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Abstract

The conversion of fructose into methyl lactate on Sn02-Zn0/Al20;3 catalyst in a flow mode was carried out. The
supported 10Sn02-5Zn0/Alz203 catalyst was obtained by a simple impregnation method of granular y-Al203 with the
aqueous solution of SnCls+ and Zn(OAc)z. The data on structural analysis, textural and acid-base parameters of
synthesized samples. are presented. The following optimal conditions for obtaining 70 % methyl lactate yield at
100 % fructose conversion were found: use of 4.8 wt.% fructose solution in 80 % aqueous methanol as reaction
mixture, reaction temperature of 180 °C at 3.0 MPa. Addition of Zn ions to catalyst content allows to use the initial
fructose mixture without potassium carbonate. 10Sn02-5Zn0/Alz0s3 catalyst provides full fructose conversion at
70 % methyl lactate selectivity for 6 h on stream. Spent catalyst after regeneration by washing with water at 120 °C
restores initial activity.

Keywords: fructose conversion; heterogeneous catalysis; methyl lactate; Sn-containing oxides; supported catalyst.

KOHBEPCIA ®PYKTO3HU B IIPOTOYHOMY PEXUMI 10 METH/IJIAKTATY
HA Sn02-Zn0/Al203 KATAJII3ATOPI

Ceitnana B. lIpyaiyc, Hatanisa JI. Tec, Aptyp M. Muiin, Bosnogumup B. Bpeit

IHcmumym cop6yii ma npobsem endoekosozii HAH Ykpainu, eya. I'enepana Haymosa, 13; Kuie 03164, Ykpaina

AHoTarnjiga

IIpoBeseHO mepeTBOpeHHA GPYKTO3M B MeTHW/IAKTAT Ha Sn02-Zn0/Al203 KaTajiizaTopi B NIPOTOYHOMY peKHUMi.
Hanecenuii 10Sn02-5Zn0/Al203 kaTanisaTop 6y/10 oJep>KaHO MPOCTUM METOAOM NMPOCOYEHHs IPaHy/1bOBAHOrO Y-
Al203 BogHuM po3uuHOM SnCls Ta Zn(OAc):. IIpejcTaB/ieHo JaHi LOA0 CTPYKTYPHOIO aHasli3y, TEKCTYPHHMX Ta
KHMCJIOTHO-OCHOBHHMX NapaMeTpiB CUHTe30BaHUX 3pa3KiB. 3HallleHO HACTYNHi oNTHMaJbHi YMOBHU JAJisl OTPUMAaHHS
70 % Buxoay MeTrsakraty npu 100 % xoHBepcii ¢pykTo3u: BUKopuctaHHd 4.8 mac.% po3uuHy ¢ppykTo3u y 80 %
BOJHOMY METaHOJIi B AKOCTi BUXiZHOI cyMili, Temneparypa peaxuii 180 °C npu 3.0 MIla. lonyBaHHA KaTaJlisaTopa
Sn02/Al203 ioHamu Zn 103B0JIsI€ BAKOPMCTOBYBAaTH BUXiJHUM Po34MH PPyKTO3M 6e3 JoAaBaHHA KapGoHaTy KaJilo.
Karanizarop 10Sn0:-5Zn0/Al203 3a6Ge3nedyye mNOBHY KOHBepcilo ¢pykTro3u 3a 70 % ceJIeKTUBHOCTI 3a
MEeTH/UIAKTaTOM NpOTAroM 6 Troj B INPOTOYHOMY peakTopi. BuTpayeHmil kaTajisaTop mnicjasA pereHepaunii
NPOMMBaHHAM B0oJ010 1pu 120 °C BiAHOBJIIOE NOYATKOBY aKTUBHICTb.

Karouosi cnosa: KoHBepCist PyKTO3H; reTeporeHHUH KaTasli3; MeTU/IJIAKTAT; Sn-BMiCHI OKCU/IY; HaHECEHUH KaTaJsli3aTop.

*Corresponding author: tel.:+380677678855; fax: 0444525417; e-malil: svitprud@gmail.com
© 2021 Oles Honchar Dnipro National University
doi: 10.15421/082107


http://chemistry.dnu.dp.ua/

Journal of Chemistry and Technologies, 2021, 29(1), 1-9

KOHBEPCHUA ®PYKTO3bI B IPOTOYHOM PEXXUME 10 METH/IJIAKTATA
HA Sn02-Zn0/Al203 KATAJIU3ATOPE

Ceetnana B. IIpyguyc, Hatanusa JI. 'ec, Aptyp H. Muaun, Baragumup B. Bpen

HHcmumym cop6yuu u npobaem andoskonozuu HAH Ykpaunsl, ya. l'enepana Haymosa, 13; Kues 03164, YkpauHna

AHHoTalus

IIpoBeseHO nmpeBpameHue PpyKTo3bl B MeTH/UIAKTAT Ha Sn02-Zn0/Al203 kaTtanusaTtope B NPOTOYHOM peKUMe.
HaneceHHbI#1 10Sn02-5Zn0/Al203 KaTaM3aToOp NOJIy4YeH NPOCTHIM METOA0M NPONUTKH IrPaHy/IMPOBaHHOrO Y-Al203
BOJHBIM pacTBopoM SnCls m Zn(OAc):. IlpuBeAeHbl AaHHBIE CTPYKTYPHOrO aHa/M3a, TEKCTYPHBIX U KHUCJIOTHO-
OCHOBHBIX IIapaMeTPOB CUHTE3HMPOBaHHBbIX 06pa3noB. HaiileHO cieayouyie onTHMaJbHblE YCIOBHUS NOJIYYEHUS
70 % meTtmy1akTaTta npu 100 % kKoHBepcuM GpPyKTO3bI: HCNOJIb30BaHME B KadecTBe MCXOJHON cMecH 4.8 mac.%
pactBopa ¢pykTo3sl B 80 % BOAHOM MeTaHoJle, TeMnepaTypa peakumuu 180 °C mpu 3.0 MIla. JlonmupoBaHue
Sn02/Al203 kaTaju3aTopa MOHAaMH Zn NO3BOJIAET UCNOJIb30BaTh UCXOJHbIN pacTBOp QpPyKTO3bl 6e3 J06GaBIeHUA
Kap6oHaTa Ka/aud. Karaimsatop 10Sn02-5Zn0/Al203 oGecnedyuBaeT NMOJIHYI0 KOHBepcuio ¢pykTo3bl npu 70 %
CeJIEKTUBHOCTH MO METH/LJIAKTATy B TedyeHUe 6 4acoB pa6oThl. OTpaGoTaHHBIN KaTa/JM3aTop NOC/e pereHepanuu
NpoMBIBKO#M Bojo# npu 120 °C BoccTaHaB/JIUBaeT UCXOAHYI0 aKTUBHOCTD.

Katouesvle cnoea: konBepcust GpyKTO3bI; reTeporeHHbIH KaTau3; METUJ/UIAKTAT; Sn-cojepiKallihe OKCHAbI; HaHeCEeHHbIH

KaTaJIn3aTop.

Introduction

Now esters of lactic acid are widely used as a
non-toxic solvents or intermediates in
pharmaceutical, agrochemicals, coatings and food
production [1; 2]. The common esters are methyl
lactate, ethyl lactate and butyl lactate. So, methyl
lactate is of interest as a starting material to
produce a monomeric lactide [3] instead of lactic
acid [4]. In an industry lactates are currently
produced via esterification of lactic acid with
appropriate alcohol [5]. Alternatively, the study on
the catalytic conversion of renewable
carbohydrates, as well as lignocelluloses, to alkyl
lactates has accelerated [1]. As rule, the Sn-
contained zeolites and oxides as Lewis acid
catalysts were used [6-15]. Also the Sn(IV)-grafted
mesoporous carbon-silica composite as effective
bifunctional catalyst for the transformation of
glucose, fructose and sucrose in methanol to
methyl lactate was proposed [7]. However, the
preparation of Lewis acid zeolites is complicated,
time-consuming and energy-intensive [10; 11].
Therefore many researchers look for catalysts that
are easier to synthesize. The authors [13] have
found that alumina-supported Sn catalysts, easily
prepared by impregnation, efficiently promote the
conversion of trioses into ethyl lactate at mild
reaction conditions.

Usually, the experiments on the carbohydrate
conversion to lactates were carried out under
stationary conditions using highly dilute solutions
(~3wt.%) [7-9; 12]. In our previous work [14]
more concentrated 13 % solution of fructose in

ethanol was used, at that 50 % ethyl lactate yield
on Sn02/Al;03 catalyst at 160 °C was obtained.

It is known that commercial potential of the
catalyst depends on the ability of the system to
operate continuously during long time. Therefore,
we decided to further investigate the continuous
conversion of concentrated methanolic solutions
of fructose over Sn0,-ZnO/Al;03; catalyst. Not
numerous articles [16; 17] were devoted to the
continuous conversion of carbohydrates into
lactates.

In this communication the reaction conditions
used during continuous conversion, especially the
selection of initial reaction mixture, temperature,
pressure and load on a catalyst are described. The
results on catalyst doping by Zn2+ and Mg2+ ions
for increasing methyl lactate selectivity are
presented also.

Results and Discussion

The structural analysis by XRD shows that all
reflections of xSn0,-yMeO/Al,03; samples are due
to a poorly developed crystalline phase of y-Al,03
(20 =36.5° 46.1°, 66.6°, corresponding to the
(311), (400), (440) crystal planes, respectively).
No characteristic peaks assigned to Sn0O2, ZnO or
MgO were observed, indicating Sn, Zn and Mg
species are highly dispersed (Fig. 1).

Fig. 2 shows the scanning electron micrographs
(SEM) of the alumina mixed tin oxide granules
surface at different magnifications. It can be
observed that SnO; particles were homogeneously
distributed all over the surface. The EDS analysis
proved the presence of Sn, Al and O atoms with
little Cl atoms.
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Fig. 1. XRD patterns of xXSn02-yMe0/Al203 samples after calcinations at 550 °C for 2 h.

Table 1
parameters

summarized textural and acidic
of synthesized samples. All the
alumina-supported samples presented slightly
lower values of the specific surface area and
mesopore volume than pure y-Al;03. As seen from
the pore size distribution curves (Fig. 3), derived
from the desorption branches of the isotherms

using the DFT method, the deposition of dopants
on alumina surface leads to decrease in pore
content with r < 5 nm and insignificant decrease in
pores volume. That could be explained by blocking
of small pores after precipitated oxides loading
during preparation procedures.

Table 1

Textural and acid-based characteristics of synthesized catalyst

Sample Specific Pore Average Highest Total content Highest Total content
surface volume pore acid of acid sites base of basic sites
area, (cm3/g) diameter strength, (mmol/g) strength (mmol/g)
(m?/g) (nm) Ho H-

10Sn02- 186 0.6 13/0 +3.3 0.6 +7.2 0.6

5Zn0/Al203

20Sn02- 147 0.5 129 +3.3 1.3 - -

5Zn0/Al203

5Sn02- 215 0.7 13.0 - - +7.2 1.2

10Zn0/Al203

20Sn02/Al203 178 0.6 13.5 +1.5 1.5 - -

10Sn02- 171 0.55 13.0 - - +9.3 0.2

5MgO0/Al203

10Sn02- 195 0.6 13.0 +1.5 1.1 - -

0.1Mg0/Al203

20Sn0:- 193 0.6 12.8 +1.5 1.3 - -

0.3Mg0/Al203

Al203 208 0.7 13.6 +3.3 1.2 - -
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Fig. 3. DFT pore-size distributions of samples
calcined at 550 °C.

According to  the titration results,
20Sn0;/Al,03 is weakly acid oxide with Hy< +1.5
(Table 1). Numerous studies showed that a
combination of Lewis and Brgnsted acidity
catalyzes  the  selective  conversion  of
monosaccharides to lactates [6; 7; 13; 14]. The
base sites inhibited alternative reactions that lead
to the formation of undesirable by-products [18-
21]. It is also known that the addition of Zn2* ions
enhanced both the amount of Lewis acid and base
sites [14; 15; 21]. As for magnesium, in article [20]
showed that Mg?+ in the framework MOF can
provide Lewis acidity and in the framework site of
silicate molecular sieve can induce strong basicity

7]——10Sn0,-0.1MgO/AlO,
—— SnO,/ALO,
64— 10Sn0,-5MgO/AlO,

Kubelka Munk Units
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Fig. 4. Optical energy band gap from UV-Vis diffuse reflectance spectra of xSn0Oz-yMeO/Al203 samples: a - MgO doped
Sn02/Al203, b - ZnO doped Sn02/Al203.

Our previous test of 20Sn02/Al;03 catalyst in
conversion of 8% fructose solution at different
temperature (160-190°C) showed that the
maximal methyl lactate (ML) yield was observed

of framework oxygen atoms. We have doped
Sn0,/Al;03 with ZnO or MgO for decreasing
acidity of studied oxide. As a result, with a
simultaneous increase in zinc and decrease in tin
oxides the weak base sites with H-=+7.2 are
appear (Table 1). The 10Sn02-5Zn0/Al,03 sample
has optimal combination of acidic and basic sites.
At addition of small amount of MgO to xSn0,/Al,03
(0.1 wt.% Mg0) no changes in the acidity of the
samples are observed. With an increase in MgO
content traces of weak base sites with H-=+9.3
are detected, while acid sites disappear (Table 1).

According to the UV-Vis data all synthesized
samples show maximum intensity near 200 nm
that has previously been assigned to isolated
tetrahedrally coordinated VSn#+ ions [14]. Fig. 4
illustrates the optical band gap (E;) for
synthesized samples. It is known, that E; value for
massive SnO; is near 3.55 eV [22]. ZnO is a high
and direct bad gap semiconductor with band gap
~3.4 eV [23]. Band gap energy of bulk MgO is
7.8 eV [24]. In paper [14] for 20Sn0;/Al;03 sample
the shift of E; to 4.8 eV indicates the nanosized
SnO; species with VSn** ions that absorb UV light
at 200 nm. Only for 10Sn0;-5Zn0/Al;03 sample E;
value is near 4.7eV (Fig.4b). For all other
synthesized doped SnO,/Al,03; samples, two
values of the band gap are observed in the
intervals of 4.5-4.7 eV and also 3.0-3.5 eV (Fig. 4).
This indicates the agglomeration of SnO; particles

occurring in xSn0;-yMeO/Al;03 samples at
doping.
64— 5Zn0-20Sn0,/Al0O,
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at 180 °C [15]. Therefore, studied catalysts have
been tested at this temperature, and the
compositions of obtained products are presented
in Table 2. Complete 100% conversion of fructose
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is observed on Sn0;/Al;03; and xSn0;-yZn0/Al,03
samples. Addition of MgO decreases fructose
conversion to 85-82 % (Table 2). The maximal

methyl lactate yield of 71 % was obtained on
10Sn0,-5Zn0/Al; 03 catalyst.

Product composition of fructose conversion on studied catalysts/2] robe
Catalyst X, %lbl Products, mol%
ML 5-HMF PADA Othersld

10Sno2-5Zn0/Al203 100 71 5 23 1
20Sn02-5Zn0/Al203 100 67 16 17

55n02-10Zn0/Al203 100 65 0 7 29
20Sn02/Al203 100 40 21 20 19
20Sn02/Al203ld] 100 65 12 23

10Sn02-5Mg0/Al203 85 33 0 - 52
10Sn02-0.1Mg0/Al203 83 34 0 - 49
20Sn02-0.3Mg0/Al203 82 30 0 - 52

[a] Reaction conditions: 180 °C, 3.0 MPa. 4.8 % fructose solution, 7 = 11 min (L = 1.5 mmmol CcH1206/mlcar/h). [b] X - fructose
conversion after 2 h. [c] Others: B-D-Fructopyranose, 5-methoxymethylfurfural, furfural, 3-hydroxy-2-butanone and no
indentified products. [d] 0.03 wt% K2CO3 was added to initial reaction mixture.

The obtained by-products can be divided into
two groups: acetals and furans. Namely, pyruvic
aldehyde dimethyl acetal (PADA) is product of
aldol decondensation of fructose. The fructose

dehydration products are 5-hydroxyl-
OH O Vn#*
HO OH—>
OH OH OH OH OH
3H,0 | H
Y
(0]

Ho/\UA\o —» Soluble humins

The VSn#+ions in Sn0,/Al;03 as Lewis acid sites
promote retro-aldol fructose condensation and
Cannizzaro reargerment of intermediate methyl
pyvural hemiacetal into methyl lactate. But
Brgnsted acid sites on the SnO,/Al;0s; surface
catalyze the dehydration of fructose, mainly to 5-
hydroxymethylfurfural.

It is well known that the main problem of
catalytic transformations of C¢ carbohydrate
solutions at elevated temperatures of 130-200 °C
is the formation of polymeric dark brown
compounds of complex structure and variable
composition generally called humins [25; 26]. The

o) OH o) -
+ 20 —» o —>
2CH;0H

methylfurfural (5-HMF), 5-
methoxymethylfurfural (5-MMF) and others. As a
whole, the studied transformation of fructose
could be represented such Scheme:

o
)J\<OCH3

OCHj3

Jnon
[ )‘L<ocml

OH

l l\/sn4+
(o]
\H‘\o/
OH

extensive formation of humins leads to decreasing
selectivity and rapid deactivation of a catalyst.
Many efforts have been made to suppress humin
formation [26; 27]. Humin's structure depends on
reaction conditions, catalysts, etc. The article [27]
hypothesizes that identified humin fragments are
formed through aldol condensation between 5-
HMF and its hydrated products and through
condensation of furanic species.

One of the ways to solve this problem is
inhibition of fructose dehydration reaction by
addition of a small amount (0.03 wt.%) of
potassium carbonate to reaction mixture [8; 14]. It


http://www.chemspider.com/Chemical-Structure.22728.html

6

Journal of Chemistry and Technologies, 2021, 29(1), 1-9

leads to an increase in selectivity towards methyl
lactate from 40 to 65 mol% and the decrease
inside 5-HMF from 21 to 12 mol% at 100%
conversion of fructose (Table 2).

Another way is decreasing Brgnsted acidity of
a catalyst. Therefore, we have doped Sn02/Al;03
catalyst with ZnO and MgO oxides. For 10SnO,-
5Zn0/Al;03 catalyst methyl lactate yield achieves
71 % at 5 % content of 5-hydroxymethylfurfural
(Table 2). This result is better than at K,COs
adding to the fructose solution (Table 2). As seen
from Table 1, with ZnO adding the content of
Brgnsted sites on xSn0;-yMe0/Al;03 samples is
decreased, and the base sites are formed also.
Using magnesia as a dopant, both fructose
conversion and methyl lactate selectivity decrease
(Table 2). At this, 5-HMF and PADA were not
observed in 13C NMR spectra.

The humin content also can be reduced at
decreasing contact time of methanolic fructose
solution with xSn0;-yMeO/Al;03 catalyst from
33 min to 11 min [15]. Therefore, we studied the
influence of load on a catalyst on fructose
conversion and methyl lactate selectivity at
constant contact time of 11 minutes. For this
purpose, solutions of fructose with concentrations
of 1.6, 4.8, 6.4, 8.0, 9.5 wt.% in 80% methanol were
prepared to provide the required values of a load
on 10Sn0,-5Zn0/Al;03 catalyst in 0.5, 1.5, 2.0, 2.5
and 3.0 mmol CeH1206/mlcac/h, respectively. As
shown on Fig. 5, at increasing catalyst load from
0.5 to 3 mmol C¢H1206/mlcac/h at constant contact
time of 11 min, conversion of fructose and
selectivity for methyl lactate decreases from 100
to ~80% and from about 70 to 44% respectively.
At the same time a significant increase in by-
products consisting of furan derivatives is
observed (Fig. 6).

100
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60 - v—//'\\‘ﬁ
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L (mmol C,H,,O/ml_ /h)

6 1276

Fig. 5. Conversion (e) of fructose and selectivity (V) for
methyl lactate at different load (L) on 5Zn0-
10Sn02/Al203 (180 °C/3.0 MPa, T = 11 min).

Thus, to ensure complete conversion of
fructose the following process conditions were
found: 10Sn0,-5Zn0/Al;03 catalyst, 180 °C,
3.0 MPa and 4.8% fructose solution in 80%
methanol with load on a catalyst of
1.5 mmol CéH1206/mlca;/h. At that the catalyst’s
productivity is 2.1 mmol ML/mlcac/h. The main by-
products under these conditions are PADA
(23 mol%) and 5-HMF (5 mol%).

100

2} o4}
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Selectivity (mol%)
N
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201

0 -~ T T T T T
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L (mmol CH,,O/ml_/h)

Fig. 6. The content of furan derivatives at different load
on 5Zn0-10Sn02/Alz03 (180 °C/3.0 MPa, T = 11 min).

The study of 10Sn02-5Zn0/Al;03 activity from
the time of stream shows that catalyst fast enough,
during 6 h, loses more than 30 % of the initial
activity. Regeneration of the spent catalysts
carried out as follows: washing with running
water at 120 °C, 1.5 MPa until the colour of the
washing liquid disappears (~2-3 h). At this, the
catalyst completely restored its activity after 3
cycles.

Experimental Section

A series of alumina-supported oxides was
prepared by incipient wetness impregnation of
commercial y-Al;03 (Ukraine) with an aqueous
solution of Sn, Zn, Mg salts as describe in previous
articles [14; 15]. Briefly, a fraction of 0.5-2.0 mm
of y-Al,03 granules pre-treated at 250 °C (3 h) was
impregnated by calculated aqueous solutions of
SnCl4-5H,0 (Aldrich, 98 %), Zn(CH3C00);:2H.0
(Sigma-Aldrich, =298%) or Mg(NO3),:6H.0
(Sigma-Aldrich, 99 %). All supported precursors
were calcined at 550 °C for 2 h. The samples were
denoted as xSn0O,-yMeO/Al;03, where x is SnO;
content and y is MeO (ZnO or MgO) content
expressed in wt.% in terms of Al;03. Some
physicochemical characteristics of obtained
samples are summarized in Table 1.

XRD patterns of the catalysts were recorded
with DRON-4-07 diffractometer using CuKa
monochromatized radiation.
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The textural parameters of the samples were
calculated from the N, adsorption-desorption
isotherms at 77 K using Quantachrome Nova
2200e Surface Area and Pore Size Analyser.

UV-Vis diffuse reflectance spectra were
recorded using a Perkin Elmer Lambda 40
spectrophotometer equipped with a diffuse
reflectance chamber and integrating sphere
(Labsphere RSA-PE-20). The UV-Vis data were
transformed into an absorbance scale by Kubelka-
Munk analysis and optical E; values determined
using the Tauc method [22].

To analyze sample morphology a scanning
electron microscope (SEM ]JSM6490 LV, JEOL,
Japan) with an integrated system for electron
microprobe analysis INCA Energy based on
energy-dispersive and wavelength-dispersive
spectrometers (EDS + WDS, OXFORD, United
Kingdom) with HKL Channel system was used.

Total number of acid or base sites was
determined by reverse titration using n-
butylamine or benzoic acid solution in
cyclohexane, respectively, with bromthymol blue
as an indicator. The highest acid or base strength
was examined by the Hammett indicators method
using 0.1 % solution of the corresponding
indicators in cyclohexane [28].

The continuous catalytic experiments were
performed in a flow stainless steel reactor
(d =8 mm) with a fixed bed of catalyst (3 cm3).
1.6-9.5 % solutions of D-fructose in 80 % aqueous
methanol were used as the initial reaction
mixtures. The experiments were carried out at
temperature of 180 °C in Ar flow (8-10 cm3 min-1)
at pressure of 3.0 MPa preventing liquid to
gaseous phase transfer. A pump Waters 590 was
used for feeding the initial reaction mixtures
under fixed LHSV = 5.6 h-1, that corresponds to
contact time of T = 11 min. Aliquots of the reaction
products were taken after 2 h from a sampling
valve placed after the reactor.

The reaction products were identified by
13C NMR spectra recorded on a Bruker Avance-
400 spectrometer operating at 100 MHz at
ambient temperature using a database of organic
compounds (SDBS, National Institute of Advanced
Industrial Science and Technology, Japan,
www.aist.go.jp). A test solution was placed in a 5-
mm NMR tube. The 13C NMR data were obtained
over 256 scans with a 30° flip angle (90° = 12 ps),
an acquisition time of 1.3 s, a relaxation delay of
4s and 32k data points. Chemical shifts are
reported relative to CH3OH and converted to
6(TMS) using 6(CH30H) =50.05 ppm. Fructose
conversion (%) and product selectivity (mol%)
were calculated from 13CNMR spectra at

appropriate signal plane ratios, e.g. fructose at
6 =101.9 ppm, methyl lactate at § = 66.9 ppm, 5-
hydroxymethylfurfural at § =57.2 ppm, pyruvic
aldehyde dimethyl acetal at 6 = 54.8 ppm. Pre-
recorded calibration of 13C NMR spectra of
mixtures of ML : 5-HMF: methanol with molar
ratios in 0.5: 1: 10; 1: 1: 10 and 1: 2: 10 was
performed.

Conclusion

In this study we have been prepared SnO.-
Zn0/Al,0s3 catalysts by a simple wet impregnation
method and investigated their catalytic efficiency
for the continuous conversion of fructose to
methyl lactate in aqueous methanol solution.
Under the optimized conditions 70 % yield of
methyl lactate could be achieved over 10SnO,-
5Zn0/Al;03 catalyst. Namely, the use of 4.8 wt.%
solution of fructose in 80 % aqueous methanol at
180 °C, 3.0 MPa under the load on a catalyst of
1.5 mmol CeH1206/mlcac/h and  contact time
11 min. Treatment of spent catalyst with water at
120°C was found to be an efficient method of
restoring its activity.
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