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ABSTRACT 

The multifunctional potential of a catalyst previously synthesised for thermal processes is explored 

by investigating its activity for photocatalytic production of H2 from glycerol, a by-product from the 

manufacture of bio-diesel. The studied catalyst contains TiO2 doped with Al2O3 that was derived 

from aluminum foil waste. This catalyst showed higher photocatalytic activity than the analogous 

catalyst prepared with a commercial Al2O3. Pt and Pd act as electron traps while the Al2O3 

demonstrated a promotional effect, partially through proton donation. Under optimum conditions, a 

steady-state of 4.2 millimole H2 gTiO2-1 hr-1 was produced, which is comparable to the 4.7 millimole 

H2 gTiO2-1 hr-1 obtained with Pt-TiO2, which is a standard photocatalytic material. It should be noted 

that the reported Pt/Pd/TiO2-ANFL catalyst has not yet been optimised and so this result is 

encouraging. It is hoped that these findings can inspire more sustainable and less expensive hydrogen 

production, including from biomass feedstocks such as glycerol. 
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Introduction 

 The deployment of cost-effective catalyst supports with low power technologies such as 

photocatalysis presents the potential to develop more favourable systems. Photocatalysis is a light-

induced chemical reaction during which electron-hole charge carriers are generated that are capable 

of undergoing redox reactions on the surface of an active material. Since the initial publication by 

Fujshima and Honda in 1972 [1], photocatalytic technology has been deployed over a diverse range 

of fields including water splitting [2] and reduction [3], CO2 reduction[4], water disinfection [5] 

and air purification [6]. Moreover, a number of novel photocatalytic materials have now been 

reported in the literature for each of these applications [7–13].  

 As an application, H2 production remains one of the most challenging yet promising domains of 

photocatalysis. Pure water splitting, however, is both thermodynamically unfavourable and limited 

by a number of stringent requirements. As such, the use of sacrificial electron donors (SEDs) which 

are irreversibly oxidised and thus improve recombination and suppress back reactions, present a 

more viable option. Previously reported SEDs include alcohols [14], oxalic acid [3] and acetic acid 

[15]. An issue with the majority of these compounds is their use in current industrial processes and 

commercial value, both of which cannot be offset with the potential H2 produced. As a result, focus 

has shifted to utilising alternative products such as cellulose [16,17] and glycerol [18]. As a 

feedstock, glycerol is an excellent choice as stoichiometrically it can generate a high yield of 

hydrogen and glycerol is a by-product (10% by volume) of biodiesel production and is generated 

in high volume with relatively low commercial value[19]. With the USA and Europe both 

producing 1.8 billion gallons of bio-diesel each year, this means there is a significant sustainable 

feedstock of glycerol available [19]. A number of publications have shown the potential of glycerol 

including Bowker et al. [18] who stated that H2 evolution from glycerol was four times greater over 

Pd-TiO2 than Au-TiO2. Estahbanati et al. [20] also reported on the optimum conditions they 

established for H2 to glycerol conversion: 50 % glycerol (v/v), 3.9 gL-1 catalyst, 3.1 % Pt and a pH 

of 4.5. Furthermore, Jiang et al. [21] identified the role of the co-catalyst Pt and its deposition route 

to be crucial for glycerol reforming. 

 Usually alumina supports are produced from bauxite ore, which is mined in countries such as 

West Africa, the West Indies and Australia. It causes massive environmental damage by generating 

considerable levels of waste such as tailings, red mud, emissions of perfluorocarbon and CO2 gases 

during the production process [22]. 

 The conversion of aluminium foil waste (AFW) into mesoporous γ-Al2O3 (catalyst/support) 

using a cost-effective green synthetic route is highly desirable. Recently, we reported an eco-



 

 

friendly and less expensive synthesis of mesoporous γ-Al2O3 from AFW where the produced 

mesoporous alumina catalyst (γ-Al2O3) had surface and bulk characteristics better than commercial 

alumina in relation to the surface structure [22,23]. A further additional benefit is that our alumina 

is generated from AFW, therefore reducing the need for landfill. 

 Presented here is the use of our previously reported AFW catalyst support [22,24] for the 

application of photocatalytic reforming of glycerol to H2. TiO2, Pd and Pt were loaded onto the 

AFW derived Al2O3 and used in conjunction with a propeller fluidised photo reactor (PFPR) [3] 

under low power UV irradiation. As a proof of concept study, the photocatalytic activity and 

stability of the material are reported.  

 

Experimental 

The AFW was collected from the laboratories in the David Keir building at Queen’s University Belfast. 

The chemicals used in the present study were all analytical grade and most were supplied by Aldrich, UK. 

These included glycerol, Al(NO3)3·9H2O, Pd(NO3)2.2H2O, ~40% Pd basis, Nano-powder TiO2, 99.7%, 

anhydrous aluminium chloride (AlCl3), nitric acid (≥65%), hydrochloric acid (≥37%), Hg(NO3)2 · H2O 

(≥99.99% trace metals basis), pyridine anhydrous (99.8%), AgNO3 (≥99.0%) and ammonia solution (35%). 

Pt(NH3)4(OH)2, assay 9.09% was obtained from Alfa Aesar. TiO2 P25 was supplied by Evonik Degussa.  

All gases (H2, He, Ar and N2) were obtained at 100% purity from BOC gases, UK. 

The preparation of AlCl3.6H2O and Al(NO3)3.9H2O single crystal 

The preparation method is described elsewhere1
. While the AFW was collected from our laboratory, any 

variance as a result of previous use can be negated through hydrothermal treatments. The AFW, in this 

case, was previously used for insulation of heat traced gas lines. The AFW was dissolved in acidic solutions, 

and then the solution was kept under a desiccator until different single crystallites formed. After the re-

crystallisation, a novel facile preparation route was followed to prepare the γ-Al2O3 via ammonia 

precipitation. The alumina support prepared from the AFW designated as ANFL. 

 

Preparation of modified ANFL 



 

 

 The preparation of a bimetallic Pd-Pt loaded on a dual component support (TiO2/ZSM-5(80)) 

has been described in previous work15.  This previous preparation was for alkane oxidation 

applications, and the same metal loadings were utilised in the current work. The catalysts were 

prepared using a wet impregnation method with the aid of sonication using a catalyst composition 

of 5% Pd+ 2% Pt + 17.5%TiO2 + 75.5% Al2O3 (ANFL). Pure ANFL support was placed in a vial 

and the mass of metal precursor solution or slurry, required to give 5 wt% palladium and 2 wt% 

platinum loading was added followed by TiO2 to give 17.5 wt% in deionised water. The mixture 

was sonicated at 80 °C, under a 45 kHz frequency for 3 hrs.  All mixtures were dried at 120 °C 

overnight in an oven before being calcined in air at 500 °C for 4 hrs with a heating ramp of 2 °C 

min-1. Finally, the produced catalysts were further washed with hot deionised water until no chlorine 

was detected using AgNO3. A benchmark catalyst was prepared using the same procedure 

mentioned above with a composition of 5% Pd+ 2% Pt + 17.5%TiO2 + 75.5% commercial alumina 

and was designated as commercial. 

 

Determination of Chlorine Content 

The chlorine content was measured using Oxygen Flask analysis by subjecting the sample to combustion 

in an oxygenated flask containing water, followed by shaking; in which chlorine dissolved in water forming 

HCl solution, the latter solution was titrated with 0.02 M Hg2NO3 to obtain the percentage of chlorine. 

There was no chlorine detected in the samples after preparation. 

 

Catalyst Characterisation 

Brunauer-Emmett-Teller (BET) analysis was performed using a Micromeritics ASAP 2020 system.  BET 

surface area and pore volume were measured by N2 adsorption and desorption isotherms at liquid nitrogen 

temperature (77.15 K). 



 

 

The acidity populations over the surface of catalysts were measured thermogravimetrically using the 

adsorption of pyridine as a probe molecule. Small portions (50 mg) of each sample were pre-heated at 

250 °C for 2 h in the air before the exposure to the probe molecule. 15-20 mg of pyridine–covered samples 

were subjected to TG analysis on heating up to 600 °C (at 20 °C min-1 heating rate) in dry N2 (flow rate = 

40 mL min-1). The mass loss due to desorption of pyridine from the acidic sites was determined as a function 

of total surface acidity as sites.g-1
cat. Determination of the concentration of Lewis and Brönsted acid sites 

on the pyridine-covered samples was performed using a Perkin Elmer-Spectrum 100 FT-IR spectrometer. 

Transmission electron microscope (TEM) characterisation was performed using a Philips Tecnai F20 ST 

with a high tension of 200 kV and point resolution of 0.24 nm. 

Photocatalysis Testing 

All photocatalytic experiments were conducted in the PFPR, the full details of which can be found 

elsewhere4. In a typical experiment, 100 mL of a predetermined concentration of glycerol feedstock 

(typically 1 M) was added to the reactor along with 0.75 g L-1 of catalyst and stirred at 250 rpm (2.5 dcV). 

The entire reactor system was sealed and purged with N2 at 150 mL min-1 for 20 min prior to any 

illumination. Upon completing purging, a sample was taken to confirm no O2 or H2 was present. The reactor 

propeller speed was then increased to 1200 rpm (5.5 dcV) and the illumination started.  



 

 

Illumination was provided by two compact fluorescent non-integrated lamps (Phillips), powered by a dual 

ballast (Tridonic). Each lamp had an electrical power of 36 W and peak wavelength of 355 nm. The lamps 

were positioned on either side of the PFPR at a distance of 5 mm from the annular glass body. The intensity 

of light at the quartz glass body of the PFPR was measured using a radiometer (UV-X) and was found to 

be 4.7 mW cm-2. An image of the PFPR under irradiation can be seen in Figure 1. 

 

Figure 1: Image of the PFPR under irradiation from two 36 W compact fluorescent lamps 

During the photocatalytic procedure, gas samples were taken periodically from the headspace of the PFPR 

and analysed by GC-TCD for the formation of H2. An Agilent Technologies 7280 A GC system was used 

coupled with a packed column (RESTEK, 2 mm ID) and a Thermal Conductivity Detector (TCD). The 

injector was operated at a temperature of 150 °C, pressure of 26.1 psi and a flow rate of 22.9 mL min-1. The 

flow rate in the column was 20 mL min-1 with an oven temperature of 50 °C, while the detector was 

maintained at 200 °C with a flow rate of 5 mL min-1. Ar was used as the carrier gas. The detection of H2 

was determined by comparison to a standard injection of pure H2, while quantification was determined from 

a calibration of known concentrations. 



 

 

Results and Discussion 

The photoactivity of the various materials tested for H2 evolution are shown in Figure 2. With a 

loading of TiO2 onto the surface of the Al2O3 support structures, it was expected all the materials 

would exhibit photoactivity under UV irradiation. In contrast, when TiO2 was not present, no 

photoactivity was observed for the support material on its own. In the absence of both Pt and Pd, a 

small amount of H2 was recorded with the rate increased significantly upon the addition of both co-

catalysts. This confirmed that Pt and Pd were likely acting as reaction centres and electron traps to 

facilitate the reduction of protons to H2. Additionally, in the absence of irradiation and glycerol, no 

H2 was detected which confirmed the process was photo-induced and H2 was evolving from the 

irreversible conversion of glycerol. 

 

Figure 2: photocatalytic reforming of glycerol to H2 over various catalysts as a function of 

irradiation time. H2 evolution over Pt/Pd/TiO2-ANFL (•), Pt/Pd/TiO2-commercial (•) and TiO2-

ANFL (•) 



 

 

 

 Figure 2 also highlights the impact of the support materials (ANFL and commercial alumina) on 

photocatalytic H2 evolution. As already shown, the support on its own was not photoactive, yet was 

evidently capable of affecting the photocatalytic activity. The characterisation of the catalysts 

(Table 1) revealed the catalysts derived from commercial alumina and ANFL have similar surface 

areas: 278 and 264 m2 g-1, respectively. Furthermore, the pore volumes were 0.35 and 0.5 cm3 g-1 

for commercial Al2O3 and ANFL catalysts, respectively. Despite having a lower surface area 

however, the ANFL catalyst interestingly showed up to 22 % higher photocatalytic activity than the 

catalyst prepared using commercial alumina (Figure 2). This may be in part due to the ANFL 

catalyst having lower mass transfer limitations due to the larger pore volume. In general, however, 

an increase in photocatalytic activity is primarily achieved through improving charge separation 

and the availability of acceptor and donor species on the catalyst surface. Typically, this involves 

the presence of OH- for the generation of the OH• at the valence band and a suitable electron 

scavenger (e.g. O2 or protons) at the conduction band.  

 

Table 1: Surface area (SBET (m2 g-1)) and pore volume (cm3 g-1) for acidic support derived from foil waste  

 

 a Total acidity = A x 1020. 

b Acid density = B x 1018. 

 
 

Catalyst 

SBET  

(m2 g-1) 

Pore volume 

(cm3 g-1) 

Total aciditya, 

A(sites g-1) 

Total acidityb, 

B(sites m-2) 

ANFL 264 0.5 8.13 3.1 

commercial 278 0.35 6.91 2.5 



 

 

 Interestingly, the characterisation of the support materials revealed the Pt/Pd/TiO2-ANFL catalyst to 

have significantly higher total acidity (sites g-1) than the commercial Al2O3 equivalent. The total acidity of 

the commercial Al2O3 catalyst in sites/g was 6.91 x 1020, which was significantly increased to 8.13 x 1020  

in case of ANFL catalyst. The acid density of the ANFL was also higher than that of the commercial catalyst 

of 3.1 x 1018 and 2.5 x 1018, respectively, as shown in Table 1. 

 This higher level of acidity was likely due to increase the availability of protons at the surface of 

the ANFL support. Subsequently, the higher number of available protons may result in accelerated 

electron transfer to adsorbed protons at the conductance band of TiO2, which would increase H2 

formation. Based on this, it can be shown that while the addition of the ANFL support did not alter 

the catalytic activity through changes to the parent photoactive material (TiO2), it did provide an 

increased number of electron acceptor species (protons) and hence enhanced H2 formation. The 

impact of Al on the photocatalytic activity of TiO2 has previously been reported by Murashkina et 

al.[25]. Their report found that, as expected, the addition of Al resulted in an increase in the anatase 

fraction of mixed-phase TiO2 along with a decrease in particle size and subsequently an increase in 

the surface area of the material. Interestingly, the paper found that while the addition of Al to TiO2 

did not alter the reaction sites, it did increase the concentration of them available and thus 

accelerated the rate of phenol degradation [25].      



 

 

  

   Figure 3: TEM images of Pd, Pt and TiO2 loaded onto Al2O3 supports (ANFL).  

 While it was the presence of TiO2, Pt and Pd (see Figure 3) which primarily drove the 

photocatalytic reduction reaction in the current work, the increase in proton availability and affinity 

at the ANFL support was crucial for improved H2 generation. Equations 1-4 detail the typical 

process occurring during the photo-reforming of glycerol to H2. In order for photocatalytic H2 

evolution to occur, a photon was adsorbed by TiO2 leading to photo-excitation (Equation 1) and 

subsequently, electron trapping by either Pd or Pt. Simultaneously however, OH- from the glycerol-

water solution will lead to OH• formation (Equation 2), which facilitates glycerol oxidation to a 

range of liquid phase products and protons (Equation 3). The liquid phase products include 

dihydroxyacetone, glycolaldehyde and glyceraldehyde which can occur via either direct hole or 

OH• interaction. The key step in the formation of H2 from glycerol is this initial oxidation, which 

also releases protons. The release and increased availability of protons through the use of ANFL, 

resulted in the accelerated two-electron reduction of protons to H2 (Equation 4). Based on Equations 



 

 

1-4, the illustration in Figure 4 represents the proposed mechanism for photocatalytic glycerol 

reforming to H2 over Pt/Pd/TiO2-ANFL.  

 

Figure 4: Illustration of the proposed mechanism of photocatalytic glycerol reforming over Pt/Pd/TiO2-

ANFL  

 

Equation 1 𝑃ℎ𝑜𝑡𝑜𝑐𝑎𝑡𝑎𝑙𝑦𝑠𝑡 + ℎ𝑣 = 𝑉𝐵 + 𝐶𝐵  

Equation 2 𝑉𝐵 + 𝑂𝐻 ⎯ 𝑂𝐻 • 

Equation 3 𝐶 𝐻 𝑂 + 𝑂𝐻 • +ℎ ⎯ 𝐶 𝐻 𝑂 + 𝐻  

Equation 4 𝐻 + 2𝑒
/

⎯⎯⎯ 𝐻  
  
 

The Pt/Pd/TiO2-ANFL catalyst also showed stable activity over a prolonged irradiation time 

frame of 6 h. This confirmed linear H2 formation and zero order kinetics with a rate constant of 

0.95 µmol min-1. In addition, steady-state H2 production was also achieved after 180 min at a rate 

of ~4.2 millimole H2 gTiO2
-1 hr-1 (Figure 5). 



 

 

 

Figure 5: photocatalytic reforming of glycerol to H2 over Pt/Pd/TiO2-ANFL over prolonged irradiation (•) 

and the corresponding reaction rate (•) 

 As Pt/Pd/TiO2-ANFL was evidently active, comparison to a standard catalyst used in this field 

(0.5 % Pt-TiO2 P25) was valuable. Under the same experimental conditions 0.5 % Pt-TiO2 was 

shown to be the optimum loading for H2 formation, achieving a rate constant of 5.9 µmol min-1 (see 

Figure S1 and S2 in the Supplementary Information), which was significantly higher than that of 

Pt/Pd/TiO2-ANFL. In order for an accurate comparison, however, the amount of photo-active 

material present should be taken into consideration. While a loading of 0.75 g L-1 was used in both 

experiments, in the case of ANFL this was not entirely photo-active material, as only 17.5 % was 

TiO2. Therefore, recalculating the yields under these conditions as a function of 1 gram of active 

TiO2 material then it was found 0.5 % Pt-TiO2 produced 4.7 millimole H2 gTiO2
-1 hr-1 while 



 

 

Pt/Pd/TiO2-ANFL produced 4.2 millimole H2 gTiO2
-1 hr-1. These numbers are clearly far more 

comparable than just the individual rates. Furthermore, this number is also within typical values 

previously reported in the literature for glycerol conversion to H2 using Pt-TiO2 catalysts. The 

comparison between heterogeneous photocatalytic systems can often be challenging due to the 

number of parameters which can influence the activity such as irradiation intensity and time of 

exposure, catalyst and substrate concentration, reactor design and physical catalyst morphology. 

Therefore, comparison in this study has been based only on reaction rate as a function of irradiation 

time (hr-1) and quantity of catalyst used (gTiO2
-1). A number of papers have used Pt-TiO2 for 

glycerol reforming to H2 with a typical reported range of 1.5 to 4.3 millimole gTiO2
-1 hr-1 which 

included the use of fluorinated Pt-TiO2 and Pt on TiO2 nanotubes [21,26,27]. In addition, a rate of 

1.23 and 0.9 gTiO2
-1 hr-1 was reported by Fujita et al. [28] and Liu et al. [29] respectively, who both 

utilised NiO (NiOx-TiO2) in replace of Pt as a co-catalyst. While the reaction rate reported here is 

clearly within that achieved in previous papers, this paper is the first to achieve it using a catalyst 

support synthesised from AFW. It should also be noted that 0.5 % Pt on TiO2 has often been 

reported as the optimum co-catalyst loading [3], however, the co-catalysts present on ANFL are yet 

to be optimised for peak production. It has already been shown in multiple publications that Pt 

[15,30], with its high work function (5.5 eV), is typically the most active co-catalyst for H2 

evolution. Therefore, it is feasible to assume that the 4.2 mmole H2 gTiO2
-1 hr-1 could be an 

underestimation and can be improved with modification to the co-catalyst ratio. This is the current 

focus of on-going work with a view towards optimising the catalyst. 

 The development of an eco-friendly and cost-effective catalyst material is largely dictated by 

first its initial activity and second, its stability over time. Figure 6 demonstrates the stability of the 

Pt/Pd/TiO2-ANFL catalyst for the evolution of H2 from glycerol over repeated runs. The catalyst 

and glycerol mass remained constant throughout the run with N2 being used to purge the system in-

between irradiation cycles to remove H2 from the gas headspace. Over a run of five cycles, 



 

 

Pt/Pd/TiO2-ANFL showed steady photoactivity and interestingly appeared to reach a stable state 

after two cycles. At cycle 5, a zero-order rate constant of 1.1 µmol min-1 was achieved, which was 

a ~14 % increase from cycle 1.  The data also confirmed the presence of an induction period, which 

was evident in Figure 2 and the first cycle of Figure 6. In a number of H2 evolving photocatalytic 

systems, an initial period of inactivity or an induction period is often observed [16]. The cause of 

this varies depending on the parameters which are being tested, however, it can often be due to the 

initial reduction of the co-catalyst or the adsorption of the target to the catalyst site.   

 

  

Figure 6: Photocatalytic reforming of glycerol to H2 over Pt/Pd/TiO2-ANFL and 5 experimental cycles as 

a function of irradiation time. The reactor was purged with N2 for 20 mins between each cycle while the 

reaction suspension (glycerol + catalyst) remained constant throughout. 



 

 

 

 In the case reported here, despite a polynomial trend in the first cycle, a linear trend is observed 

from cycle two onwards. While the induction period in H2 evolving catalysts has been documented 

[16], it does not necessarily explain the increase in activity in the later cycles. One explanation 

could be the presence of partial oxidation products (Equation 3) which will remain in the liquid 

phase between cycles. Moreover, the formation of partial oxidation products would increase the 

concentration of protons at the surface of ANFL. With a high number of protons available upon 

stating irradiation in cycle 2, linear and increased H2 production would be expected.           

 In addition to the gas evolution rate, the Ƞphoton of the system was also determined based on the 

calculated photon flux and the maximum rate of H2 formation (rmaxH2
a). The determination of 

efficiencies in photocatalysis is a useful metric, especially for allowing for more accurate 

comparison between studies. The calculation of quantum efficiency and quantum yield is typically 

determined based on the absorbed light flux. In heterogeneous photocatalytic systems, however, 

accurately determining this value can be extremely challenging. Therefore, photonic efficiency (or 

apparent quantum efficiency) is often reported and as such is reported here to be in keeping with 

common practice. The photon flux was calculated to be 1.12 x 10-4 moles min-1 based on Equation 

5, while the rmaxH2
a was calculated as rH2 multiplied by two as H2 formation is a two-electron step.  

 

Equation 5  𝑃ℎ𝑜𝑡𝑜𝑛 𝑓𝑙𝑢𝑥 =
  

     

 Where, ‘I’ is the intensity of light (47 W m-2) at the surface of the PFPR quartz body ‘AI’ is the 

surface area of the reactor illuminated (0.014 m2), ‘c’ is the speed of light, ‘h’ is plank’s constant, 

‘Na’ is Avogadro’s number and λ is the peak wavelength emitted from the lamps (measured to be 

355 nm, 3.55 x 10-7 m). The Ƞphoton was then determined as the ratio between rmaxH2
a and the photon 

flux, Equation 6.  

 



 

 

Equation 6  ƞ (%) =
 

𝑥100 

 Where ‘Ƞphoton’ is photonic efficiency, ‘rmaxH2
a’ is the maximum rate of H2 production based on 

the number of electrons involved (moles min-1) and ‘photon flux’ is as described above.   

 Table 2 shows Pt/Pd/TiO2-ANFL achieved the highest Ƞphoton at 1.4 %, with Pt/Pd/TiO2-

commercial achieving slightly lower at 1.1 %. In comparison, TiO2-ANFL achieved a significantly 

lower Ƞphoton of 0.09 %, confirming the presence of co-catalysts on the support were crucial to H2 

evolution. While a relatively low efficiency, it highlights the potential of using a cost-effective 

catalyst support synthesised from AFW over that of commercially available alternatives. 

 

Table 2: Calculated efficiencies of Pt/Pd/TiO2-ANFL, Pt/Pd/TiO2-commercial and TiO2-ANFL where 

rmaxH2
a is the max moles of H2 produced per min, rmaxH2

b is the max rate of H2 as a function of 1 gram of 

active photocatalyst material present (TiO2) and 1 h of irradiation and Ƞphoton was the photonic efficiency 

of the materials based on the PFPR photon flux of 1.21 x 10-4 moles min-1 and the rmaxH2
a. 

Catalyst rmaxH2
a  

(mol min-1)  
rmaxH2

b  
(mol gTiO2

-1 hr-1) 
Ƞphoton  

(%) 

Pt/Pd/TiO2-ANFL 1.72 x 10-6 7.9 x 10-3 1.4 

Pt/Pd/TiO2-commercial 1.31 x 10-6 6.0 x 10-3 1.1 

TiO2-ANFL 1.1 x 10-7 5.1 x 10-4 0.09 

 
  

Conclusion 

 Glycerol is known to be a significant waste stream from the production of bio-diesel. In the 

current work a photoactive catalyst derived from aluminium foil waste (AFW) with high activity 

(per g of photoactive material) for the production of H2 from glycerol has been reported. This AFW 

derived catalyst was found to be more active than the analogous catalyst made from commercially 



 

 

available Al2O3.  Under optimum conditions, a steady-state of 4.2 millimole H2 gTiO2
-1 hr-1 was 

achieved after 180 min of irradiation. Despite TiO2 being the only photoactive material present in 

the catalyst, it was evident that the ANFL and commercial alumina supports were both capable of 

impacting activity through the increase in proton availability.  

 In summary, the current work has utilised a catalyst that is synthesised using waste aluminium 

foil as a resource, limiting the single-use of aluminium foil. In a two-fold approach to improving 

the eco-friendliness and the circular economy, we have applied this catalyst to the production of H2 

from a significant waste stream, i.e. glycerol.  

 Our approach opens doors for designing an environmentally sustainable catalyst from waste 

materials which could be of great interest for many industrial applications in the future, including 

hydrogen production from glycerol (and other biomass feedstocks). It is anticipated that such an 

approach will make hydrogen production more sustainable, more eco-friendly and less expensive. 

Furthermore, it is anticipated that the catalyst can be further optimised via the investigation of 

varying the co-catalyst loadings. Additional future work will investigate such optimised catalysts 

for other common photocatalytic activities such as dye removal and water remediation applications. 
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