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ABSTRACT KEYWORDS
Activated carbon monoliths are synthesi zed from coconut shell and used as Activated carbon;
support for copper oxide and metallic copper catalysts. The obtained sup- Monoliths;
port istexturally characterized by asuperficial BET area of 1427 m?/g and Catalysts;

because of the impregnation and activation process, this value can de-
crease to aslow as 526 m?/g for the catalysts. The catalysts and support are
both of microporous nature. The obtained catalysts are characterized by
using X-ray diffraction (XRD), scanning electron microscopy (SEM), and
by temperature programmed reduction (TPR). The catalytic oxidation of
methylene blue solutions was performed since the application for treating
wastewatersis of interest, as these can have great impacts on agueous eco-
systems. Out of all the synthesized catalysts, those with the highest con-
centration of metallic copper as active phase showed the highest catalytic

Blue methylene.

activity. © 2009 Trade Sciencelnc. - INDIA

1.INTRODUCTION

Over 90% of dl chemicd s manufacturing processes
involvecatalysisin someway, dueto the possibility of
increasing reaction ratesand controlling selectivity pro-
cesses. There hasbeen aninterest andincreasein the
use of activated carbon ascatal yst support or asacata
lystitsalf, becauseof itsflexibility to betailored to spe-
cificneeds. Thisflexibility isreflected on thefact that
activated carbon can resi st both basic and acidic medi-

ums, isstable at high temperatures, can be produced
with different pore distributions, can be preparedin
severd physica forms, usudly costslessthan other sup-
portslikeduminaor silicaand that theactive phasecan
berecovered burning away thecarbonif it’s a precious
metd!Y.

Monolithic catalysts can be attractive dternatives
to conventiond catalysts. Currently, the most important
application happensin the automotiveindustry, where
they are used for cleaning up exhaust gases. The use of
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monolithic supportsfor other applications, especially
onmulti-phaseor liquid phasereactions, islimited, even
when amonoalithic reactor offers someoperationa ad-
vantages over conventional reactor, such aslow pres-
suredrops, high catalyst efficiency, an easy separation
fromthereaction system and improved safety?. Among
the usesfor monoliths, the treatment and transport of
gasesand liquid purification areusualy found.
Among the most common uses for copper cata-
lysts, oxidation, reduction and desulfurization reactions
arefound. It hasbeen reported that monolithic copper
catalysts are adequatefor catalyzing methanol steam
reforming reactionsand reducing nitrous oxidesfor ni-
tricacid plantsaswell asfor diesel motor emissions?.
Copper catdystshave been frequently used for wet
oxidation of organic compounds. The approach for
treating wastewater depends on the content of pollut-
antsand their resistanceto oxidation. Copper cataysts
have been reported to show high cataytic activitiesfor
the oxidation of organic compounds found in
nonconventional wastewaters*, such asthosethat
have bactericidal propertiesor comefrom processes
that involvedyes. Compared to traditiona wastewater
treatment methods, catal ytic wet oxidation offersad-
vantages such ashighreaction rates, low production of

polluting byproductsand requiring lessphysica space®.
2. Methodology

Copper cataysts supported on monoalithic activated
carbon are prepared, some with copper oxide asthe
active phaseand the other oneswith metallic copper as
the active phase. The catalystsaswel | asthe support
aretexturdly characterized. Then, thecatdystsare used
to catayzethe oxidation of methyleneblueto observe
their cataytic activity.

2.1. Catalyst formulation
2.1.1. Support preparation

Coconut shell isdried in an oven for 8 hours at
363K to get rid of itsmoi sture content and for making
thesizereduction processeasier. Then, theshell isme-
chanicdly crushed soit can be processedin aCorona®
mill. Thematerid obtained ispassed through aseriesof
Seves so theparticles obtained end up with adiameter
lesser than 38um. A fineparticlesize providesagreater
superficial contact area, favoring themonolith’s final

TABLE 1: Honeycomb mold specifications
Honeycomb structure

Geometry Cylindrical
Cell geometry Hexagonal
Number of cells 7
Height (mm) 9,5
Total diameter (mm) 17,5
Total volume (mm3) 3645,5
Total superficial Area(mm®) 44998

TABLE 2: Chemical compositon of coconut shell

Coconut shell wt%
Cellulose 331
Lignin 36.6
Pentosans 29.3
Ash 0.2
Fixed carbon 435
Moisture 11
Volatile matter 53.1

characterigtics™. Thechemica composition of coconut
shell isshowinthe TABLE 2.

Theimpregnationfor thechemicd activationisdone
usingalgof coconut shell to 2ml of 32%zinc chloride
ratio. Thissolutionisplacedinanoven at 368K for 7
hours, and then dried at 383K for 5 hours. After dry-
ing, themonolithsare pressed at 423K and 35 MPa.
The Specifications for the mold used are shown in
TABLE 1. Themonolithsarekeptinanovenat 773K
for 2 hoursusing aheating ramp of 1K/minandaN2
flow of 80ml/min.

After leaving the oven, the monolithsare washed
with HCI 0.1M, and then with hot water to removethe
last traces of zinc chloride®. Thewater used for wash-
ingisqualitatively analyzed by adding afew dropsof a
silver nitrate solution, watching that no precipitation
occursin order to determine that the washing process
isfinished.

2.1.2. Copper impregnation and activation

The obtained monolithsare de-gasified at 523K
for 2 hours to remove any traces of water that are
adsorbed. 10% and 15% copper nitrate solutionsare
prepared, inwhich themonolithsare submergedinfor
1 hour for the wet impregnation and then dried over-
night at 388K. Thecaidystsarethencacinated a 673K,
usingaN2 flow of 40ml/minfor 2 hoursto obtain cop-
per oxide as active phase. Later, the catalystsarere-
duced so metd lic copper isobtaned asthe active phase.
This reduction isdone at 873K using aH2 flow of
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200ml/min for 2 hours. All catalysts obtained were
placed inaninert atmosphere.

2.2. Characterization of support and catalysts

The catalysts and the support are characterized
through varioustechniques. For the catalystsand the
support, pointsof anisotherm aretaken to determine
their porevolume, diameter and superficia area, which
allow oneto say if the structures have adequate prop-
ertiesfor catdyss.

Through X-ray diffraction (XRD) and temperature
programmed reduction (TPR), the presence of copper
onthecadyssasactive phaseisandyzed quditatively
and quantitatively. Also, usng Scanning dectron micros-
copy (SEM), the presence of copper asthe active phase
isseen, by watching how it’s deposited over the car-
bonmonolith’s surface.

2.3. Catalysts’ tests

500ppm methylene blueaqueous sol utions (300 ml)
areoxidized for studying the prepared catal ysts’ cata-
Iytic activity. The solutionswere kept at acontrolled
temperatureof 353K. Oncethistemperatureisreached,
an O2flow of 200 ml/minisbegun and 100mg of cata-
lystsare added to the solution. At thismoment it’s con-
sidered that the reaction has begun. Every 15 min
samples were taken from the reacting system. The
reaction’s evolution was followed measuring the varia-
tion of methylene blue concentration with timeby UV-
visible spectophotometry following aimax 669nm ra-
diation absorption. Thesampleswerediluted 100times

Figurel: Obtained monalith

TABLE 3: Catalystsand support textural properties
BET

DFT pore DR pore

Sample superficial width mode volume/
area/ m?g /A cm3/g
Activated carbon 1427 547 0795
monoliths
CuO 15wt % 839 4.17 0.453
Cul5wt % 526 4.17 0.284

—== Pyl Paper

s0ther absorbancecouldfal inthe Beer-Lambert law
interval.

2.4.Analysisby X-ray photoelectron

Thechemica compositionwasanayzed by X-ray
photoel ectron spectroscopy (XPS), usingaUHV VG
Microtech MultiLab ESCA 2000 equipped withanAll
Ka X-ray source (hv = 1486.6 eV) and a CLAM4
MCD detector. The surface chemica compositionwas
determined fromtheorbitd peak area, usngtheatomic
sengtivity factorsand corrected with theandyzer trans-
mission function, taking CuO-mesh and Cu asrefer-
ence materials. In al cases, the catalyst was etched
during 2 minuteswith 3.0kV Ar* to diminate contami-
nating carbon. Thebackground for the highresolution
and the survey spectrawasthat Shirley andlined, re-

Spectively.
3.RESULTSAND DISCUSSION

3.1. Support and catalysts obtained

Figure 1 showsapicture of theobtained monoliths.
Thestructuresshow good solidity and compaction. The
most critical stepfor obtaining themonolithsisthecar-
bonization, becausefor the described protocol, it lasts
thelongest and 69% of themassthat enterstheovenis
logt.

The catalysts obtained present a reddish color,
whichisthecharacteristic color of copper oxidel and
metallic copper. During theimpregnation process, the
structures keep themonoliths’ good mechanical prop-
ertiesobtainedinitialy.

3.2. Sructures’ characterization
3.2.1. Superficial area, width and porevolume

An Autosorb 3B Quantachrome Instruments
equipment wasusad for obtaining thevolumeof nitrogen
adsorbed by thematerid sat rel ativenitrogen pressures
from 0.05t00.35, whichisthe pressurerange used for
determining superficid area, porevolumeand width.

TABLE 3summarizesthecharacterization’s results.
Thesupport givesasuperficd areacf 1427 m?/g, which
iscong stent with the usual range of active carbon su-
perficial area. Thecatalysts’ impregnation and activa-
tion processes cause aclogging effect on the supports’
pores. Asaresult, thecataysts’ superficial area reduces

ey, P alzrioly Seience

Au Tudian Yournal



104

Oxidation of methylene blue solutions with a new catalyst

MSAIJ, 5(2) April 2009

Full Poper =

0,07
0,06
0,05 P Yo
~Cud 15%

: I Cu 15%
J\\’_ﬂ.ﬂ;
i
0,01 |
] L;.‘L-- R )
0 5 10 15 20 5 30
Figure2: DFT porevolumedistribution

Porevolume/ cc/A/g

3 a
.an__,_,_d-r“-""v‘”-'!"w O Y Y

)“_‘_F,v:':\-l\:-’i

S o L B i

—a A

Intensjty

b

Ac

— ek e
1 il 30 an 50 L] il
20
Figure3: (a) XRD for theActivated car bon monoaliths; (b)
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significantly in comparisonto the supports’ area.
Figure2 showsthe DFT porevolumedistribution
for the support and the catalysts. Most of the porevol-
umeoccursbelow 20A for these structures, which in-
dicatesthat these haveamicroporousnature. Thepore’s
width modeiscloseto 5 A for the support and 4 A for
the catal ysts. Porevolumereduction, inadditionto pore
width reduction, isobserved for the catalysts, which

confirms pore clogging dueto theimpregnation and
activation processes.

3.2.2. X-ray diffraction

Thefollowing difractogramsareobtained usinga
Miniflex Rigaku equipment. It can be clearly seenthat
themonolith goesthrough structural changesafter the
Impregnation and activation processes, whichisshown
by the appearance of new peaks in the catalysts’
difractograms compared to the support’s (figure 3a).

The catalyststhat were activated only through cal-
cinations, figure 3b, show peaksaround 2? 39°, which
indicatesthe presence of copper oxidell, and around
36°, which indicates de presence of copper oxide.

It’s to be expected that a mixture of the oxides is
obtained sincethe cal cination does not give the same
energy levelsuniformly throughout themonoalith, soin
certain placesthe oxidationisnot complete.

For the hydrogenated catalysts, figure 3c, the
difractograms show clear sharp peaksat around 20 43°
and 50°, the characteristic peaks for metallic copper,
and that clearly show how the used catalytic process
changed the valence state of the copper. The
difractogramsfor the catal ystswhoseimpregnation so-
lution concentrationwas 10% ares milar to thoseshown
infigures 3band 3c, showing thesamepesks, sothey’re
not presented here.

3.2.3. Temperatureprogrammed reduction

Figure4istheresult for the calcinated catalysts’
temperature programmed reduction, which showsthe
existence of 2 peaksin the equipment’s signal. The
equipment used for thistest isaMicromeritics Chemi-
sorb 7020. Thetwo peaks are observed around 410K
and 460K, the reduction temperaturesfor Cu(l) and
Cu(ll) respectively, proving the presence of amixture
of copper oxidesin the catalysts, aresult consistent
withthat givenonfigure 3b.

Thistest showsthat the catalystsimpregnated with
amoreconcentrated solution end up withagreater load
of active phase, whichisto beexpected since starting
withamore concentrated sol utionwill maketheamount
of copper availableto be deposited over the surface
greater. For theimpregnation, no agitation mechanisms
are used and the solution is in excess respect to the
amount of support (wet impregnation), So copper’s
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Figure 7: Residual methylene blue for metallic copper
catalysts

depositioniscontrolled by diffusion forces'?, i.e,, by
masstransfer, whichisfavoredif theimpregnating solu-
tion hasagreater concentration.

3.2.4. Scanning electron micr oscopy

ThistestisdoneinaFEI QUANTA 200 scanning
microscopeto observethe catalysts’ shape, size, ho-
mogeneity, presenceand distribution of crystallineand
amorphous compounds*Y. |t can be seenonfigures5
and 6 that the particles of copper are asymmetrically
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Figure8: (a) XPSspectrum: Catalyst Cu/C Before, (b)
XPSspectrum: Catalyst Cu/C after

dispersed over themonoalith’s surface with different sizes
and irregular shapes. Because the hydrogenation and
cal cinationstemperatureswere much bel ow copper’s
fusiontemperature, it waspossibleto obtain small par-
ticlesof copper without therebeing agglomerates. When
comparingfigures5and6, it’s possible to see the change
of statethat the copper underwent during the hydroge-
nation process, as the shape and appearance of the
materia deposited onthemonolith’s surface are differ-
ent.

3.3. Catalysts’ tests

Whiletesting the catalysts, 3 processescan cause
the methyleneblue concentrationtofdl: adsorption over
the support’s porous surface, catalytic oxidation and
non-catalytic oxidation. To determine cata ytic activity,
It’s necessary to perform two blank tests, one to ob-
sarvethedegreeof non-catdytic oxidation, and theother
one to observe the degree of adsorption over the
monolith’s surface.

Theresults for the tests performed are given on
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figures 9 and 10, expressed as percent of methylene
blueleftinthe solutionintimerespect to theinitial con-
centration. Figure9 showstheresultsfor the hydroge-
nated catalystsand figure 10 for the cal cinated ones.

Thefirst blank clearly showsthat theeffect of non-
catalytic oxidation isnot significant, asthe concentra-
tion of methylene blue remains practically the same
throughout thistest. The second blank, allows seeing
the degree of adsorption over thesurface. When using
atemperatureashigh as353 K, adsorptionisnot fa-
vored asthisisaspontaneousexothermic processfa-
vored by usinglow temperatures. Even so, methylene’s
blue concentration dimini shes about 20% when only
the adsorption phenomenonisconsidered.

For thetwo types of catalysts, calcinated and hy-
drogenated, it’s noticed that the bigger the load of ac-
tive phase, the concentration of methylenebluereduces
more, which isto be expected since the presence of
more active phase dlowsthereaction to be carried out
moreeasly asthereactantshavean easier timefinding
copper which producesthe catal ytic phenomenon.

Among the synthesized catalysts, the best results
were obtained for those hydrogenated whoseimpreg-
nating solution’s concentration was 15%. However, the
activity’s difference observed was not significant, being
smilar for the cata ystsimpregnated with the same con-
centration of impregnating solution. For the catalysts
impregnated with a15% solution, thereductioninme-
thylene blue concentration was around 50%, whilefor
those impregnated with a 10% solution it was about
40%. Theseresults show the presence of catalytic ac-
tivity sincethe changein methyleneblue concentration
issignificant compared to that of thetwo blanks see
figure?7.

Thefigure8aan 8b showsof X PS spectrum of the
catalyst Cu/C before and after processescataytic; in
the XPS (figure8a) show of catalyst before of process,
is clear of peaks characteristic to the cooper an the
figure 8b show of X PS spectrum.

4. CONCLUSIONS

Activecarbon monolithsare prepared, whosechar-
acterizationgivesan goparent BET superficid areaover
1000 m?/g, dsofindingit’s a microporous material. This
superficial areais of great help for dispersing other

materidsover itsdf, for whichit’s a feasible alternative
for preparing catalysts.

Copper oxide, aswell asmetdllic copper, cataysts
were obtained, whichisreflected onthetexturd char-
acterization done. The superficia areas obtained show
that the catalysts are adequate for catalysis, and the
SEM photographs show the copper’s good distribu-
tion over the active carbon.

The obtained catal ystsweretried on the wet oxi-
dation reaction of methylene blue, showing good re-
aultsfor oxidizingthischemicad. Amongthesynthesized
catalysts, similar behaviorswere obtained for there-
acting system based on theinitia concentration of the
impregnating solution. Thegrestest cataytic activity was
observed for thehydrogenated catd ystswith the grestest
initid concentration of theimpregnating solution.
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