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Figure 6.5: SEM micrographs of 7.5 (a), 10 (b) and 12.5 wt% (c) loadings of ZTC into the 

ZTC-PAN composite fibres. 

Comparison of the SEM micrographs of the pristine ZTC powders (Figure 5.1b) with that of 

the ZTC-PAN composite fibres (Figure 6.5), it is evident that the ZTC had retained the 

octahedral pyramidal shape after being electrospun. Figure 6.5 also shows that ZTC had 

adhered well to the PAN fibres. It was also noted that as the loading weight percent of the 

ZTC was increased, the ZTC-PAN blend became more viscous resulting in coagulated ZTC 

composite fibres. Therefore a higher weight percent loading (greater than 12.5 wt%) would 

make the ZTC-PAN polymeric blend too thick to be electrospun. Thus rendering 12.5 wt% 
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loading of ZTC as the optimised loading weight percentage of ZTC into the polymeric blend 

that was electrospun resulting in ZTC-PAN composite fibres was characterised further in the 

study. 

6.2.2 Thermal analysis 

Thermal gravimetric analysis for the ZTC powders, thermal treated (degassed) PAN fibres 

and 12.5 wt% ZTC-PAN composite fibres is presented in Figure 6.6. The experimental 

procedure is found in section 3.5.3. 

 

Figure 6.6: TGA plot for the ZTC powders, thermal treated (degassed) PAN fibres and 12.5 

wt% ZTC-PAN composite fibres. 

The TGA plot (Figure 6.6)  shows that the 12.5 wt% ZTC-PAN composite fibres were stable 

up to about 500 ºC, after which a gradual weight loss was observed until its complete 

combustion by 700 ºC. It was observed that the TGA plots for the thermally treated 

(degassed) PAN fibres and the pristine ZTC were similar in shape when compared to the 

ZTC-PAN composite fibres. However, thermally treated (degassed) PAN fibres and pristine 

ZTC powders were stable up to 400 and 550 ºC respectively. The gradual weight loss 

observed between 0-550 ºC for the ZTC-PAN composite fibres can be due to the constituents 

of the composite fibres being burnt off followed by the complete combustion at 

approximately 700 ºC due to the carbonisation process. The ZTC-PAN composite fibres were 

 

 

 

 



Chapter Six                 Analysis of the Electrospun Composite Fibres 

Page | 81 

 

less thermally stable compared to the ZTC powders and this could be ascribed to the PAN 

which was less thermally stable.  

6.2.3 Surface area and hydrogen adsorption analysis 

Since it was hypothesised that the hydrogen adsorption capacity would increase as the 

amount of porous powdered materials adhered by the PAN nanofibres increased, evidence to 

support or reject this hypothesis is presented in this section. Figure 6.7a presents the nitrogen 

sorption isotherms for ZTC powder, thermally treated (degassed) PAN fibres and 7.5, 10 and 

12.5 wt% loadings of ZTC into ZTC-PAN composite fibres and hydrogen adsorption 

isotherms presented in Figure 6.7b. The experimental protocol is detailed in section 3.5.4. 

 

Figure 6.7: Nitrogen isotherm (a) and hydrogen adsorption isotherm (b) for ZTC powders, 

thermal treated (degassed) PAN fibres and 7.5, 10 and 12.5 wt% loadings of ZTC into ZTC-

PAN composite fibres measured at 77 K and 1 bar. 
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According to the shape of the ZTC-PAN nitrogen isotherms presented in Figure 6.7, they can 

be classified as type IV isotherms which are attributed to the presence of both micropores and 

mesopores due to the hysteresis loop. PAN was not classified since the surface area was too 

low. Since PAN and powder ZTC had a surface area of 13 and 2717 m
2
/g respectively, the 

enhanced surface area observed for the ZTC-PAN composite fibres can be attributed to the 

presence of ZTC in the composite. The trend observed correlated positively with the variation 

of the weight percent of the ZTC adhered by the PAN nanofibres and shows an increase in 

surface area of 1018, 1663 and 1787 m
2
/g for 7.5, 10 and 12.5 wt% ZTC-PAN composite 

fibres respectively. This trend was also observed for the hydrogen adsorption capacities for 

the different loadings of ZTC into the ZTC-PAN fibres presented in Figure 6.7b. Therefore 

the hypothesis (section 1.4) that hydrogen adsorption would increase with increased amounts 

of porous powdered materials incorporated was accepted. 

A reduction in surface area when compared to pristine ZTC powders was to be expected 

since the PAN would block nitrogen gas from accessing the pores of the ZTC. Moreover the 

surface area depended upon the percentage of ZTC powders incorporated into the PAN 

fibres. These observations were supported by findings presented by Ostermann et al., (2011). 

The reduction in surface area when comparing the pristine ZTC powders to 12.5 wt% ZTC-

PAN composite fibres amounts to approximately 66%. Since the addition of ZTC greater than 

12.5 wt% results in a viscous polymeric blend that was unable to be electrospun therefore 

higher surface areas and hydrogen adsorption capacities could not be achieved. It can be 

debated that if the concentration of the PAN is decreased the weight percentage of the ZTC 

could be increased. However, reducing the PAN concentration makes the composite fibres 

susceptible to the formation of beads which would lead to a decrease of the surface area. 

Furthermore, the concentration of the ZTC-PAN blend needs to possess sufficient molecular 

entanglement to ensure that electrospinning takes place (Cécile & Hsieh, 2009).  

6.3  MOF-PAN composite fibres 

A single loading of 20 wt% was used for both Zr and Cr MOFs to prepare the MOF-PAN 

composite fibres. The loading percentage of MOFs (20 wt%) achieved was due to the 

nanosize of the MOF crystals. The experimental protocol detailing the synthesis of the MOF-

PAN composite fibres are presented in section 3.4.4. 
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6.3.1 Morphological and Phase Crystallinity analysis 

The morphology and phase crystallinity of the 20 wt% Zr and Cr MOF-PAN composite fibres 

were assessed by SEM micrographs (a and c) and PXRD patterns (b and d) presented in 

Figure 6.8.  

 

Figure 6.8: SEM micrographs (a and c) and PXRD patterns (b and d) for Zr and Cr MOF-

PAN composite fibres. 

From Figure 6.8 a and c, it can be observed from the examination of the SEM micrographs 

that the octahedral shape of the Zr- and Cr- based MOFs was conserved after electrospinning 

which can also be confirmed from the XRD patterns since the peaks of the powdered MOFs 

correspond to the peaks shown for the pristine MOF materials (see Figure 5.5 and 5.7 

respectively). However, the signal to noise ratio seen in the PXRD peaks of the MOF 

composite fibres is due to the amorphous PAN (Ren et al., 2015). The Zr and Cr MOFs used 
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in the study was fully characterised in section 5.3, and particle sizes were 100-200 nm 

making them smaller and less dense than the zeolites or ZTC therefore these MOF 

nanocrystals were embedded into the PAN fibres whereas the zeolite and the ZTC particles 

were just adhered together by the PAN (see Figure 6.1 and 6.5 respectively). 

6.3.2 Thermal analysis 

Thermal analysis for both MOF composite fibres and their pristine constituents are presented 

in Figure 6.9. The experimental protocol for TGA is presented in section 3.5.3. 

 

Figure 6.9: TGA plots for MOF powders, thermal treated (degassed) PAN fibres and the 

MOF composite fibres. 
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From the thermal gravimetric analysis of the MOF nanocrystals, thermal treated (degassed) 

PAN fibres and the MOF composite fibres presented in Figure 6.9, showed an initial weight 

loss of approximately 20% was observed for the MOF nanocrystals around 100 ºC. Whereas 

at the same temperature a 10% weight loss was observed for the MOF composite fibres. This 

weight loss is attributed to the loss of moisture as the MOF nanocrystals adsorbed more 

moisture than the MOF composite fibres because fewer MOF crystals per unit mass were 

used in the case of the composite. From Figure 6.9, Zr and Cr MOF composite fibres show a 

gradual weight loss up to 500 and 400 ºC respectively, due to the nitrile groups in the PAN 

undergoing cyclisation (Ren et al., 2015). Thereafter a drastic weight loss followed by the 

partial or complete combustion of the composite fibres between 550 and 650 ºC respectively. 

The Zr MOF composite fibres was stable up to 500 ºC (Figure 6.9a) showing that the Zr 

MOF nanocrystals was stable (up to 500 ºC) even when PAN fibres was combusted implying 

that the PAN fibres had protected the Zr MOF nanocrystals. The residue remaining above 

600 ºC in the TGA plot presented in Figure 6.9a is as a result of the organic ligand being 

broken down and Zr MOF is decomposed to ZrO2 (Zhao et al., 2013). From Figure 6.9b a 

residue was observed due to the decomposition of the linker molecule that occurred between 

400-600 ºC  making Cr MOF nanocrystals stable up to 350 ºC (Solomon & Banerjee, 2006; 

Ren et al., 2014).   

6.3.3 Surface area and hydrogen adsorption analysis 

The BET surface areas for the pristine MOF powders, thermal treated (degassed) PAN fibres 

and the MOF-PAN composite fibres were obtained from the nitrogen isotherms presented in 

Figure 6.10. The hydrogen adsorption isotherms are presented in Figure 6.11 and the physical 

properties of the MOF composite fibres are shown in Table 6.1. The experimental protocol 

for the surface area and hydrogen adsorption analysis of the samples are presented in section 

3.5.4.  
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Figure 6.10: Nitrogen isotherms for Zr (a) and Cr (b) pristine MOF powders, thermal treated 

(degassed) PAN fibres and MOF composite fibres measured at 77 K and 1 bar. 
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Figure 6.11: Hydrogen adsorption isotherms for Zr (a) and Cr (b) pristine MOF powders, 

thermal treated (degassed) PAN fibres and MOF composite fibres measured at 77 K and        

1 bar. 

 

 

 

 



Chapter Six                 Analysis of the Electrospun Composite Fibres 

Page | 88 

 

It was observed from the Nitrogen isotherms in Figure 6.10 for the pristine MOF powders 

and MOF composite fibres that the pores were sharply filled below 0.1 P/Po indicating high 

microporosity. Pristine MOFs depicted the type I  classification of the isotherms whereas 

MOF-PAN composite fibres had a type IV isotherm (Thommes et al., 2015). The physical 

properties and hydrogen uptake capacities of the MOF composite fibres are presented in 

Table 6.1.  

Table 6.1: Physical properties and H2 uptake capacities of MOF composite fibres. 

Sample 

 

Size
a 

 

SBET (m
2
/g)

b
 

Pore volume 

(cm
3
/g)

c
 

H2 adsorption 

(wt%)
d 

Zr-MOF (20 wt.%) 

PAN fibre 
1-2 µm 815 0.70 0.9 

Cr-MOF (20 wt.%) 

PAN fibre 
1-2 µm 1134 0.43 1.1 

 
a
 Estimated from SEM images. 

b BET surface area. 
c
 From H-K analysis. 

d 
Adsorbed at 77K 

and 1 bar. 

 

From Table 6.1the Zr and Cr MOF composite fibres had a BET surface area of 815 m
2
/g and 

1134 m
2
/g respectively. When compared to the BET surface area of the Zr and Cr MOF 

nanocrystals (of 1186 and 2618 m
2
/g respectively) a surface area reduction of 31% and 57% 

respectively were observed once the MOF powders were incorporated into the PAN fibres. 

The hydrogen adsorption for Zr and Cr MOF composite fibres (Figure 6.11) were 0.9 and 1.1 

wt% as compared to that of the Zr and Cr MOF nanocrystals (Figure 5.9) which was 1.5 wt% 

and 1.9 wt% respectively. The hydrogen adsorption capacity was reduced by 60% and 73% 

for Zr and Cr MOF nanocrystals respectively after they were electrospun into composite 

fibres.  

It is important to note that the reduction in surface area and hydrogen adsorption capacities of 

after the incorporation of pristine MOF powders into the PAN fibres was due to low weight 

percent loading of the MOF powders. In this case only 20 wt% of the MOF nanocrystals was 

used to synthesise the MOF composite fibres. Due to the density and size of the MOFs it was 

thought that by incorporating more than 20 wt% of the MOF crystals the hydrogen adsorption 

would increase however, the incorporation of 30 wt% MOF crystals into the PAN solution 

resulted in the MOF-PAN blends being too thick to be electrospun. Therefore 20 wt% MOFs 

was the optimised loading percentage for the MOF composite fibres. Furthermore, the 
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reduction in surface area and hydrogen adsorption capacities can also be due to the PAN 

layer blocking the nitrogen and hydrogen gases from filling the pores embedded into the 

fibres. Therefore the MOF composite fibres underwent vacuum degassing which removes 

residual solvent after electrospinning thus creating porosity which is evident from the SEM 

micrographs presented in Figure 6.8a and c. The porosity created by vacuum degassing of the 

MOF composite fibres aids in nitrogen and hydrogen gas accessing the pores of the MOF 

nanocrystals embedded within the fibres.  

Since there was no plateau presented in hydrogen adsorption capacities for the MOF 

nanocrystals and MOF composite fibres (Figure 6.11), meaning saturation had not been 

reached therefore a higher hydrogen adsorption can be expected at higher pressures (Ren et 

al.  2015).  

Chapter summary 

The chapter began with the analysis of the zeolite-PAN composite fibres then progressed to 

the ZTC-PAN composite fibres and finally concluded with the analysis of the Zr and Cr MOF 

composite fibres. Morphological analysis illustrated that the porous powdered materials were 

successfully supported by or encapsulated within the PAN fibres forming composite fibres 

and that the shapes of the porous powdered materials were conserved in the composite fibres. 

The amount of powdered materials supported by or encapsulated within the PAN fibres were 

determined by the size and density of the powdered materials which affects the viscosity of 

the powdered-polymeric blend and in turn its ability to be electrospun. Although the 

hydrogen adsorption capacity is directly correlated to the weight percentage of powdered 

materials supported by or encapsulated within the PAN fibre there is an optimised weight 

percent implying that once this amount is surpassed the powdered-polymeric blend was 

unable to be electrospun. The optimised weight percent for zeolites, ZTC and MOFs 

composite fibres were 40, 12.5 and 20 wt% respectively. 

The optimised weight percent loaded composite fibres showed similar thermal stability to that 

of its constituents that is the pristine PAN fibres and the porous powdered materials. The 

thermal gravimetric analysis of the zeolite-PAN composite fibres illustrate no weight loss 

after 680 ºC due to the high thermal stability of zeolites (up to 1000 ºC), however the PAN 

fibres decomposed between 180-700 ºC. ZTC-, Zr MOF- and Cr MOF-PAN composite fibres 

were thermally stable up to 500, 500 and 400 ºC respectively. This information was then 
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utilised to determine the temperatures at which degassing (that is the removal any gasses or 

moisture adsorbed onto the composite fibres) occurred. 

The BET surface area of the 40 wt% zeolite-PAN composite fibres (440 m
2
/g) was lower 

than that of the pristine zeolite 13X (730 m
2
/g). As the weight percent of the ZTC adhered to 

the fibres was incremented, an increase in surface area of 1018, 1663 and 1787 m
2
/g was 

observed for 7.5, 10 and 12.5 wt% ZTC-PAN composite fibres respectively. However, these 

surface area measurements were lower than that of the surface area of the pristine ZTC     

(2717 m
2
/g). The BET surface of Zr and Cr MOF composite fibres were 815 and 1134 m

2
/g 

respectively which had reduced by 31% and 57% respectively when the pristine Zr MOF        

(1186 m
2
/g) and Cr MOF (2618 m

2
/g) powders were incorporated into the PAN fibres. 

The hydrogen capacity for the 40 wt% zeolite-PAN composite fibres (0.8 wt%) is over 50% 

to the pristine zeolite powders (1.6 wt%). On the other hand the trend of increasing hydrogen 

adsorption capacities were observed as the loadings of ZTC into the ZTC-PAN fibres was 

increased. The hydrogen adsorption capacities for 7.5, 10 and 12.5 wt% ZTC composite 

fibres were 0.9, 1.5 and 1.8 wt% respectively. However, the hydrogen adsorption capacity of 

the ZTC-PAN composite fibre was lower than that of the pristine ZTC powder of 2.4 wt%. 

The hydrogen adsorption for Zr and Cr MOF composite fibres were 0.9 and 1.1 wt% as 

compared to that of the Zr and Cr MOF nanocrystals which were 1.5 wt% and 1.9 wt% 

respectively. A comparison of the hydrogen adsorption capacities for the pristine porous 

materials and the electrospun composite fibres are summarised in Table 6.2. 

Table 6.2: A comparison of the hydrogen adsorption capacities for the pristine porous 

powdered materials and their corresponding electrospun composite fibres. 

Pristine powdered 

material 

H2 adsorption 

capacity (wt%) 

Electrospun 

composite fibres 

H2 adsorption 

capacity (wt%) 

Zeolite 13X 1.6 40 wt% Zeolite-PAN 0.8 

ZTC 2.4 12.5 wt% ZTC-PAN 1.8 

Zr MOF 1.5 
20 wt% Zr MOF-

PAN 
0.9 

Cr MOF 1.9 
20 wt% Cr MOF-

PAN 
1.1 
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When comparing the hydrogen adsorption capacities of the electrospun composite fibres, it 

was deduced that ZTC-PAN composite fibres had the highest hydrogen adsorption capacity 

followed by Cr MOF-PAN composite fibres. Zr MOF-PAN composite fibres had the third 

highest hydrogen adsorption capacity. Zeolite-PAN fibres had the lowest hydrogen 

adsorption capacity even though it had the highest loading percentage of (40 wt%) zeolite 

13X adhered by the PAN fibres.  

The reduction in surface area and hydrogen adsorption capacities after the porous powdered 

materials were electrospun into composite fibres is mainly due to the low amounts of porous 

powdered materials supported by or incorporated within the PAN fibres. Since it is the 

porous powdered materials that adsorb the nitrogen and hydrogen gases not the PAN fibres. 

Another contributing factor to this reduction is the PAN layer blocking the nitrogen and 

hydrogen gases from filling the pores. Therefore the composite fibres underwent vacuum 

degassing which removes residual solvent after electrospinning thus creating porosity 

observed from the SEM micrographs. This aided in nitrogen and hydrogen gas accessing the 

pores of the porous powdered materials. 

The following chapter will conclude the findings from the study and give recommendations 

for future work. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Page | 92 

 

Chapter Seven 

Conclusions and Recommendations 

The transition from synthesising powdered materials that adsorb hydrogen gas in the 

laboratory to integrating them in a storage system necessitates the adoption of a versatile 

shaping technique such as electrospinning.  

The first aspect of the study was the selection of a suitable polymer for the production of 

composite fibres. After electrospinning three polymers polyacrylonitrile (PAN) was selected 

as the most suitable polymer because it yielded bead free electrospun fibres. However, the 

diameter of the PAN fibres was large/thick which prompted further optimisation of the 

electrospinning parameters. This was aimed at determining whether the distance from the 

needle tip to the collector plate and the applied voltage would affect the fibre diameters. It 

was thereafter found that a PAN concentration of 10 wt%, a flow rate of 0.4 mL/h, a distance 

of 10 cm between the needle tip and collector plate and an applied voltage of 8 kV yielded 

smooth fibres (unbeaded) with nanofiber diameter of 480-510 nm which is within the desired 

range of 300-500 nm. Fibres of this diameter range are desirable since they are expected to be 

thick enough to enable incorporation of the porous powdered materials.  

Since literature reports an increase in tensile strength during the stabilisation stage (that 

occurs between 200-300 ºC) of the carbonisation process for the PAN fibres, this study 

subjected the optimised electrospun PAN fibres to thermal treatment (stabilisation) and 

accessed its effects. It was observed that although thermal treatment did not decompose the 

PAN fibres, however it was observed to lead to brittle fibres. This observation could be due 

to the bypass of the oxidation stage since it was done under inert conditions. Stabilisation of 

the PAN fibres was done under vacuum conditions because; it was hypothesised that the 

residual solvent in the electrospun PAN fibres would be removed under the high vacuum thus 

creating porosity. However, from the results this hypothesis was not accepted.    

The study then progressed on to the synthesis and characterisation of the pristine porous 

powdered materials which were commercial zeolite 13X, its synthesised zeolite templated 

carbon derivative (ZTC) and Zr (UiO-66) and Cr (MIL-101) based metal organic frameworks 

(MOFs). ZTC was synthesised via a liquid impregnation coupled with chemical vapour 

deposition (CVD) approach and the MOFs were synthesised by a modulated solvothermal 
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method. Analysis of the ZTCs morphology and phase crystallinity show that the carbon 

derivative of zeolite 13X was successful but ZTC was mainly amorphous in nature compared 

to crystalline zeolites. It was observed from the thermal gravimetric tests that zeolite 13X was 

more thermally stable (up to 1000 ºC) when compared to its ZTC derivative which was stable 

up to 550 ºC.  The BET surface area was assessed with the aid of nitrogen sorption isotherms, 

for both zeolite 13X and ZTC which were 730 and 2717 m
2
/g respectively. The pore volume 

was 0.35 and 1.44 cm
3
/g for zeolite 13X and ZTC respectively. The hydrogen adsorption 

capacity for zeolite 13X was 1.6 wt% and increased to 2.4 wt% for the carbon derivative. The 

successful synthesis of defined, crystalline MOF nanocrystals was evident from X-ray 

diffraction and morphological analysis. The Zr and Cr MOFs were thermally stable up to 500 

and 350 ºC respectively. The BET surface area and pore volume for Zr MOF were 1186 m
2
/g 

and 0.56 cm
3
/g respectively. Cr MOF had a BET surface area of 2618 m

2
/g and a pore 

volume of 1.29 cm
3
/g. Zr and Cr MOF had a hydrogen adsorption capacity of 1.5 and 1.9 

wt% respectively at 77 K and 1 bar. Since there were no plateaus observed for the hydrogen 

adsorption isotherms for ZTC and both MOFs, the hydrogen adsorption capacities for these 

samples are expected to increase at higher pressures.  

The main focus and fourth aspect of the study was to synthesise electrospun composite 

nanofibres that can adsorb hydrogen gas. This was achieved by incorporating the porous 

powdered materials into the PAN resulting in a polymeric blend that was electrospun. 

Morphological analysis illustrated that the porous powdered materials were successfully 

supported by or encapsulated within the PAN fibres forming composite fibres. The achieved 

weight percent loading range of porous powdered materials into the PAN solution was based 

on the observable viscosity of the powdered-polymeric blends as determined by its 

electrospinability (based on the ability of the powdered-polymeric blend to flow through the 

needle tip).   

The composite fibres showed similar thermal gravimetric stability to that of the pristine 

parent materials. Zeolite-PAN composite fibres showed no weight loss after 720 ºC due to the 

high thermal stability of zeolites (up to 1000 ºC), however the PAN fibres decomposed 

between 180-700 ºC. ZTC-PAN, Zr MOF-PAN and Cr MOF-PAN composite fibres were 

thermally stable up to 500, 500 and 400 ºC respectively. 

The BET surface area of the 40 wt% zeolite-PAN and 12.5 wt% ZTC-PAN composite fibres 

were 440 and 1787 m
2
·g

-1
 respectively. Zr and Cr MOF composite fibres had a BET surface 
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area of 815 and 1134 m
2
/g respectively. The BET surface area had reduced by 40, 34, 31 and 

57% for zeolite 13X, ZTC, Zr and Cr MOFs respectively after these pristine porous powdered 

materials were electrospun into composite fibres. This reduction in surface area is primarily 

due the amount of porous powdered materials supported by or incorporated within the PAN 

fibres since only 40 wt% of zeolite 13X, 12.5 wt% of ZTC and 20 wt% of the MOFs were 

loaded into the PAN solution (resulting in a powdered-polymeric blend) prior to 

electrospinning of the composite fibres. Incorporating greater amounts of pristine porous 

materials resulted in a viscous powdered-polymeric blend that could not be electrospun. 

Another possible reason for the lower surface areas measured could be that the PAN layer 

blocked the nitrogen gas from entering the pores of the incorporated porous powdered 

materials. Therefore the composite fibres were subjected to vacuum degassing to remove 

residual solvent after electrospinning, which created porosity on the composite fibres but not 

on the pristine electrospun PAN fibres. The porosity on the composite fibres assisted the 

nitrogen gas in accessing the pores of the porous powdered materials. Similar trend would 

have been expected for the MOF-PAN composite fibres 

It had been hypothesised that an increase in hydrogen adsorption capacity would be observed 

as the loading weight percent of the porous powdered materials was increased, since PAN 

fibres had a negligible hydrogen adsorption capacity. This hypothesis was accepted after the 

hydrogen adsorption capacities for 7.5, 10 and 12.5 wt% loadings of ZTC into the ZTC-PAN 

composite fibres showed an increase of 0.9, 1.5 and 1.8 wt% respectively. However, the 

hydrogen adsorption capacity of the ZTC-PAN composite fibre was lower than that of the 

pristine ZTC powder of 2.4 wt%. The hydrogen adsorption for Zr and Cr MOF composite 

fibres were 0.9 and 1.1 wt% as compared to that of the Zr and Cr MOF nanocrystals which 

were 1.5 wt% and 1.8 wt% respectively. Similar trend would have been expected for the 

MOF-PAN composite fibres. When comparing the hydrogen adsorption capacities of the 

electrospun composite fibres, it was deduced that ZTC-PAN composite fibres had the highest 

hydrogen adsorption capacity followed by Cr MOF-PAN composite fibres. Zr MOF-PAN 

composite fibres had the third highest hydrogen adsorption capacity. Zeolite-PAN fibres had 

the lowest hydrogen adsorption capacity even though it had the highest loading percentage of 

(40 wt%) zeolite 13X adhered by the PAN fibres.  

Even though it has been shown in this study that zeolite-PAN, ZTC-PAN and MOF-PAN 

composite fibres had a lesser hydrogen adsorption capacity compared to that of their pristine 

porous powdered materials (zeolite, ZTC, Zr MOF and Cr MOF), the electrospinning 
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approach has been demonstrated to be a powerful tool for entrapping these loose powders. It 

can be anticipated that the use of a polymer with hydrogen adsorption properties would lead 

to enhanced hydrogen adsorption that could even surpass those of the porous powdered 

materials. Future work should thus form on the selection of polymers that could guarantee 

this improvement. These polymers can be polyaniline (PANi) or polymers with intrinsic 

microporosity (PIMs).    
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