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1. Introduction

It is important to search for renewable fuels for the sustainable 
development of mankind. ~ 781 Mt of CO2 is emitted from air transport, which 

is > 2% of CO2 emissions due to human activities [1,2]. Bio-jet fuel derived 
from sustainable plant products is an important step toward carbon-neutral fuel  
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Hydro-processing is a crucial step in bio-jet fuel production. The left-over hydrogen in the vent gas from the hydrocracker cannot be recycled back as it contains several impurities 
like light hydrocarbons & H2S. Here we report the development of composite palladium alloy membranes for the recovery of hydrogen from the simulated bio-jet fuel production 
environment, which is investigated for the first time. The metal membranes were fabricated on porous stainless steel (PSS) tubes as support. An intermediate alumina layer was coated 
over support using vacuum-assisted dip coating. The He/Ar gas selectivity of composite support was determined to be 4.92 at 0.05 bar (trans-membrane pressure). A dense thin film 
(~ 4 µm) of Pd (60 wt.%) - Cu (40 wt.%) metal was coated on composite support by the DC magnetron sputter deposition technique. The membrane was tested in simulated gas 
having the composition of vent gas stream of hydrocracker, as a preparatory step before application in the actual environment. The permeance of the in-house developed membrane 
was found to be ~ 1 GPU with a hydrogen recovery of 37 and 54% at 1.5 bar and 2 bar, respectively. The membrane permeance after exposure to a vent gas environment for 24 hours 
was reduced by ~ 75%. The membrane was regenerated in a mixture of H2 (10%) - He (90%) at 0.2 bar and 250 ˚C for 5 hours, and the flux was restored up to 85% of the flux of the 
unexposed membrane. The studies have opened up a new domain of application for metal membranes.

http://www.msrjournal.com/article_254749.html
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that can reduce global warming issues and the associated challenges arising 

from climate change. Also, bio-jet fuel reduces dependency on fossil-based 

sources while reducing carbon footprints by ~ 80% [3]. The first-generation 

biofuel is mainly produced from grains, sugar, or seeds. Second-generation 

biofuel is produced from non-edible crops like jatropha [4–6]. Biological, 

physico-chemical, and thermo-chemical methods are used for the production 

of biofuels from biomass [7–11]. Hydro-processing is an important process in 

bio-jet fuel production in which hydrogen is used as a reactant in excess 

[12,13]. Vent gas having ~ 80% of hydrogen from the hydrocracker cannot be 

recycled back as it contains several impurities like H2S and light hydrocarbons 

that poison the catalyst in the hydrocracker unit. The hydrogen present in the 

vent stream can be recovered for recycling and reuse, as shown in Fig. 1. This 

will reduce the load on the hydrogen generation unit significantly, making the 

overall process more economic. The existing bio-jet fuel production process is 

shown in the encircled portion of Fig. 1, where excess hydrogen is vented into 

the atmosphere in the present arrangement. 

 

 

 
 

Fig. 1. Process flow diagram of bio-jet fuel production unit & possible deployment of the 

metal membrane. 

 

 

Metal membrane-based separation process [14–17] can be potentially used 

for the separation and recovery of hydrogen [18]. Unlike typical large-scale 

hydrocrackers, where pressure swing adsorption (PSA) technology is used for 

hydrogen purification, bio-jet fuel production plants are expected to be of a 

smaller scale due to feedstock availability issues. Hence, small modular 

purification systems based on membrane technology are a suitable option. 

Solution diffusion is the predominant mechanism of hydrogen transport in a 

metal membrane. It is a multi-step process involving the transportation of 

molecules to the membrane surface, dissociative adsorption on the active 

surface, transfer from the surface to the interstitial bulk site, diffusion of 

hydrogen atoms, transfer of atoms from the solution to the permeate side, and 

associative desorption of molecule from the surface [19]. Owing to the solution 

diffusion mechanism, only hydrogen gas is transported, excluding all other 

gases. 

Composite metal membranes are generally used for hydrogen separation, 

instead of pure metal tubes, in view of having higher throughput at a lower cost 

[20]. For high-pressure applications, porous membrane supports like stainless 

steel, Hastelloy, and nickel are generally used due to their higher mechanical 

strength and better leak-tight configurations compared to ceramics and glass. 

Their thermal expansion coefficients are also similar to the metals of interest 

which are used for hydrogen separation, such as palladium [21–23]. The 

commercially available porous supports have large pore sizes with a wide 

distribution of pore sizes and high surface roughness [24,25] which is not 

desirable. Hence, the porous metallic support can be coated with an 

intermediate ceramic layer to improve the substrate’s surface characteristics, 

reduce the pore size and avoid inter-metallic diffusion (between the porous 

metal layer and metal membrane). Therefore, in many cases, ceramic materials 

like TiO2, ZrO2, SiO2, Al2O3, etc. are used as an intermediate layer over highly 

porous metal [26,27] to form composite support. Various ceramic coating 

techniques are available such as hydrothermal synthesis, plasma spraying, 

solid-state sintering, and sol-gel coating [28,29]. Subsequently, the composite 

support can be coated with the metal of interest by DC magnetron sputtering, 

which offers advantages of high deposition rate, ease of operation, high purity 

films, high adherence, and excellent uniformity [30–32].  

The literature reports abundant evidence that the Pd-Cu membrane is an 

excellent candidate for hydrogen separation in comparison with Pd and other 

Pd alloys [33–36]. The maximum hydrogen permeability for Pd-Cu alloys is 

reported at 40 wt.% Cu [i.e., Pd (60 wt.%) - Cu (40 wt.%)], because of the 

formation of a body-centered cubic (bcc) crystal lattice. The membrane cost is 

also significantly decreased due to the high percentage of Cu [33,35,37,38]. In 

addition, Pd-Cu alloys have high hydrogen selectivity, thermal stability, and 

resistance against poisoning with stability over a wide operating temperature 

range [25,39,40]. It has been reported [14] that the Pd-Cu membrane showed 

stable performance with respect to hydrogen permeation flux for exposure to 

5-39 ppm of H2S for 618 hours. Another study [38] has been reported 

investigating the effect of H2S on the hydrogen permeance of Pd-Cu alloy 

membranes, which were exposed to a 1000 ppm H2S gas in a temperature range 

of 603 to 1123 K and 620 kPa pressure. The studies confirmed that there was 

no deterioration in the hydrogen permeance of Pd (80% wt.) - Cu (20% wt.) 

alloy membrane over the entire temperature range in an H2S environment [38]. 

There is ample evidence available in the literature that Pd-Cu alloy is resistant 

to sulfur poisoning with H2S concentrations up to 5 ppm [38,41], 50 ppm [36], 

1000 ppm [38,42], and 100,000 ppm [38,43]. Several studies reported that in 

addition to H2S, CO and CO2 also have an adverse effect on Pd and Pd alloy 

membranes. The hydrogen permeance is reduced due to the adsorption of CO 

and CO2 on the surface which blocks hydrogen adsorption sites and reduces the 

active area of H2 for the dissociation of H2 molecules, causing “blanketing” 

effects [34,44,45]. Another reason for the reduction of hydrogen permeability 

is the coking effect on the membrane surface. The presence of carbon-

containing gases results in carbon deposition on the active surface and resultant 

deactivation of the surface sites which leads to a reduction in hydrogen 

permeability [34,44,46,47].  

In this work, a composite Pd-Cu alloy metal membrane was developed and 

tested for recovery of hydrogen from the simulated vent stream of the bio-jet 

fuel production unit, which is investigated for the first time. This work includes 

the characterization of porous stainless steel (PSS), its surface modification by 

coating with an intermediate layer of alumina using vacuum-assisted dip 

coating, subsequent coating of composite support with Pd-Cu alloy using DC 

magnetron sputtering, along with performance evaluation of the in-house 

developed membranes in simulated bio-jet fuel environment and membrane 

regeneration studies.  

 

 

2. Materials and Methods 

 
2.1 Fabrication of ceramic coated PSS membrane support 

 

The PSS support tubes were procured from M/s Diva Envitech, India. The 

characterization of the support tube was carried out using scanning electron 

microscopy (SEM, Oxford Instrument, Zeiss Evo 18) and gas permeation 

studies. Argon and helium were used for room temperature gas permeation 

studies of PSS support. Alumina powder was used for the fabrication of an 

intermediate ceramic layer over the base PSS support. The powder was 

characterized by Brunauer–Emmett–Teller (BET) surface area analyzer 

(Sorptomatic), X-ray diffraction (INEL), and dilatometer (SETARAM 

Instruments, Model Setsys Evolution 1750). The ceramic slurry was prepared 

in a 1:1 mixture of methyl ethyl ketone (MEK) and ethanol. Oleic acid was 

used as a dispersant and polyvinyl butyral (4% PVB) was used as a pore former. 

Dioctyl Phthalate (DOP) was used as a plasticizer and PEG-400 as the binder. 

The slurry was prepared by mixing alumina powder, solvent, and dispersant for 

72 hours in a ball mill followed by further mixing of other chemicals (binder 

and pore former) for 24 hours. The chemicals required for this process were 

procured from SRL, India. The slurries were labeled as Slurry 1 to 4 for alumina 

loadings varying from 5 to 20% with an increment of 5% in each sample. 

Subsequently, ceramic coating over PSS support was carried out for 30 seconds 

at a vacuum of 100 torrs by dip coating (with a withdrawal speed of 5 mm/s 

and a dipping duration of 10 s). Sintering of coated samples was carried out in 

air followed by a nitrogen environment as per the profile shown in Table 1. The 

heating was done at a temperature of 300 ˚C in the air to allow the organics and 

volatile components to oxidize and escape as vapors. Subsequently, heating 

was done up to 700 ˚C in a nitrogen environment. This temperature was 

optimized based on the dilatometry analysis. Adhesion test analyses of the 

sintered coated samples were also carried out with the help of an ultrasonic 

instrument (SONIX IV). For this, the sample was dipped in ethanol and 

ultrasonicated. The weight of the sample was measured every 15 minutes until 

a constant weight was observed. 

 
2.2 Metal coating on ceramic coated PSS 

 

Fig. 2 shows the DC magnetron sputtering assembly, which was used for 

coating a thin layer of Pd-Cu alloy on the PSS-alumina composite support 

(length: 500 mm, outer diameter: 12 mm). The metal alloy was coated on 

composite support at the following optimum set of operating conditions; 

deposition pressure: 8.5 mtorr, at a power of 0.2 kW, and gas flow rate: 60 

standard cubic centimeters per minute. Vacuum annealing of the metal-coated 

tube was carried out in a vacuum furnace (Hind Hivac, India) at a vacuum of 

5× 10-5 torr in an argon atmosphere at 450 ˚C. 
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Table 1 

Sintering profile for alumina coated PSS sample. 

 

S. No. Sequence Gas used 
T1 

(˚C) 

T2 

(˚C) 

Rate of heating 

(˚C/min) 

Period 

(hours) 

1 Heat Air Ambient 300 0.5 - 

2 Dwell Air 300 300 - 2 

3 Heat Nitrogen 300 700 1 - 

4 Dwell Nitrogen 700 700 - 3 

5 Cool Nitrogen 700 Ambient 1 - 

 

 

 
 

Fig. 2. DC Magnetron sputtering assembly. 

 

 

2.3 Gas Permeation studies 
 

Fig. 3 shows the membrane permeator. It consists of an outer shell, support 

tube, graphite gasket, graphite ferrules, metal membrane, and end connectors. 

The outer shell and support tube were made of SS-316. The membrane was 

sealed with end connectors using graphite ferrules.  

 

 

 
 

Fig. 3. Membrane permeator showing the individual components. 

 

 

2.4 Hydrogen separation studies in the simulated environment 
 

Fig. 4 shows the schematic of the setup used for testing of Pd-Cu 

membrane in a simulated vent gas stream of a bio-jet fuel production unit 

(carbon monoxide 1.5, carbon dioxide 1.5, methane 6.5, ethane 5, propane 2, 

n-Butane 1, iso-Butane 1, n-Pentane 0.25, iso-Pentane 0.25, hydrogen sulfide 

1 & hydrogen 80%). The helium leak rate of the membrane permeator was 

found to be 4 x 10-4 mbar.L/s. The composition of the reject stream was 

measured using Quadrupole Mass Spectrometer (QMS; Hiden Analytical). 

 
2.5 Membrane permeance calculation 

 

The hydrogen permeance (ϕ) was calculated using Equation 1 known as 

Sievert’s law [39]: 

 
nJ= ×ΔP   (1) 

 

Where J is the flux of membrane in mol. m-2. h-1, ϕ is permeance in mol. 

m-2. h-1 Pa-n, ΔP is trans-membrane pressure in Pa and n is an exponent which 

depends on the rate controlling step. As the thickness of the Pd-Cu metal 

membrane is very less (~ 4 µm), the mass transfer controlling step has been 

considered to be the hydrogen adsorption and desorption on metal for which n 

~1 [25]. 

 

 
 

Fig. 4. Schematic of setup used for gas permeation studies of Pd-Cu membrane. 

 

 

3. Results and Discussion  

 
3.1 Characterization of PSS support 

 

Fig. 5 shows the SEM image of PSS support. It is clear from the SEM 

image that the support has most of the pores in the 5 - 10 µm range, while some 

defects are of higher size (~ 20 µm), as shown in the red encircled zones in the 

SEM image. The image confirms that the PSS support has a good pore density 

with interconnected pores. 

Fig. 6 shows the Hg porosimetry analysis of PSS support. It shows that the 

pore size of the support is ~ 7.05 µm with a porosity of ~ 20%. It was found 

that ~ 70% of the pores are in the size range of 6 - 7.5 µm and ~ 10% of the 

pores are of sub-micron size (0.1 - 1 µm). The total pore volume was found to 

be ~ 34 mm3/g. 
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Fig. 5. Surface morphology of PSS support. 

 

 

 
Fig. 6. Porometry analysis of PSS support. 

 

 

Gas permeation studies of PSS support were carried out with helium and 

argon at 0.05 bar and 0.1 bar in the dead-end mode of operation at ambient 

temperature. Feed was introduced in the annular zone of the permeator and the 

product was taken out from the tube side. Table 2 shows the flux and selectivity 

of the PSS support. It was observed that with an increase in pressure from 0.05 

to 0.1 bar, the flux of helium, as well as argon through the PSS tube, becomes 

almost twice and selectivity remains nearly constant in the range of 1.8-1.9. 

This also confirms the flow domain to be in the mixed-flow regime [48]. This 

is attributed to the effect of gas diffusion through the pores of sub-micron size.  

 
3.2 Characterization of alumina powder 

 

The specific surface area of alumina, as determined using the BET 

technique was found to be 62.095 m2/g using BET technique and the particle 

size was ~ 26 nm. The density of powder was considered to be 3.987 g/cc [49]. 

Fig. 6 (a) shows the XRD pattern of alumina. The peaks at 2θ values of 

37˚, 42˚, and 67˚ correspond to the α-phase and 39˚ to γ-phase of alumina [50]. 

It shows that the powder is a mixture of α- and γ- phases of alumina. 

Fig. 7 (b) shows the dilatometry plot of alumina powder, which confirms 

that the sintering of alumina powder starts beyond 600 ˚C. The final sintering 

temperature was fixed at 700 ˚C in order to ensure that the sintering of alumina 

particles leads to the coating of the alumina layer over PSS support.  

 
3.3 Characterization of PSS-alumina composite support  

 

Table 3 shows the adhesion test results of alumina-coated PSS, as 

calculated by Equation 2. It can be observed that the adhesion of the sample 

increases from 0.4 to 1.8% (Slurry 1 to 3) with an increase in solid loading from 

5 to 15%, which increases the viscosity of the solution. Beyond 15% solid 

loading (Slurry 4 at 20% loading), the extent of adhesion becomes nearly 

constant at 1.8%. Therefore, Slurry 3 was chosen as the optimum.  

 

Adhesion (%)= 100
final initial

initial

W W

W

−


 (2) 

 

 Fig. 8(a-d) shows the SEM images of alumina-coated PSS support with 

different solid loadings. In the case of Slurry 1 with 5% solid loading (Fig. 

8(a)), some cracks and pits were observed, indicating non-uniform coating. In 

the case of Slurry 2 with 10 % solid loading (Fig. 8(b)), some agglomerated 

patches were observed, indicative of non-uniform coating. In the case of Slurry 

3 with 15% solid loading (Fig.8(c)), a continuous coating with nano-pores was 

observed, although some defects of ~ 2 µm size were also observed. In the case 

of Slurry 4 with 20% solid loading (Fig.8(d)), a dense coating was obtained 

over the base support, as compared to other coated samples. Thus, 15% solid 

loading (Slurry 3) was chosen as the optimum.  

Table 4 shows the He/Ar gas permselectivity of alumina-coated PSS 

support. The permselectivity increased in comparison to the bare PSS tube from 

1.8 to 4.06 (at 0.1 bar pressure) and from 1.9 to 4.92 (at 0.05 bar pressure), 

which is due to the decrease in the pore size by alumina coating. With the 

decrease in pressure, the selectivity was found to increase due to the shift of the 

flow domain from viscous flow to the Knudsen diffusion regime [48]. 

 
 

Table 2 

Gas permeation studies of PSS support. 

 

Pressure (bar) 
Flux (mol.m-2.h-1) 

 
Permeance (mol.m-2.h-1Pa-1) 

 
Gas selectivity 

(He/Ar) 
He Ar  He Ar  

0.05 125.90 ± 46 64.46 ± 18  0.0252 0.0128  1.9 

0.1 251.81 ± 94 137.08 ± 34  0.0252 0.0137  1.8 

 

 

 
 

(a) XRD pattern of alumina powder. 

 
 

(b) Dilatometry studies of alumina. 

 

Fig.7. Characterization of alumina powder. 
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Table 3 

 Adhesion of alumina-coated PSS tube sintered up to 700 ˚C. 
 

Slurry no. 
Solid loading of 

slurry (wt.%) 

Weight of sample (gm) 
 

Adhesion 

(%) Before coating 

(Winitial) 

After 

coating 

After 

Sintering 

After ultra-sonication 

(Wfinal) 

 

1 5 10.884 10.937 10.962 10.927 
 

0.4 

2 10 8.429 8.536 8.602 8.533  1.2 

3 15 7.758 8.231 8.068 7.900  1.8 

4 20 7.627 8.117 7.892 7.763  1.8 

 

 

Table 4 

Gas permeation study of alumina coated PSS support. 
 

Pressure (bar) 
Flux (mol.m-2.h-1)  Permeance (mol.m-2.h-1Pa-1) 

Gas selectivity (He/Ar) 
He Ar  He Ar 

0.05 120.84 ± 17 24.56 ± 10 
 

0.024168 4.912 ×10-3 4.92 

0.1 248.18 ± 17 61.03 ± 26  0.024818 6.103×10-3 4.06 

 

 

 
(a) Loading: 5% alumina. 

 

 
(b) Loading: 10% alumina. 

 

 
(c) Loading: 15% alumina. 

 
(d) Loading: 20% alumina. 

 
Fig. 8. SEM images of alumina-coated PSS support with different solid loadings. 

 

 

3.4 Studies on Pd-Cu membrane 
 

3.4.1 Characterization of Pd-Cu membrane 
 

The SEM and EDS analyses were carried out for unexposed, exposed, and 

regenerated Pd-Cu membranes. Fig. 9(a) shows that the unexposed membrane 

has a dense Pd-Cu layer. The EDS analysis of the unexposed membrane 

indicates the presence of Pd, Cu, Al, Si, and O (Fi. 9(b)). Fig. 9(c) shows the 

SEM image of the exposed membrane. It can be observed that sulfide formation 

has changed the morphology of the surface with patch-like dense structures. 

The presence of sulfur on the membrane surface was detected through EDS 

analysis (Fig. 9(d)). For 24 hours of exposure to the simulated gas environment, 

it was observed that sulfur covered the metal surface significantly. The SEM 

and EDS images (Fig. 9(e) - 9(h)) of the regenerated membrane show that sulfur 

was removed from the membrane surface by regeneration in the presence of an 

H2 atmosphere, wherein the adsorbed sulfur possibly combines with H2 and gets 

desorbed from the surface [51]. Fig. 9(i)cross-sectional morphology of 

unexposed membrane. The active metal layer thickness was around ~ 4 µm. 

The XRD analysis results of unexposed Pd-Cu, exposed Pd-Cu, and Pd-

Cu regenerated at 250 ˚C are shown in Fig. 10. The XRD peaks in unexposed 

Pd-Cu metal membrane correspond to the individual phases of Pd and Cu 

metal. However, peaks corresponding to Pd-Cu alloy were also observed in the 

case of exposed and regenerated membranes. After exposure to the simulated 

gas environment, peaks corresponding to Cu2S and Pd16S7 on the metal surfaces 

were observed. However, the peaks corresponding to the sulfide of Pd-Cu alloy 

were not detected, which shows the stability of Pd-Cu in the sulfur 

environment. The presence of sulfur is also evident from EDS analysis results. 

In the XRD analysis of the regenerated membrane, the peaks corresponding to 

sulfides of Pd, Cu, and Pd-Cu were not detected, confirming the regeneration 

of the membrane. 

Fig. 11 shows the membrane end connectors and permeator shell after 

exposure to a simulated biofuel environment. It can be observed that the end 

connectors have undergone corrosion as clearly evident by the change of color 

and deposition in some regions (portions encircled in red in Fig. 11). Inside the 

permeator shell, a crust-like deposition can also be seen, which is due to the 

formation of sulfides. 



R. Parashar et al. / Journal of Membrane Science and Research 8 (2022) 553098 

 

6 

 
 

 
(a) SEM of unexposed Pd-Cu. 

 
(b) EDS of unexposed Pd-Cu. 

 
(c) SEM of exposed Pd-Cu. 

 
(d) EDS of exposed Pd-Cu. 

 
(e) SEM of the regenerated membrane at 100 ˚C. 

 
(f) EDS of the regenerated membrane at 100 ˚C. 

 
(g) SEM of the regenerated membrane at 250 ˚C. 

 
(h) EDS of the regenerated membrane at 250 ˚C. 

 
(i) SEM of the cross-section of the unexposed membrane. 

Fig.9. SEM and EDS images of exposed, unexposed, and regenerated Pd-Cu membrane. 
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Fig. 10. The XRD patterns of unexposed, exposed, and regenerated Pd-Cu membrane at 

250 ˚C. 

 

 

 
 

Fig. 11. Membrane end connectors and permeator shell after exposure to biofuel 

environment. 

 

 

3.4.2 Gas permeation studies of unexposed membrane 
 

Pd-Cu membrane was tested for gas permeation at 1 bar with hydrogen gas 

in batch mode for 185 minutes, and the hydrogen flow rate was found to be ~ 

0.85 ml/min (permeance ~ 1 GPU). Experiments were carried out for hydrogen 

separation from a simulated stream having a composition similar to that of a 

vent stream in the biofuel production unit, at 1.5 and 2 bar for 280 minutes. The 

composition of the reject stream was analyzed at the end of the experiments. It 

was found that at 1.5 bar hydrogen concentration in the reject stream after 280 

minutes was 52%, while at 2 bar it was 45%. Hence, a hydrogen recovery of 

37% and 54% was achieved at 1.5 and 2 bar, respectively.  

 
3.4.3 Gas permeation studies of exposed membrane  

 

A gas permeation study of the exposed membrane (exposure duration of 

24 hours) was carried out with hydrogen at 1 bar in batch mode for 105 minutes. 

The hydrogen flow rate was found to be ~ 0.22 ml/min (permeance ~ 0.25 

GPU), which is approximately 25% of the initial flow. Since the membrane was 

exposed to a biofuel environment, hydrogen permeance was reduced. It is 

because of the formation of sulfides (Cu2S and Pd16S7) on the membrane 

surface [34,37,52]. The XRD analysis also confirmed the presence of Cu2S and 

Pd16S7 phases after exposure to biofuel. Another reason for permeance 

reduction is the adsorption of CO and CO2 on the membrane surface. As CO 

has a strong affinity toward the membrane surface, it tends to get adsorbed on 

the surface which further blocks the hydrogen adsorption sites, leading to a 

reduction in permeance [45,53]. The effective surface area for hydrogen 

dissociation gets reduced due to the presence of CO and CO2. The EDS analysis 

also confirmed the presence of carbon on the membrane. 

 
3.4.4 Regeneration of exposed membrane 

 

The membrane flux was reduced by 75% after exposure of 24 hours to a 

biofuel environment. Hence, the membrane was regenerated with H2 (10%) - 

He (90%) gas mixture at 0.2 bar and temperatures of 100 and 250 ˚C for 5 

hours. The flow rates of hydrogen at 100 and 250 ˚C were found to be 0.65 and 

0.72 ml/ min, respectively. During regeneration of membrane in a hydrogen-

helium environment, the adsorbed sulfur tends to combine with H2 and gets 

desorbed from the surface in the form of H2S [29,36,51]. This leads to an 

increase in the average flow rate of hydrogen. The EDS analysis also confirmed 

that sulfur was removed from the membrane surface after regeneration of the 

membrane. 

 

 

4. Conclusion 

 

A composite Pd-Cu alloy membrane was developed to recover hydrogen 

from the hydrocracker's vent gas stream for recycling and reuse in the bio-jet 

fuel production unit. The membrane was developed by coating a thin film of 

Pd-Cu alloy over PSS support. The PSS support tubes were characterized by 

gas permeation studies and SEM analysis. The SEM analysis showed that the 

PSS has a pore size in the range of 5-10 µm and porosity was found to be ~ 

20%. Gas permeation studies of the PSS support were carried out with helium 

and argon at different pressures (0.05 bar and 0.1 bar Pa). It was observed that 

the selectivity of PSS support for helium with respect to argon remained almost 

constant at 1.8 as pressure increased from 0.05 to 0.1 bar. In order to reduce the 

pore size of support, which is necessary to obtain a defect-free and thin coating 

of metal alloy on the support, an intermediate alumina layer was coated over 

the PSS using vacuum-assisted dip coating of support in alumina slurry with 

optimized composition (15% solid loading). The He/Ar selectivity of 

composite (PSS - alumina) support was found to increase in comparison to the 

bare PSS tube. A dense thin film (~ 4 microns) of Pd-Cu alloy was coated on 

the composite support using the DC magnetron sputter deposition technique. 

The performance of the composite palladium alloy membrane was evaluated 

with a simulated vent gas stream of the hydrocracker in the bio-jet fuel 

production unit. The initial membrane permeance was found to be ~ 1 GPU 

with a hydrogen recovery of 37 and 54% at 1.5 and 2 bar, respectively. The 

membrane permeance after exposure to a simulated environment for 24 hours 

was found to reduce by 75%. The membrane was regenerated by H2 (10%) - 

He (90%) mixture at 0.2 bar and temperatures of 100 ̊ C and 250 ̊ C for 5 hours. 

At 250 ˚C, the flux was restored to up to 85% of the flux of the unexposed 

membrane. The work reported here has opened up newer possibilities for the 

application of metal membranes in the domain of bio-jet fuel production 

environment. 
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