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Abstract-The adsorption of olefins at 25°C in gas- or vapor-solid systems on 4 clays dried at 120°C. 
was studied by infrared spectroscopy. Products of condensation have the spectra of paraffinic oligomers. 
Paraffins are adsorbed onto the same structural surface hydroxyls that adsorb olefins, confirming the 
physical unspecific character of this adsorption. These hydroxyls do not participate in the condensation 
reaction. The reappearance of these hydroxyl bands after evacuation suggests that product molecules are 
not adsorbed onto the surface but remain on it because of its low vapor pressure. The reversible adsorption 
sites participate in feeding the condensation sites. Double-bond isomerization of olefins was not observed, 
at room temperature, on clays, alumina and silicas dried at 120°C. When the gas-phase is evacuated or 
swept with inert gas, reaction does not proceed with a new monomer. Paraffins are only physically 
adsorbed. 
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INTRODUCTION 

In Choren et aL (1997), a gravimetric study of ad
sorption and condensation of light oIefins in the gas
or vapor-phase on 7 adsorbents, some preliminary re
marks were drawn. Although gravimetry allows the 
visualization of some aspects of the whole process, 
spectroscopic methods are valuable for understanding 
aspects that do not depend upon mass or mass 
changes. In this work, infrared (IR) spectroscopy is 
applied to obtain a more complete picture of the olefin 
adsorption-condensation process. "Condensation", in 
this work, includes all of the reactions that generate 
products of higher molecular weight, such as etherifi
cations and oligomerizations. 

EXPERIMENTAL 

Materials 

The adsorbents and adsorbates were described in 
Choren et al. (1997). 

The deuteration of clays was carried out according 
to the following procedure: approximately 300 mg of 
clay and 1 mL of DzO were placed in a small stainless 
steel autoclave lined with polytetrafluorethylene 
(PTFE), heated in an oven at 150°C for 1 h. The 
vessel was then cooled to room temperature, opened 
and reheated to evaporate the remaining D20. The pro
cedure was repeated twice. 

A Fourier transform infrared (FTIR) spectrometer 
was used. The single-ray, computerized Perkin Elmer 
1710 model was equipped with an MTC detector of 1 
cm- 1 resolution, cooled with liquid nitrogen. The 
method of taking the IR spectra was the object of a 
preliminary study described as follows. The KBr pel
lets with a few milligrams of clay permitted the ob-
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servation of the low wave number region but excluded 
bands-in particular, the important 4730 cm- 1 band, 
which disappeared totally. The use of compressed 
sheets presents the possible inconvenience of blocking 
the access of hydrocarbons to the internal surface. In 
preparing compressed wafers, one must take 2 vari
ables into account: the pressure applied and the com
pression time. To evaluate their effects, a set of 5 pres
sures between 140 kglcm2 and 700 kg/cm2 and times 
of 15 sand 2 min were tested by adsorption of I-bu
tene. The only difference found was a small loss in 
the intensity of hydrocarbon bands in the wafers pre
pared at higher pressure and longer time, but the 
toughness makes them less frail and more suitable to 
handling. Consequently, the following procedure was 
finally adopted: 15-20 mg of adsorbent were com
pressed in a cylindrical die of 30 mm diameter, with 
a load of 700 kglcm2, for 15 s. The wafer cut to a 1 
cm X 2 em rectangle was placed in a sample holder 
at the end of a thin glass rod that permitted the dis
placement of the sample between the pretreatment 
zone and the cell in a 20-mm borosilicate glass tube 
by means of an external magnet. The cell body is 
made of stainless steel with NaCI windows. The usual 
procedure was as follows: the wafer was dried for 2 h 
at 120°C with a flow of 30 SPT mL/min of Ar. The 
sample was placed in the cell and the first spectrum 
taken. The Ar was then replaced by I-butene. Another 
spectrum was taken immediately after the equilibration 
of a butene pressure of 2.5 kPa. This spectrum was 
designated "initial adsorption". After 1.5 h, the olefin 
was swept with Ar for 10 min and a final spectrum 
was taken, called "irreversible adsorption". All of the 
spectra are the result of 100 scans. As the spectrometer 
is a single-ray type, it was first necessary to take a 
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Figure 1. Infrared spectra of: a) F24 clay dried at 120°C; 
b) Fl24 clay dried at 120°C; c) F24 clay dried at 300°C; d) 
F24 clay dried at 450°C; e) Tl clay dried at 120°C; f) Tl 
clay dried at 300°C and g) Tl clay dehydrated with atmo
spheric moisture. 

"background" spectrum with no wafer. In this case, 
care was taken, by means of attenuators, to reduce the 
radiation energy to the values obtained when the wafer 
is in the optical path. As the compressed clay wafers 
are not transparent below 1100 cm- I , pellets of KBr 
were used when the region below this wave number 
was required. 

RESULTS AND DISCUSSION 

Infrared Spectra of Clays 

The high wave number region of spectra of F24 and 
F124 clays dried at 120 °C (Figures la and lb) are 
very similar and can be described as a very broad band 

extending from approximately 3800 to about 2600 
cm- I . This band corresponds to hydrogen-bonded mo
lecular water because its intensity decreases apprecia
bly when the clay is heated, as can be seen in Figures 
lc and ld. Two bands can be seen enchased on it, one 
sharp at 3743 cm- I assigned to O-H stretching of free 
Si-O-H groups, and another at 3642 cm- I , usually 
found at 3630-3620 cm- I

, which corresponds to 
stretching vibrations of montmorillonite hydroxyls 
(Serratosa and Bradley 1958; van der Marel and Beu
telspacher 1976). To establish whether the origin of 
the 3743-cm- 1 band corresponds to clay or quartz im
purities, samples of both clays were pelletized with 
KBr and the spectra were extended to 400 cm- I . A 
small band at 798 cm- I was observed, but as noted by 
van der Mare1 and Beutelspacher (1976), the absence 
of a band at 778 cm- I indicates that the quartz content 
is small. 

In the low wave number region, besides 2 overtones 
and combination structural bands at 1980 and 1870 
cm- I , there is a band at 1630 cm- I , usually assigned 
to bending vibrations of water molecules. 

The IR spectra of T1 clay are different from those 
of the F24 and F124 clays. Figure Ie shows the spec
trum of a sample dried at 120°C. Again, the large 
noise obscures the instrumental localization of the 
bands; on the broad water band, 2 stretching bands of 
structural hydroxyls can be distinguished, about 3700 
and 3550 cm -I. The first band appears in the spectra 
reported by Fripiat and Toussaint (1963) and van der 
Marel and Beutelspacher (1976), but assigned to ka
olinite. The second band is frequently found in spectra 
of smectites. The spectrum change upon heating Tl at 
300 °C is notable (Figure If): there is a loss of absor
bance around 3300-3400 cm- I , and 4 bands can be 
seen, the former at 3700 and 3560 cm- I and 2 more 
bands at 3660 and 3180 cm- I

, all of them noisy. In 
the low wave number region, the former 1632 cm- I 

band is now very weak, shifted to 1620 cm -I, and 
accompanied by 2 other bands at 1723 and 1850 cm -I. 
This sample was equilibrated with atmospheric mois
ture (about 1.3 kPa of water partial pressure). Figure 
19 shows the changes: the stretching region bands are 
wrapped by the broad water band, and in the bending 
region, the 1630-cm- 1 band reappears and a new, very 
intense 1413-cm- 1 water-bending band is observed. 
This band has been reported by Mortland et al. (1963) 
at 1429 cm- I in montmorillonite. 

The spectrum of "{-alumina dried at 120°C can be 
seen in Figure 2a. As for clays, the principal feature 
is a broad, noisy band centered about 3450 cm- I . The 
protruding band at 3730 cm- I was reported by Peri 
and Hannan (1960) as an isolated, surface hydroxyl 
band. It is worthwhile noting the very low intensity of 
the water-bending band, and its high frequency of 
1690 cm- I . 
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Figure 2. Infrared spectra of adsorbents dried at 120 °C : a) 
')I-alumina; b) silica-gel; and c) Cabosil. 

Silica-gel dried at 120 °C also presented low trans
mittance in the hydroxyl stretching region but, unlike 
clays and alumina, the noise in this part of the spec
trum was low. The bands identified (Figure 2b) were 
the sHanols 3740 cm- I band; 2 bands associated with 
hydrogen-bonded water at about 3650 and 3540 cm- I

; 

and, finally, the 1630 cm- I band. 
Less intense are the Cabosil bands, Figure 2c; but, 

like porous silica-gel, the only remarkable difference 
is the shifting of the hydrogen-bonded water band 
from 3540 to 3510 cm- I , possibly because of the 
pores' absence. 

It is interesting to observe the behavior of the sharp 
silanol band at 3740 cm- I. A clay dried at 120 °C still 
retains a considerable amount of molecular water. 
However, this band is already present in the spectra, 
as explained above for Figure 1 a. One might think that 
water must be linked to the solvatable cations. While 
the other structural bands appear noisy, as imbedded 
in the broad water band, this one remains sharp and 
distinguishable at a side. Although silica bas no me
tallic ions, the picture is still the same. On a sample 
of Cabosil, McDonald (1958) reduced by evacuation 
the broad band at about 3400 cm -1 to an absorbance 

Figure 3. Infrared spectra of: a) F24 clay dried at 800 DC; 
b) Cabosil dried at 300 DC ; and c) Cabosil dried at 400 DC. 

of approximately 0 .2. On readsorbing water vapor, the 
broad band increased again to approximately 1.0 . 
However, the 3747-cm- 1 band remained almost un
changed throughout the process. As shown below, this 
band is affected by the adsorption of oletins. These 
facts suggest some hydrophobic character of the SiOH 
groups that generate this band. 

The 1630-cm - I band must be considered carefully. 
This band has been associated generally with the scis
sor bending of molecular water. However, when sam
ples of F24 and F124 clays were heated in a vacuum 
at 800 DC, a treatment that eliminates all possible mo
lecular water, the spectra retained an important band 
at 1626 cm- I (Figure 3a). Little and Mathieu (1960) 
failed to eliminate this band by heating silica glass and 
assigned it-as the companion at 1870 em- I-to a 
combination of fundamental frequencies of the sili
cious skeleton. Figures 3b and 3c correspond to spec
tra of CabosiI heated in a vacuum at 300 and 450 °C, 
respectively. They show that while molecular water 
has virtually disappeared (bands at 3670 to 3675 
cm- I), the bands at 1980, 1870 and 1630 cm- 1 re
mained constant. 
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Figure 4. Infrared spectra of l-butene-F24 clay: a) F24 clay 
deuterated, dried at 120 °C, previous adsorption; b) initial 
adsorption of butene; and c) irreversible adsorption of butene. 

Infrared Spectra of Adsorbed I-butene 

The spectra of adsorbed I-butene provide informa
tion about the olefin-solid interaction. The F24 and 
FI24 clays give similar results. 

As the stretching bands of structural hydroxyls are 
very noisy, samples of the clays were exchanged with 
heavy water as described in the experimental section. 
Figure 4a shows only I deuteroxyl band at 2680 cm- I , 

which, together with the isotopic conversion, corre
sponds to the hydroxyl band at 3640 cm- I . Figure 4b 
shows the initial adsorption spectrum of butene, in 
which the characteristic bands of the olefin are, in re
ality, the sum of the adsorbed hydrocarbon and the 
gas-phase. The important aspects are the disappear
ance of the 3740-cm- 1 band and the invariability of 
the deuteroxyl band. Serrato sa and Bradley (1958) as
signed the band at 3630 cm- I to structural hydroxyls 
that are oriented towards the vacant octahedral posi
tions. Perhaps these positions can exchange protons or 
deuterons with water molecules but are inaccessible to 
the olefin. Whatever the reason, the fact is that olefins 
interact only with some of the structural hydroxyls (or 
deuteroxyls) of clays. Another interesting feature of 

this spectrum is the sharper and longer 1630-cm- 1 

band due to the superposition of the stretching C=C 
bond upon the bending water band. Figure 4c shows 
the spectrum of the butene irreversible adsorption after 
sweeping the cell with Ar. The clay has suffered a 
visible loss of water. This water was not eliminated 
during drying at 120°C and is now dragged off by Ar 
at room temperature. As Breen et al. (1987) suspected, 
it appears that the olefin displaces water from the ad
sorption sites. The band at 3740 reappears and the 
3700-3000 cm- I region looks very noisy. The hydro
carbon part of the spectrum is in complete agreement 
with the results of Lucchesi et al. (1962) for the ad
sorption of ethylene onto deuterated alumina, that is, 
disappearance of the olefinic character of the residue 
and no exchange with deuteroxyl. 

Similar results were obtained for I-butene adsorp
tion onto Tl clay, with the obvious difference of 
weaker hydrocarbon bands attributable to lesser ad
sorbed amounts. 

The initial adsorption spectra of alumina and silicas 
presented similar characteristics to those obtained with 
clays. The final spectra resemble those of the clean 
adsorbents, with disappearance of hydrocarbon bands; 
i.e., the hydrocarbon does not leave residues on them. 
In alumina, the participant hydroxyls were the ones 
corresponding to the 3735-cm- 1 band. 

In the adsorption spectra, the time persistence of the 
3090-cm- 1 band, corresponding to the =CH2 stretch
ing of terminal olefins, indicates that isomerization 
does not occur under the experimental conditions on 
all the adsorbents. 

Adsorption spectra of butane and cyclohexane on 
all the adsorbents showed the participation of the same 
hydroxyls already identified with olefins, confirming 
the physical, unspecific character of reversible adsorp
tion of ole tins and paraffins. 

The following experiment was carried out with 
F124 and cis-2-butene: after the adsorption was initi
ated, butene pressure was reduced to a few Pa. After 
several hours, the simultaneous increase of the 3740-
cm- I band and decrease of the 3020-cm- 1 band sug
gested that at least part of the feeding to the conden
sation sites is provided by the reversibly adsorbed 
monomer. 

The preliminary remarks formulated in Choren et 
al. (1997) are now complemented with infrared evi
dence. 

CONCLUSIONS 

1) Adsorption-condensations of olefins onto clays 
are fast processes, diffusion-controlled. The rapid ini
tial adsorption gives way, through a transition, to a 
very slow increase of adsorbed mass. This transition 
might result from the obstruction of access to the ac
tive sites by the reaction products that remain on the 
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sorption of ethylene onto deuterated alumina, that is, 
disappearance of the olefinic character of the residue 
and no exchange with deuteroxyl. 

Similar results were obtained for I-butene adsorp
tion onto Tl clay, with the obvious difference of 
weaker hydrocarbon bands attributable to lesser ad
sorbed amounts. 

The initial adsorption spectra of alumina and silicas 
presented similar characteristics to those obtained with 
clays. The final spectra resemble those of the clean 
adsorbents, with disappearance of hydrocarbon bands; 
i .e., the hydrocarbon does not leave residues on them. 
In alumina, the participant hydroxyls were the ones 
corresponding to the 3735-cm- 1 band. 

In the adsorption spectra, the time persistence of the 
3090-cm- 1 band, corresponding to the =CH2 stretch
ing of terminal olefins, indicates that isomerization 
does not occur under the experimental conditions on 
all the adsorbents. 

Adsorption spectra of butane and cyclohexane on 
all the adsorbents showed the participation of the same 
hydroxyls already identified with olefins, confirming 
the physical, unspecific character of reversible adsorp
tion of ole tins and paraffins. 

The following experiment was carried out with 
F124 and cis-2-butene: after the adsorption was initi
ated, butene pressure was reduced to a few Pa. After 
several hours, the simultaneous increase of the 3740-
cm- I band and decrease of the 3020-cm- 1 band sug
gested that at least part of the feeding to the conden
sation sites is provided by the reversibly adsorbed 
monomer. 

The preliminary remarks formulated in Choren et 
al. (1997) are now complemented with infrared evi
dence. 

CONCLUSIONS 

1) Adsorption-condensations of olefins onto clays 
are fast processes, diffusion-controlled. The rapid ini
tial adsorption gives way, through a transition, to a 
very slow increase of adsorbed mass. This transition 
might result from the obstruction of access to the ac
tive sites by the reaction products that remain on the 

https://doi.org/10.1346/CCMN.1997.0450210 Published online by Cambridge University Press

https://doi.org/10.1346/CCMN.1997.0450210


Vol. 45 , No.2, 1997 Condensation of olefins II 225 

surface, possibly due to lack of a leaching solvent, as 
Tennakoon et al. (1983) proposed. 

2) The low participation of the interlamellar sites 
may be due to blocking of their edges by product mol
ecules. 

3) Paraffins are reversibly adsorbed by the same 
structural surface hydroxyls that adsorb oletins, con
firming the physical, unspecific character of this ad
sorption. 

4) These hydroxy Is are not active for condensation. 
When the gas-phase is evacuated or swept with an 
inert gas, the reaction terminates. 

5) Oligomeric residues are paraffinic. 
6) The reappearance of the structural hydroxyl 

bands suggests that condensed molecules are not ad
sorbed onto the surface, but remain on it because of 
its low vapor pressure. 

7) The reversible adsorption sites participate in 
feeding the olefins to the condensation sites. 

8) On clays, alumina and silicas dried at 120°C, 
double-bond isomerization of olefins was not observed 
at room temperature. 
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