
 

Algerian Acid Activated Clays as Efficient Catalysts for a 
Green Synthesis of Solketal by Chemoselective 

Acetalization of Glycerol with Acetone      
 

Kouider Alali1,2,*, Fouad Lebsir2, Sondes Amri3, Ali Rahmouni1, Ezzedine Srasra3,  
Néji Besbes3       

 
1Laboratoire de Modélisation et de Méthodes de Calcul, Université Docteur Moulay Tahar,  20002,  

Saida, Algeria 
2Laboratoire Chimie Physique Macromoléculaire, Département de Chimie, Faculté des Sciences 

Appliquées, Université Oran1 Ahmed Benbela, 31000 Oran, Algeria 
3Laboratoire des Matériaux Composites et des Minéraux Argileux, Groupe de Chimie Organique Verte et 

Appliquée, Centre National des Recherches en Sciences des Matériaux, Technopole de Borj Cerdia, 
Soliman, 8027, Tunisia    

Bulletin of Chemical Reaction Engineering & Catalysis, 14 (1) 2019, 130-141 

Abstract  

The production of solketal and conversion of glycerol takes a major importance in the field of the sustainability of 
the biodiesel industry. The synthesis of (2,2-dimethyl-1,3-dioxolan-4-yl)methanol by the acetalization of glycerol 
with acetone successfully applied out using various Algerian acid activated clays (Maghnia-H+) under autogenous 
pressure and without solvent. The acid catalyst clays are prepared by an easy technique by activation with the 
available and low-cost Maghnia clay. The purified Maghnia clay named ALC and the resulting series of acid-
activated clays AL1, AL2, AL3, and AL4 are characterized by X-ray Fluorescence (XRF) investigation, N2-
adorption/desorption Brunauer–Emmett–Teller  (BET) surface area, X-rays Diffraction (XRD), Fourier Transform 
Infra Red (FT-IR) spectroscopy, SEM microscopy and the cation exchange capacity (CEC) with copper bisethyl-
enediamine complex method, in order to study the effect of activation at the acid and the catalytic behaviour in 
this acetalization reaction. The results show a high catalytic activity whose that the yield of solketal production in-
terest reached 95 % at a temperature of 40 °C for a reaction time of 48 hours with full selectivity and glycerol con-
version reaching up to 89 %. A mechanistic is proposed to explain the chemoselective of solketal production. These 
results indicate the potential of this Algerian acid activated clays catalysts for the acetalization of glycerol for an 
environmentally benign process. Copyright © 2019 BCREC Group. All rights reserved 
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Research Article 

1. Introduction 

The researchers worldwide have sought to 
motivate the use of sustainable resources with 

minimum pollution. Among actual solutions is 
to involve the production of biofuels from bio-
mass [1]. The (2,2-dimethyl-1,3-dioxolan-4-yl) 
methanol, generally known by solketal, has po-
tential to be directly applied as solvent, as plas-
ticizer and a solubilizing in the polymer indus-
try, suspending agent in pharmaceutical prepa-
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rations, low temperature heat-transfer fluid, 
surfactant and fuel additive [2,3]. 

Many invest to convert the glycerol into 
added-value products has been widely studied 
and several viable synthetic routes have been 
considered, such as hydrogenolysis [4], oxida-
tion [5], carbonatation [6], etherification [7], es-
terification [8], and acetalization with either al-
dehydes or ketones [9-11]. The acetalization of 
these carbonyl compounds have usually used 
mineral acids catalysts like HCl withtriethylor-
thoformate  and  absolute ethanol [12], trialky-
lorthoformate and a catalytic amount of 
tetrabutylammonium tribromide (TBATB) in 
absolute alcohol [13]. 

These last homogeneous processes have se-
rious practical difficulties (catalyst separation 
from the product stream, removal organic sol-
vents, corrosion and environmental and eco-
nomic difficulty's concerns for the effluent dis-
posal). The reaction of acetalization of glycerol 
with acetone in presence of catalysts leads to a 
mixture of two heterocyclic, the first to five 
members, which is the (2,2-dimethyl-1,3-
dioxolan-4-yl)methanol with high selectivity, 
while the second to six members is 2,2-
dimethyl-1,3-dioxan-5-ol [14,15] (Scheme 1). 

In order to make the production of solketal 
easier, several works are published either us-
ing new synthetic catalysts or natural catalysts 
modify with different techniques like use of sil-
ica-included heteropolyacids at 70 °C and for 6 
h, conversion of glycerol and selectivity the 
solketal production 77 % [16], mesoporus sub-
stituted silicates including Hf-TUD-1 material 
at 80 °C for 6 h in presence of dioxane and tert-
butanol solvents by total selectivity of the 
solketal product, conversion of glycerol ˂ 60 % 
[17], the use of zeolite and montmollionite, 
whose results of yields of production of solketal 
and conversion of glycerol are respectively 72 % 
yield, 73 % conversion and 60 % yield, 61 % 
conversion at 40 °C and for 1 h reaction time in 
a continuous flow reactor [18], solid catalysts 
based on the commercial product aluminum 
phosphate M-APO4 modified by supported met-
als Zr, Cu, Ni, and Co showed 75 % of yield of 
production of solketal at 80 °C and for 1 h [19], 
nano-silica and molybdenum supported Re, Rh, 

Ru or Ir nanoparticles in an inert reaction at-
mosphere (N2), ultrasounds 10 min, 55 °C, and 
3 h time reaction 93 % yield, 100 % conversion 
[20]. It is interesting to note that the most of 
these solid catalysts are not abundant or are 
very expensive with process presenting difficul-
ties during the preparation and the applica-
tion.  

Beside, in our previous results, we have 
synthesized the 2,2-dimethyl-1,3-dioxolane 
from acetalization of acetone by ethylene glycol 
over Tunisian acid activated clays [21,22]  and 
Tunisian pillared clays [23] at 40 °C, without 
solvent and under autogeneous pressure. In 
the aim of continuing the synthesis of other di-
oxolanes, we propose in this present work the 
use of Algerian clay catalyst as Maghnia clay 
originating from Tlemcen located in the North 
West Algerian region. The Algerian clay 
(Maghnia) is very abundant solid catalyst, low 
cost with simple preparation and very easy 
process [24,25]. We have studied the behavior 
of an easy preparation of an Algerian clays ac-
tivated by hydrochloric acid for a mixture of 
glycerol and acetone solvent-free, without pro-
ducing waste with easy separation of reagents 
and a important  commercial product. 

 
2. Materials and Methods  

2.1 Materials 

The raw clay used in this work was supplied 
by company “ENOF” (an Algerian Manufacture 
specialized in the production of non-ferric prod-
ucts and useful substances) located in Maghnia 
(North West of Algeria). Acetone and glycerol 
were (both ˃ 99 %) purity; anhydrous (MgSO4≥ 
99.5 %), purity; anhydrous (NaCl ≥99 %)  and 
(HCl 37 %) were procured from Sigma Aldrich. 

 
2.2 Preparation of Catalysts  

For this reaction, 200 g of Maghnia clay was 
used as the raw material. The fraction < 2 μm 
was separated by sedimentation. The < 2 μm 
fraction was purified and transformed into the 
sodium form with 1 M NaCl solution, The pre-
liminary treatment of natural Maghnia clay by 
1 M NaCl consists in eliminating the maximum 

Scheme 1. Acetalization of glycerol 1 with acetone over solid catalyst  
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of the crystalline phases (quartz, feldspar, cal-
cite, etc.), replacing all the exchangeable 
cations of various natures by sodium cations 
and allowing have well-defined particle size 
fractions less than 2 μm in size. After washing, 
sedimentation and dialysis, the fine sediment 
was freeze-dried at 60 °C, the starting clay 
ALC is crushed in an agate mortar and sieved 
to obtain particles of 63 μm or less. 

In order to study the catalytic performances 
of Maghnia-H+ without modifying the clay 
structure and catalytic performances of Magh-
nia-H+ with modifying of the clay structure. A 
quantity of 20 g of starting clay ALC was 
treated with 300 mL of different solutions of 
hydrochloric acid 0.5 M and 3 M. The mixtures 
were boiled at 100±2 °C in a round-bottom flask 
with a reflux condenser during 2 h and 6 h. Af-
ter these treatments, the resulting samples 
were washed by the distilled water until having 
constant pH and dried up at 60 °C. The product 
is denoted; AL1 and AL2 the activated clay 
treated with 0.5 M of HCl and boiled during 2 h 
and 6 h respectively. AL3 and AL4 the acti-
vated clay treated with 3 M of HCl and boiled 
during 2 h and 6 h, respectively [26].  

      
2.3 Characterization Methods of Catalysts 

The different chemical elements of the start-
ing clay ALC and the acid activated clays; AL1, 
AL2, AL3, and AL4 were transformed into ox-
ides and analyzed by PANalytical-Zetium dif-
fractometers and spectrometers XRF analyzer 
with SumXcore technology, SDD detector, 
Power upgrades ranging from 1 to 2.4, 3 or 4 
kW to enhance sensitivity and Analysis Diame-
ter: 6 mm to 37 mm. XRD patterns of deferent's 
clays materials were collected on a 
‘‘Panalylitical X’Pert High-Score Plus’’ diffrac-
tometer using Cu-Kα sealed-tube radiation 
source (k= 1.54178 Å). Diffraction data were ob-
tained in the range from 2° to 80°. The IR spec-
tra of catalysts were collected with a Nicolet 
spectrophotometer model 560, with a scanning 
range between 400 and 4000 cm-1 and spectra 
resolution 0.35 cm-1, Samples were prepared as 
tablets diluted in KBr, keeping constant the 
sample/KBr (1 %) ratio and the total weight of 
sample. 

The images SEM obtained by scanning elec-
tron microscopy of the samples using with Max. 
60,000x Magnification, Multi mode (SE and 
BSE) Detector, resolution of a 20 nm and 5 kV 
to 30 kV Variable Accelerating Voltage. Small 
amounts of powdered clays were supported on a 
double-sided adhesive carbon and then blown 
with a pear to remove anything that is not 

fixed. The carbon lakes are introduced in the 
Hirox SH 4000M analyzer type. N2 adsorption-
desorption experiments were carried out at 77 
K on Quantachrome. The adsorp-
tion/desorption isotherms were used to deter-
mine the specific surface areas (SA) using the 
BET equation. The microspore volume was de-
termined using the t-plot method and the total 
pore volume of the samples Vt, was calculated 
at P/P0 = 0.99. Before each measurement the 
samples were out gassed for 2 h at 130 °C. 
Cations exchange capacity (CEC) measurement 
values were determined using the copper 
ethylendiamine ((EDA)2CuCl2) complex method 
[27]. 

 
2.4 Acetalization of Glycerol 1 with Acetone 2 

For this reaction 2.3 g (25 mmol) of glycerol 
1, 5.8 g (100 mmol) of acetone 2  with a 1:4 ra-
tio molar and 0.1 g of acid activated clay were 
placed in an autoclave at 40 °C under autoge-
neous pressure and without solvent during dif-
ferent times of reaction. The resulting reaction 
mixture after the reaction time is dried by add-
ing 50 mg of an anhydrous MgSO4. Then, the 
reaction organic mixture and the solid cata-
lysts were separated by centrifugation. The 
product was identified by 1HNMR and 13CNMR 
spectral analysis [9,21,23]. For 1HNMR and 
13CNMR studies, different spectra were respec-
tively recorded at 400 and 75 MHz Bruker AM 
300 spectrometer. Temperature was fixed at 25 
°C using a Bruker VT1000 variable tempera-
ture control unit, measured by calibrated Pt-
100 resistance thermometer. The chemical 
shifts are given in ppm with respect to external 
TMS reference at 0 ppm. 

 
3. Result and Discussion 

3.1 Characterization of the Catalysts 

XRF analysis shows that activation with hy-
drochloric acid of 0.5 M the starting clay ALC, 
whereas activation with hydrochloric acid of 3 
M affects the texture of the clay by dissolving 
the aluminium. These results are indicated by 
the levels of alumina Al2O3 which are 18.481 % 
and 18.593 % in the AL1 and AL2 catalysts, re-
spectively and the decrease in the alumina lev-
els in AL3 and AL4 of 13.851 % and 8.570 %, 
respectively. Besides, the levels of silica SiO2 

which are 56.642 % and 59.338 % in the AL1 
and AL2 catalysts, respectively and the in-
crease in the silica levels in AL3 and AL4 of 
66.401 % and 77.207 %, respectively. On the 
other hand, the significant decreases of Na2O 
and CaO after acid activation indicates,  that it 
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is a transformation from a Ca/Na-clay to and 
H-acidic clay (Table 1). 

The effect of the activation with hydrochlo-
ric acid of 0.5 M and 3 M is also expressed as a 
function of the destroy of the octahedron layer 
of the catalyst clays is calculated with (1) 
[26,28,29] and presented in the histogram 
(Figure 1). Six hours of activation destroys 61% 
of the octahedral layers (Table 2). Acid activa-
tion progressively destroys the starting clay 
ALC structure, leaving only relics of the origi-
nal mineral and amorphous silica. 

                         (1) 
where, M(Al2O3+Fe2O3+MgO)ALC is amount (%) 
of octahedron sheet in the starting clay ALC, M
(Al2O3+Fe2O3+MgO)Ali is amount (%) of octahe-
dron sheet in the acid activated clay i=1, 2, 3, 4. 

The extracted amounts of iron, magnesium 
and aluminium are calculated with (2) 
[26,28,29] and represented in (Table 3). 

              (2) 
where, N (oxide of metal)ALC is amount (%) of 
metal oxide in the starting clay ALC; N (oxide 
of metal)Ali is  amount (%) of metal oxide in the 
activated clay i = 1, 2, 3, and 4. 

X-ray diffraction patterns of the studied 
samples before and after acid treatment are re-
ported in Figure 2. Clearly shows (001) peak 
the basal reflection appeared at 13.09 Å of 
starting clay sample shift progressively and 
reaches 15.05 Å indicating the transformation 
of calcic smectite to his acidic form for treated 
catalysts AL1, AL2, and AL3. While the nearly 
total disappearance of the basal reflection 
14.463 Å and the appearance of halo in 
AL4 sample indicate the destruction of clay 
structure. The reflections at 4.258 Å and 3.328 
Å indicate the presence of quartz in all samples 
[26,29]. 

On the other hand, the Infrared analysis of 
the different catalysts is represented in Figure 
3. The frequencies observed near at 3433 cm-1 
for the instance the OH stretching of the hy-
dration water and 1630 cm-1 were band and the 
deformation band of the O–H bond. The in-
tense bands near 1042 cm-1 are those of the  
Si–O stretching frequencies in al catalysts 
clays. The presence of SiO2 of quartz in differ-
ent catalysts is indicated by the band at 797 
cm-1. The frequencies towards 3620 cm-1 and 
917 cm-1 which weaken under the effect of the 
treatment by the acid activation in the order 
ALC, AL1, AL2, AL3, and AL4 indicates the 
presence of Al–Al–OH bonds. This can be con-
sidered as characteristic of a octahedral clay 

Species 
Composition wt% 

SiO2 Al2O3 Fe2O3 MgO CaO Na2O K2O SO3 L.O.I. 
ALC 53.576 18.846 2.429 3.540 0.563 1.584 0.813 0.431 17.990 

AL1 56.642 18.481 2.227 2.976 0.240 0.817 0.874 0.012 17.080 

AL2 59.338 18.593 2.134 2.827 0.167 0.689 0.877 0.008 11.790 

AL3 66.401 13.851 1.087 1.287 0.089 0.695 0.895 0.001 14.500 

AL4 77.207 8.570 0.693 0.365 0.080 0.666 0.887 0.053 10.650 

L.O.I.: Loss on ignition at 900 ◦C in wt%  

Table 1. Elementary compositions of starting clay ALC and its acid activated clays AL1, AL2, AL3, 
and AL4  

Figure 1. Octahedron layer destroy according 
to the concentration of HCl and the activation 
time  
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[26,29-31].  The results of scanning electron mi-
croscopy SEM analysis images of samples was 
obtained and presented with the same enlarg-
ing equal to 2000× show the impact of the acid 
activation on the clay AL4. This is the most af-
fected with the smallest size grains are pre-
sented in Figure 4. 

Nitrogen adsorption-desorption isotherms 
before and after acid activation of starting clay 
are shown in Figure 5. The curves are of type 
II of BDDT classification [32]. The starting clay 
and the acid activated clays clearly present H3 
hysteresis type, by identification with the clas-

Concentration of the activating acid HCl (mol.L-1)  3 M 
Time of acid activation (hour) 2 6  2 6 

Catalyst clay AL1 AL2  AL3 AL4 
Amount of octahedron sheet or layer destroy(%) 4.2 4.7  34.5 61 

0.5 M  

Table 2. Octahedron sheet destroy after acid activation of starting clay ALC  

Figure 2. X-ray diffractograms of starting clay 
ALC and its acid activated clays AL1, AL2, 
AL3, AL4   

Figure 3. FT-IR spectra of starting clay ALC 
and its acid activated clays AL1, AL2, AL3, 
AL4  
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sification of the UIPAC [33]. Figure 6 shows 
the textural parameters of surface for activated 
and non-activated clay. An imported increase is 
observed in the specific surface area SBET and 
the external surface SExt under the effect the 

acid  activation. A maximum of SBET (233 m2/g) 
and SExt (214 m2/g) are reached for AL3 (Table 
4). A slight increase is observed of the total 
specific surface area with a maximum reached 
(35 m2/g) for AL2. The cation exchange capaci-
ties (CEC) decrease after modification by indi-
cating the impact of the activation of the acid 
on cations interlayer (Table 4). 

 
3.2 Catalytic Performance Studies 

The spectra analysis of 1HNMR and 
13CNMR shown that the condensation of glyc-
erol 1 with acetone 2 catalyzed by the starting 
clay ALC gives no product whatever the time of 
contact and there is only one product of the re-
action of acetalization of glycerol 1 with ace-
tone 2 catalyzed by acid activated clays AL1, 
AL2, AL3 and AL4. It interesting to notice that 

Concentration of the activating acid HCl (mol.L-1)  3 M 
Time of acid activation (hour) 2 6  2 6 

Catalyst clay AL1 AL2  AL3 AL4 

Amount of extracted of Al2O3 (%) 1.94 1.34  26.50 54.53 

Amount of extracted of Fe2O3 (%) 8.32 16.26  55.25 71.47 

Amount of extracted of MgO (%) 15.73 20.14  63.64 89.69 

0.5 M  

Table 3. Amount (%) of extracted oxides of iron, magnesium and aluminium from the clay after acid 
activation of starting clay ALC  

Figure 4. Images MEB of deferent's clays catalyst the starting ALC and its acid activated clays AL1, 
AL2, AL3, AL4  
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AL3 

ALC 
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the same results were obtained with complete 
selectivity of solketal 3 [9,17-19] (Scheme 2). 
Figure 7 presents four spectra of NMR 13C. the 
spectrum (a) present a spectra of NMR 13C with 
chemicals shifts carbons of the reagents of glyc-
erol 1; δ=71.569 ppm (CH2-CH(OH)-CH2), 
δ=62.344 ppm and 62.132 ppm (2(CH2-OH)) 
and acetone 2; δ=29.8 ppm (CO(CH3)2), 
δ=205.96 ppm (C=O) and the only product 
called solketal 3; δ=108.43 ppm (O-C-O), δ=75.6 
ppm (O-CH-CH2-OH), δ=65.4 ppm (CH-CH2-O), 
δ=63.175 ppm (HO-CH2-CH), δ=25.91 ppm    

(C-CtransH3) and δ=24.5 ppm (C-CcisH3). The 
peaks 77.13 ppm, 76.71 ppm and 76.66 ppm in 
NMR 13C spectra are the chemical shifts of the 
deuterated solvent CDCl3 of NMR analysis, 
spectra (b) of the pure (2,2-dimethyl-1,3-
dioxolan-4-yl)-methanol, spectra (c) of the pure 
glycerol and (d) spectra of the pure acetone. 
Figure 8 presents four NMR 1H Spectra; (e) 
spectra of acetalization reaction with chemicals 
shifts protons of reagents glycerol 1; δ=4.49 
ppm (HO-CH2-CH(OH)-CH2-OH), δ=3.17 ppm 
(CH2-CH(OH)-CH2) δ=3.00 ppm (CH2-CH(OH)-
CH2), acetone 2; δ=1.97 ppm (CO(CH3)2) and 
the product (2,2-dimethyl-1,3-dioxolan-4-yl)-
methanol called solketal 3; δ=4 ppm (O-CH-
CH2-OH), δ=3.42 ppm (O-CH-CH2-OH), δ=2.47 
ppm (O-CH-CH2-OH), δ=3.82 ppm (O-
HcisCHtrans-CH-), δ=3.56 ppm (O-HcisCHtrans-
CH-), δ=1.17 ppm (CH3)2, (f) spectra of the pure 
(2,2-dimethyl-1,3-dioxolan-4-yl)-methanol, (g) 
spectra of the pure glycerol, (h) spectra of the 
pure acetone. However, other works have 
shown that this acetalization reaction results 
in a mixture of two products, the solketal mole-
cule (2,2-dimethyl-1,3-dioxolan-4-yl)-methanol, 
a five membered ring and the 2,2-dimethyl-1,3-
dioxan-5-ol, a six membered ring [14,15] 
(Scheme 1).  

Catalysts ALC AL1 AL2 AL3 AL4 

SBET (m2/g) 7 79 157 233 197 

SExter (m2/g) - 52 122 214 167 

St- (m2/g) 7 27 35 19 29 

CEC 
(meq/100g) 

70 48 39 36 21 

Scheme 2. Acetalization of glycerol 1 with acetone 2 catalized by maghnite-H+ clays  

 

Figure 5. Nitrogen adsorption-desorption iso-
therms of starting clay ALC and its acid acti-
vated clays AL1, AL2, AL3, AL4  

Figure 6. Evolution of Surfaces area 
BET(SBET), Total specific surface area (St) and 
External specific surface (SExter) of starting clay 
ALC and its acid activated clays AL1, AL2, 
AL3, AL4  
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Table 4. Results of surfaces area BET (SBET), 
Total specific surface area (St), External spe-
cific surface (SExter) and cation exchange capaci-
ties (CEC) of starting clay ALC and its acid  
activated clays AL1, AL2, AL3, AL4  
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The yield (%) of produced solketal, conver-
sion (%) of glycerol of the reaction is calculated 
with Equations (3) and (4). 

 
 (3) 

      
           

                        (4) 
 
The acid activation with 0.5 M of HCl is now 

better than the acid activation with 3 M of HCl. 
Figure 9 presents the evolution of yield of 
solketal 3 with different solid heterogeneous 
catalysts as a function of time at a temperature 

of 40 °C, 0.1 g of catalyst and molar ration 1:4 
Glycerol:Acetone. Figure 10 shows also the re-
sults of the conversion of the glycerol whose 
maximum conversion is 89 % with the acti-
vated clay AL1 after 3 h of reaction time. The 
conversion of glycerol 1 decreases with the 
longest reaction time for all acid activated 
clays AL1, AL2, AL3, and AL4. Figure 11 
shows the difference in the catalytic perform-
ance of these last five Algerian clays at the 
temperature of 40 °C and 48 h reaction time. 
This catalytic activity which reaches 95% of 
production yield of the solketal 3 catalyzed by 
AL1 and which decreases according to condi-
tions of preparation of the acid activated clays 
with hydrochloric acid 86 %, 67 %, and 54 %, 
respectively AL2, AL3 and AL4 and no reaction 
with ALC. 

Figure 7.  NMR 13C Spectra ; (a) of acetalization reaction of reagents glycerol 1, acetone 2 and the 
product (2,2-dimethyl-1,3-dioxolan-4-yl)-methanol called solketal 3, (b) spectra of the pure (2,2-
dimethyl-1,3-dioxolan-4-yl)-methanol, (c) spectra of the pure glycerol, (d) spectra of the pure acetone  
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3.3 Reaction Mechanism 

Several experimental works are proposing 
different mechanisms for the acetalization re-
action of glycerol 1 with acetone 2 [17], but do 
not explain the high selectivity of production of 
the 5-membered heterocycle 3. In this study a 
new mechanism is proposed in order to explain 
the selectivity of synthesis of the solketal 3 in 
the acetalization reaction in the presence of 

heterogeneous catalysts (Scheme 3). The theo-
retical study on the selectivity of the solketal 
product with a 5-atom ring for the same 
acetalization reaction of glycerol with acetone 
using benzensulfonic acid supported as a solid 
catalyst [34], supports the proposed mecha-
nism with the following important steps: 

Step 1; the interaction reaction of the two 
reagents glycerol 1 and acetone 2 on the sur-
face of the catalyst. 

Figure 8.  NMR 1H Spectra ; (e) of acetalization reaction of reagents glycerol 1, acetone 2 and the 
product (2,2-dimethyl-1,3-dioxolan-4-yl)-methanol called solketal 3, (f) spectra of the pure                 
(2,2-dimethyl-1,3-dioxolan-4-yl)-methanol, (g) spectra of the pure glycerol, (h) spectra of the pure ace-
tone  
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Step 2; the reaction between these two re-
agents 1 and 2 on the surface of the catalyst to 
form the hemi-acetal and the cyclization reac-
tion by an SN2 nucleophilic substitution mecha-
nism with the oxygen closest to the second 
glycerol 1 reagent, which promotes the forma-
tion of the 5-membered ring the solketal and 
water. 

Step 3; the formation of solketal 3 and de-
parture of water. 

 
4. Conclusions 

The results of the physicochemical charac-
terizations of the catalyst show that the longer 
the activation time and the higher the HCl con-
centration, the clay loses its structural mor-
phology is converged to an amorphous state by 
dissolution of aluminum, iron and magnesium 
form the octahedron sheet. In the same con-
text, it was observed that the activity of the 

Scheme 3. Mechanism proposed for acetalization reaction of glycerol 1 with acetone 2 into solketal 3  
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Figure 11. Yield of acetalization of glycerol 1 
with acetone 2 for different catalysts ALC, 
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0 5 10 15 20 25 30 35 40 45 50
0

20

40

60

80

100

C
on

ve
rt

io
n 

of
 g

ly
ce

ro
l(

%
)

time (h)

 AL1
 AL2
 AL3
 AL4

0

20

40

60

80

100

Starting clay ALC and acid activated  clays AL1,AL2, AL3 and AL4

Yi
el

d 
(%

)

 ALC
 AL4
 AL3
 AL2
 AL1

ALC AL4 AL3 AL2 AL1

Figure 9. Yield of production of solketal 3 dif-
ferent catalysts ALC, AL1, AL2, AL3 and AL4 
as a function of time at T = 40 °C, 0.1 g of cata-
lyst and molar ration 1:4 Glycerol : Acetone  

0 10 20 30 40 50
0

20

40

60

80

100

Y
ie

ld
 (

%
)

time(h)

 ALC
 AL1
 AL2
 AL3
 AL4



 

Bulletin of Chemical Reaction Engineering & Catalysis, 14 (1), 2019, 140 

Copyright © 2019, BCREC, ISSN 1978-2993 

catalysts decreases in the series AL1 ˃ AL2 ˃ 
AL3 ˃ AL4 with the destroy of the octahedron 
sheet of the catalyst clay sunder the effect of 
the acid activation. 

The acid activated clays showed a high cata-
lytic activity for the reaction of acetalization of 
acetone with glycerol, solvent-free, under auto-
genous pressure with a full selectivity respect 
to the desired product solketal with yield 
reached 95 % and glycerol conversion reaching 
up to 89 %. The mechanism proposed in this 
study gives an approach on the interaction be-
tween the reagents and the acid activated clay 
and shows the role of the catalytic surface in 
the selectivity of solketal production. Therefore, 
the acid activated clays of Maghnite were effi-
cient and an environmentally friendly alterna-
tive route for the conversion of glycerol to 
solketal and other useful for the future biomass 
utilization. 
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