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Abstract−Four types of semiconductors were used as photocatalyst to convert glycerol to other value added com-
pounds at identical testing condition in the presence of H2O2 as the electron acceptor. The results demonstrated that
the band gap energy affected the photocatalytic activity of glycerol than the crystallite size and textural property of the
utilized photocatalyst. The SiC, Bi2O3 and ZnO achieved almost complete glycerol conversion at 8 h of reaction time,
which was significantly higher than that of TiO2. Similar types of products, including dihydroxyacetone, glyceralde-
hyde, glyceric acid, glycolic acid and formic acid, were generated via all explored photocatalysts. Interestingly, one addi-
tional compound known as glyoxylic acid, an important intermediate of organic chemicals, used in medicine, spices,
pesticides, paint, paper and food, was produced via Bi2O3. The reaction mechanism and the pathways of photocatalytic
conversion of glycerol via Bi2O3 were proposed. Finally, the reusability of Bi2O3 photocatalyst was explored.
Keywords: Glycerol Conversion, Photocatalyst, Bismuth Oxide, Glyoxylic Acid, Photocatalytic

INTRODUCTION

The photocatalytic process is based on the absorption of an ade-
quate portion of irradiated light by a catalyst or substrate, result-
ing in the transfer of electrons from the valence band (VB) to the
conduction band (CB), leaving the photogenerated hole (h+) with
oxidation properties in the VB and photogenerated electron (e−)
with reduction properties in the CB [1,2]. The photogenerated e−
can react with O2 to produce the anion radicals O2

•−, while the h+

can react with H2O to form OH• radicals. Both generated species
exhibit high oxidizing and reducing power, so are able to decom-
pose or convert the organic molecules to the other molecules. Thus,
the photocatalytic process is currently adopted in a wide range of
applications such as disinfection in both gas and water matrices
[3-5], wastewater treatment [6-9] and H2 production by water split-
ting [10-13], as well as the conversion of biomass, waste or indus-
trial by-products to value added compounds [14-18]. Among these,
the use of photocatalytic process to convert biomass/waste or by-
product from industrial process to high value added compounds
is more interesting for sustainable development. In this context, glyc-
erol is of interest because it contains three hydroxyl (-OH) groups,
and is more reactive to convert to high value bio-based compounds.

In addition, a large production rate of glycerol occurs because it is a
by-product of biodiesel production. By 2018, it was expected that the
biodiesel production would grow to 1.48 billion liters [19], resulting
in the generation of glycerol as by-product at least 0.148 billion liters.

The photocatalytic process thus should be applied for glycerol
conversion to value added compounds by TiO2-based photocatalyst.
The photocatalytic oxidation of glycerol by the home-made TiO2 in
the anatase, rutile or anatase-rutile polymorphic phases provided at
least five chemical substances including 1,3-dihydroxyacetone (DHA),
glyceraldehyde (GCD), formic acid (FMA) and carbon dioxide (CO2)
together with two unidentified products having molecular weights
higher than that of glycerol, found as peaks at m/z 176 and m/z
268 of ESI-MS spectra [20]. The glycerol oxidation over TiO2 pho-
tocatalyst in the presence of O2 as electron acceptor gave CO2 and
the chemical reaction rate increased markedly in the presence of
noble metal crystallites (ex. Pt) [21]. The transformation of glycerol
to the other chemicals involved many steps, including hydrogeno-
lysis to propylene glycol, dehydration to GCD, dehydration/dehy-
drogenation/decarbonylation to the formation of various reaction
intermediates (e.g., glycoaldehyde, 2-oxopropanol, acetaldehyde, ace-
tone, ethanol and methanol as well as CO2). By using Merck TiO2,
the GCD and DHA were mainly observed as the main products,
while the major products catalyzed by Degussa P25 were GCD and
formaldehyde (FMD). The dissimilarity of major products between
different TiO2 specimens was principally due to the different surface
morphology [22]. Also, different facets of TiO2 loaded on different
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metal nanoparticles (e.g., Rh, Ru, Cu, Ni, Pt, Pd, and Au) provided
different product selectivity [23]. Glycerol could be converted with
high selectivity to hydroxyacetaldehyde (HAA) at about 90% on
the rutile TiO2, which have a high percentage of (110) facets, while
anatase TiO2 with dominant (101) or (001) facets provided an HAA
selectivity of less than 50% and 20%, respectively. With this method,
the conversion of glycerol was significantly enhanced, and the yield
of hydrogen production was also greatly increased in the presence
of co-catalyst. The glycerol conversion in the presence of H2O2 via
the commercial anatase TiO2 powder could proceed by both h+-
mediate and radical-mediated routes, but the radical-mediated route
was dominant [16]. The use of H2O2 and O2 as the electron acceptor
enhanced the generation of both OH• radicals and 1O2 in different
concentrations [24]. More glycerol conversion could be achieved
in the presence of H2O2 than O2, but the type of generated value
added compounds depended on the concentration of the gener-
ated reactivity oxidizing species (ROS), not the type of ROS.

Besides TiO2-based photocatalyst, the photooxidation of crude
glycerol using TiSi2 under solar light and mild condition (60 oC and
1 atm) using in situ oxygen as oxidant showed 100% selectivity
toward glyceric acid (GCA) in batch reaction [25]. H2 and O2 were
also obtained in this system because the glycerol presented in the
solution helped the water splitting reaction of TiSi2. The glycerol was
selectively oxidized to DHA with 91% selectivity at 96% conversion
under visible light irradiation over Bi2WO6 [26]. The presence of
O2 was believed as a prime oxidant in selective oxidation of glyc-
erol. The main ROS for selective oxidation of glycerol to DHA were
the photogenerated h+ and O2

•− radicals, which were generated from
the band gap excitation upon visible light irradiation. The photoo-
xidation of glycerol by Na4W10O32 entrapped in a silica matrix favored
to produce GCD and DHA with small partial degradation and
selectivity of the substrate to CO2 [27]. This is because silica surface
can achieve alcohol adsorption, resulting in an improvement of the
alcohol local concentration and then favor its reaction with photo-
generated OH• radicals to form the both mentioned products with
the CO2 formation. The photocatalytic glycerol conversion via ZnO
photocatalyst provided two principal chemicals, including GCD
and DHA. The glycerol conversion and yield of both chemicals in-
creased with increasing catalyst concentration, initial pH and reac-
tion time [28]. The initial pH was the most significant parameter
for glycerol conversion, while the temperature affected the selectiv-
ity of both GCD and DHA. In comparison with TiO2, ZnO yielded
about 16-times GCD and 2.5-times DHA higher than that of TiO2,
but TiO2 generated a greater variety of products, such as FMD and
GCAD obtained from the cleavage of the glycerol molecule [29]. In
this study, the photocatalytic activity of glycerol conversion by four
commercial photocatalysts including TiO2, SiC, Bi2O3 and ZnO was
compared. The product selectivity via each catalyst was explored
and finally the mechanism of glycerol conversion by the selected
Bi2O3 photocatalyst was proposed.

EXPERIMENTAL

1. Photocatalyst and Characterization
The photocatalytic activity for glycerol conversion to value added

compounds was tested with three types of semiconductors, includ-

ing SiC (Sigma-Aldrich), Bi2O3 (99.9%, Sigma-Aldrich) and ZnO
(Sigma-Aldrich) and benchmarked with the conventionally used
photocatalyst (TiO2, Sigma-Aldrich). All the photocatalysts were
dried at 105 oC for 30 min to eliminate free moisture. The diffuse
reflectance spectra were measured by UV-visible near infrared spec-
trometry (UV-Vis; Perkin Elmer, Lambda 950) within a wavelength
of 320-720 nm. The density of the state of the valence band was
recorded using X-ray photoelectron spectroscopy (XPS; Axis Supra,
Kratos UK) with a Delay Line detector (DLD) and a monochro-
matic Al Kα (hν=1,486.6 eV) source. Accurate binding energies
(±0.1 eV) were established with respect to the position of the adven-
titious carbon C1s peak at 284.8 eV. Their crystallite structure was
analyzed by the X-ray diffraction (XRD) using a D8 Discover-Bruker
AXS X-ray diffractometer equipped with CuKα operated at 40
mA and 40 kV. The textural properties including BET surface area
and pore size/volume of all commercial photocatalysts were char-
acterized by the Autosorb-1 (Quantachrome).
2. Photocatalytic Activity Test

The photocatalytic activity of all commercial photocatalysts was
experimented in a cylindrical glass reactor having total volume of
250 mL. In each experiment, approximately 0.3 g of the employed
photocatalyst was dispersed in the 100mL of 0.3M glycerol (C3H8O3,
99.5% QRec). The solution was agitated continuously by a magnetic
stirrer at 400rpm for 30min to provide a good dispersion and equi-
librium adsorption of C3H8O3 on the photocatalyst surface. Then,
approximately 15.32 mL of 30 wt% H2O2 was added into the glyc-
erol solution before starting the chemical reaction. Afterward, the
system was irradiated with UV light (120 W, 100-600 nm) at the
light intensity of 5.93 mW/cm2 for 8 h. As the experiment advanced,
2 mL samples were sampled and centrifuged to separate the solid
catalyst from the liquid sample.

The quantitative analysis of glycerol and generated chemical spe-
cies was characterized by high performance liquid chromatogra-
phy (HPLC) with an RID-10A refractive index detector (Shimadzu).
The stationary phase was aminex HPX-87H ion exclusion (300
mm×7.8 mm), and the mobile phase was an acetonitrile-water
solution (70 : 30 V/V) with 5 mM H2SO4 at a constant flow rate of
0.4 mL/min standard solutions of glycerol and expected major prod-
uct compounds including DHA (C3H6O3, Sigma Aldrich), GCD
(C3H6O3, Sigma Aldrich), GCA (C3H6O4, Sigma Aldrich), glycolic
acid (C2H4O3, GCOA, Sigma Aldrich), glyoxylic acid (C2H2O3, GOX,
Sigma Aldrich) and formic acid (C2H4O3, FMA, Sigma Aldrich)
were used to define the relationship between the peak area and
concentration [16]. The glycerol conversion (X) and product selec-
tivity (S) obtained from the reaction were computed, respectively,
according to Eqs. (1) and (2):

(1)

(2)

RESULTS AND DISCUSSION

1. Property of Photocatalysts
The light absorption capability of all photocatalysts is exhibited

XGLY %( ) = 
amount of glycerol converted

Total amount of glycerol in reactant
-------------------------------------------------------------------------------------- 100%×

S %( ) = 
amount of desired product j formed

amount of all products formed
-------------------------------------------------------------------------------------- 100%×
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in Fig. 1(a). It was obviously revealed that both TiO2 and ZnO
exhibited the absorption capability under the UV light region (λ<
380 nm) and dropped drastically to a zero value under the visible
light region (λ>380 nm), suggesting their visible light inactivity. The

Fig. 1. (a) UV-visible spectra and (b) the depended of (αhν)1/n on
photon energy of the selected photocatalysts.

Table 1. Property of selected photocatalysts

Photocatalyst Band gap
energy (eV)

Crystallite
size (nm)

Textural property

BET surface
area (m2/g)

Pore volume (cm3/g) Average pore
size (oA)Micropore volume Mesopore volume

TiO2 3.18 50.89 15.95 0.0164 0.0558 123.0
SiC 2.62 52.15 13.46 0.0126 0.0290 065.7
Bi2O3 2.82 72.62 03.15 0.0027 0.0065 061.5
ZnO 3.23 31.54 17.69 0.0189 0.0589 129.0

Fig. 2. Valence band spectra of the selected photocatalysts.

Bi2O3 photocatalyst exhibited absorption ability for both UV light
and short-wavelength visible light (380<λ<420) regions. However,
the absorption spectrum of SiC was still detected in both UV- and
visible light regions, suggesting its ability to absorb both UV- and
visible light. The band gap energy of all commercial photocatalysts
was estimated from the Tauc’s plot, the plot of (αhν)1/n. Typically,
the transitions dominate the basic absorption processes, giving either
n=1/2 or n=2, for direct and indirect transitions, respectively. Thus,
n is 2 for TiO2 and SiC and n=1/2 for ZnO and Bi2O3 [30-33] and
hν of the linear portion of the fundamental absorption edge of the
UV-Vis spectra (Fig. 1(b)) [34]. As summarized in Table 1, the band
gap values of TiO2≈ZnO>Bi2O3>SiC.

To explore the electron density state of the valence band of the
photocatalysts, the valence band XPS was evaluated. The TiO2, SiC,
Bi2O3 and ZnO photocatalyst powders showed a typical valence
band with the edge of the maximum energy at around 2.23, 1.63,
1.75 and 2.59 eV, respectively (Fig. 2), consistent with the previous
works [35-38]. However, the band gap energies of TiO2, SiC, Bi2O3

and ZnO were 3.18, 2.62, 2.82 and 3.23 eV, suggesting that the
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minimum conduction band would occur at −0.95, −0.99, −1.07 and
−0.64eV, respectively. As shown in Scheme 1, the tops of the valence
bands of the semiconductors were positioned more positively than
the oxidation potential of the oxygen molecule that could be fur-
ther oxidized to form anion radical O2

•−. However, only the top of
the valence band of ZnO was positioned more positively than the
oxidation potential of the water molecule that could be oxidized to
form OH• radicals. This suggested that the O2

•− radicals could be
generated in all investigated photocatalysts, while the OH• radicals
could be formed only in the presence of ZnO photocatalyst.

The crystal structures of all photocatalysts were analyzed as shown
in Fig. 3. The XRD spectra of TiO2 exhibited the peaks of anatase
phase at 2θ position of 25.38o and 48.12o, corresponding to the crys-
tal planes of (101) and (200), respectively [39]. The characteristic
peaks of SiC powder were well exhibited for the scan angles of
34.12o, 35.68o, 38.15o, 41.41o and 60.07o, corresponding to the hex-
agonal polytype SiC (101), (102), (103), (104) and (110), respec-
tively [40]. The main characteristic peaks observed from the XRD
spectra of Bi2O3 at 2θ of 25.49o, 26.96o, 27.43o, 33.29o and 46.36o

were consistent with α monoclinic phase of Bi2O3 (002), (111),
(120), (200), (041) lattice planes, respectively [41]. The XRD spectra
of ZnO showed the main peaks at the scan angle of 34.17o, 34.40o,
36.22o, 47.47o, 56.55o, 62.83o and 67.94o, assigned to the wurtzite

Fig. 3. Representative XRD patterns of the selected photocatalysts.

Fig. 4. (a) Pore size distribution curves and (b) a magnified pore size
distribution of the selected photocatalysts.

Fig. 5. Representative textural property of the selected photocatalysts.

Scheme 1. Energy band positions of the photocatalysts and their band gap energies.

phase of ZnO (100), (002), (101), (102), (110), (103) and (112),
respectively [42]. The average grain size of all commercial photo-
catalyst nanoparticles was estimated from the XRD line broaden-
ing measurement using Scherrer’s equation at the crystallite planes
of TiO2(101), SiC(102), Bi2O3(120) and ZnO(101) and summa-
rized in Table 1. The crystallite size of utilized photocatalysts was
ranked as the order of Bi2O3>SiC>TiO2>ZnO. Regarding the tex-
tural properties of all photocatalysts, as shown in Fig. 4, all investi-
gated photocatalysts revealed the features of multi-modal porous
structures and absence of macropores (>50 nm). As demonstrated
in Fig. 5 and Table 1, the BET surface area, pore size, micropore
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and mesopore volume of all photocatalysts provided a consistent
trend, which can be ranked as the order of ZnO>TiO2>SiC>Bi2O3.
2. Photocatalytic Activity Test

The photocatalytic activity of all utilized photocatalysts was found
through glycerol conversion to value added compounds. As dis-
played in Fig. 6, the conversion of glycerol increased with the in-
creasing reaction time at identical testing condition of photocata-
lyst dosage of 3 g/L, light intensity of 5.93 mW/cm2 and reaction
time of 8 h, which can be ranked in the order of ZnO>Bi2O3≈

SiC>TiO2. The different photocatalytic activity for glycerol conver-
sion in the presence of each photocatalyst might be attributed to
their differential morphology as well as optical property. As reported
elsewhere, photocatalysts with low band gap energy are capable of
absorbing visible light higher than those with high band gap energy
because it requires low energy to excite the electron from VB to
CB [43,44]. In addition, it is believed that the photocatalyst with
small crystallite size usually exhibits a large surface area, which can
improve the photocatalytic activity by an increasing in the amount
of reactant adsorption site. Besides, a small crystallite photocata-
lyst can promote the fast transport of photogenerated e− and h+

from the bulk to the surface [45,46], which consequently extends
the e−-h+ pair life. Also, to achieve a redox reaction, the bottoms of
the conduction bands must be located at a more negative poten-
tial than the reduction potential of the chemical species that will
be reduced, while the tops of the valence bands must be positioned
more positively than the oxidation potential of the chemical species
that will be oxidized [47]. In this study, TiO2 exhibited the lowest
photocatalytic activity for glycerol conversion, probably due to its
high band gap energy (3.18 eV) and large crystallite size (50.89 nm).
Although the Bi2O3 had high crystallite size and low textural prop-
erty in comparison with SiC, it displayed the photocatalytic activ-
ity for glycerol conversion close to that of SiC, probably attributed
to their close band gap energy. Moreover, only the top of the valence
band of ZnO was positioned more positively than the oxidation
potential of the water molecule that could be oxidized to form OH•

which could oxidize the glycerol molecule and provide the high-
est photocatalytic activity for glycerol conversion. However, the
H2O2 can break down to form OH• radicals when it absorbs UV
light and makes other photocatalyst systems also have OH• radi-
cals to oxidize glycerol [48]. This suggests that the band gap energy
and valence band position affected the photocatalytic activity of

glycerol conversion than the crystallite size and textural property.
For ZnO, interestingly, although it had the highest band gap energy
(3.23 eV) it exhibited a rapid increased rate of glycerol conversion
after 3 h in comparison with other photocatalysts. This is attributed
to the dissolution of ZnO particles in acidic aqueous solutions in
the glycerol solution along the reaction [49], resulting in the pro-
cess of glycerol conversion as the homogeneous chemical reaction.

With regard to the type of detectable generated compounds, as
shown in Fig. 7, the photocatalytic conversion of glycerol by TiO2,
SiC and ZnO provided a similar type of generated product, includ-
ing DHA, GCD, GCA, GCOA and FMA. The product selectivity
was more pronounced for GCOA for all mentioned photocatalysts.
The mechanism of glycerol conversion to DHA, GCD, GCA, GCOA
and FMA by photocatalytic oxidation in the presence of H2O2 has
already been proposed [16,50]. When the UV light irradiates the
system, the electron will be excited from the VB to CB leaving the
photogenerated h+, which are able to attach the H2O2 to form the
OH• and O2

•− radicals [24]. Meanwhile, the H2O2 molecule can

Fig. 6. Glycerol conversion as a function of time in the presence of
the photocatalysts.

Fig. 7. Selectivity of generated compounds from glycerol conver-
sion in the presence of the photocatalysts with light intensity
of 5.93mW/cm2 and photocatalyst dosage of 3g/L in the pres-
ence of H2O2 as electron acceptor.
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break down to OH• radicals [48,51]. Both O2
•− and OH• radicals are

recognized as strong oxidizing agent that are able to attach the 1o and
2o carbon atoms of glycerol molecule to form GCD or DHA, respec-
tively. They can further oxidize the generated GCD to form GCA as
well as break down the C-C bond of GCA to form GCOA [52,53].

For Bi2O3 photocatalyst, besides all mentioned five generated
compounds, one more product named GOX was more pronounced
up to the selectivity of 53.3% at the second hour of reaction time.
This chemical, which is the simplest aldehyde acid, is an interme-
diate of organic chemicals, used in spices, pesticides, medicine, paper,
food additives, paint and others [54]. Previously, it was reported
that the GOX can be obtained from the selective oxidation of the
primary -OH groups of glycerol to form -CHO, yielding GCD as
intermediates. The generated -CHO group is very reactive which
is readily selectively oxidized to GCA. The generated GCA can fur-
ther oxidize to tartronic acid and then to GCOA and GOX in a
separate route [55]. However, another different mechanism was
also proposed that the GCA was directly converted to GCOA and
then to GOX, respectively, depending on the reaction conditions
and the catalyst properties [56]. In this study, tartronic acid was
not generated and the generation of GOX was more pronounced
at early reaction period and abated at the end. This suggested that
the GOX might be not specifically obtained from the oxidation of
GCOA via Bi2O3 photocatalyst.

To explore the route of GOX formation, all generated com-
pounds, including DHA, GCD, GCA, GCOA and GOX, were used
as the initial chemical substances and subjected to the photocata-
lytic reaction via Bi2O3 at the dosage of 3 g/L and light intensity of
5.93 mW/cm2 in the presence of H2O2. As shown in Table 2, DHA
converted to a huge quantity of GCOA and GOX with a trace of
FMA, but not to GCD. Likewise, GCD converted to large amount
of GOX and low amount of GCA, GOX and FMA, but not to
DHA. This suggests that the delocalization of the -CHO group from
1o-C to 2o-C of the intermediate C3 molecule was not achieved for
the photocatalytic oxidation of glycerol via Bi2O3 photocatalyst, not
similar to that of TiO2 [17]. GCA principally converted to GOX
and GCOA and a trace of FMA, while both GCOA and GOX
converted to specifically to FMA.

The reaction mechanisms of glycerol conversion to DHA and
GCD, DHA to GCOA, GCD to GCA and GCA to GCOA were
already drawn previously. Briefly, HO• radicals can readily attach
the 1o-C and 2o-C atom of glycerol to form GCD and DHA, respec-
tively. The generated GCD can be further oxidized via the HO• radi-
cals to GCA and the DHA can be oxidized to GCOA. An excess

HO• radical can also attach and cleave the C-C bond of GCA, result-
ing in the formation of GCOA and FMA [16]. Thus, the reaction
mechanism of the GOX generation from glycerol, DHA, GCD,
GCA was proposed as the following. Because, the selectivity of GOX
was more pronounced at the second hour of the photocatalytic
oxidation of glycerol via Bi2O3. It was speculated that the glycerol
might be directly transformed to GOX. In that case, an excess OH•

radical and O2 were sequentially attached the 1o-C atom of glyc-
erol, leading to the cleavage of the C-C bond, resulting in the for-
mation of GOX according to Eqs. (3)-(9).

(3)

(4)

(5)

(6)

(7)

(8)

(9)

By using DHA as the initial chemical, the 1o-C atom of DHA
was attached from the HO• radicals and free O2 leading to the loss
of two H atoms yielding the hydroxypyruvaldehyde (C3H4O3) as
intermediate compound (Eqs. (10)-(12)). This intermediate species
was readily attached by an excess HO• radicals resulting in the
cleavage of its C-C bond to form GOX and methanediol (CH4O2)
(Eqs. (13)-(14)). Both hydroxypyruvaldehyde and methanediol were
not detected in the HPLC analysis, probably caused by the limita-

Table 2. Photocatalytic catalytic conversions of glycerol, DHA, GCD, GCA, GCOA and GOX towards the known products for 2 h

Raw
chemicals

Conversion
(%)

C-balance
(%)

Selectivity (%)
DHA GCD GCA GCOA GOX FMA

GLY 056.3 98.1 10.9 17.2 1.67 13.2 53.3 003.70
DHA 100.0 92.6 - 45.3 48.4 006.3
GCD 100.0 98.0 2.80 13.8 75.7 007.8
GCA 089.3 77.0 - 22.2 68.1 009.7
GCOA 066.7 64.8 - - - 100.
GOX 011.2 96.6 - - - 100.
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tions of the utilized column. The carbon balance (C-balance) calcu-
lated as the percentage of carbon accounted for the desired liquid
products attained more than 92%, indicating that less than 8% of
carbon was converted to undetectable products.

(10)

(11)

(12)

(13)

(14)

For GCD, both HO• radicals and free O2, respectively, attached
the 2o-C atom to form an intermediate C3H4O3 species (Eqs. (15)-
(17)), which then reacted with and excess HO• radicals to form GOX
and CH4O2 as Eqs. (18)-(19). The carbon conversion was around
77%, indicating that approximately 23% of C atom in GCD mole-
cule converted to undetectable products such as CH4O2.

(15)

(16)

(17)

(18)

(19)

In case of GCA, its 2o-C atom was attached by the HO• radicals
and free O2 according to Eqs. (20)-(22) to form the C3H4O3 as inter-
mediate compound, which readily reacted with H2O molecule to
form GOX and CH4O2 as Eq. (23). A high carbon conversion of
up to 98% was obtained in this case.

(20)

(21)

(22)

(23)

According to the obtained results and literature, the pathway of
glycerol conversion as well as the product compounds by Bi2O3

photocatalysis in the presence of H2O2 is demonstrated in Scheme

Scheme 2. Proposed reaction pathways of photocatalytic conversion of glycerol via Bi2O3.
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2. GOX can be directly obtained from glycerol, DHA, GCD and
GCA.
3. Reusability of Bi2O3

Photocatalyst reusability in multiple photocatalytic cycles was per-
formed with the used Bi2O3 at loading of 3.0 g/L suspended in 100
mL of a 0.3M aqueous glycerol solution with an average light inten-
sity of 5.93 mW/cm2. Prior to the experiment, the employed pho-
tocatalyst was rinsed several times with distilled water and dried at
105 oC overnight. Fig. 8 illustrates glycerol conversion at various reus-
able cycles. As shown, only little change of glycerol conversion was
observed after four-fold reuse. This suggests that the Bi2O3 photo-
catalyst has high stability and is able to be reused at least four times.

CONCLUSION

The photocatalytic behavior of photocatalysts, including TiO2,
SiC, Bi2O3, ZnO, was tested comparatively for glycerol transforma-
tion to other value added compounds at atmospheric temperature
and pressure. TiO2 exhibited the lowest photocatalytic activity for
glycerol conversion in comparison with other explored photocata-
lysts due to its large crystallite size and high band gap energy. Bi2O3

had high crystallite size and low textural property in comparison
with SiC, but it displayed photocatalytic activity for glycerol con-
version close to that of SiC, due to their close band gap energy. The
ZnO exhibited a fast increased rate of glycerol conversion after 3 h
in comparison with other commercial photocatalysts, although it
had the highest band gap energy, attributed to the dissolution of
ZnO particles in the glycerol solution along the reaction. Similar
types of generated products, including DHA, GCD, GCA, GCOA
and FMA, were generated via all explored photocatalysts. Besides,
one additional compound known as GOX was produced via Bi2O3

photocatalyst, which was principally produced from the C-C cleav-
age of glycerol, DHA, GCD and GCA molecules. The Bi2O3 pho-
tocatalyst showed high stability and can be reused for at least four
cycles.
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