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Introduction

Copper and chromlum oxldes supported
on actfvated carbons are eff lclent cata-
lysts for the removal of toxic Aases from
the atmosphere. These nraterlals are prepa-
red by the lmpregnatlon of adsorbent char-
coals vrl th arnmoniacal carbonate solut lon of
c o p p e r  ( c u ( I I ) )  a n d  c h r o m l u m  ( C r ( v I ) )
sa l ts .  De l tz  e t  a l .  found tha t  the  ac t lva-
ted carbon ls not an lnactlve support slnce
Cu( I )  and qr ( I I I I  spec les  were  de tec ted  in
impregnated sanples ('l ) . Further¡nore the
ef f i c iency  o f  the  ca ta ly t i c  sys tem rap id ly
decreases when stored in a $tet atmosphere.
The aglng of catalysts supported on carbon
is presently not well  understood and i t  is
therefore worth to precise the physico-
chemical changes of the catalysts upon
s torage.  S lnce  the  Cu( I IVCT(VI )  sys ten  is  a
very complex one, we have choosen to study
ln a f lrst approach the aging of supported
cuprlc oxlde. Considerlng the fact that the
reductlon of CuO by the carbon ls exother-
nal there nay be a posslbi l l ty to fol low
the reductlon reactlon by dl. f ferentlal
scannlng calorlmetry (DSC). The objective
of the present stucly ls to investlgate by
means of DSC the aging of CuO supported on
an actlvated carbon. l.lore conventlonaL
techniques l1ke X-ray dlf fract lon and
electron nlcroscopy have also been used.

Experlmental

An actlvated coconut charcoal has been
lmpregnated in lncipient h¡etness condit ions
r¡ i th an a¡¡monlacal solut ion of basic cupric
carbonate and am¡noniurn carbonate. After
drylng at 390 K the catalyst content ex-
pressed on a basis of rnetal l ic copper ls
4.8 t by we1ght. The sanples have been aged
by storage at 323 K ln 90 t relat ive hu¡ni-
Clty. After aging the samples are clr led at
390 l( for 20 hours and then kept in a dry
atmosphere at roon tenperature. DSC measu-
rements are carr ied out under f lowing ni-
trogen in a thernoanalyser Mett ler TA 3000.
Enthalpté analysis is determined between
290 and 800 K a t  a  heat lng  ra te  o f  2O
K/u-ín.

Resul ts

Unaqed lmpregnated Samples

The DSC pattern of the unaged sampl.e
exhlblts three peaks as shown in Flgure 1.
The endothermal peek between 4?3 and 513 K
is attr ibuted to rúater desorption and,/or
dehydratlon of amorphous cuprlc oxide. Two
exothermal peaks are respectlvely located
a t  5 1 3 - 5 9 3  K  ( p e a k  1 )  a n d  a E  6 7 3 - 7 9 3 K ( p e a k
2) .  These peaks  are  re la ted  to  the  suppor -
ted copper oxide since no DSC signal can be
seen with the actj-vated carbon alone. I-ray
diffract ion diagrams bave been recorded for
the sanples studied in DSC. The occurence
of crystalLized copper compounds !s also
ind ica ted  ln  F lqure  1 .
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l ' lgure 1. DSC curve of unaged CuO on
carbon.

The results of DSC and X-ray dif fract lon
indlcate that peak ' l  corresponds to the
reduction of CuO into Cu2O and peak 2 to
the formation of metal l ic Cu. The reduction
of the copper oxides by the carbon procluces
only CO2. Therefore peak 1 of the DSC curve
corresponds to the exothermal reaction :
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The heat of reactlon AH at 473 K and at 623
K is  respec t ive ly  equa l  to  -3? .3  and -35 .g
kJ,hole CuO. Consj.dering the small  change
9f_AF an_ average va lue  ó¡  - ¡ ¡ .4  kJ /mole
CuO has been taken. The measurement of the
heat release of peak 1 al lows then to esti_
r3f. t l9. guanti ty of CuO accordlng to rea-
g!1?" (1)-.  Experimenral ly i . t  r¿as iound that
97 t of the amount of Cuó present on the
actlvated carbon can be detected by DSC in
the case of the unaged sample

Aged impreqnated samples

The area of peak I of the DSC curve 1s
decreaslng wlth aging duratlon whlch sug_
gest that the a¡nount of Cuo is decreasing.
After 18 days of aglng, CuO ls found tn [ .ne
sanple by X-ray dif fract ion. At the same
tlne a thlrd exothermal peak appears ln DSC
between 623 and 783 K. r igure i-shows ttre
919 :y":. corresl'ondlng to a sampte aged
lor  z5  days .  I t  i s  seen tha t  peaks  1  ánd 2
are much smaller than in the ünaged sample.
According to X-ray analysls peak 3 corres_
ponds to the reduction óf Cuó detectable by
X- ray  d l f f rac t ion ,  i .e .  to  we l . I  c rys ta l . l i -
zed CuO as al.so shown ln Figure 2. I t  ls
also observed that ln these samples the
reductlon of Cu2O lnto Cu occrrr i  at much
nrgner  rempera ture  (820 K) .

When the duratlon of aglng lncreases
(4O_days and ¡nore) baslc cuirfó . ir lorrur.

cuCo3r .Cu(oH)2  is  fonned.  c iys ta l l lne  p t ra_
ses detectgd by x-ray dlf frait lon ire also
found by el.ectron mléroscopy.

Dlscussion and Concluslon

The combination of DSC and X_ray dlf-
fract ion technlques cl_early indlcaiés that
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Figrure 2. DSC curve of a 25 days aged CuO_
carbon sample.

two types of CuO can be found on the calbonsupport : an amorphous and,/or weakly crys-ta l - l1zed one (peak 1 in  oSó) nái -d" t " " t "a
Dy x-ray and,  a crysta l l ized one (peak 3 inDSC) .  I t  ls  there iore posslb le to 'áetermine
the amount of both phaies at a:.i ieienc
stage of aging. ft appears that the amor_pnous cuo is not guantltatlvely converted
lnto crystall ized Cuo durlng ágf"gl There-fore sj.nterl.ng is not the oñty-aging ¡necha_nlsm. There ls  a def in l te  fos i  oÉ-duo(about 50 t of the init ial anount) duringthe f l rs t  25 days of  aging.  nence' the car-Don support ls not inactive toward cuo andcauses l ts  par t ia l  reduct lon in  Cu(I )
species.
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