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Abstract

Solid Bronsted base catalysts show higher activity and much higher specific rate than reported Lewis basic hydrotalcite catalyst for
transesterification of oleic acid methyl ester with glycerol. The selectivity of the former for monoglycerides is higher because of the lower
deactivation of the catalyst, which allows the transesterification of diglycerides to occur at longer reaction times. Calcined Li—Al hydrotalcites
give higher activity than MgO or Al-Mg hydrotalcites because of the stronger Lewis basicity of the former. All of the solid Lewis basic
catalysts have the same selectivity to monoglyceride regardless of the base strength, a selectivity lower than that of Bronsted basic soli
catalysts.
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1. Introduction tion process involves a base-catalyzed reaction with a strong
base such as KOH or Ca(OHand high temperaturd$§].

In the last decade, renewable raw materials have becomeThese industrial processes lead to a mixture of mono-, di-,
very important in the search for a sustainable chemistry. Veg- and tri-esters with monoglyceride content of 40-60%, and a
etable oils and fats are the largest source of renewable rawmolecular distillation is necessary to obtain greate8(%)
materials used in the chemical industry. The most impor- monoglyceride enrichment. A drawback associated with us-
tant benefits from oleochemicals are their biodegradability ing homogeneous catalysts is the need for a neutralization
and nontoxic character, which allow the preparation of envi- step with the formation of soaps and a high salt content.
ronmentally friendly surfactants. More specifically, the fatty Alternative methods for the preparation of monoglycerides
acid monoesters of glycerol are valuable compounds with include the enzymatic alcoholysis of triglyceridésand the
wide applications as emulsifiers in food, pharmaceutics, and enzymatic esterification of glycerol and fatty ac[8%. The
cosmetic§1-3]. There are two main synthetic routes for ob- drawbacks of the enzymatic methods are low space velocity
taining monoglycerides: direct esterification of glyCGrOl with and a re|ative|y Comp|ex Workup of the reaction mixture.
fatty acids and transesterification of glycerol with triglyc-  Glycerolysis of fatty methyl esters is an interesting route
erides or fatty acid methyl esters. In both routes the com- fq, monoglyceride synthesis. Using methyl esters instead
mercial processes use homogenepus catalyst_s. For the f.irs(gf the corresponding fatty acids and glycerol in the prepa-
route, an acid catalyst (e.g., sulfuric, phosphoric, or organic ration of monoglycerides has several advantages. For in-
sulfonic acid) is required4,5], whereas the transesterifica- stance, methyl esters that are prepared from fats by energy-

preserving fat methanolysis reactions are easily purified and
~* Corresponding author. less corrosive. Furthermore, glycerolysis of fatty acids oc-

E-mail addressacorma@itq.upv.e@\. Corma). curs more rapidly than esterification of fatty acids with glyc-

0021-9517/$ — see front mattét 2005 Elsevier Inc. All rights reserved.
doi:10.1016/j.jcat.2005.06.023


http://www.elsevier.com/locate/jcat
mailto:acorma@itq.upv.es

A. Corma et al. / Journal of Catalysis 234 (2005) 340-347 341

erol[9]. In addition, because of the lower hydrophobic char- expected to give the corresponding mixed oxides where Li
acter, fatty acid methyl esters exhibit higher miscibility with  will be highly dispersed in the form of LO.
glycerol, and the process can be carried out at lower temper-
atures (between 393 and 503 K) than required for transester-
ification of fats (533 K). 2. Experimental
The substitution of homogeneous catalysts by heteroge-
neous catalysts not only offers advantages in process desigr2.1. Materials
(i.e., easy separation of the products from the catalyst, avoid-
ing neutralization and extraction steps, reducing the waste ~ Glycerol (99.5%) and methyl oleate (MeO) (90%) were
formation, and recycle of the catalyst), but also may improve purchased from Aldrich and used without further purifica-
yield and selectivity to the desired product by designing a tion. The solvents, acetone, isopropyl alcohol, hexane, and
specific solid catalyst for the particular process. In this re- €thanol of HPLC grade, were purchased from Merck.
spect, Barrault el al[10-12] showed that basic solid cata- Al-Mg hydrotalcite was prepared from a gel produced by
lysts such as MgO, CeQand La03, as well as alkali-doped ~ mixing two solutions, A and B. Solution A contains {3x)
MgO (Li/MgO and Na/MgO), were active catalysts for the Mol of Mg(NGs)2 - 6H20 andx mol of AI(NO3)3 - 9H20 in
transesterification of methylstearate with glycerol. These au- the (Al + Mg) concentration of 1.5 mgl for an Al/(Al +
thors noted that in this process, the nature of the oxide hasMg) ratio of 0.20. Solution B is formed by (6 x) mol of
a small effect on monoester selectivity, and that the distribu- NaOH and 2 mol of NgCO;s dissolved in the same volume
tion of the esters obtained was similar to that obtained with a@s in solution A. Both solutions were co-added at a rate of
homogeneous basic catalysts. 1 ml/min under vigorous mechanical stirring at room tem-
Hydrotalcites and hydrotalcite-like compounds are lay- Perature. The suspension was left for 12 h at 333 K. The
ered double hydroxides (LDHs), which have the general hydrotalcite was filtered and washed until it reached a pH 7,

molecular formula I\§+M§+(OH)z(x+y)A"_ -.mH»0, where and the solids were dried at 333 K.

y/n :
M2t and M** are divalent and trivalent metal ions, respec- The Al-Li layered _double-hydroxy.carbonate .(EA I
(OH)e]2CO;3 - nH0) with a Al/(Al + Li) molar ratio of

tively, and A'~ is an intercalated anion. Structurally, these

. - 0.33 was prepared as described previo(2H]. A hexane
have brucite-like [Mg(OHj] sheets where isomorphous sub- _ ) : .
stitution of Mg?* by a trivalent cation like Att, occurs. The solution of aluminum-tri-¢ecbutoxide) (17 wt%) was added

resulting excess of positive charge in the layered network dr%pww,_e toal|th|umhcar_bolneit_e a quetous sotlut|on (0.t55 W:[r/ﬁ)
is compensated for by anions, which occupy the interlayer undervigorous mechanicai stirring at room temperature. 1he

space along with water moleculgk3]. Through controlled suspension was left for 24 h at 333 K. The Al-Li hydrotal-
thermal decomposition, LDHs are converted to mixed ox- cite was filtered and washed until it reached a pH 7, and the

; Y e ; ._solid was dried at 333 K.
ides with high specific surface areas and strong Lewis basic>° ) . . .
sites. In particular, calcined Al-Mg hydrotalcites with dif- The hydrotalcites were activated by heating at 723 K in

; ; dry flow of No. The temperature was raised at a rate of
ferent Al/Mg ratios have been used for the glycerolysis of & 2", Lo )
triolein al/ﬂd ?apeseed qil4] gy y 2°/min to 723 K and maintained for 8 h. The solid was then
It has been recently reported that the catalytic activity Cocliefl tg rotorcr; flml\p;leratulr € mzé\l hvdrotalcit HT
of calcined hydrotalcites can be enhanced by rehydration at ehydrate Mg calcined hydrotalcites (HTr) were
room temperature under exclusion of £{25]. This treat- prepared at room temperature under a flow of nitrogen

ment results in restoration of the original layered structure, _(40 ml/min) saturated with water vapor, free of giur-

with OH™ as the compensating anions in the interlayer. This ing different times. Analyses of Mg and Al were performed

material is very active in catalyzing the self-condensation us?ﬁ at'amg: absorlpuon. d by th Ld .
of acetone yielding diacetone alcoljpb], the condensation € VgL sample was prepared by thermal decomposi-

of benzaldehyde with acetone at 27315,17], aldol con- XOZOOf rp)jlg;gglum oxalatlte(:jat 87? K n vacuumb{o_r QS]%
densations of citral with acetorj@8,19] and ethyl methyl Aldri \;]V 1(')h mpregna et qnt.a un}'?ﬁ wast (I) tame rom
ketone [20], Knoevenagel condensatioffial], cross-aldol rich. The main charactenstics of the catalysts are sum-

condensation of aldehydg?], and Michael additiong23]. marized mT_abIe 1 .

Itis clear that with rehydrated hydrotalcites, strong Bron- _X_-Ray, diffraction measu_rements were recordgd .W'th a
sted basic sites are now available whose activity could be Philips X'Pert (PN 3719) difiractometer (CuKradiation
comparable with that of the homogeneous catalysts. We re-
port on this here. However, suitable transesterification cat- Table 1 o
alysts also could be prepared by synthesizing solid Lewis Main characteristics of the base catalysts

bases with a basicity stronger than that of conventional Mg— Catalyst BET surface (fy 1) Pore volume area (ccd)
Al hydrotalcites. We have done this by preparing a crys- Mgo 246 0384
talline Al-Li hydrotalcite. In this material, Li can occupy HTc 220 0627
octahedral positions in the structure, which may result in in- HT¢H 240 0657
KF/AI 03 148 -

creased hydrotalcite basicity. Calcination of the structure is
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provided by a graphite monochromator) equipped with an  The selectivity to monoglycerides was calculated accord-
automatic variable divergence slit and working in the con- ing the following equation:
stant irradiated area mode.

N2 and Ar adsorption/desorption isotherms were per-
formed at 77 and 87 K, respectively, in an ASAP 2010 ap-
paratus (Micromeritics) after pretreating the samples under
vacuum at 673 K overnight and the (BET) surfaces were ob-
tained using the BET methodology.

Selectivity to monoglyceride@b)
Amono/"'Fmono

= x 100,
Amono/Fmono~+ 2Adi/TFdi + 3Atri /TF tri

3. Resultsand discussion
2.2. Reaction procedure 3.1. Transesterification of methyl oleate with glycerol using
Al-Mg calcined-rehydrated hydrotalcite as a Brénsted base

The transesterification reactions were performed in a catalyst

glass batch reactor equipped with a condenser system. Glyc-
erol, the fatty acid methyl ester, and catalyst (4 wt%) were  Despite the fact that the transesterification of fatty acid
mixed under stirring at 500 rpm and heated in a silicone bath methyl esters with glycerol is carried out industrially using
to the required temperature in absence of solvent, under ni-Bronsted basic catalysts in the homogeneous phase, we have
trogen atmosphere_ A Dean-Stark instrument was adaptedound that studies with solid Catalysts have been carried out
to the glass batch reactor to remove the methanol formedusing Lewis basic catalys{40,12] It certainly will be of
during the reaction. Samp|es were periodica”y taken out interest to see Whether Br@nsted SO|id bases can aISO SeleC'

of the reactor and separated from the catalyst by filtration tively catalyze the transesterification reaction, and how they

using pyridine as a solvent. The reaction products were con-compare with analogous solid Lewis bases.
verted to volatile trimethylsilylether derivatives witki, N -
bis(trimethylsilyl)-trifluoroacetamide following a derivatiza-
tion method described previoudl®6]. A known amount of

tricaprin was added as an internal standard, and the prod-

ucts dissolved in hexane were analyzed by gas chromatog
raphy (GC). On completion of the reaction, the product was
dissolved in isopropyl alcohol and filtered. The organic so-
lution was evaporated in vacuum and submitted to extrac-
tion with hexane to separate the fatty products from the
free glycerol. Finally, the hexane layer was evaporated in
vacuum, and the extracted products were weighted and ana
lyzed.

The GC analyses were performed with a Fisons Instru-
ments GC 8000 gas chromatograph, equipped with an on-
column injector, flame ionization detector, and 15xm
0.32 mmx 0.25 um fused silica capillary column (SGE HT5
aluminum-clad; SUPELCO). The analytical conditions were
as follows: direct injection (splitless, hold for 1 min), on-
column injector temperature 337 K; column initial temper-
ature 433 K; first program rate 10min; final temperature
643 K, hold 7 min; detector temperature 643 K; carrier gas
pressure 10 kPa.

The fatty methyl ester conversion to the different reaction
products is given by the following equation:

Molar conversion%o)

Amono/TFmono+ 2A4i/rF di + 3Atri /IFtri

= x 100,
Amono/rFmono+ 2Adi/rFdi + 3Awi/rFui + AME/TFME

where Amona: Adi, Ati, and Aye are the respective areas
of the peaks corresponding to monoglycerides, diglycerides,
triglycerides, and fatty acid methyl esters atfid are their
respective response factors.

It has been shown that it is possible to generate Bron-
sted basic sites in a hydrotalcite, by rehydrating the mixed
Al-Mg oxides obtained by previous calcination of a conven-
tionally prepared hydrotalcitfl5]. But for other reactions,
such as aldol condensatiofi$5,18,20,27fand cyanoethyla-
tion of alcoholg[28], it has been shown that controlling the
water on the catalyst in a calcined-rehydrated hydrotalcite is
of paramount importance in achieving the optimum catalytic
activity. In fact, excess water poisons the stronger basic sites,
which may cause hydrolysis of the different esters yield-

ing the corresponding fatty acids as byproducts. Thus, to
optimize the amount of water on the catalyst surface, we pre-
pared three calcined-rehydrated samples by contacting the
calcined solid (an Al-Mg mixed oxide with an AJAl +Mg)
molar ratio of 0.20) with a flow of W saturated with decar-
bonated water during 12, 24, and 48 h, resulting in a total
water content of 32, 38, and 67 wt%, respectively. The sam-
ples were labeled HTg 1, HTr24 1, and HTig 1, respectively.

Fig. 1 presents the X-ray diffraction patterns of hydrotal-
cites after synthesis, calcination, and rehydration. The figure
shows that the layered crystalline structure of hydrotalcite
disappears during calcination at 723 K and is converted to
a mixed oxide of the Mg(Al)O type. The original layered
structure is restored to a great extent by rehydration of the
calcined solid, giving a meixnerite-like structure in which
the weak base carbonate anions are replaced by strong Bron-
sted OH" sites.

These different rehydrated hydrotalcites were tested in
the transesterification of methyl oleate (MeO) with glyc-
erol, using a glycerol:MeO molar ratio of 6:1 at 473 K
in the absence of solvent. In the glycerolysis of fatty acid
methyl esters, monoglycerides appear as the only primary
products. Thus the glycerol and the fatty acid methyl es-
ter react initially to yield a mixture of monoesters (1- and
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Fresh
hydrotalcite

29

Fig. 1. XRD patterns of hydrotalcites after synthesis, calcination and rehy-

dration.

and 1,3-isomers) and even triglyceride as secondary prod-
ucts Scheme L

Fig. 2 illustrates the evolution of the reactant and prod-
ucts obtained at different reaction times using Lewis [cal-
cined Al-Mg hydrotalcite (HTc)] and Bronsted base cata-
lysts [calcined-rehydrated hydrotalcite HI)] samples are
compared. It can be seen that the initial activity (i.e., initial
rate for the disappearance of MeO) for the rehydrated sam-
ple is higher than that for the calcined HTc sample (BET
220 nt/g), despite the lower surface area (48/q) of the
HTri12, sample. Comparing the selectivity to monoesters
(Fig. 3) demonstrates that for conversions close to 100%, the
HTr12 h sample exhibits slightly higher selectivity than the
calcined sample. As shown Ig. 2 these results are due
mainly to the ability of the rehydrated sample to catalyze the
transesterification of the diglycerides when practically the
total conversion of MeO is achieved, but also to the lower
triester formation on this catalyst.

The increased transesterification rate in the rehydrated
sample must be related to the presence of Bronsted basic
sites in the restored hydrotalcite, which appear to be more
active for the transesterification than the Lewis basic sites
in the mixed oxides, as has been observed for other reac-
tions[18,20,23,27,29,30]Rao et al[15] reported that both
the number and strength of sites measured by adsorption of
CO, decrease in the Al-Mg rehydrated sample outgassed
at 373 K compared with the mixed oxide. Then, taking this
into account, the larger initial activity observed for the Brén-
sted catalyst cannot be related with a higher basicity of the
Bronsted sites, but was probably related to changes in the

2- or @ and 8 monoglyceride isomers, respectively) plus adsorption properties of these catalysts. Thus a favored ad-
methanol. But further transesterification of the monoesters sorption of glycerol on the hydrophilic rehydrated catalyst
with the fatty methyl ester and/or with the previously formed surface improves the glycerolysis rate at the initial stage of
monoglycerides leads to the formation of diglycerides (1,2- the reaction. Furthermore, this different behavior with re-

OH
R < )
EOH + \H/O Me L

OH 0

-

o {
o)
oﬁo

1,2 isomer

OH R

B isomer

S
0o OH o

EOH + EO% + MeOH
OH

1,3 isomer

Scheme 1.
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Fig. 3. Results of Yield of monoglycerides versus conversion of MeO
(methyl oleate) obtained in the transesterification of MeO usi@): (
HTr12 nand ©) HTc as catalysts.

(67 wt% of water), on catalytic behavior, samples were
tested under the same reaction conditions as before. Oleic
acid was not detected in any case, and the amount of triglyc-
eride formed was very low and similar for the three samples
(~1%). Fig. 5 compares the activities for the conversion of
MeO obtained with these rehydrated hydrotalcite samples.
As can be seen, an increase in water conteé3#t wt% causes

a decrease in catalytic activity, which may indicate that an
excess of water can cause catalyst decay or active site in-
hibition. To test this possibility, used Hidin and HTugn
samples were separated from the reaction mixture, washed

Yield (%)

0 120 240 360 480

_ _ with acetone and ethanol, and reused aghgig. 6 shows
Time (min) that the catalytic activity of the reused HTr samples is the
(b) same regardless of the initial water content. However, the

. o _ reused HTc sample exhibits lower catalytic activity, indi-

Fig. 2. Results of the transesterification of MeO (methyl oleate) with glyc- ti that f lcined hvdrotalcit d tivati .

erol at 473 K using as base catalyst: (a) HTc; (b) t5T1, (H) MeO, (@) cating that for calcined nhydrotalicites, deactivation 1S m_ore

monoesters,®) diesters, 4) triester. severe than for the rehydrated samples. Thermogravimet-
ric studies were performed to estimate the relative amount

spect to activity and selectivity to monoesters also could ©f organic retained on the different samples (calcined and
be influenced by a lower deactivation rate of the rehydrated calcined-rehydrated hydrotalcites). We observed a weight
sample with respect to the calcined hydrotalcite. To check l0ss of around 70 wt% for the HTc sample (calcined sample)
this possibility, the HTc and HTsn samples used earlier ~and 60 wt% for the rehydrated materials. The loss of phys-
in the reaction were separated from the reaction mixture, ically adsorbed and interlayer water molecules (at tempera-
washed thoroughly with acetone and then with ethanol, andtures <473 K) was very similar for all samples (3%). The
reused again as catalysg. 4displays the kinetic behavior ~ second weight loss (473-773 K) originates from dehydroxy-
of reused samples and shows that HTc exhibits some highedation of the brucite-like sheets (which must be occurring in
deactivation rate than HTxp. The greater deactivation ob- higher extent on the rehydrated samples) plus decomposition
served here may be responsible for the lower activity of the of organic material. Taking into account the greater weight
calcined sample in performing subsequent transesterificationloss of the calcined hydrotalcite, we can conclude that the
of the diglycerides formed during the reaction, and thus it is higher amount of organic retained on this material is respon-
responsible for the slightly lower selectivity to monoesters sible for the higher deactivation rate observed. Itis important
achieved by the calcined material during its first cycle of re- to point out that the reused Hur, and HTug nh Samples ex-
action. hibit higher catalytic activity than their corresponding fresh
To study the influence of the water content in the rehy- samples. This can be clearly observedrig. 7, which com-
drated hydrotalcites, H7% , (38 wt% of water) and Hign pares the catalytic activity of the reused kg sample with
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. o . . L Fig. 6. Results of conversion of MeO (methyl oleate) versus reaction time
the catalytic activity of this sample obtained during its first gptained in the reuse (second cycle) of the HT sampbesHTr12 , (A)

use. The results indicate that the catalyst decay observedHTroap, (W) HTrggh, (O) HTC.
for the samples with water content32% should be due
mainly to the excess water that can adsorb on active OH
sites, decreasing their basicity. Thus it is not unreasonableto . . . .
believe that the excess of the adsorbed water will be lost dur-€Ctivity to monoglycerides. This behavior can be attributed
ing the reaction, resulting in a catalyst surface with similar Mainly to the capability of the rehydrated sample to perform
basicity-adsorption properties regardless of the initial water subsequent transesterification of the diglycerides remaining
content. This assumption would agree with the fact that all in the reaction mixture. This can be a consequence of their
of the reused HTr samples exhibit the same catalytic activ- different adsorption properties as well as of their lower de-
ity (Fig. 6). When rehydrated catalysts were reused in a third activation rate with respect to the calcined hydrotalcite. We
cycle, all catalysts displayed similar activities as in the sec- have also shown that for the rehydrated samples there is an
ond cycle. optimum water content that provides the optimum proper-
From these results, we can conclude that at low conver-ties of basicity-adsorption of the catalyst surface, leading
sion levels the mixed oxide and the rehydrated sample haveto maximum activity and selectivity to monoglycerides. Fi-
similar selectivity to monoglycerides (sEa. 3), but at high nally, rehydrated samples can be reused several times with-
conversion levels the HTs , sample has a slightly higher se-  out loss of activity or selectivity.
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Fig. 7. Results of conversion of MeO (methyl oleate) versus reaction time Fig. 8. Results of conversion of MeO (methyl oleate) versus reaction time
obtained when the transesterification is carried out usingigffr(C) first obtained when the transesterification is carried out using Lewis base cata-
cycle, @) second cycle. lysts: (A) KF/Alumina, (J) HTcLi, (®) MgO, (x) HTri2 1, (M) HTc.

3.2. Transesterification of methyl oleate using strong Lewis 1ape 2

basic catalysts Transesterification of methyloleate using different basic catdlysts

We h h h led rehvdrati £ th | Catalysts  MeO Yield? (%) Selectivity to

) e ave S OWﬂ t a.t COﬂtI’O e re y ratIOﬂ O t e Ca.' conversion MOnOeSter Diester Triestermonoesters
cined Al-Mg hydrotalcite notably enhances the catalytic (%) (%)
activity of the corresponding Al-Mg mixed oxide for the HTri,,,  98(8h) 80 17 1 80
transesterification of methyl oleate with glycerol. However, HTc 95 (8 h) 64 27 4 67
it clearly should be possible to increase the catalytic activity ;Tg-' 5;2 (‘é ';]) f;% 2275 21 7703
of the mixed oxide by increasing the intrinsic Lewis basic 9 ©h
: . , KF/AI,03 98 (2 h) 68 28 2 69

strength of the sites. The global basicity of the mixed ox- a _ — . -
ide can be modified by changing its chemical composition. 432"";“0” conditions: molar ratio glyceydleO = 6; 4 wt% of catalyst

Thus we must expect that in a hydrotalcite, when?Mis
substituted with a more electropositive ion, such s, the
negative charge density on the oxygen will increase, lead-

ing to increased basicity of the resulting mixed oxide. To ;
check this, we synthesized an Al-Li mixed oxide with an 900d agreement with those reported by Barrault efial]

Al /(Al +Li) molar ratio of 0.33 and compared its activity for for the glycerolysis of methyl stearate using metallic oxides
the glycerolysis of methyl oleate with that of Al-Mg mixed @S @ base catalyst. However, the Bronsted base catalyst ob-

oxide and other strong Lewis solid base catalysts, such aslained by rehydrating a calcined hydrotalcite, although less
MgO and KF on aluminaFig. §). active than HTcLi or KF/alumina, gives a higher selectivity

dicating that selectivity depends on conversion and not on
the nature of the Lewis basic catalyst. These results are in

As can be seen from this figure, the order of activity for 0 Monoesters. o 3
the Lewis catalysts is KF/aluminaHTcLi > MgO > HTc. Finally, we explored the transesterification of palmitic
This order should be related to the different global basic- @nd lauric acid methyl esters (saturated acids with 12 and
ity of these materials. Thus KF/alumina exhibits the highest 16 carbon atoms, respectively) with glycerol and we found
basic character, whereas the Al-Li mixed oxide performs that the reactions with these esters are more facile than the
transesterification more efficiently than the Al-Mg mixed ©ne reported in this work.
oxide. But MgO, which has a higher concentration of ba-
sic sites than Al-Mg mixed oxide although of lower basic
strength, exhibits high activity for this process. For compar- 4. Conclusions
ison purposed;ig. 8 also shows the kinetic behavior of the
HTri2 . As can be seen, this catalyst gives lower conver-  Rehydrated Al-Mg mixed oxides that exhibit Bronsted
sion than the Lewis base HTcLi and much lower than the basic sites are effective catalysts for the transesterification
KF/alumina catalystTable 2gives the yields and selectiv-  of fatty acid methyl esters with glycerol, giving excellent se-
ity to monoglycerides obtained working at 473 K after a lectivity to monoglycerides. This selectivity is higher than
6-h reaction time on the different catalysts. This table shows that obtained with a large variety of solid Lewis base cat-
that all Lewis base catalysts exhibit similar selectivities, in- alysts. The higher monoester selectivity achieved with the
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rehydrated hydrotalcite sample is due mainly to this cata- [9] A.T. Gross, R.O. Feuge, J. Am. Oil Chem. Ass. 26 (1949) 704.

lyst's ability to perform the subsequent transesterification [10] S. Bancquart, C. Vanhove, Y. Pouilloux, J. Barrault, Appl. Catal. A 218
of the diglycerides formed during the reaction. This can be  (2001) 1. _ _

a consequence of different adsorption characteristics of the!*!! Z'raB:”Ij‘;fdag;’ BC (;/gg;‘)‘"z’gg Pouilloux, J. Barrault, Oleagineux, Corps
mixed oxides derived from hydrotalcites and the rehydrated [12] J. Ba;rrault, Y. Pouilloux, J.M. Clacens, C. Vanhove, S. Bancquart,
samples, as well as the lower deactivation rate of the rehy- Catal. Today 75 (2002) 177.

drated sample. In contrast, Al-Li mixed oxide resulted in [13] F. Cavani, F. Trifiro, A. Vaccari, Catal. Today 11 (1991) 173.
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