


 

Introduction
Since the introduction of metallic membranes for hydrogen separation, the costs of such systems have always prohibited 

larger scale applications. However, based on more than ten years of research, ECN (a leading research centre in the fi eld of 

energy innovations) introduces a break through technology; thin-fi lm palladium membrane modules which have been specifi -

cally engineered to optimize the extraction of hydrogen from a gaseous stream.

Background
Hydrogen is not only an important industrial chemical but 

is also becoming one of the future’s key energy carriers. 

On the long term, the demand for hydrogen in petroleum 

refi ning will continue to increase due to the use of the 

cheaper heavy crude that contains more sulfur. Fur-

thermore, the recent rapid development of more energy 

effi cient fuel cells will create new markets for hydrogen. 

Therefore, future demand for hydrogen will undoubtedly 

increase greatly.

The problem
With the increase in hydrogen demand, companies will 

strive to:

make the hydrogen production process more (cost/yield)  -

effi cient

increase the yields from hydrogen recovery processes -

produce more hydrogen on-site -

The solution
In its research to create hydrogen membrane reformers, 

ECN has developed hydrogen separation (Hysep®) mod-

ules. These are based on dense composite Pd and Pd/al-

loy membranes supported on a porous substrate which are 

especially suited for separating hydrogen from a gaseous 

stream. When offered on a commercial basis, the hydro-

gen separation modules are estimated to realize signifi cant 

cost reductions when applied to the purifi cation and purge 

stream market. Currently, ECN offers several hydrogen 

separation modules on pre-commercial basis for purposes 

of evaluation. The modules can be used to gain experience 

using thin-fi lm hydrogen separation membranes, to verify 

the performance of the membranes in your specifi c ap-

plication, and enable you to benchmark ECN’s membranes 

against alternative methods of hydrogen separation.

The market
The markets for ECN’s hydrogen separation membrane 

modules consist of on-site hydrogen supply, hydrogen 

separation from purge streams and increasing hydrogen 

conversion effi ciencies by creating a recycle loop.

The Hysep® technology
An essential element of the Hysep® technology is the use 

of thin-fi lm palladium composite membranes. A palladium 

membrane separates high-purity hydrogen from a mixture 

of gasses. 

Hydrogen passes through the palladium layer which is 

impermeable to other gasses. The thickness of the pal-

ladium layer is a key issue. As the palladium layer becomes 

thinner, the hydrogen fl ux becomes higher and membrane 

cost lower. The supported palladium membrane layer in 

the Hysep® module has a thickness as low as 3-9 microns, 

a substantial improvement over current commercially avail-

able palladium membranes which are based on self-

supporting metals foils with a thicknesses of 20-100 μm. 

Low cost membrane fabrication
To make these membranes ECN has developed technology 

to apply a very thin layer of palladium on a ceramic sup-

port tube. In this way the excellent hydrogen selectivity of 

the palladium layer and the robustness of a ceramic sup-

port tube are combined. In all aspects of our membrane 

technology development, focus has been on low-cost so-

lutions. Using thin layers reduces the amount of palladium 

on a membrane to a minimum. Because of the higher fl ux 

in using thin-fi lms, the number of membranes required to 

separate the same amount of hydrogen is much lower. This 

has a large impact on cost. In the selection of the ceramic 

support system and manufacturing steps cost has been 

leading. Although the support tube is a high-tech product 

requiring unique expertise to manufacture, it is based on 

low-cost ceramic tubes. In producing membranes based 

on these tubes only production methods are used which 

enable scale-up to cost-effective high-volume industrial 

fabrication.

High performance membranes
Key characteristics of the membranes are the hydrogen 

fl ux, selectivity and lifetime. These will depend on the 

specifi c process, most importantly on the pressure at 

which the hydrogen containing mixture is available, the gas 

composition and the presence of contaminants. 

Lifetimes of several thousands of hours have been shown 

under different conditions. Purities which can be reached 

range from 99.5% to 99.995% in a single step depending 

on the initial composition. 

Lifetime and performance are a very important aspect for 

these thin Pd alloy membranes. Under pure hydrogen and 

at 350°C ECN achieved a lifetime of more than 6000 hours 

with permselectivities of >7600, which is a unique result for 

thin-fi lm membranes. However, higher temperatures and 

other gas compositions infl uence lifetime. For example in a 

simulated reformate mixture with at temperatures of 400-

450ºC, 2400 hours has been reached.

ECN can make Pd coated porous tubes up to a length of 

90cm. The Pd membranes are closed by a patented leak 

tight sealing at one end and can resist pressure differ-

ences of at least 30 bar with the highest pressure on the 

outside of the tube. 

About us
The Energy research Centre of the Netherlands (ECN), is 

the largest research centre in the Netherlands in the fi eld of 

energy. ECN employs approximately 900 people. 

Our mission is to develop and help implement sustainable 

energy technologies. With our work we aim to bridge the 

gap between fundamental research at universities and the 

application of this knowledge by industry. 

We work on a broad range of subjects including high-

effi ciency solar cells, design of wind-turbine parks, cleaner 

and more effi cient ways to use biomass, low-energy and 

no-energy concepts for buildings, which will have a large 

impact on daily life. 

The main goal of the programme Energy Effi ciency in 

the Industry (EEI), one of the research units of ECN, is to 

develop with our industrial partners innovative solutions for 

the reduction of energy and raw-materials use in industry.

Since 1998, ECN has been developing hydrogen separa-

tion membranes based on palladium alloys. In these ten 

years the group has developed an outstanding reputa-

tion in the fi eld of palladium membranes and has created 

intellectual property covering all aspects of the Hysep® 

modules.

Projects and partners

Application of separation modules in a innovative hydro-
gen production process
In the Italian FISR project Technip KTI develops a highly in-

novative hydrogen production process for the petrochemi-

cal and refi ning industry. Membrane modules are used to 

separate pure hydrogen. 

By using a sequence of reaction and separation steps, 

both processes can be operated at optimum conditions 

while reaching a high conversion. ECN delivers the hydro-

gen separation module for the pilot plant.
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The FISR-project is funded by MIUR (Italian Ministry of 

Education, University and Research) and furthermore 

involves seven Italian chemical engineering institutes. 

The objective is to build a 20 Nm3/h pilot hydrogen plant. 

Although the membrane technology has been demonstrat-

ed on lab-scale, this project represents a signifi cant step 

from the laboratory to its application in industry. 

Multi-fuel capability for decentralized hydrogen produc-
tion with CO2 capture
Producing hydrogen for refueling cars locally from a variety 

of fuels, while capturing the CO
2
 emitted in the process. 

This is the vision N-GHY and partners pursue in the 

GENHSTOK2 program. N-GHY has successfully devel-

oped an oxygen fuelled 30 Nm3/h reformer unit and gas 

clean-up unit. ECN delivers the membrane module which 

will be used to demonstrate the next step in the process: 

production of pure hydrogen.

N-GHY develops together with several partners decen-

tralized production units for production of pure hydrogen. 

Such units, with hydrogen generation capacity in the range 

of 30 to 100 Nm3/h will be suitable from a wide range of 

fuels (particularly, from biofuels such as biogas, bioetha-

nol, vegetables oils or esters) and can be used in the future 

to prove the hydrogen fi lling stations’ market. Operating 

under high pressure (60 bar), using pure O
2
, will allow the 

CO
2
 to be captured and liquefi ed locally.




