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ABSTRACT

Doum fruit is one of the common tradition plantewyn in many agriculture area in Sudan, the wasfeth® Doum
fruit were use to prepare activated carbon througtemical activation method with 1 M KOH and under
temperature of 606C for 1 hr , the product of the activated was examined fopitsximate composition ; ash
(4.9%) , moisture (2.2%), carbon content (35.15%)latile matter (24.43%) , porosity (60.08%) , ilvel number of
15.42 and methylene blue value of 200 mg/g. XRi#ysin activated carbon prepared from Doum fruit §€hows
different concentration of inorganic elements thagjon elements in the sample are Potassium (1.04%)cium
(1.25%) and Zinc(5.26%).XRD analysis showed thesgmee of highly organized crystalline structuré raw
activated carbon for ACD sample , Carbon with cajlsie structure Rhombohedral and Carbon Suppligth w
crystalline structure Orthorhombic were detectetheT result showed a strong and broad adsorptionkpest

1577.66 crh]', which corresponds to the lactone in ACD samplésle other strong and broad adsorption peak
appeared at 1253.64 c'r]n which corresponds to the aromatic C===0 and ardioatructure , conjugate carbonyl

was observed at 1595.02 drrfor the same sample . The kinetics of adsorptibR&d", Cr** and CG* from

aqueous solution has also been investigated. Tkerpton process was carried out in isothermahteiner at

30°C. the effect of dose of activated carbon prepdrenh the sample on percentage removal metalscateithat
the maximum dose of adsorbent was at concentrafi@8 g/l for sample , The contact time was im@6 for the

samples . The adsorption decreased as the pH iserethe optimum pH for the adsorption was atterate@l for

.The experimental isotherm data were analyzed uBiegindlich equations. The adsorption procefdlows the
Freundlich order kinetic, having a correlation céieient (R) of 0.97. Adsorption capacity with value of 1.3&la
Adsorption intensity of 0.13

Key words: activated carbon , Doum Fruit , Proximate analy%&F , FT-IR , XRD ,Adsorption kinetic.

INTRODUCTION

These agricultural by-products and waste have itonomic value, and their disposal not onlyastly but may
also cause environmental problems. Conversionesafagricultural waste into carbonaceous adsorbesttsan be
used in food applications such as sugar refiningastewater treatments or in pharmaceuticals imgugtuld add
value to these agricultural commodities, help redtle cost of waste disposal, and provide a peignitheap
alternative to existing commercial carbonaceousid@sits. activated carbons (AC), on the other harelprepared
from a variety of local raw materials of vegetablggin, such as wood and peat, The by-productudelsoft
lignocellulosics such as rice straw, soybean Isuljarcane bagasse, peanut shell and harder mageré as pecan
and walnut shell®(?. AC is prepared and activated by various methiodtuding thermally and chemically, with
acids and various salts. Pervious study mentioasdhtivated carbon and the method of activaticderdane the
effectiveness of the carbon as a decolorize ofrssiggaip and many other applications. The world potidn of AC
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in 1990 was estimated to be 375,000 ton, The demahdC were increase over the year and market tyrovas
estimated at 4.6% per yedr The strong market position held by AC relatethiir unique properties and low cost
compared with that of possible competitive inorgaailsorbents like zeolites. Heavy metal is a t@iven to the
group of metals and metalloids with atomic dengjtgater than 5g/cm3, usually associated with poluand
toxicological problem$”. Toxic metals have adverse effect on the healthuofian, when they penetrated through
the human organ and tissue as well as the enttersg >

Adsorption technique is widely used in environméemtanagement applications throughout the world.rétae
different types of adsorption techniques such as-ggms adsorption and Liquid — solid adsorptigstesns which
are based on the ability of certain solids to pefgally concentrate specific substances fromtsmis on to their
surfacesThe main objective of the study was to determimedhiemical and physical properties of activatecb@ar
prepared from Doum fruit and to investigate theoapison characteristics of the Ferrous ion fromexps solution
with respect to Freundlich Isotherm studies, adsmmkinetics, effects of pH , Contact time and Ad®ent doses

MATERIALSAND METHODS

Material

Doum fruit:Doum , Hyphaene thebaic# native to upper Africa. It is found along thdeNRiver in Egypt and
Sudan, in the Inner Niger Delta. A doum dates islenia Egypt and believed good for hypertensionDin, Una
and Saurashtra region of Gujarat (India), the tsdenown as Hoka Tree and the red ripe edible fauknown as
Hokd ®.The sample of Doum was obtained from local mairkéthartoum state-Sudan.

M ethods:
Chemical activation

Carbonization: The carbonization of the materials was done &1°85 for two hours and allowed to cool at
room temperature according to the methoglqiete.and Horsfal”.

Activation: The method of Hassan and Ashf8qwas used. After sample preparation, 200 gram$efetach
sample was mixed with 250 ml of KOH . The samplese impregnated in muffle furnace at 600 °C fddlr.
Washing of prepared sample was carried to clearbéise content of the prepared AC. The washing psouoas
continued until pH 7 was attained. The samples wega dried in oven at 105 °C to remove any mogstantent .

Physical and chemical properties of activated Carbon
The pH was measured by using pH meter (HACH 108)Mmisture Content0.5gm from the activated carbon was
placed, weighed at once to the nearest 0.5gradthem placed in a preheated oven af’C05

After cooling in desiccators to ambient temperatame the weight was measured again. The moistureegbwas
determined using the following formula mentionedBkpete.and Horsfall”

M, = ((Ww'Wd)/WW) x 100

in which:

M, = moisture content (%) of material
W,y = wet weight of the sample

Wy = weight of the sample after drying.

Ash Content:
A crucible containing 1 gm from each sample wamstégl in the muffle furnace at 6%Dfor 1h. It was then placed
in the desiccator, cooled to room temperature agighed.

The ash content was determined using the methdgkpéte.and Horsfall” followed by calculation using the
formula:

Ash % = (Wi/W?2) x 100

Where: W = weight of ash.
W2 = initial weight of dried sample.
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Carbon content and lodine number:
Carbon content was determined according to the odetfentioned by Malik€. ASTM®? (D4607-94) was used to
determine the iodine number.

Deter mination of porosity/ bulk density and Carbon content :
The method described by Ekpete and Horsfallas used to determine of porosity/ bulk density Bhtk density
and porosity were calculated using the followingressions

Bulk density = mass of wet sample/mass of volume
Porosity = Vv/Vt
Where Vv = volume of void, Vt = total volume

Calculation of decoloring efficiency DE(%):

The decoloring efficiency DE (%) is used to deterenihe decoloring capacity of AC. The following uatjon was
emPI())yed to quantify the DE (%). The absorbancerigfinal liquor was taken as A0 and that of fileravas taken as
A. 11

DE (%) = (A0-A)/AO x 100 %

XRF analyzer :

The sample was analyzed using the technique afyXduorescence (XRF).The samples were first cdsinto

fine powder and then they were pressed into atpeten using a 15 ton pressing machine The diamet each
pellet was about 2.5 cm and a mass about 1.0g.8lhetpwere subjected the XRF spectrometer systera each
of them was measured for 2000 sec .The spectrénebtas a result of X-ray excitation using Cd-10&y source
were transferred to a computer. The absorptiorctepvere then analyzed and concentration of thmeht present
in the samples were obtained using AX1L —XRF sofwa

FTIR analyzer :
The samples were grinded and milled with 100 mg KBform a fine powder. This powder was then coreped
into a thin pellet under 7 tons weight for 5 mimit The sample was then analyzed using Fouriersfican

Infrared (Shimadzu 8300) spectrometer and the specivas recorded in a spectral range of 400—400'&.cm

XRD analyzer :

The sample was prepared using bulk mineralogy noegfiven in Fauzi"S guide on X — ray diffractiorin@ralogy

of sedimentary rock. The water was chilled at terapee 26C and pressure 400 PSI. The XRD diffractometer
was switched on at initialization power 15 kV amdA& The sample was then analyzed using the xpestsystem.

Adsor ption properties.

Dosage of adsorbents:

Different doses of the adsorbent were mixed withrttetal ion and the mixture was agitated in a mgichhshaker.
The percentage of different adsorption doses wesm@ed by keeping all other factors constant.

Initial concentration:
In order to determine the rate of adsorption, d#ife initial concentrations of metal ion rangingrfr 0.1-0.1gram
were used. All other factors are kept constant.

Contact time:
The effect of period of contact linking the adsarbend adsorbate on the removal of the metal iamsimgle cycle
was determined by keeping initial concentrationtiple size, pH, dosage, and temperature constant.

pH:
Adsorption experiments were carried out at a rasfgeH 1-10.The acidic and alkaline pH of the medibas been
maintained by adding the necessary amounts of kityoc acid and sodium hydroxide solutions.

Temperature:
The adsorption experiments were carried out atteohstemperatures, 30°C in a thermostated shaliehime. The
constancy of the temperature was maintained withcanracy of + 0.5° C.
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Equilibrium adsor ption isotherms
The adsorption data was evaluated using Freundiwthel. The fitting parameter and calculated cornstas well as
graphical representation was obtained by linearessjon analysis .The Freundlich model is represeby the
following equation*?
ge = Kk Ce'"
ge = quantity adsorbed per gram of carbons in (Jnlfig= adsorption capacity, 1/n =adsorption inigns
The Fé* concentration retained in the adsorbent phasecalaslated according tequationi™? ;
Qe=_(Ci-Cf)lV
w

whereCi andCeare thenitial and equilibrium concentrations (mg/L) of#solution respectivelyy is the volume
(L); andWi s the mass (g) of the adsorbent.

Data Analysis:

Using Statistical Packages for Social Sciences $3RBogram analyzed results. Comparison betweeorleists
and other parameters was completed by single andaetor ANOVA. Percent relative standard deviatiomere
computed for all replicate samples.

RESULTSAND DISCUSSION

Table (1): Proximate analysis of the activated Carbon Prepared from Doum fruit by chemical activation

Parameter* Doum Fruit ACD)

pH 7.8

Bulk Density g/ml 0.71

Moisture% 2.2

Ash % 4.9
lodine number 15.42
Porosity (%) 60.08
Volatile matter (%) 24.43
Carbon content(%) 35.13
Methylene Blue mg/g 200
Decoloring efficiency DE(%), 85.8

*An average of triplicate sample

proximate analysis of activated carbon papered from Doum Fr uit

Qualitative and quantitative analysis of activatatbon give useful data about the activated canramaluce.
Proximate analysis is one of the most importantysis techniques. Table (1)shows chemical compwsitf
prepared activated carbon from the plant. carbartert of the sample was 35.13 % , amount of cadwotent is
related to the raw materiaf%.lignin, cellulose , are lignocellulosic materiansists of plant and extractives are
known to vary in chemical structure and initiallmam content. The cellulose is a linear polymer lotgse with a
theoretical carbon content of 44.4 %. Lignin isheee dimensional polymer of aromatic alcohols vétitarbon
content of 60 — 63%. As a result the carbon contéra lignocellulosic material is dependent on tk&tive
abundance of its constituents. Thus the yield db@afrom each component is directly related todéwdon content
of the respective components. Thus the carbon yiptith pyrolysis of lignocellulosic material is depent on the
composition of the precursor material. In genegabater the aromaticity and molecular weight of piecursor,
greater will be the char yield. The low carbon gial the case of cellulose is due to the fact significant amount
of carbon is lost from the glucose derivatives thugolatilization and as a result the char yieltbis. the char yield
from cellulose is known to be enhanced by the presef inorganic compounds (mineral matter). ImfdaNd and
K" ions are of physiological important. Plant cells mtelligent in differentiating Naand K by some complexing
mechanism.

The porosity percentage of the samples ACD prepase€hemical activation of KOH which had porosity o
60.08%, lodine number is a fundamental parameted us characterize activated carbon performancés H
measure of the micro pore content of the activatelon and is obtained by the adsorption of iodliam solution
by the activated carbon sample. The micro poresresponsible for the large surface area of activagrbon
particles and are created during the activatiorcgss”. ACD has value of iodine number of 15.42 phgl
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Rajeshwarf™ reported a value range from 12.000, 12.750, 13.58%00 and 14.250 at 400,500,700, 600, and 800
C° respectively for activated carbon prepared foRartheniumseed some authors reported high iodine number,
from table (1) moisture content of activated carpogpare from Doum Fruit (ACD) was 2.2% , moistooatent is
factor that affect on the activity of activatedlmam The presence of even small amounts of watesryap the other
hand, considerably inhibited the activity. The @ase in activity was to the extent of about 25% waitmoisture
content of 5% as compared to the activity in theair. *®.High moisture content may be due to plant origivhile
some author reported a low value moisture conoérd.3255% for Activated carbon. Subhasiféeeported
moisture content of 0.4 and 14.9 % for Rice husk paper sludge respectively. ACD has Methylene blumber

of 200 mg/g .Methylene blue tegfive an indication of the adsorption capacity famge molecules having similar
dimensions to methylene blue; it is a quick testnfiedicinal and other carbons prepared to adsoge laolecules,
high value of methylene blue indicate to charagtedarbons for their surface area and micropostusture.

The power of activated carbon to remove the cadomeasure in term of decoloring efficiency and esped as

percentage. Decoloring efficiency DE(%) of activhtarbon prepared from Doum fruit ACD sample wamtbto
85.8 for F&" (Table 1)

XRF , FT-IR and XRD OF Activated carbon prepared from Doum Fruit

XRF analysis is made to predict type and conceantraif elements emdaded with crystallographic $tmgc, the
result indicate that the elements Potassium ,i@alg Manganese , Iron , Copper ,Zinc and Chromiumwth
concentration range between 0.01-1.5%. while wasdoin ACD sample only.(Figurel).these elementsehav
improve the adsorption process when the activatton used as adsorbent , The transition metalstteaid
compounds, are used as catalyst because of thkiy &b change oxidation state or in the caseh# tnetals, to
adsorb other substances on their surface as daffilgsisition metals are often used to catalyzexadactions'”.
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Measurement date 5-9-2012 Measurement time: 13h 38m Os
Live time 2000 s Real time : 2002 s [Dead time 0.1 e
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channel number

Fig(1))XRF for activated carbon prepared from ACD

One of the mostmportant parameters that influence and determlimeadsorption of metal ions from aqueous
solutions by activated carbon are the carbon-axy§enctional groups present on the carbon surfdRe |
spectroscopy is made for sample ACD.This analysiicates that the functional groups of Lactone wik
frequency 1577.66 Cmand C---O at 1151.42 Chand Aromatic C---H at 873 Chwere found in ACD
sample(Figure 2), in this study KOH activation t¢esacarbon surface rich in oxygen functional groupkhe
effectiveness of KOH activation relative to eitlpdrysical activation methods or activation by otbleemical agents
can be attributed to the ability of K to form intatation compounds with carbon easily., formatiai such
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functional group enhance the adsorption capacitynastion by (Roop and Goy&f) make such carbon material
useful in different application such as cataly@action. XRD analysis is made to identify the aifegraphic
structure of the samples using ICCD standard ACitains Four crystal system(Figure3),The literatirearbon
materials repeatedly refers to the crystabita to the crystallite siz&vith its graphitic connotations, in analyses of
structure within activated carbon based on XRD .dake XRD diagrams of activated carbon preparenh floum
fruit (ACD) indicate the intense main peak shows pinesence of highly organized crystalline struetofr Carbon
with crystalline structure Rhombohedral and Carl&umpplied with crystalline structure Orthorhombic reve
detected, this crystalline structure increase ttioption of metals on to prepared activated carjpdrere the
metals adsorbed on the upper layer of the crystaditructure of the carbon surface by means ofigbyption

30—

ACD 137766 Lactone

Wl Aliyt lie H

%T i Y
61371 € -C-H: C-H bond alktynss
§13.78 C- aromaic

75 _
1514 -0 srat
603.68 Aromanc(—H

1 5 ..........
| \

-15
4000 3500 3000 2500 2000 1750 1500 1250 1000 750 500
ACD sample 1/em
Fig(2)IR for activated carbon prepared from corn maize (ACD)
Counts 2m

Student-ID00T3462-ACT
Wcarton 27 %

.Zirconium Nitride Amide 21.2 %
| Carhon Suffide 76.0 %

* Trace of sodium aluminum slicats.

100

Position [*2Theta]

Fig(3)XRD pattern of ACD sample
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Fig. (4) Effect of adsor bent dose on the adsor ption of ferrousonto ACD
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(Initial pH of 6; Contact time of 80 min; Adsorbent dosage of 0.8 g/L; and Temperature of 30°C.)
Fig(5) Effect of contact time on the adsor ption of ferrousonto ACD

Effect of adsorbent dose, Contact time and pH

The effect of the adsorbent dose was studied gbeeature of (3@C) by varying the sorbent amounts from 0.2 to
1.2 g/L. For all these runs, initial concentratiminFe* was fixed as 1 mg/L.(Figure 4). The result shohat the
adsorption of F& increases rapidly with increase in the amount ctivated carbon prepared from Doum fruit due
to greater availability of the surface area at Bigboncentration of the adsorbent. For sample ADsignificant
increase in uptake was observed when the dose neasased from 0.2 to 0.8 g/L. Any further additiohthe
adsorbent beyond this did not cause any significhange in the adsorption. This may be due to appihg of
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adsorption sites as a result of overcrowding obeunt particle$'®*%°) the contact time was in the 80min for the
sample (Figureb) . For the pH studies ,the adsempliecreased as the pH increase , the optimum ge-Hattended
at 6 (Figure6) .

100~

A 9395
90+

80+
704

60

% ADSORPTION

504 50.62

40+
35.83

304

235
20

104

pH

(Initial pH of 6; Contact time of 80 min; Adsorbent dosage of 0.8 g/L; and Temperature of 30°C.)
Fig(6) Effect of pH on the adsor ption of ferrousonto ACD

The ability of Freundlich model to fit the experintal data was examined. For this case, the pltig€Ce vs. log
gewas employed to generate the intercept valu¢ afd the slope ofld. Good adsorption of metal was record for
Activated carbon prepared from Doum fruit
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Fig(7):Freundlich isotherm for the adsorption of Fe** on to ACD

Table (2) | sotherm Models Constants and Correlation Coefficientsfor Adsor ption of Ferrousfrom Aqueous Solution by ACD .

k Un | R?
Fe* | 1.36 | 0.13] 0.97

The Freundlich isotherm modé? is an empirical relationship describing the adorpof solutes from a liquid to a
solid surface and assumes that different sites sgtreral adsorption energies are involved. Freandidsorption
isotherm is therelationship between the amounts of nickel adsomed unit mass of adsorberge and the
concentration of the nickel at equilibriug@e (**.

1~
q, = K,C."
The logarithmic form of the equation becomes,

1
logg, =log X  +—logC,

' i
whereKf and n are the Freundlich constants, the characteristidhe systenKf and n are the indicators of the
adsorption capacity and adsorption intensity,rethpelg. The ability of Freundlich model to fit thexperimental
data was examined. For this case, the plot ofdegs. logge was employed to generate the intercept valukfof
and the slope af. From (Fig. 7) the Freundlich constaKiisandn were found to be 1.36 and 0.13 respectively. The
magnitudes oKf andn show easy separation of Ferrous | ions from theeagsi solution and indicate favourable
adsorption. The intercepif value is an indication of the adsorption capacftthe adsorbent; the slopenihdicates
the effect of concentration on the adsorption capand represents adsorption intensity. The Fakcim isotherm
is more widely used but provides no informationtlb@ monolayer adsorption capacity in contrast eltAngmuir
model. Freundlich isotherm fitted well with the m@lation coefficient of 0.97.(Table 2)

CONCLUSION

Preparation of activated carbon from agricultuvgdste was done successfully.The various propestigtied The
present research work indicates the applicabifitpoum fruit as an effective low cost adsorbenttfee removal of
ferrous ion from aqueous solution. The adsorppoocess was highly dependent on solution pH andrbdst
dose, also the results showed goodadsorption d¢gpand intensity.
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