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Abstract 

Porous Al scaffolds were synthesised and melt-infiltrated with various eutectic metal 

borohydride mixtures (0.725LiBH4-0.275KBH4, 0.68NaBH4-0.32KBH4, 0.4NaBH4-

0.6Mg(BH4)2) to simultaneously act as both a confining framework and a reactive destabilising 

agent for H2 release. The scaffolds were synthesised by sintering a pellet of NaAlH4/2 mol% 

TiCl3 at 450 °C under dynamic vacuum. During the sintering process the sodium alanate 

(NaAlH4) decomposed to Al metal. The vacuum applied at elevated temperature promoted the 

Na metal to vaporise and be extruded from the pellet. The pores of the resulting Al scaffold 

were created during removal of the H2 and the Na from the body of the NaAlH4/2 mol% TiCl3 

pellet. According to the morphological observations carried out by a Scanning Electron 

Microscope (SEM), melt-infiltrated eutectic mixtures of metal borohydrides were highly 

dispersed into the porous scaffolds. Temperature Programmed Desorption (TPD) experiments, 

revealed that the melt-infiltrated samples exhibited faster H2 desorption kinetics in comparison 

to bulk samples, with onset temperatures (Tdes) lower than the bulk by 150 - 250 °C. The as-

synthesised porous Al scaffolds acted as a reactive containment vessel for these eutectic 

mixtures that simultaneously nanoconfined and destabilised the mixtures.   

Keywords: Hydrogen storage; Destabilisation; Melt-infiltration; Porous scaffolds; Metal 

borohydrides; Sodium Alanate 

1 Introduction 

Energy storage is the main challenge that has to be overcome if renewable energy is to become 

a reliable energy source and eventually replace base-load fossil fuel power. Solid-state 

hydrogen storage is an efficient and cost-effective energy storage solution for stationary and 

mobile applications. Metal borohydrides are one of the most promising solid-state hydrogen 

storage materials, as they exhibit high volumetric and gravimetric hydrogen content [1-5]. 
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Their high thermodynamic stability is the main disadvantage concerning technological 

application, resulting in high hydrogen desorption temperatures coupled with poor kinetics of 

hydrogen uptake and release [5-8]. Eutectic melting, reactive hydride composites or 

nanoconfinement are three frequently applied methods to improve the reaction kinetics or 

lower the hydrogen desorption temperatures of metal hydrides [9-28].  

Metal borohydrides typically start desorbing hydrogen at much higher temperatures than their 

melting points (> 250 °C) [13]. Eutectic mixtures of these metal borohydrides result in lower 

melting temperatures [11, 12], which can increase reactivity and the kinetics of hydrogen 

desorption [13]. Some of these mixtures exhibit a dramatic reduction of their melting point. 

For example LiBH4 has a high gravimetric and volumetric hydrogen content (18.5 wt% H2 and 

121 kg H2/m3) [11] and a melting point of 275 °C, but only starts desorbing hydrogen above 

~350 °C [55]. When mixed with KBH4 to obtain the 0.725LiBH4-0.275KBH4 mixture, the 

melting point drops to 105 °C and hydrogen is released at ~400 °C [11]. 

Adding a second phase such as a binary hydride, oxide, metal halide, or metal to a metal 

borohydride can both reduce the enthalpy of dehydrogenation and lower activation barriers, 

resulting in lower hydrogen desorption temperatures [4, 29-36, 65].  This method is well-

established and has also been applied to various metal hydrides with MgH2 and NaMgH3 

showing particularly promising results [37]. One of the most efficient destabilisation agents for 

LiBH4 is Al. However, this system has poor hydrogen reabsorption kinetics and loss of 

hydrogen capacity upon cycling due to product segregation and Li2B12H12 formation, which 

acts as a thermodynamic sink [17, 31, 38-40]. 

Decreasing the particle size of the metal borohydrides down to the nanoscale improves their 

reaction kinetics as the hydrogen/reactant diffusion distances are reduced, and the interfacial 

contact area of the reactants is increased [41-51]. This can be achieved when the metal 

borohydrides are melt-infiltrated into a porous scaffold such as activated carbon, carbon 
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aerogel, carbon black, carbon nanotubes/fibres, templated carbons, mesoporous silica, metal 

organic frameworks and porous metal scaffolds [52-58]. In this work, a porous metal scaffold 

was selected as it is oxygen-free and has a high thermal conductivity (~250 Wm-1K-1 for Al), 

compared to carbon aerogels and activated carbons that typically contain between 4 wt% and 

14 wt% of oxygen and have low thermal conductivity (1.7 Wm-1K-1 for carbon aerogels) [59-

61]. The selection of a porous metal scaffold aims to prevent melt-infiltrated eutectic metal 

borohydride mixtures from oxidising due to oxygen present on/in the scaffolds, thus reducing 

the hydrogen capacity loss during the thermal analysis of the samples, and to improve the 

reaction kinetics due to efficient thermal diffusion across the entire sample mass.   

In this study, a novel approach for improving the reaction kinetics and reducing the hydrogen 

desorption temperatures of metal borohydrides by melt-infiltrating their eutectic mixtures into 

porous Al scaffolds is reported. 0.725LiBH4-0.275KBH4 (Tmp = 105 °C) [11], 0.68NaBH4-

0.32KBH4 (Tmp = 460 °C) [9] and 0.4NaBH4-0.6Mg(BH4)2 (Tmp = 205 °C) [10] mixtures were 

melt-infiltrated into the scaffolds to obtain metal borohydride Al composites as the final 

product.  

 

2 Materials and methods 

2.1 Sample preparation 

Chemicals used for the synthesis were sensitive to both air and moisture, therefore all sample 

preparation and handling was performed using an Ar glovebox with O2 and H2O less than 1 

ppm. NaAlH4 (Sigma Aldrich, ≥93%) ball milled with 2 mol% TiCl3 (Sigma Aldrich, ≥99.999) 

was used as a starting material for the synthesis of the porous Al scaffolds. The as-prepared 

powder was compressed into a pellet and sintered at 450 °C under dynamic vacuum. The 

addition of TiCl3 allowed the decomposition of NaAlH4 to Al at 100 °C lower than pure 

NaAlH4, creating the formation of the pores inside the pellet [62]. The detailed synthesis 
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method is described elsewhere [62, 57]. In brief, NaAlH4 with added TiCl3, starts to decompose 

at 100 °C to Al, NaH and H2.  When 400 °C is reached, NaH decomposes to Na (molten) and 

H2. The molten Na then evaporates from the main mass of the pellet via the dynamic vacuum 

(~0.001 bar) applied during sintering and is captured in a trap placed inside the reactor, leaving 

behind a porous Al scaffold. For the eutectic mixtures, LiBH4 (Sigma Aldrich, ≥90%), KBH4 

(Sigma Aldrich, ≥98%), NaBH4 (Sigma Aldrich, ≥98%) and Mg(BH4)2 (Sigma Aldrich, ≥95%) 

were used as received. The bulk 0.725LiBH4-0.275KBH4, 0.68NaBH4-0.32KBH4 and 

0.4NaBH4-0.6Mg(BH4)2 samples were prepared by ball-milling for 120 min (with 2 min pauses 

every 2 min) under argon at 400 rpm using a ball to powder mass ratio of 40:1 in 316 stainless 

steel canisters and 10 mm balls.  

The as-prepared eutectic mixtures were melt-infiltrated into the Al scaffolds occupying 30 wt% 

of the total sample mass. The amount the eutectic mixtures encapsulated within the Al scaffold 

was carefully calculated taking into account both the initial pore volume of the Al scaffold, and 

that sufficient metal from the scaffolds remains upon reaction with the complex metal 

borohydrides, maintaining the structural integrity of the scaffolds [56, 57, 62]. During the melt 

infiltration process, 100 bar H2 pressure was applied to prevent the decomposition of the 

borohydrides. All mixtures were heated to temperatures slightly over their melting point 

(0.725LiBH4-0.275KBH4 at 125 °C, 0.68NaBH4-0.32KBH4 at 480 °C and 0.4NaBH4-

0.6Mg(BH4)2  at 225 °C) with a 3 °C/min heating rate and kept isothermal for 30 min. The 

samples were then left to cool to room temperature under hydrogen pressure. All melt-

infiltrated samples are in a pellet form.  
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Table 1. Description of all samples. 

 
Description 

 
Sample ID 

 
Bulk 0.725LiBH4-0.275KBH4 

 
Bulk-LiK 

 
Porous Al + 0.725LiBH4-0.275KBH4 

 
Al-LiK 

 
Bulk 0.68NaBH4-0.32KBH4 

 
Bulk-NaK 

 
Porous Al + 0.68NaBH4-0.32KBH4 

 
Al-NaK 

 
Bulk 0.4NaBH4-0.6Mg(BH4)2 

 
Bulk-NaMg 

 
Porous Al + 0.4NaBH4-0.6Mg(BH4)2 

 
Al-NaMg 

 

2.2 Sample characterisation 

Powder X-ray diffraction (XRD) was used for phase analysis utilising a D8 Discover (50 kV, 

1000 mA) with a VANTEC-500 area detector and a D8 Advance (40 kV, 40 mA). Both 

diffractometers were from Bruker, Germany with a CuKα radiation. The measured 2θ range 

(15° - 80°) was scanned using a 0.03° step size at 1.6 s/step, a rotational speed of 30 rpm and 

a 0.3° divergence slit in flat plate geometry. Low background Si wafer XRD sample holders 

were covered with a poly(methylmethacrylate) (PMMA) airtight hemispherical dome to 

prevent oxygen/moisture contamination during data collection. The PMMA results in a broad 

hump in XRD patterns centred at 2θ ≃ 20°. All XRD patterns of the melt-infiltrated samples 

after their thermal analysis were obtained after crushing the samples into a powder. 

Morphological observations were carried out with a Zeiss Neon 40EsB (Zeiss, Germany) 

scanning electron microscope (SEM). Specimens were prepared by placing an extracted piece 

(from the inner centre) of the pellet onto carbon tape before coating them with a 3 nm layer of 

platinum to produce a conductive layer and reduce charging during SEM data collection. The 

exposure of the samples to air was minimised by using a custom-made ante chamber in which 
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the specimens were transferred from the glovebox to the coating instrument and then to the 

SEM chamber. 

Temperature Programmed Desorption (TPD) measurements were undertaken on a computer 

controlled Sieverts/volumetric apparatus [37]. The sample temperature and pressure was 

recorded every 30 s using a K-type thermocouple with a calibrated accuracy of ±1 °C at 419 

°C and a digital pressure transducer (Rosemount 3051S) with a precision/accuracy of 14 mbar. 

Hydrogen desorption data was obtained in the temperature range from room temperature to 

550 °C with a ramping rate of 5 °C/min. The temperature was then kept isothermal at 550 °C 

for 4 hours. All TPD experiments were undertaken starting from vacuum and it is assumed that 

all released gas is hydrogen.  

3 Results and discussion 

3.1 Initial phase analysis 

The X-ray diffraction patterns of all bulk eutectic metal borohydrides mixtures and melt-

infiltrated porous Al samples are presented in Fig. 1. Diffraction peaks of TiAl3 and NaCl are 

present in all melt-infiltrated Al samples. These phases are due to the reaction of NaAlH4 with 

TiCl3 during the synthesis of the porous Al scaffold and are dispersed in it. The detailed 

synthesis method and discussion is described elsewhere [57, 62].  For bulk 0.725LiBH4-

0.275KBH4 (Bulk-LiK), diffraction peaks from LiBH4, KBH4 and the bimetallic phase 

LiK(BH4)2 are present (Fig. 1(a)). The bimetallic phase is known to spontaneously form during 

mixing when physical pressure is applied, either by ball milling or even by manual mixing with 

a mortar and pestle [11]. Upon melt-infiltration (Al-LiK), all diffraction peaks correspond to 

Al, TiAl3, and NaCl and are attributed to the Al scaffold [62]. The lack of diffraction peaks 

from the borohydride compounds indicates that the eutectic mixture were successfully 

infiltrated into the scaffold. This phenomenon is usually pore size dependent, where small pores 
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typically constrain the nanoconfined compound to being amorphous or highly nanocrystalline 

[63]. The XRD pattern of 0.68NaBH4-0.32KBH4 (Bulk-NaK) is shown in Fig. 1(b). Only 

diffraction peaks from NaBH4 and KBH4 are present in the pattern, with no formation of a solid 

solution evident in the sample. The solid solution of these two metal borohydrides only forms 

when the mixture is heat treated between 150-400 °C [9]. For the melt-infiltrated sample (Al-

NaK), diffraction peaks of the Al scaffold can be observed as well as some peaks of TiAl3 and 

NaCl. The same peaks are present in the XRD pattern for melt-infiltrated 0.4NaBH4-

0.6Mg(BH4)2 (Al-NaMg) (Fig. 1(c)). For the bulk sample (Bulk-NaMg) only NaBH4 and 

Mg(BH4)2 are evident in the pattern.       
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Fig. 1: XRD patterns of (a) bulk 0.725LiBH4-0.275KBH4 (Bulk-LiK) and porous Al + 

0.725LiBH4-0.275KBH4 (Al-LiK), (b) bulk 0.68NaBH4-0.32KBH4 (Bulk-NaK) and porous Al 

+ 0.68NaBH4-0.32KBH4 (Al-NaK), (c) bulk 0.4NaBH4-0.6Mg(BH4)2 (Bulk-NaMg) and 

porous Al + 0.4NaBH4-0.6Mg(BH4)2 (Al-NaMg). The PMMA dome of the sample holder 

results in a broad hump in XRD patterns centred at ~20° 2θ. All melt-infiltrated samples are in 

a pellet form. 

3.2 Morphological observations of samples 

Fig. 2 shows the SEM micrographs of the porous Al scaffold (Fig. 2(a, b)) and the infiltrated 

samples with ~30 wt% of 0.725LiBH4-0.275KBH4 (Bulk-LiK) (Fig. 2(c, d)), 0.68NaBH4-

0.32KBH4 (Bulk-NaK) (Fig. 2(e, f)), and 0.4NaBH4-0.6Mg(BH4)2 (Bulk-NaMg) (Fig.2 (g,h)). 

During the sintering process of the scaffold, the NaAlH4/2 mol%TiCl3 pellet decomposed to 

Al metal predominantly and some TiAl3. Vacuum and high temperature (450 °C) was used to 

vaporise and extract Na leaving porous Al with some localised bulk Al areas. The pores have 

a broad range of sizes, with the majority of them being macropores, forming an open network 

with thin interconnecting walls (Fig. 1(a, b)) as analytically described in our previous studies 

[57, 62]. This combination of characteristics make it an ideal scaffold for melt-infiltrating metal 

hydrides. The metal hydrides can occupy the total pore volume of the scaffold due to the open 

network of pores, and the H2 can diffuse easier through the pores during thermal 

decomposition. In Fig. 2 (c-h) the melt-infiltrated Al scaffolds are presented, showing the 

successful infiltration process. The eutectic mixtures filled the entirety of the pore volume via 

capillary condensation creating a solid pellet.          
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Fig. 2.  SEM micrographs of the (a, b) porous Al scaffold, (c, d) porous Al + 0.725LiBH4-

0.275KBH4 (Al-LiK), (e, f) porous Al + 0.68NaBH4-0.32KBH4 (Al-NaK), and (g, h) porous Al 

+ 0.4NaBH4-0.6Mg(BH4)2 (Al-NaMg). 
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3.3 Thermal analysis 

The TPD curves of the bulk and melt-infiltrated eutectic mixtures are presented in Fig. 3. The 

H2 capacity for all samples has been normalised to the desorbed H2 amount for results to be 

easily comparable (wt% is reported in Table 2). In Fig 3(a), the hydrogen desorption profiles 

of bulk (Bulk-LiK) and melt-infiltrated (Al-LiK) 0.725LiBH4-0.275KBH4 are presented. Both 

samples start releasing hydrogen at ~100 °C. It is known from the literature that the 

0.725LiBH4-0.275KBH4 eutectic mixture has a melting point of 105 °C at which the gradual 

onset of hydrogen desorption ensues. The LiK(BH4)2 bimetallic phase decomposes to the 

reactants (LiBH4 and KBH4) upon heating. Thus, a rapid increase of the hydrogen desorption 

rate is noticeable at ~350 °C, where LiBH4 melts and starts releasing hydrogen. KBH4 only 

starts to desorb hydrogen upon melting at 606 °C [11, 13]. Hence, the XRD patterns of both 

samples after their thermal analysis (Fig. 4(a)) show diffraction peaks from KBH4, whereas 

LiBH4 has decomposed to LiH and AlB2. The KBH4 originates from the decomposition of 

bimetallic LiK(BH4)2 and only a small amount has decomposed to KH as the samples were 

heated below its melting point (~600 °C). This also explains why the experimental values of 

their desorbed H2 wt% (7.6 for Bulk-LiK, 2.2 for Al-LiK) are below the theoretical ones (13.2 

for Bulk-LiK, 3.9 for Al-LiK) (Table 2). It is noticeable that both samples exhibit the same 

reaction kinetics and have desorbed their total amount of hydrogen after the first two hours of 

desorption, at which point the final temperature has been reached (500 °C). For this particular 

eutectic metal borohydride mixture, the presence of the Al scaffold did not influence the onset 

temperature of the hydrogen desorption or the reaction kinetics.  

Fig. 3(b) shows the hydrogen desorption profile of bulk (Bulk-NaK) and melt-infiltrated (Al-

NaK) 0.68NaBH4-0.32KBH4. The onset temperature of hydrogen desorption for the bulk 

sample (Bulk-NaK) is ~250 °C, whereas it is at ~100 °C for the melt-infiltrated (Al-NaK) 

sample. The hydrogen desorption rate rapidly increases for the bulk sample (Bulk-NaK) at 
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~480 °C, which is just after the melting point of the 0.68NaBH4-0.32KBH4 eutectic mixture 

(460 °C) [9]. The melt-infiltrated sample (Al-NaK) shows an increase in the hydrogen 

desorption rate at ~260 °C and ~460 °C. It is noticeable that the melt-infiltrated sample (Al-

NaK) desorbs hydrogen at a lower temperature than the bulk sample (Bulk-NaK). More 

specifically, in the first 1.5 hours the sample has desorbed 90% of its total experimental H2 

capacity (2.8 theoretical wt% H2). In contrast, the bulk mixture has desorbed only 40% in the 

same time. It is evident that the melt-infiltrated sample exhibits lower onset temperature of 

hydrogen desorption (160 °C lower than the bulk sample) and faster reaction kinetics. The Al 

scaffold partially reacted with the confined borohydride mixture in a destabilising reaction 

which resulted in a decrease of the hydrogen desorption temperature. In addition, the decrease 

in particle size of the borohydrides down to the nanoscale improved their reaction kinetics. A 

bimetallic solid-solution (NaK(BH4)2) is formed after the thermal analysis of both samples as 

seen in Fig. 4(b), which is commonly observed when the eutectic mixture is heated [9]. 

Unreacted NaBH4 and KBH4 are present in the bulk sample (Bulk-NaK), explaining why the 

theoretical value of H2 wt% (9.4 %) was not reached during the TPD experiment. The formation 

of NaxK1-xH and AlB2 is only observed in the melt-infiltrated sample (Al-NaK). The absence 

of NaBH4 and KBH4 in the Al-NaK sample, indicates that the presence of the Al scaffold 

thermodynamically destabilises the eutectic mixture, and decomposes it (I don’t think that you 

can actually say this because you don’t see NaBH4 nor KBH4 after infiltration so you can’t 

use their absence in the post-TPD sample to conclude that the Al destabilised all of the NaBH4 

and KBH4 that was infiltrated). Some oxides are present in the both samples, and most likely 

formed during the XRD measurement as the sample holders are not completely air tight.   

The TPD curves of bulk (Bulk-NaMg) and melt-infiltrated (Al-NaMg) 0.4NaBH4-

0.6Mg(BH4)2 are presented in Fig. 3(c). The onset temperature of hydrogen desorption for the 

bulk (Bulk-NaMg) is at ~360 °C, and 100 °C for the melt-infiltrated (Al-NaMg) sample. A 
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rapid increase of hydrogen desorption rate occurs at 260 °C for the melt-infiltrated sample (Fig. 

3(c)) with overall hastened reaction kinetics in comparison to the bulk sample. The reduction 

in hydrogen desorption onset temperature and the faster reaction kinetics of the melt-infiltrated 

sample are attributed to the presence of the porous Al scaffold. The scaffold has both 

thermodynamically destabilised the eutectic mixture, reducing the observed onset temperature 

of hydrogen desorption, and improved the reaction kinetics. In Fig. 4(c) the XRD patterns of 

the Bulk-NaMg and Al-NaMg samples are presented. Only diffraction peaks of Mg, NaxMg1-

xB2 with (𝑥𝑥 ≤ 0.2) [64], and MgB2 are evident in both bulk (Bulk-NaMg) and melt-infiltrated 

sample (Al-NaMg). The MgO present in the sample may have formed during the XRD 

measurement.  Neither NaBH4 nor Mg(BH4)2 peaks are present in the both samples but may be 

in an amorphous or nanoscopic state as the experimental value of the H2 wt% (8.5 % for Bulk-

NaMg, 3.1 for Al-NaMg) is lower than the theoretical one (13.6 % for Bulk-NaMg, 4.0 for Al-

NaMg). 



14 
 

 

Fig. 3. Temperature programmed desorption results for (a) bulk 0.725LiBH4-0.275KBH4 

(Bulk-LiK) and porous Al + 0.725LiBH4-0.275KBH4 (Al-LiK), (b) bulk 0.68NaBH4-

0.32KBH4 (Bulk-NaK) and porous Al + 0.68NaBH4-0.32KBH4 (Al-NaK), (c) bulk 0.4NaBH4-

0.6Mg(BH4)2 (Bulk-NaMg) and porous Al + 0.4NaBH4-0.6Mg(BH4)2 (Al-NaMg). 
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Fig. 4. XRD patterns of (a) bulk 0.725LiBH4-0.275KBH4 (Bulk-LiK) and porous Al + 

0.725LiBH4-0.275KBH4 (Al-LiK), (b) bulk 0.68NaBH4-0.32KBH4 (Bulk-NaK) and porous Al 

+ 0.68NaBH4-0.32KBH4 (Al-NaK), (c) bulk 0.4NaBH4-0.6Mg(BH4)2 (Bulk-NaMg) and 

porous Al + 0.4NaBH4-0.6Mg(BH4)2 (Al-NaMg) after TPD experiments. The PMMA dome of 

the sample holder results in a broad hump in XRD patterns centred at ~20° 2θ. All samples are 

in a powder form. 
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Table 2. Experimental TPD and theoretical quantity of released H2 of the bulk (Bulk-LiK, 

Bulk-NaK, Bulk-NaMg) and melt-infiltrated samples (Al-LiK, Al-NaK, Al-NaMg).  

Sample ID Onset H2 
desorption T 

(°C) 

Max 
Pressure 
observed 

(bar) 

Experimental H2 
capacity (wt%) 

Theoretical H2 
capacity (wt%) 

Bulk-LiK 100 0.76 7.6 ± 0.3 13.2 

Al-LiK 100 0.94 2.2 ± 0.3 3.9 

Bulk-NaK 250 0.49 4.5 ± 0.3 9.4 

Al-NaK 100 0.40 1.1 ± 0.3 2.8 

Bulk-NaMg 360 0.95 8.5 ± 0.3 13.6 

Al-NaMg 100 1.00 3.1 ± 0.3 4.0 

 

4. Conclusions 

Porous Al scaffolds were synthesised by sintering NaAlH4/0.02TiCl3 pellets under dynamic 

vacuum. The pores created were predominantly macropores and mesopores, as seen from the 

SEM micrographs. The formation of porous metal scaffolds using this cost-effective synthesis 

method provides the potential for these materials to be utilised not only for hydrogen storage 

but also in bone tissue engineering, solution separation, sensing, energy storage, and catalysis. 

The eutectic metal borohydride mixtures occupied the pore volume of the scaffolds during 

melt-infiltration, creating a solid pellet as observed by the SEM. The Temperature Programmed 

Desorption measurements of all samples showed that the melt-infiltrated samples started 

desorbing H2 at 100 °C and showed faster reaction kinetics in comparison to the bulk samples. 

These composite materials show promising results for mobile applications. It is believed that 

with the increase of mesopores in the scaffold, the surface area of Al in contact with the eutectic 

metal borohydride mixtures will be sufficient to completely destabilise the infiltrated mixtures. 
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This will help to develop composite materials that desorb hydrogen predominately at 

temperatures below 150 °C, ideal for storing hydrogen on-board in vehicles run by fuel cells. 

One unsuccessful attempt was made to rehydrogenate the melt-infiltrated samples at 450 °C at 

100 bar of H2 backpressure. The reversibility of these samples needs to be thoroughly 

investigated. Strategies to consider for improving the reversibility of these hydrogen storage 

systems are: rehydrogenating the samples under various H2 backpressures and temperatures; 

adding a catalyst to the system; or creating a porous Al scaffold with a large number of 

mesopores and high specific surface area.  
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