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Introduction Results and discussion 

Functionalised activated carbons can be used as catalysts in 
the oxidative dehydrogenation of alkanes (ODH) [1]. Wlma ODH 
is camed out in the gas phase, its known that the oxygen atoms of 
the fia~onal grot~ on the carbon's surface are responsll~le by 
the ODH while the role of the gaseous oxygen of the feed is to 
reoxidize those functional groups [2]. Aliphatic alcohols undergo 
dehydration and/or ODH over activated carbons [3~ 

Camphor is a product of industrial interest which is ustmlly 
~ained by oxidation of isobomeol. In this work the results of the 
ODH of isol~rneol over functionalised carbons with different 
smface chemical natures, in the gas and in the liquid phases, are 
presented 

Experimental 

Catflyst smnples were pretxa~ using a commercial caflxm 
(NOR1T, GAC) as starting material, This material was 
to the following treatments: N20 at 500°C during 1 hr (sample 
C1); HNO3 5 M at room ~ ,  during 1 hr, followed by 
washing until lmaral pH (sample C2); H202 5M at 100°12, during 
1 hr followed by washing until negalive peroxide test (sample 
C3); air at 750°C during 1 hr (sample C4); He at 8tX}°C during 1 
hr, followed by 02 at 300°C during 1 hr (sample C5). 

XPS a m b ~  were l~t'ormed on a XSAM800 (KRATOS) 
X-Ray S ~ m e t e r .  TPD a m b ~  were carried out on a 
MICROMERITICS TPD/It~ 2900 instrument, l~mg the 
evolution of CO, NO and CO~ monitored by mass ~ e t r y .  
Textural characterize'on was performed by nitrogen adsorption at 
77 K on a Micronmitics ASAP 2010 V1.01 B insmmaent. The 
contents of oxygenated surface groups were also evaluated by 
titration according to the method of Bohem [4]. 

The ~ o f ~  m tl~ gas ~ was c o n ~ ~  m a 
fixeahxt flow ty~ rea~or v, ofl, ing at ~ ~ ,  tmag 
~ as carrier g ~  at 150°C, using 0.6 g o f ~  isolxsneol and 
oxygen ~ presmres of 3.39 hl~ and an 504.8 hl~ restxxlively. 

was f ~  at a ~ c e  v e l ~  of 1090 ghmol -~. 
In the ~ ~  the tmaion was ~ m a tntch malor, 

at 55°C ~ aimng ]lie ma:tor was kllded with 0.25 g of 
(Aldrich), 0.25 g of amlys~ 25 ml of acetone (Riedd-de 

~ )  and 2,5 ml of hydmggn peroxide (30 o/~ Merck). Analysis 
were performed by gas crcsmtogr4~ on K ~  HRGC 30(D 
mmtmm~ 

The results of XPS (table 1) suggest that all treatments lead 
to the formation of car~xylic and alcoholic or ketonic functional 
groups on the c a i n  surface. However, while the treatment with 
HNO3 (C2)leads to the highest content of ca~xylic grote, by 
treatment with 02 (C5) or N20 (C1), the alcoholic (Nd~ ly  
phenolic) group is dominant. 

]line l e a ~  are in g ~  ageetmm with tle TPD pmfles ofthe 
autxm ~ (figtue l-A, B ar~ O. While the autxm ~ w i t h  
HNO3 cxlfibits a low ~ b a ~  of' ~ o n  of 032 (250 - 
35¢r'63, ~ assigr~ to carboxylic grot~ [5,61 that Umd is not 
d:~erv~ for the mn~cs ~ w i t h  N~O or O2 (figtue l-A). On the 
other h a ~  the ~ Ummt with N33 ~ a lxaxt of desorlX~ 
of 0 3  (figtwe 143) at a kmer ~ range (400 to 5N)%-3 
tie s a n ~  m i n t  with O2 (550 to 900 ~ .  ~ ,  the tmmer~ 
with N:O leads to a more tmsl~e ~ due to the nilration or 
some coml~exation of N20 to the arolmlic rings of tl~ caflx~ 
~ a m a g  s m m n e o ~  w~th the fonmti~ of the furt~onal grays 
alxwe mentioned However, by XIX3, the main ohsm~on is the 
desmaction of the surface amnmcity. The ¢artxm gasification with 
N2Ois wen ~ [71Tteref~, ~e loss of ar~aicity ofthe otaer ~yer of 
the cartx~ lxa-ticle is eqxxlable. 

The main ~ of tl~ leact~ of ~ on the ~,dxm 
auface in the ~esmce of 02 in the gas llmse, or H202 in the liquid 
rm~, are ~ a n d S .  W~e mmplx~ is f o m ~ b y ~  
add ca~rz~ ~ d m o n  of t s a m ~  mmp~or ts fom~ by ~ 
oxidative c b l ~ ~  

Wlma the reaction is carried out in tl~ gas ~ ,  m tl~ pteseroe 
ofoxy~'r~ the ~ ~ is ¢hn im~by  ~ .  The best 
s e l ~  to annl:xhor is ~ 10% arid is only achieved with the 
cartxm san~e treated with 02 at 300°C (fig~ne 2), allhough this is the 
s a n ~  e x t n ~  the lowea ~ .  With an the other 
~ ~ is only fo rn~  as traces. This is a conseqtmlee of 
the high acidity of those catab~ samples as ~ e d  by titration. 
That acidity is due to the presence of car~xylic acid groups as 
suggested by the TPD profiles for all carbon smiles except for 
those treated with 02 or N20. Although the content of carboxylic 
groups in the smnple treated with N20 is low, this san~e exhibits 
the highest acidity ~ not only this sample bears the highest 
content in alcoholic groups ~ phenolic) lyat also 
their acid strength is prot~ly enhanced by the nitration of the 
aromatic rings, as suggested by the band of desorption of NO 
shown ih the TPD pmffie (figure 142). However, this mcdificalion 
rmst arise ~ in the rx~s, since by XPS the ~ of ~ 
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decreases relatively to the ~ oatx~ Also as mfened alx~, the 
anface amn~city cong~ete~ disappears. Te,xanal ~ ' o n  
strm~ that no signifiont chan~ m the afface area were d:saved 
for the ditferent cmlyst sang~es. Neveatekss, mng~ C1 extdated a 
mmh maaller micmg~ are~ Therefore, only in the case ofthe oatxm 
~ w ~  o~ ts the ~ ~ low e n a ~  to aUow for the 
oxidation ~ o f ~ t  

I n ~  nq~dphase~o~y~y~ san~  ~edwas ~ ~ 
~ w ~ h  n~o2. T~ m a m ~  ~ m ~ c o ~ ,  camphor 
(figUre 3). The ~ y d m o n  ~ of isobon~l is now 
ptoba~ due to tl~ ~cr ing of the acid strength of the cafooxylic 
and phenolic groulz as a c o ~ n c c  of solvation. 

Table  1. Area (%) of the relevant peaks of activated 
carbons reported to 100% Cls, 100% O l s  and 100% Nis 

Sample Csp2 Csp3 __COR C--O COOR 
C1 61.1 - 24.1 2.5 1.0 
C2 44.1 23.6 12.0 6.1 3.2 
C3 46.8 23.9 14.4 2.8 1.2 
C4 46.6 24.4 12.8 3.3 1.6 
C5 46.7 24.0 13.3 3.5 1.5 

Sample Aromatic C OC, CO__H, Phenol, 
C=O C_OOR, C=O COOR 

C1 30.8 31.9 26.6 
C2 24.5 45.9 16.1 
C3 23.2 46.1 15.9 
C4 16.2 38.5 18.3 
C5 23.0 36.9 28.0 
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Figure 1. TPD profiles of the catalyst samples. A - CO2; B 
- CO; C - NO. 
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Figure 2. Oxidation of isoborneol in the gas phase. 
Selectivity to camphor 
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Figure 3. Oxidation of isoborneol in the gas 
phase. Selectivity to camphor 

C o n c l u s i o n s  

In the gas phase reaction conditions was ~ e d  that very 
acidic stnfaces s~nn to promote dehydration of isobomeol to 
ca~hene. 

Oxidation to camphor seems to be favored by the premace of 
phenolic and quinone groups. 

In liquid phase, sample C3 exhibit the highest selecfixdty to 
camphor. 
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