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INTRODUCTION

The use of agricultural residues and sub products as precursors for producing activated carbons
(AC) was studied in many papers published in the last decades. H owever, the search for new
precursors that are cheap, accessible and with potential to create significant economic valorisation,
asin the case of using industrial residues, is still needed. In thiswork we used, to our knowledge, a
never tested precursor, thecoffeebean endocarp. Thislignocelul osic material represents a useless
residue produced by the Portuguese coffeeindustry, NovaDelta-Comércio e Industria de Cafés,
SA..

Besides the endocarp, also known as parchment or hulls, other coffee components have been
recently used to produce AC, mainly coffeehusks(Boonamnuayvitaya, 2005; Baquero, 2003) and
coffee grounds (Hirata, 2002; Tsunoda, 1998).

EXPERIMENTAL

Activated carbon production
Theprecursor wasused in cylindrical pelletsand transformed into activated carbon by physical and
chemical activation.

Physical activation

For the production of the AC about 40g of precursor and ahorizontal tubular furnace were used.
Carbonisation was carried out by heating to 700°C at arate of 5°Cmin under a constant N, flow of
85cm’min™ and maintaining for 1h. Activation was carried out by switching to a CO, flow of
85cm’min’, maintaining for the appropriatetime at 700°C in order to obtain burn-offswithin the
range 13-36w% (indicated in the sample designations after AF7), switching back to the N, flow and
allowing to cool to below 50°C before removing the AC from the furnace and storing in asealed
sample flask. The activation wasal so performed at 800°C (samples AF8). In this case a heating rate
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of 10°Cmin*was used and similar carbonisation and flow rates conditions. The burn-offs obtained,
12-65w%, are also indicated in the sample designations.

Chemical activation

For the AC production about 10g of precursor and ahorizontal tubular furnace were used. The
precursor was mixed with powdered KOH to obtain impregnation ratios of 1:0.5, 1:1 and 1:2
(precursor:K OH). Thepyrolysis of the mixtures was done under a constant N flow of 85cm®min
at 650, 750 and 850°C for 2hours using a heating rate of 5°C/min. Both pyrolysistemperature and
impregnation ratioareincludedinsampledesignationasinthefollowingexample: AQTR; T=6,7,8
for 650, 750 and 850°C; R=0.5, 1, 2for 1:0.5, 1:1 and 1:2.

M aterialsCharacterisation
The AC sampleswere characterized by FTIR, masstitrations, nitrogen adsorption isothermsat 77K
and SEM/EDX.

RESULTSAND DISCUSSION

Reactivity

Thevariation of burn-off with time of activationisshowninfigure 1 for carbon dioxide activated
samples. Aswould be expected, the rate of burn-off ismuch lower when the activationiscarried out
at 700°C than at 800°C. In each casetheplotislinear, and from the slopeswe can cal cul aterates of
activation of 17.5 and 4.0w%/h. The KOH activated samples have pyrolysis yields within the range
13 to 24w%.
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FIGURE 1: Burn-off as afunction of activation time

Por osity and surface chemistry

Thenitrogen adsorptionisotherms, according to the [UPAC classification (Rouquerol, 1994), are all
Type | which indicatesthat the AC are al microporousin nature. All theisotherms, not shown here,
arereversibleand havevery low slopeinthemultilayer regionindicating alow external surfacearea.



Theisotherm analysis by the Brunauer-Emmett-Teller (BET), s and Dubinin-Radushkevich (DR)
methods are shown in table 1. The point of zero charge (pzc) isaso shownintable 1.

TABLE 1: Textura characterisation of the carbon samples by analysis of nitrogen adsorption isotherms at 77K
and pzc values determined by mass titration.

pzc BET as DR
Sampl e 2 -1 3 -1 2 -1 3 -1 -1
Seer /Mg Vs/cm'g Sex/ Mg Vo/cm'g Eo/ kdmol
AF713 10.9 269 0.141 9 0.120 19.82
AF720 118 361 0.184 3 0.150 19.79
AF731 12.3 311 0.165 6 0.110 20.30
AF736 12.7 191 0.107 3 0.070 16.87
AF812 12.8 136 0.067 5 0.060 12.92
AF832 12.8 411 0.192 3 0.150 19.93
AF865 12.9 424 0.213 4 0.150 20.24
AQ605 10.1 361 0.165 9 0.160 17.45
AQ61 10.2 381 0.174 7 0.180 16.61
AQ62 10.9 245 0.110 8 0.110 16.92
AQ705 9.2 893 0.428 13 0.350 23.88
AQ71 95 714 0.327 14 0.290 2250
AQ72 9.9 687 0.313 5 0.280 23.34
AQ805 84 842 0.382 13 0.350 2541
AQ81 10.1 852 0.388 12 0.380 21.26
AQ82 104 607 0.278 11 0.260 20.49

Almost all samples show the presence of small and large slit shape micropores, asindicated by the
difference between the values of V and Vs. The physical activation at 800°C leadsto the formation
of sampleswith higher microporevolumeand BET area, when compared with sampleswith similar
burn-off degree but produced at 700°C. The chemical activation with solid KOH gives more
interesting samplesfrom the porosity devel opment point of view with total pore volume between
0.165 and 0.428cm’g* and BET areawithin the range 245 to 893m°g ™. We can also observe that
impregnation ratio and pyrolysistemperature bothinfluence the porosity development. For instance,
Vs reaches a maximum value for temperature of pyrolysis between 750 and 800°C and impregration
ratio smaller than 0.6. The BET areais also maximised for the same pyrolysistemperature but for
impregnation r atio less than 1.2. These observations are better supported by the graphic
representations, to bepresented at the conference Carbon2006, obtai ned by fitting theresultsusing
the Kriging method and a polynomial function of thetype Mp = 01Xy + 0X5 + 03X 2 + 04X 1 X2 +
asX 22i .

All samples are quite basic with pzc between 8 and 13, as can be observed in table 1. The
physically activated sampleshave 2 different behaviours. On the one hand the activation at 700°C
shows a pzc increase with burn-off, and on the other hand the samples produced by activation at
800°C havepzc amost constant. TheK OH activation showsapzcincreasewithimpregnationratio
and with the pyrolysistemperature decrease, as can be seenin figure 2. The basicity of the materials
is mainly duetothepresenceof pyronefunctional groups, identifiedby FTIR, andtothedel ocalized



n electrons. Other functional groups present on the surface of the materials are phenol, alcohol,
lactone, quinoneand Si groups.
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FIGURE 2: pzc Evolution during the KOH activation.

SEM/EDX

The precursor cylindrical shape was maintained during activation and, as can be seenin figure 3and
4thecarbon dioxideactivation |ead to morehomogeneous samples. On the other hand the chemical
activated samples show a more heterogeneous surface morphology with the presence of some
heteroatomssuch asK, O, Ca, Si and K, asidentified by SEM/EDX

FIGURE 3 SEM image of AF20 (a)(b), AQ705 (c)

CONCLUSIONS

Themain conclusion isthat the coffee hulls can be used as precursorsfor the production of activated
carbons. Thisfact isrelevant becauseit will contributeto the reduction of industrial residuesin the
Portuguese coffeeindustry creating at the same time economic surplusfor auselessresidue. We can
also makethefollowing principal conclusions:
1) All the produced AC saremicroporouswith slit shape poresand very small external area.
2) Carbon dioxide activation |eads to the formation of pore volume up to 0.22cm®g* whereas
K OH activation can produce AC with pore volume up to 0.43cmg ™.



3) For the KOH activation the best impregnation ratio is 1:0.5 (precursor:KOH) and the
optimum pyrolysistemperature about 750°C.
4) All the AC produced arevery basic in naturewith pzc bigger than 8.
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