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ABSTRACT

The objective of this study is the valorizatioraafub-product of the fruit of the argan tree; itthe shell of argan
nuts which represents about 50% of fresh frltitis a natural lino-cellulosic residue that we dduturn into
charcoal under the effect of chemical activatiothwpghosphoric acid which allows the developmersd targe pore
in the activated material. We studied the effe¢hefactivation temperature, activation time and #mount of acid
added to the char yield and the adsorption capaoitythe material developed in response to the emmetal
determination of the kinetics of adsorption of agamic molecule: the methylene blue. The resultsvgld that the
temperature of 400 °C, the processing time of omar land the mass ratio (precursor/phosphoric a@dyal to
one, are optimal conditions for development ofatisorbent material. The product obtained underehasnditions
has good textural and structural properties; a sfiecsurface area St reached 1105 ffg and development of
surface functions.
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INTRODUCTION

Currently, the growing demand for adsorbent malepeocesses for environmental cause pushes fudkearch in
the field of manufacturing adsorbents from materihlat are not traditional; concretely from byproduwaste or
industrial plants, clays and other abundant mdteria

Activated carbon is considered the most efficiedgambent whose use for remediation of waste wéseo$ great
interest for researcher3herefore, several studies have focused on thelafmwent of active carbons from
industrial or agricultural waste such@sat [1], bagasse [2], sawdust [3], desert platjt]ive stones [5], rice bran
[6] and husk [7], fruit peel [8], tea waste [9],danoffee grounds [10], microwave heating [11], gddrtichoke
leaves[12], bark of pomegranate [18Iplasses [14]and coconut [15].

In this context, we conducted research to explioeepossibility of producing activated carbon frorhygroduct of
the fruit of the argan tree; it is the nutshellargepresents about 50% of fresh fruit. We choiseniditural precursor
because of its composition lino-cellulose as asmof carbon.

This study has two objectives:

a- Optimization of the experimental conditions flee preparation of activated carbon, with significeextural and
structural properties from the nut shell argan lhgmical activation using phosphoric acid.
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b- Highlight the effectiveness of activated carlpsapared by testing the adsorption of the moleotilmethylene
blue (MB), the molecule recognized as a model doypollutant to evaluate the performance of acédatarbon
adsorbents in particular [16-17].

EXPERIMENTAL SECTION

Method of chemical activation of the nut shell argan

The chemical activation of the argan nut shelljcdtural waste southwestern Moroccan average giartiameter
equal to 1 mm, is effected by phosphoric acid dilat 80%; chemical activate known by its role dinkisg and
protective of carbon skeleton and its participaiiothe creation and expansion of the pddé519]. A mass of the
shell is mixed with phosphoric acid {PO,) with mass ratios (R / Myrecurso) determined after manual mixing of
the mixture precursor-phosphoric acid at room tewaipee, the resulting slurry is introduced into theen for 24
hours at 120 °C. Carbonated product obtained Hfteioperation is called CAP.

Thermal activation

The CAP is heated in oxidant atmosphere (air) imudfle furnace at different temperatures with tle¢ walues
between 250 and 500 °C, the treatment time is liv@e5 h and 2 h. The samples were then washedligiitied
water in a Soxhlet apparatus for 72 hours, to remexcess acid and soluble matter, and then driad oven at 120
°C. The products are ground (particle size less fi¥)Jum), and stored in a desiccator for eventual use.

Evaluation of the performance of prepared activated carbons

Determination of yield-char

The yield-char of the prepared activated carbonRLi& determined from the mass of the hull arg#ally used.
It is given by the following formula:

R= (mCAp/ mi)* 100

With

Mcap: Mass of activated carbon prepared

m; :is the mass of the hull argan initially used.

Adsorption tests of methylene blue molecule

The evaluation of the performance of activated @asbprepared is achieved by monitoring the adsmrptif the
molecule of methylene blue (MB) considered orgapatlutant model. Indeed, the study of the kinetafs
adsorption of the molecule of the BM is performédo@mm temperature using a given volume of solutiontaining
the adsorbate in an initial concentration (Co =2 / L) and in the presence of a given mass of rbdsd
(m =50 mg/ L). The mixture is kept under constagitation and samples are taken at the end oftaaehinterval.
MB concentration is determined by UV-visible speptiotometry ak .= 664 nm.

Characterization of activated carbon prepared

Surface area

The measurement of the specific surface area mrmieted based on the BET method [20].The device isa
Micromeritics ASAP 2010. The adsorption isotherms abtained by nitrogen adsorption at the tempezatid
liquid nitrogen (78K).

Morphology analysis by SEM

The morphology, of prepared activated carbon (CAR) the gross shell, was examined by Scanning rafect
Microscope (SEM). The SEM photographs are maddersamples (Gross and CAP) of size less tharuir0Ovith

a device type JED JSM 840A LGS at ThermostructGmhposites Laboratory in Bordeaux.

Function surface

To highlight the effect of chemical activation wifthosphoric acid on the surface chemistry, we pewaol
guantitative functional groups of the activatedbcer prepared and raw shell according to the prétest@blished
by Boehm [21].This technique allowed the identification of diffet functional groups that play a very important
role in the adsorption process and therefore infabout on the quality of activated carbon studied.

RESULTS AND DISCUSSION
Effect of the activation temperature
On the yield of activated carbon
The products obtained after thermal activationifieéient temperatures CAP will eventually called B&) or T is
the temperature of activation. The histogram be{Bwg. 1) shows the variation in the yield of acta carbon
obtained at different temperatures.
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Figure 1. The variation in the yield of activated arbon obtained at different temperatures.

From the histogram in Figure 1, we see that th&lydepends greatly on the activation temperaturgdeé¢d, when
the temperature increases from 250 to 500 °C, itd increased from 49.94% to 17.43%. This camipdagned by
the oxidation reactions of organic matter that ¢@nheld in an oxygenated environment and the amotint
phosphoric acid is in sufficient to play its roleosslinking carbon chains and consequently theeptioin of the
carbon skeleton of the precursor from oxidation.

On the adsorption capacity of methylene blue (MBlecule.

The kinetic curves of adsorption of MB by CAPT sdespare shown in Figure 2. The examination of these
adsorption kinetics curves (Fig. 2) allowed sukslom into three classes according to the performaot
adsorption:

- The first contains those obtained by activatidrtemperatures below 400 °C; they are characteitizea low
adsorption BM (not exceeding 20%) and remain ungiedrsince the first minutes of contact betweeratlsorbent
and the adsorbate. This inefficiency prepared sasnpdems to come from the absence of internalippraisen the
temperature is inferior to 400 °C.
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Figure 2. Kinetics adsorption of methylene blue byCAPT.

- The second class is the temperatures 450 °C @Ad°6; the adsorption process is slow comparedthero
temperatures. This appears to be from slow phenarransfer between the aqueous phase and thepbalg® with
the release of intra-granular BM that appear irepoirhese pores seem inaccessible to such moleccalesed by
full oxidation of the precursor at these tempeegur
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- Between the two classes, we find the curve cpoeds to the product obtained by the CAP activat@mnperature
400 °C, which shows the best adsorption capacitytoth exceeds 68% MB. This increase in the amadsbrbed
is certainly due to the development of the porosftyhe adsorbent CAP(400) created by the gasificatactions
that can be held between the carbon matrix anchtktigating agent and the departure of volatile potsl which
block pores.

In view of these results, the temperature 400 °Chissen as the optimal temperature in the studhekffect of
other parameters involved in the activation process

Effect of activation time

On the yield of activated carbon

We studied the influence of activation time on pleegformance of activated carbon prepared. CAP malp treated
at the temperature 400 °C for times between 0.52amolurs. Products obtained, referenced by CAP, [@0there t
denotes the length of time expressed in hours, @hgried and balanced to determine the yield tiWated carbon.
The results are shown in Figure 3.
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Figure 3. Effect of activation time on the yield ofactivation.

The histogram shows that the yield of char decieasd as the activation time increases. This bssainly due to
degassing during activation.

On the adsorption capacity of MB
The adsorption tests of MB are performed undestilee conditions mentioned before. In Figure 4, axelplotted
the curves representing the adsorption kinetiaaathylene blue.

The review of the curves shows that the productRCHO0) treated for 1 hour presented the best padioce
followed by that obtained by activation for 0.5While the increase of the activation period beydhdintensive
causes a reduction in the adsorption of MB.

These findings can be explained as follows:

- The processing time less than 1 hour is inswfitifor the completion of the reactions betweenstinal of argan
nuts and phosphoric acid.

- One hour heat treatment seems to be the timareeljfor the completion of dehydration reactionatthllow the
creation of porosity by venting that result.

- The firing time over 1h promotes oxidation of terbon skeleton mass and thus the solidificatiothe products
obtained and clogging of the pores.
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Figure 4. Kinetics adsorption of methylene blue byCAP (400, t).

Effect of the amount of phosphoric acid

In view of the above results, it therefore seemmagartant to study the effect of the amount of plhosjz acid
added to the raw shell. Therefore, we varied thesmatio (Mcig/ Myrecurs)) CAP prepared samples were introduced
in an oven at 110 °C and then treated in an ovéenaperature 400 °C for 1h. The samples referehgadAP (400,
60, R) where R is the mass ratio of phosphoric aniithe precursor are then washed and dried andatbighed to
determine the performance of each one.

On the yield of activation carbon

The evolution of the yield of prepared productgjiigen in Figure 5. From the histogram, it appe&et the past
performance of 3.95% to 63% when the mass ragi@/Myecusoincreases from 0 to 2, which explains well the role
crosslinking phosphoric acid which protects théoarskeleton [13].
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Figure 5. Effect of the amount of phosphoric aci@n the yield of activated carbon.

On the adsorption capacity of MB

We studied the influence of the amount @PR) activation on the adsorption capacity of MB. Tlisa@ption tests
of the latter are performed under the same comditinentioned before. The kinetic curves resultiogifthese tests
are shown in Figure 6.
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Figure 6. Kinetics adsorption of methylene blue byCAP (400, 1h, R)

Examination of Figure 6 shows the effect of the ant@f phosphoric acid on the adsorption capaditylB. The
absence of phosphoric acid (R = 0) causes the atenpkidation of organic matter, justified by tlsvlyield of
char, and therefore a low adsorption capacity of. BMe introduction of phosphoric acid leads to éasing the
efficiency of adsorption BM to reach a maximum 8#&for the ratio 1.

For R = 0.5, the amount of acid seems insuffictentatalyze the dehydration reactions of the pismuand thus
creating a small pore. However, the increase imthss of HPO, from 1 to 2 causes a decrease in the adsorption
capacity of BM. This decrease seems highly due xtwess acid in the mixture causing the incorporatdn
phosphorus in the structure that led to the clostitbe pores created and deteriorating of textoraperties of coal
that is obtained.

Characterization of CAP (400, 1h, 1)

After getting a activated carbon, CAP (400, 1hmi)ich has a better yield char and the best adsorpapacity of
BM compared to other products prepared, we proakedeits characterization by various physic-chemica
techniques.

The Table below contains the values of the quamtitfunctional groups existing in the surface o tctivated
carbon comparing them with its precursor and ttezific surface area determined by the BET method.

Functional groups in surface (meg/q)

Carboxylic lactone hydroxyl
CAP 1.05 0.48 0.37
Brute 0.6 0.65 0.65
Total surface Total surface Seet
acidity (megq/g) basic (meq/g) (m?’g?)
CAP 1.9 0.18 1105
Brute 1.9 0.18 0.0523

The results depicted in the table, it appearstti@mthemical activation with phosphoric acid allavwsearrangement
of the surface chemistry of activated carbon ole@jrtransforming lactones and hydroxyl groups abaaylic
groups that play a very important role, in the psxof selective adsorption. In addition, the improent of the
quality of the surface chemistry, the value of #pecific surface area (BET) obtained is very high06 m2.d)
which leads to the conclusion that the activatioacpss was adopted led to the development of pgroEhis
hypothesis is confirmed by the morphology of thedurct obtained by scanning electron microscope.

The SEM photographs of activated carbon preparedraw shell (Figure 8), demonstrate the catalytile rof
phosphoric acid in the chemical activation on tegedlopment of microstructure. Indeed, on theseupést we see
that the CAP (400, 1h, 1) has a very compact stracivith an external porosity much more developed waell
distributed throughout the material compared togirexursor of departure where the grains are nagistent with
the virtual absence of porosity.
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Figure 7. SEM micrographs of: a- raw shell of argan- b- CAP(400, 1h, 1)
CONCLUSION

In this study, we developed a charcoal from thdl sifethe nut of the argan tree by chemical actoatin the
presence of phosphoric acid. The properties ofdhibon depend on the amount of phosphoric ac&dadthivation
temperature and residence time.

The characterizations of product developed, haabled us to determine the activation parametefsliasvs: Heat
treatment in air at 400 °C for one hour, the amadigthosphoric acid (concentration 80%) added hasight ratio
(HsPOy/Precursor) equal to 1.

The CAP (400, 1h, 1) obtained in powder form hasga specific surface area (110%/g) which confirms its great
character adsorbent. In addition, the determinatbrsurface chemistry by Bohem method showed thengt
presence of acidic groups (carboxylic function) ebhplay a very important role in the adsorptiongess.

It therefore appears that the manufacturing proased in this study, chemical activation with pHusjic acid, can
produce an activated carbon with textural and strat properties well developed.
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