant remova and ca
talyss. Metdlurgicaly, active carbon canindeed bepro-
duced from agricultural by-products®9. Therefore,
many studieshave thus been achieved for preparation
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of activated carbon from biomass™-4, Asamatter of
fact, therearetwo basi ¢ processes empl oyed to manu-
facture activated carbon and arereferred as chemical
activation*>2land physical activation(?+?2, Chemical
activation depend on theaction of inorganic chemicas
ontheraw material to dehydratethe organic constitu-
entsduring carbonizationwhilethephysica isachieved
by oxidizing the carbonaceous matter withair at low
temperaturesor steam application or elseby using CO,
at hightemperatures (800-1200 C°). Thebasic differ-
ence between the two procedures is that while the
chemical occursin onestep, thephysica employstwo
steps (carbonization and activation). Onthe other hand,
thetemperaturesused in physicd activation rangefrom
800t0 1200 C° whilein chemicd, thetemperaturerange
from 350 to 800 C°I152324],

Choiceof Cr (V1) inthiswork to study itsremoval
isbased onthefact that itscompounds are extensively
used inseverd industries; amatter which produces haz-
ard effluentd®!. Chromium (V1) ishighly toxicand car-
cinogenic and henceitsremoval representsanecessary
environmenta chalenge. Ingenera, chromium conc.,
inindustrid wastesrangesfrom 0.5t0 270 mg/l increases
t0 20-170 g/l in plating wasted?® whileitstolerance
limitinto potablewater isonly 0.05 mg/I?". In order to
comply with thislimit, it isessential totreat Cr (V1)
effluentsto reduceitsconc., to the acceptablelevels.
The commonly used proceduresfor thisaim include
chemical precipitation, ion exchange, reverse 0smosis
and solvent extraction?%%, However, apart from be-
ing economically expensive, thesetechniquesaredis
advantageouswhereit suffersfrom incompl ete metal
removal inaddition to generation of toxic dudges. Effi-
cient and environment friendly methodsarethusgreetly
needed andinthiscontext activated carbonisbroadly
applied asadsorbent whereitisconsdered asasmple,
relatively low-cost and effectivefor wastewater treat-
ment(2-3-34_On the other hand, someworkshave pre-
sented an excellent review of activated carbon for re-
moving Cr (V1) ionsfromwasted®*%1, The present work
amsto develop amethod for treating therice straw to
separate theslicacontent and activating the carbon | eft
behind for Cr (V1) adsorption from its aqueous sol u-
tions.

EXPERIMENTAL
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Materials

A ricestraw (RS) sampleasworking raw materia
inthe present work had been collected from Kafr Sagr
city, El-Sharkia, Egypt. Aswill belater indicated, a
representative portion of the collected RS samplewas
subjectedto chemicd andysis.

Extraction of silicafromthericestraw

Beforeslicaextraction fromthericestraw, thead-
hering soil and dust havefirst to be properly removed
by extensively washed with distilled water under vigor-
ousstirring until thewashing water turned clear. Ina
next step the mineral content has been removed using
H,SO, solution (10%) at L/Sratio 10/1 (v/w) with tir-
ring for 2h. The obtained residue after filtration was
repeatedly washed with water. To thewashed residue
NaOH solution was added and boiled for aproper di-
gestiontimewith stirring to dissolvethecontained silica
viz[8
SO, +2NaOH — Na,SiO, +H,0

Theremaningresduedfter slicaextractionwas
washed with warm water (60 C°) beforefiltration; the
pH of thefiltrate then adjusted to 7 with H,SO, solu-
tionunder stirringwhereage atinousslicaprecipitate
isformed:

Na,SiO, +H,S0,— SIO,H,0 +Na,SO,

Asamatter of fact, thesilicagel started to precipi-
tatewhen pH decreased to < 9 and the precipitate has
been aged for 24 h. Thegel wasbrokenand stirredin
water and the obtained durry wasthen centrifuged fol -
lowed by washing. The centrifuging step has actually
been repeated for 4 timesto obtain aclear gel which
wasthentransferredinto aglassdishfor drying at 110
C°. Theobtained product hasthen storedinaplastic
bottle.

Prepar ation of activated carbon

Theresdua dudgeleft after silicaextraction has
been thoroughly washed with distilled water till attain-
ing aneutra wash solution (pH 7) and wasthendried
at 110 C°. Thedried product hasthus been ready for
the carbonization processwhereit wassubjectedtoa
proper sequence of three heating stepsinamufflefur-
nace at 250, 500 and 600 C° for 2h at each tempera-
ture before cooling in adessicator. The obtained acti-
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TABLE 1: Chemical composition of theworking rice straw sample

. . LOW® Low®
Component SiO, K,O0 CaO Na,O MgO P,Os Al,O3 MnO, Fe0O; TiO, (110 C°) (600 C°) c©
Wt (%) 139 29 11 0.2 1.8 0.1 0.6 0.3 0.9 0.4 10.6 34.8 31.8

a) L.O.W (lossof weight after dryingasmoisture), b) L.O.W (lossof weight after ignition ascombined water), ¢) Dark black
residueafter mineralsand silica extraction and ignition at 600 C°

vated carbon (= 30% fromthe original straw weight)
hasthen been stored inaplastic bottle.

Preparation of Cr (V1) synthetic solution

A stock solution of 1000 ppm Cr(V1) was pre-
pared by dissolving 2.828 g of K,Cr,O, (Merck) in
1000 ml of 1% H,SO, acid solution. Therequired con-
centrations have been prepared from the stock solution
by proper dilution.

Experimental procedures
Optimization of silicaextraction factors

Thefactorsaffecting slicaseparationfromthework-
ing ricestraw by akali digestion with NaOH solution
have systematically been studied to optimizetheir val-
ues. Theseincluded NaOH conc., digestiontime and
temperature aswell as NaOH/straw impregnation ra-
tio.

Optimization of Cr (V1) adsor ption upon activated
carbon

Thechromium (V1) adsorption procedureuponthe
prepared activated carbon hasbeen carried out by vig-
orously shaking properly weighed sample portions
(0.259) of thelatter with aliquots of the synthetic Cr
(V1) solutionin plastic tubes (50 ml). Thedlurry was
then filtered and the metal content in thefiltratewas
measured. The adsorption efficiency of Cr (V1) was
determined by thedifferenceinitsconc., beforeand
after the adsorption process.

Analytical procedures
Ricestraw analysis

A representative sampleportion of RShasfirst been
subjected to chemical anaysis. Thus, silicawas spec-
trophotometrically determined usngthemolybdate pro-
cedure at 640 nm whereasAl, Ti and Mn were deter-
mined usingAlizerinered, Tiron, potassum periodate
at 475, 430 and 528 nm respectively. Iron, Caand Mg
have been determined titrimetrically agains EDTA stan-

CHEMICAL TECHNOLOGY

dard solution using sulfosalicylic acid, murexideand
EriochromeBlack T indicatorsrespectively whileNa
and K were determined using the flame photometer
technique. On the other hand, both the moisture and
combined water contents have been gravimetrically
determined at 110 and 600 C° respectively. Fromthe
obtained resultsshownin TABLE (1) it wasfound that
SO, attains 13.9 % while the black residue | eft after
both minerasremova and silicaextraction followed by
ignition at 600 C° would represent the carbon content.

Chromium control analysis

Chromium (VI) anadysisindl theagueoussolutions
obtai ned during the preformed adsorption experiments
has spectrophotometrically been determined using 1,5
diphenyl-carbazide reagent at 540 nm®. The obtained
resultshave a so been emphasized by UNICAM atomic
absorption (969 model) at 357.9 nm.

RESULTSAND DISCUSSION

Effect of relevant factor sof silica extraction
Effect of sodium hydroxide concentration

To study the effect of NaOH conc., several sample
portions of the rice straw (10 g) were digested with
variable NaOH solutionsvarying in conc., between 1to
6% for 3hinL/Sratio of 10/1 at 100 C°. From the
obtained datarepresented in Figure(1-A), itisobvious
that, asthe NaOH conc., increased from 1 to 5% the
slicaextractionincreased from 27.1 to 84.2% respec-
tively. Further increasing the NaOH conc., to 6 % has
however maintainedtheslicayied at dmost thesame
level (85.2%). Thus, 5% would be considered asthe
optimum NaOH conc., for silicaextractionfrom the
working rice straw under the mentioned working con-
ditions.

Effect of thedigestion time
To optimizetheeffect of thedigestiontimeonsilica
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Figurel: Effect of relevant factor sof silica extraction

extraction from rice straw, severa experimentshave
been preformed at different timeperiodsvarying from
0.5to 5hwhilethe other factorswerefixed at NaOH
conc., of 5%, adigestion temperature of 100 C° and
an impregnation L/Sratio of 10/1. Theresults pre-
sented in Figure (1-B) indicated that thesilicayieldin-
creased from 36.1 to 85.2% with increasing the reac-
tiontimefrom 0.5to 2.5 h. However, no significant
extractionincreasewas observed by extending thetime
behind 2.5 h, which wasthus considered asthe opti-
mumtime

Effect of thedigestion temperature

Theeffect of the digestion temperatureupon silica
extraction fromrice straw using 5% NaOH was stud-
ied between 40to 120 C°. Theother experimental con-
ditionswerefixed at adigestiontimeof 2.5hwithan
impregnationratio (L/S) of 10/1. The corresponding

resultsin Figure (1-C) indicated that asthe digestion
temperatureincreased from40to 80 C°, thesilicaex-
traction efficiency increased from 18.1 up to 78.4%
and wasfurther increased to 84.5% at 100 C° whileit
remained almost constant thereafter (83.9 %) at 120
Ce.

Effect of theNaOH/straw impregnation phasera-
tio

TheNaOH/straw (ml/g) ratio upon silicaextrac-
tion from theworking rice straw using 5% NaOH solu-
tionat 100+5 C° for 2.5 h digestion timewasinvesti-
gated from 2/1to 10/1. From the obtai ned results plot-
tedin Figure(1-D), it wasfound that at theimpregna-
tionratio of 2/1, theyidd of silicaattained 50.3% and
increased to 83.8% astheratio increased to 6/1. Fur-
ther increaseintheimpregnationratiodid notresultina
perceptibleincreaseintheslicayiedd and thereforethe
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TABLE 2: Chemical composition of thesilicaproduct obtained from theworkingricestraw

Component SO, K,O CaO Na,O MgO Al,O3 MnO, Fe,0O3 P,0Os5 TiO,
Wt (%) 99.8 0.006 0.003 0.076 0.005 0.00 0.003 0.001 0.00 0.001
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Figure2: XRD (A), FT-IR (B) and SEM (C) of the prepared silicaproduct fromthericestraw using NaOH

ratio of 6/1 was chosen asthe optimum vaue.
Resultsof thesilicaproduct analysis

The composition of the obtained silicapowder was
determined by wet chemica anayssafter being heated
for 2hat 750 C°. Theresultsshownin TABLE 2indi-
cate that the metal oxidesincludingthoseof Ca, K,
Mn, Na, Fe, Ti and Mg inthericestraw have almost

CHEMICAL TECHNOLOGY [

been removed using H,SO, acidinthefina productin
amanner that the silica content attained up to about
99.8%. In addition, the prepared silicapowder hasaso
been characterized by X-ray Diffraction (XRD) aswell
asby Fourier Transform InfraRed Spectroscopy (FT-
IR) and Scanning Electron Microscopy (SEM). The
X-ray diffraction pattern of the product hasshown (Fig-
ure(2-A) abroad peak between 16° and 38° and is
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Figure3: Factorsaffecting Cr (V1) adsor ption upon thepr epar ed activated car bon

centered at 22° thus indicating a typical pattern for
amorphoussilicd?!. Furthermore, theabsence of peaks
of possibleimpuritiessuch assodium sulfateor dkaline
earth metalsaffirmed the high purity of the prepared
product. On the other hand, from the obtained FT-IR
gpectrum shownin Figure (2-B), theabsorption bands
intherange of 3540-3430 and 1643 cm* are actualy
due to H-O-H stretching and bending modes of the
adsorbed water respectively. Inthemeantime, thesharp
peaksat 1091, 775, and 465 cm™ are assigned to the
asymmetric, symmetric and the bendingmodesof SO,
respectively®. Finally thesilicaproduct hasa so been
subjected to SEM analysisto demonstrateitsamor-
phological characteristic (Figure 2-C).

Factorsaffecting Cr (V1) adsor ption upon thepre-
pared activated carbon

Effect of pH

The effect of pH upon Cr (V1) adsorption using
0.25g the prepared activated carbon from asynthetic
solution (25 ml) assaying 50 ppm wasstudied at differ-
ent pH valuesranging from 1to 10. Asillustratedin
Figure(3-A), it was ascertai ned that, the optimum pH
is2 at which the adsorption efficiency of Cr (V1) at-
tained up t0 98.1%. Asthe pH wasincreased, the chro-
mium remova has progressively been decreased until
21.1%at 10. Aliabadi et al., (2006)* havefound that,
during chromiumremova usng sawdust and pineleaves
themeta exhibited different complex speciesaccord-
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Figure4: Schematic flow-sheet of the proposed silica extraction and activated car bon prepar ation fromtheworkingrice

Sraw

ing to the solution pH. In the acidic medium, the spe-
ciesCr,0,%, Cr,0, ;> and HCrO, exist and whichin
the alkaline medium would be converted to CrO,>.
Based on the obtained resultswe can decide that, the
activated carbon adsorbed the chromium specieschemi-
cdly.

Effect of thecontact time

Theeffect of the contact timeon Cr (V1) adsorp-
tion from solution (25 ml) assaying 50 ppm at pH 2
using 0.25 g activated carbon was studied through vari-
oustime periodsranging from 2 up to 60 min. From
theresultsin Figure (3-B), it wasfound that asthe con-
tact timeincreased from 2 to 10 min, the adsorption
efficiency of Cr (V1) increased from 5210 94.1% re-
spectively. Extending the contact timeto 15 min has
resulted inincreasing the Cr (V) adsorption efficiency

0 98.2%. So 15 min equilibration timewasused for dl
further sudies.

Effect of initial chromium ion concentration

Theeffect of initid Cr (V1) conc., uponitsremoval
using the activated carbon prepared from theworking
ricestraw wasinvestigated in therangefrom 10to 500
ppmin 25 ml solution at pH 2 using 0.25 g activated
carbon. Themixturewas shaken for 15min. There-
sultsin Figure (3-C) reveal ed that the adsorption effi-
ciency of Cr (V1) wasdecreased by increasngitsconc.,
whereit reached its maximum val ue of 96% at conc.,
vauesbedow 250 ppm Cr (V1) and wasthen serioudy
decreased to 62.1% as the chromium assay increased
from 250 to 500 ppm. From the obtained results of the
relevant factorsaffecting Cr (V1) adsorption fromits
solutions assaying 250 ppm upon 0.25 g prepared acti-
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vated carbon, it can be concluded that the optimum
valuesthereof includeapH of 2, acontact timeof 15
min at 25C°. Under these conditions, an adsorption
efficiency exceeding 98 % could be attained.

Case study

Toinvestigatethe applicability of thestudied pro-
cedurefor waste management of Cr (V1) remova from
itsagueous sol ution, atitaniawaste sol ution was used.
Thelatter representsthe waste produced after acid di-
gestion of ilmeniteusing H,SO, acid for the prepara-
tion of white TiO, pigment. Analysis of the provided
waste was found to assay 650 ppm Cr (V1) species.
The proposed method was successively applied for Cr
(V1) adsorption with adsorption efficiency 98.2%.

Summing up, the obtained resultsfor silicaextrac-
tion and activated carbon preparation from aloca rice
straw havebeenformulatedinan overdl proposed flow-
sheet Figure4.

CONCLUSION

The present work presents an efficient procedure
for proper treating the rice straw to separate a pure
slicaproduct and activating the carbon left behind. To
realizethese objectives, therice straw after removal of
itsmineral content with 10% H,SO, was subjected to
akali digestionwith 5% NaOH solution at animpreg-
nation L/Sratio of 6/1 at 100 C° for 2.5 hto dissolve
itsslicacontent. Thiswasfollowed by an acidification
step where abright silica gel was obtained at pH 7
whichwascentrifuged, driedand calcined at 750 C° to
obtain apuresilicaproduct. Thepurity and specifica
tion of thelatter were determined by chemical, XRD,
FT-IR and SEM anadyses. Theresidueleft behind after
dlicaextractionwasthen progressively heet-trested for
itsactivation at 250,500 and 600 C° before being ap-
pliedfor Cr (V1) adsorption from asynthetic solution.
The obtained optimum conditions of thelatter proce-
dure have then been applied for acase study using the
prepared activated carbon for Cr removal from atita
niawaste sol ution produced during ilmenite processing
for TiO, pigment preparation using H,SO,. The sug-
gested procedure hasresulted under theworking condi-
tionsin morethan 98% adsorption efficiency.
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