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Abstract

Various synthetic solids were prepared by precipitation with sodium hydroxide from magnesium chloride or nitrate so-
lutions. The materials thus obtained were characterized in structural terms by using X-ray diffraction, thermogravimetric
analysis, EDAX analysis and diffuse reflectance infrared spectroscopy. Their surface properties were determined from N
adsorption—desorption isotherms and their chemical properties by using various titrants. Once calcined, the solids were found
to consist mainly of sodium—magnesium mixed phosphates; on the other hand, those washed with water were found to contain
primarily Mgs(PQs),. The former exhibited a high selectivity towards the formation of hexanone from 2-hexanol; by contrasts,
the latter also yielded the corresponding dehydration products (hexenes). The catalytic activity and selectivity results for the
reactions leading to the different possible products are related to the structure and composition of the solids. © 2002 Elsevier
Science B.V. All rights reserved.
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1. Introduction phosphorus catalysts and found the increased acid-
ity resulting from an increase in P content to shift
A number of metal phosphates have been usedthe selectivity of the reaction from dimerization to
as heterogeneous catalysts for a variety of organic selective oxidation. Ohno and Moffat [4] used alkali
processes in recent years [1,2]. Among them, magne-and alkaline-earth phosphate catalysts (magnesium
sium orthophosphates have proved useful in various orthophosphate included) in the oxidative coupling
processes of high interest, the results of which have of methane and found the selectivity towards &hd
been found to depend on the phosphate’s structure higher hydrocarbons, and also that towards the oxida-
and composition. Sokolovskii et al. [3] studied the tion products, to depend on the cation radius-to-charge
oxidative transformations of methane on magnesium- ratio. Sugiyama et al. [5-7] used a commercially avail-
able magnesium phosphate in the oxidative dehydro-
* Corresponding author. Tekr34-957-218-638; genation of ethane and oxidative coupling of methane;
fax: +34-957-212-066. . they showed the presence of chlorinated species on the
E-mail addresses: qoljisac@uco.es (C. Janez), qozrosaf@uco.es surface of the solid to enhance its catalytic properties.
(F.J. Romero). . .
! Co-corresponding author. Tek:34-957-212-065; Our group has also used various magnesium phos-
fax: +34-957-212-066. phates in processes including alcohol transformations

1381-1169/02/$ — see front matter © 2002 Elsevier Science B.V. All rights reserved.
PIl: S1381-1169(01)00463-0



26 M.A. Aramendia et al./Journal of Molecular Catalysis A: Chemical 182-183 (2002) 25-34

[8], the Meerwein—Ponndorf—\erley reaction [9], di- was washed with distilled water (20 ml per gram of
verse condensations in the gas and liquid phase [10,11]catalyst) instead of alcohol.

and theN-alkylation of aniline with methanol [12]. Solid MgP-CI was prepared similar to MgP-N but
The conversion and selectivity results obtained varied using a different magnesium source. Thus, a solution
with the particular synthetic procedure followed. containing 80g of MgGl-6H,0O and 17.8 ml of 85%

Metal orthophosphates have been used as catalystdHzPO, in 250 ml of distilled water, placed in an ice
for alcohol transformations [1,2] among other pro- bath, was slowly dropped, with stirring over a 3M
cesses. The dehydration of the alcohol usually com- NaOH solution to pH 9. After 24 h, the resulting solid
petes with its dehydrogenation, the final proportion of was filtered and air-dried. Such a solid was labeled
each product depending on the particular catalyst and MgP—CI and, similar to the previous series, was used
reaction conditions. Most of these solids exhibit effec- to obtain MgP—-CI-1, the washing of which with iso-
tive dehydrating activity; some, however, have been propyl alcohol and distilled water yielded MgP-CI-2
found to convert secondary alcohols into ketones. The and MgP-CI-3, respectively.
selectivity of a catalyst is dictated by its acid—base and  All solids were calcined at 773 or 923K for 3h and
redox properties [13-15], which are acquired during sifted through 200-250 mesh.
the synthetic process.

The aim of this work was to elucidate the relation- 2.2. Characterization
ship between the particular synthetic procedure used
to obtain solids by precipitation with sodium hydrox- X-ray diffraction patterns were recorded on a
ide from solutions containing magnesium chloride or Siemens D 5000 diffractometer using Cu Kadiation.
nitrate and phosphoric acid to the structure, compo- Scans were performed over the ange from 2 to 80.
sition and acid—base properties of the resulting solid Thermogravimetric curves were recorded on a Cahn
as reflected in its selectivity in the transformation of 2000 electrobalance by heating from 298 to 1123 K
2-hexanol. at a rate of 10Kmint in a nitrogen atmosphere.

Samples were used untreated. The composition of the
catalysts was determined by energy-dispersive X-ray

2. Experimental analysis (EDAX) on a Jeol JSM-5400 instrument
equipped with a Link ISI analyzer and a Pentafet de-
2.1. Synthetic procedure tector (Oxford). Diffuse reflectance IR (DRIFT) spec-

tra for the solids were recorded over the wavenumber

Solid MgP-N was obtained as follows: a solution range 400-6000cm on a Bomen MB-100 FTIR
containing 81.3g of Mg(N@)2-6H,O and 14.3ml spectrophotometer. Samples were prepared by mixing
of 85% HgPO, in 250 ml of distilled water, placed 0.14g of powdered solid with KBr (the blank) in a
in an ice bath, was slowly dropped, with stirring, 15:85 ratio. All samples were preheated at 573K for
over another containing 3M NaOH until its pH was 1h in order to ensure thorough removal of moisture.
lowered to 9. The suspension thus obtained was al-
lowed to stand for 24 h, after which it was filtered 2.3. Textural and chemical properties
and the solid dried. Solid MgP—-N-1 was obtained by
suspending the previous one in a solution contain- The specific surface area of each solid was de-
ing 20g of NaCOgz in 60 ml of distilled water with termined using the BET method on a Micromeritics
stirring for 2h and allowing the suspension to stand ASAP 2000 analyzer. Acid and basic sites were quan-
for 24 h. tified from retention isotherms for cyclohexylamine

Solid MgP-N-2 was prepared by washing solid (pKa = 10.6) and phenolpKa = 9.9), respectively,
MgP-N-1 with isopropyl alcohol. For this purpose, dissolved in cyclohexane. The amount of titrant re-
the solid was shaken in the alcohol (5ml per gram tained by each solid was measured spectrophotomet-
of solid) for 30 min and allowed to stand for 24 h. rically (at 226 and 271.6 nm for cyclohexylamine and
Solid MgP-N-3 was obtained following a similar phenol, respectively). By using the Langmuir equa-
procedure except that the starting solid, MgP-N-1, tion, the amount of titrant adsorbed in monolayer
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form, Xm, was obtained as a measure of the concen- ' ' . ' '

tration of acid and basic sites [16]. 2 :Z“(’)'gp()‘

2.4. Catalytic activity

Reactions were conducted in a glass tubular reac-
tor of 6mm ID that was fed at the top by means
of a SAGE propulsion pump, the flow-rate of which
was controlled via a nitrogen flow-meter. The reactor
was loaded with 0.175¢g of catalyst, over which 1g
of glass beads intended to act as a vaporizing layer
was placed. The temperature was controlled via an ex-
ternally wrapped heating wire that covered the height
of both the catalytic bed and the vaporizer, and was
connected to a temperature regulator. Evolved gases
emerging from the reactor outlet were passed through
a condenser onto a collector that allowed liquids to be
withdrawn at different times.

No diffusion control mechanism was detected [17],
nor was any of the reactor elements found to contribute
to the catalytic effect under the reactor's operating / : . . { ,
conditions in blank runs. 2 14 26 38 50 62 74

Collected samples were analyzed by gas chro- 20
matography on a 60 m 0.25mm ID SPB-5 phenyl-
silicone capillary column, using a linear temperature Fig. 1. XRD patterns for solid MgP-N-1: uncalcined (a), calcined
ramp from 308 to 423K at 15Kmirt. Products @t 773 (b) and 923K (c).
were identified by comparison with standards and
their structures confirmed by mass spectrometry.

(b)

ARBITRARY UNITS

* Mg,(PO,),"8H,0
+ Mg(OH),
Mg,(PO,),22H,0 (?)

+

(@)

+

NaMgPQ, in addition to others potentially due to
NaCO;3 (Fig. 1). There are virtually no signs of the

3. Results and discussion presence of NaM(gPOy)3, which is indeed present
in solid MgP-N.
3.1. Characterization of the solids Aging in isopropyl alcohol, which yielded solid

MgP-N-2, induced no appreciable changes in the

Precipitation of the solutions containing magne- XRD pattern—not shown. By contrast, washing
sium nitrate and phosphoric acid with sodium hy- solid MgP-N-1 with distilled water, which yielded
droxide yielded solid MgP—-N, the X-ray patterns solid MgP-N-3, caused a major structural change
for which—not shown—exhibited several diffraction (Fig. 2). In fact, the solid thus obtained consists of
bands on a rather ill-defined background. Aging in a well-defined Mg(PQy)2-22H,0O structure. Conver-
a sodium carbonate solution gave a more crystalline sion of mixed phosphate into hydrated phosphate by
solid, MgP-N-1, which exhibited the same absorp- the effect of washing was previously observed by
tion band as the previous one. Both solids (MgP—N some authors in the transformations of KMgPid»O
and Mg—-P—-N-1) possess a complex structure; their and KMgPQ:-6H,O into Mgs(POy)2-22H,O [18].
spectra include bands for M@EPO)2-8H,O and Calcination at 773K yields an amorphous solid that
Mg(OH),, and also, perhaps, M{(PO4)2-22H,0 or becomes farringtonite MgPO4)2. Consequently,
even Mg(PQs)2-10H,0. The XRD patterns for the  solid MgP—N-3 consists mainly of M@gPOy), but
solids calcined at 773 and 923 K are quite similar to may also contain a small amount of MgO. As a
each other; all include bands for periclase MgO and result, washing with water avoids the formation of
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, . . w T — most of its crystallinity upon calcination at 773K,
so much so that only the bands for NaCl and a few
weak bands for MgO can be clearly distinguished.
Calcining at 923K increases its crystallinity; the
bands thus obtained are consistent with the presence
© of farringtonite Mg(PQy)2 and NaCl, and also, per-
haps, a small amount of MgO. On the other hand, the
XRD patterns for solid MgP-CI-1 calcined at 773 and
923K are similar to each other and include bands for
NaMgs(POy)3, NaMgPQ, MgO, NaCl and, possibly,
NaxCOs.

As in the previous case, the solid aged in isopropyl
(b) alcohol, MgP-CI-2, exhibits no difference in its XRD
patterns from those for MgP—CI-1. The solid washed
" N s with distilled water, MgP—CI-3, also undergoes a ma-
jor structural change: an increase in hydration that
yields Mgs(PQy)2-22H,0. Calcination at 773 K gives
rise to an XRD pattern with an ill-defined background
containing weak bands for MgO. Finally, calcination
at 923K yields Mg(POy)2 and weak bands of MgO.
(a) Table 1 shows the principal phases detected in each

solid prior to and after calcination.
\J Figs. 3 and 4 show the thermogravimetric curves
‘ ‘ ‘ ‘ - ‘ for the solids. All exhibit the same weight loss below
2 14 26 38 50 62 7 500K, a loss that, based on reported values [8,19],
260 must correspond to crystallization water from the

Fig. 2. XRD patterns for solid MgP—N-3: uncalcined (a), calcined different phosphaFes in addition to water pOtent'allly
at 773 (b) and 923K (c). adsorbed on their surfaces. The curves for solids

Mg,(PO,),

ARBITRARY UNITS

Mg,(PO,),"22H,0

sodium—magnesium mixed phosphates upon calcina- 0 — , {
tion. As can be seen from the sequence of XRD pat- '
terns obtained at different temperatures, the removal
of 22mol of water per mol of phosphate induces
substantial deterioration of the solid structure, which
becomes microcrystalline by the effect of a consid-
erable loss of crystallinity (Fig. 2b). A new rise in

the calcination temperature yields a crystalline solid
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of structure Mg(PQy)2, possibly containing traces of
periclase MgO.

The solids prepared from magnesium chloride \ T :
warrant similar comments. Thus, solids MgP-ClI 50 - \\\\\\ @ -
and MgP-CI-1 exhibit similar XRD patterns—not o0 5 ; \ © |
shown; the latter, however, is somewhat more crys- -
talline. Some bands can be ascribed to species such 273 443 613T (K)783 953 1123

as Mg(PQOy)2-10H,0, Mgz(POy),2-8H,0 and NacCl.
However, the species obtained upon calcination ex- rig. 3. TGA curves for solids MgP-N-1 (a); MgP-N-2 (b);
hibit some differences. Thus, solid MgP-CI loses MgP-N-3 (c).
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Table 1
Primary phases found in the solids
Solid Uncalcined Calcined
MgP-N Mgz (PQy)2-8H20, Mg(OH), Mgs(POy)2:22H;0 (?), NaMgPQ, NaMg;(PQs)s, MgO
Mgs(PQs)2:10H0 (?)
MgP-N-1 ldem MgP—N NaMgP® MgO
MgP-N-2 ldem MgP-N-1 NaMgP£) MgO
MgP-N-3 Mg (PQy)2-22H,0 Mgs(P0Os)22, MgO (?)
MgP-ClI Mgz (POr)2-8H20, Mgz(POy)2-10H,0, NaCl Mg(PO)2?, NaCl, Mgo
MgP-CI-1 Idem MgP-ClI NaMgP® NaMg(POy)3, MgO, NaCl
MgP-CI-2 ldem MgP-CI-1 NaMgP£) NaMgs(POy)3, MgO, NaCl
MgP-CI-3 Mgy(PQy)2-22H,0 Mgs(POs)2%, MgO

2 Amorphous at 773 K.

MgP-N and MgP-Cl are highly similar to those
for MgP-N-1 and MgP-CI-1, respectively. Solids
MgP-N, MgP-N-1 and MgP-N-2 exhibit a small
weight loss (4—7%) between 750 and 923 K which,
however, is absent from the solid washed with dis-
tilled water (MgP-N-3). This suggests that the loss
may be related to the decomposition of water-soluble
species (possibly nitrates formed during the syn-
thetic process). Solid MgP—N-3 is also that exhibiting
the greatest total weight loss (54.6%) which can be
ascribed to the high water content in its structure
[Mg3(POy)2-22H;0].

Table 2 lists the Na/P and Mg/P ratios calcu-
lated from the elemental composition of each solid.

% WEIGHT LOSS

60 | 1 | |
273 443 613 783 953

T(K)

1123

Fig. 4. TGA curves for solids MgP-CI-1 (a); MgP-CI-2 (b);
MgP-CI-3 (c).

Overall, the atomic ratios are consistent with the
species identified in each solid and also with their sol-
ubility in the solvent with which they were treated. A
comprehensive description of the effects on each solid
is beyond the scope of this paper, so only the most
salient findings in this respect are commented on.
Specially prominent is the high proportion of sodium
in virtually all the solids, consistent with the presence
of sodium—magnesium mixed phosphates such as
NaMgPQ, and NaMg(PQOy)3 (identified by the X-ray
technique). This is not the case with solids MgP—-N-3
and MgP-CI-3, which were washed with distilled
water and where the sodium content was quite low—
particularly in the former; both solids were assigned
an Mg (PQy)2 structure. On the other hand, the high
Mg/P ratio in all the solids, above the theoretical ra-
tio for pure Mg(POy)2 (Mg/P = 1.5), suggests the
presence of additional magnesium-containing com-
pounds such as MgO. No crystalline NaMgP®as
identified among the species resulting from washing
with water. As noted earlier, this treatment transforms

Table 2
Atom ratios as determined by EDAX for the studied solids, all
calcined at 773K

Solid Na/P ratio (Na—Cl)/P ratio Mg/P ratio
MgP-N 0.79 - 2.08
MgP-N-1 0.74 - 1.78
MgP-N-2 0.94 - 2.09
MgP-N-3 0.15 - 2.45
MgP-ClI 0.86 0.52 2.20
MgP-CI-1 1.13 0.78 1.98
MgP-CI-2 1.06 0.85 2.05
MgP-CI-3 0.21 0.20 2.30
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Fig. 6. DRIFT spectra for solids MgP-CI-1 (a); MgP-CI-2 (b);

Fig. 5. DRIFT spectra for solids MgP-N-1 (a); MgP-N-2 (b); MgP—-CI-3 (c)

MgP-N-3 (c).

these hydrated species into MBOy)2-22H,0 [18], stretching) and that at 567 cthto av4 (out-of-plane
which subsequently yields soluble sodium phosphates bending) vibration of phosphate [21]. The region from
that are removed by the washing water and result in 1600 to 2300 cm! contains a series of broad, weak
substantial losses of sodium and phosphorus. Magne-bands that can be assigned t&R>-OH groups the
sium must remain both as phosphate and as residualfrequency of which has been decreased by hydrogen
Mg(OH),, which would be highly disperse and in- bonding.
crease the Mg/P ratio to levels higher than even the The region from 3000 to 3800cm contains a
theoretical value. On the other hand, some phosphatesbroad band due to O-H vibrations. The band is
are partially soluble in alcohols, depending on the stronger in solids MgP—N-3 and MgP-CI-3 (i.e. those
particular temperature and treatment time. The pres- washed with water), which suggests a higher degree
ence of other species such as Najfi4)3 on the of hydroxylation. On the other hand, the presence of
solid surface may also account for these results—to a substantial proportion of MgO in the solids would
an extent that cannot be quantified. have resulted in a band at 3739¢th typically as-
Figs. 5 and 6 show the DRIFT spectra for the solids signed to vibrations of hydroxyl groups of the Mg—OH
following calcination at 773 K. All the spectra exhibit type located at crystallite edges and corners [23-25];
a broad strong band between 1000 and 1100'cm no such band was found for any of the solids, however.
that is present in the spectra for all phosphates of Solids MgP—-N, MgP—-N-1 and MgP-N-2 exhibit
generic formula MTPOs3~ [20-22]. The band at an additional, quite strong band at 1378¢nplus
1017cm! can be assigned twz (antisymmetric a weaker one at 837 cm that correspond to thes
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(antisymmetric stretching) ang (out-of-plane bend-
ing) vibrations, respectively, of nitrate ion [21]. As

31

with isopropyl alcohol seemingly causes a slight in-
crease in area, because of the low surface area of the

can be seen, these bands are absent from the specstarting solid, however, the increase is insubstantial,

trum for solid MgP-N-3, which indicates that resid-
ual nitrates disappear by solubilization during washing
with distilled water. Both this solid and those obtained
from magnesium chloride exhibit two bands between
1400 and 1550 cmt, and one other between 860 and
880 cn1t, which correspond to thes (antisymmetric
stretching) ana; (out-of-plane bending) vibrations of

particularly with relation to changes in other types of
solid such as AIP@ the thermal treatment of which
has been found to result in an area loss of 40-70%
in materials exposed to water but only 10-20% in
others exposed to isopropyl alcohol [30]. However,
the treatment most significantly altering the surface
area of the studied phosphates is washing with wa-

carbonates, respectively [8,21,26]. This indicates the ter. Thus, solids MgP—CI-3 and MgP—N-3 possess an
formation of surface carbonates on these solids as aarea of 23 and 33 g1, respectively. In addition

result of using either sodium hydroxide as precipitant
during the synthetic process or @@eing adsorbed
during calcination in the air.

3.2. Textural and chemical properties

Table 3 shows the specific surface areas, and the

populations of acid and basic sites of the solids. All
exhibit type IV N, adsorption isotherms, which are

typical of mesoporous solids as per the BDDT clas-
sification [27]; also, all exhibit a type A (or Hl hys-

teresis cycle as per the De Boer classification [28,29], . ; ‘ .
y b ! ]f which result in a marked increase in the number of

often associated with porous materials consisting o

agglomerates. In general, the solids possess a low
specific surface area and a porous network consisting

of large pores of widely variable sizes in the range

from mesoporous to macroporous (the average pore

size is 200-400 A).
The solids obtained from magnesium chloride (e.qg.
MgP—-CI and MgP-CI-1) seem to possess slightly

higher surface areas than those prepared from mag-

nesium nitrate (MgP-N and MgP-N-1). Washing

Table 3
Textural and chemical properties of the studied solids, all calcined
at 773K

Solid Sser (Mg™Y)  Acid sites Basic sites
(wmolg™h (uwmolg™h
MgP-N 6 18 13
MgP-N-1 7 - 8
MgP-N-2 8 14 8
MgP-N-3 33 70 38
MgP—CI 9 23 11
MgP-CI-1 12 23 14
MgP-CI-2 16 32 14
MgP-CI-3 23 51 25

to the removal of soluble species (detected by TGA,
DRIFT spectroscopy or EDAX analysis), this treat-
ment causes both structural changes (primarily the
formation of Mg(PQOy)2-22H,0 as observed by XRD
spectroscopy) and surface changes such as the in-
creased degree of hydroxylation observed by DRIFT
spectroscopy.

Table 3 also shows the populations of acid and basic
sites in the solids. Those that were washed with water
exhibit not only structural and morphological changes
that alter their crystallinity and composition, but also
an increased surface area and degree of hydroxylation,

acid and basic sites. A similar though weaker effect
also arises from the treatment with isopropy! alcohol.
As expected, these washing-induced changes are more
marked in the MgP—N series, where the solids contain
greater amounts of NaMgR©-removal of which by
washing with water has such dramatic consequences.
The population of acid sites is larger than that of basic
sites in all solids.

3.3. Catalytic activity

Table 4 shows the activity and selectivity in the
transformation of 2-hexanol in the gas phase using the
studied solids (previously calcined at 773 K). The main
reactions promoted by these catalysts are dehydration
of the alcohol to the corresponding alkenes and dehy-
drogenation to the carbonyl derivative (2-hexanone).

All solids except those that were washed with
water proved highly selective towards the dehydro-
genation reaction, so 2-hexanone was invariably the
major product. In other words, all the solids that
were assumed to contain sodium—-magnesium phos-
phates favored dehydrogenation over dehydration.
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Table 4 Tada [36] ascribed the presence of basic sites in
Overall conversion (mol%) and selectivity towards hexenes yarious alkali metal phosphates to the presence of
(HENES) and 2-hexanone (HONE) in the transformation of P—O-M sites (M= Li, Na, K). If the metal atom is a
2-hexanol over the studied solids, all calcined at 7#3K ’ e

strong enough electron donor, then the oxygen atoms

Solid Xt (mol%) SHENES SHone in the P—-O—M sequences will possess a high elec-
MgP-N 14.0 0.056 0.899 tron density and hence basic character. Consequently,
MgP-N-1 10.7 - 0.980 P—O-Na sites must be those responsible for the de-
MgP-N-2 26.5 0.022 0917 hydrogenating activity of sodium—magnesium mixed
MgP-N-3 38.3 0.663 0.310 hosphates (those in the solids not washed with wa-
MgP—Cl 127 0.209 0729  PhOsSp :
MgP—CI-1 6.4 0.127 0.809 ter). Such solids (MgP—N-3 and MgP-CI-3) possess
MgP-CI-2 26.9 0.113 0.835 an Mg(POy), structure to a greater or lesser extent
MgP-CI-3 29.3 0.287 0.667 and hence Bronsted sites of the P-O-H type [37].
aReactions conditions: N flow rate, 40 mimin!; catalyst In addition, solid MgP-N-3, which po§sesses a purer
weight, 0.175g; feed rate, 3.88mith Tyeac = 773K; freact = Mgsz(PQy)2 structure, and lower sodium and MgO
120 min. contents in addition to an increased surface area and

site population, exhibits the highest selectivity towards
The dehydration—dehydrogenation of alcohols is a the dehydration reaction.
model reaction for studying the acid—base properties In order to discard the influence of impurities
of solid catalysts [31]. Some authors have ascribed the present in the solids, only in some cases could the
dehydrating ability of a solid to its acidity [32] and presence of sodium—magnesium mixed phosphates
its dehydrogenating ability to its basicity [33]; others, be ascertained (from the XRD patterns); alternative
however, believe that the dehydrogenation reaction is solids of well-defined structure and composition were
catalyzed by both types of site (acid and basic) via a synthesized so as to establish the contribution of
concerted mechanism [34]. Based on this assumption, the different species to the catalytic activity. Table 5
our phosphates must be essentially basic solids. Assummarizes the results [25,38], which confirm our
noted earlier, however, the population of acid sites was hypothesis that the main agents responsible for the
larger than that of basic sites, so the sites titrated by dehydrogenating activity and selectivity of the studied
cyclohexylamine or phenol are not strictly the same as phosphates are sodium—magnesium mixed phosphates
those responsible for catalytic activity. Consequently, and hence the basic sites of the P-O-Na type can
measurements of this type in solids containing few act in isolation or in a concerted manner with acid
sites and of such a low strength—the highest acid surface sites. As can be seen, the presence of MgO
strength estimated for magnesium orthophosphate isby itself cannot account for the high selectivity to-
Ho = +4.8 [35]—must be used with caution. wards 2-hexanone as dehydration predominates even

Washing the solids with water also alters the se-

lectivity of the reaction: it increases the vyield of
hexenes—which are the major products with solid Z)ab'e I? _ %6 and selecti .
MgP-N-2. In fact, hese soli possess a lrger popu- (1, SOIErSn, (o) S sty iovare reenes
lation of acid sites—but also of basic ones—than the 5_pexanol over different solids
rest. Although, they behave like solids with acid—base

properties, the ratio of titrated acid-to-basic sites is Solid X7 (mol%)  Srenes  Sione
about 2 and similar to those for the other solids. In ad- M3:(PO»2 . 97.1 0.982 0017
d_itiqn, the densitxé)f acid sites, un_like_their number, is ;goﬁ nggiggég mgg 132_7 8:23; 8:222
similar (2pumol m~<) for all the solids irrespective of MgO 41.3 0.149  0.694
the selectivity exhibited in the reaction. On the other 5 wt.% N&COs/Mgs(POs), 40.7 0.804  0.190
hand, cyclohexylamine and phenol might be adsorbed 10 wt.% NaCOs/Mgs(PQs),  29.3 0531  0.463

at aCid_ba_Se_ pa_lirs. All this Sque_Sts that the activity aReactions conditions: N flow rate, 40mimin?; catalyst
and selectivity in the transformation of the alcohol \eight, 0.1759; feed rate, 3.88Mth Treac = 773K; freact =
are influenced by the structure of the surface sites. 120 min.
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when the Mg(PQy)2/MgO ratio equals unity—the y Technologa, for funding this research within the

boundary case for the elemental composition found framework of Project BQU2001-2605, and Junta de
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