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Membranes technology embraces the production of polymeric membranes (standard chemical composition of 

polymers includes carbon, oxygen, hydrogen and nitrogen atoms) via a technique called track etching or swift heavy 

ion irradiation which has been patented by Price and Walker in 1967 in General Electric (GE). The production process 

includes three subsequent steps: ion irradiation of a polymeric film (mostly polycarbonate – PC, polyethylene 

terephthalate - PET or polyimide - PI) with high-energy (mostly MeV range) heavy ions; chemical etching, and post-

production treatment associated directly with the membrane’s specific application. Track-etched membrane 

(TEMs) technology results in the manufacture of uniformly sized micro/nanoporous polymeric structures with 

channel-like pores (pore geometry: cylindrical, conical, funnel-like or cigar-like) induced by energetic ions, called 

lateral tracks, which are further revealed via chemical treatment under various conditions (e.g. elevated 

temperature, acids). Other possible TEM modifications include chemical functionalization, surface treatment, and 

sterilization process. 

 

Figure 1. Etched Ion Tracks in the Polymeric Film (source: wikipedia.com) 

The most recent technological advancement around the TEMs includes the utilization of the UV light (the technique 

is called Track-UV) for the sensitization (i.e. enhancement of particle tracks) of the polymeric structure. The use of 

the light within the UV range facilitates the creation of lateral tracks under irradiation by making the polymer more 

sensitive to the production process. Consequently, the UV light helps to diminish the requirements of the post-

radiative track revealing treatment by making the polymeric film more reactive towards etchant. A similar 

sensitization effect can be also achieved via ozone treatment, solvent treatment of thermal treatment for certain 

types of polymers. 

The TEMs characterization includes determination of the pore size distribution measured via a porometer and 

geometry/size of the pores, which are obtained by two complementary electron microscopy techniques: scanning 

electron microscopy (SEM) and high-resolution transmission electron microscopy. In the case of chemical 

functionalization, the Fourier-Transform Infrared Spectroscopy (FTIR) is used to determine the presence of 

functional groups. 

A broad market study has been performed, which presents the international situation and all the applications using 

TEMs. This study shows some “niche” markets requiring the development of new types of TEM, with new materials 

and new functionalities. Ganil’s potential for these future developments has been assessed, putting forward the 

facility specificities. A business plan based on these future activities has been developed and is presented in the 

deliverable D4.1 (cf. Task1). 

2.2.  GANIL’S POTENTIAL TOWARDS TEM PRODUCTION 

2.2.1. DESCRIPTION OF THE FACILITY FOR TRACK-ETCHED MEMBRANE IRRADIATION IN GANIL 
Irradiation of the polymeric film in GANIL’s facility is undertaken using a special membrane dispenser system 

equipped with a set of rolls, which was initially built in 1987 (see Figure 3), and whose control system was renewed 

last year. A polymeric film is mounted on the stand with a rolling system followed by beam exposure in the air 

(Figure 2). The quality of the beam is precisely controlled via continuous monitoring of the ion flux parameters in 

the operation room (e.g. beam intensity or beam position). 
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The total cost of GANIL’s operation was widely explored within the frame of WP3 Task 1 of the IDEAAL project and 

is presented in the deliverable D4.1.  

2.2.2. GANIL VS. OTHER NUCLEAR PHYSICS LABORATORIES 
The global track-etched membrane market is currently saturated with the polymeric films produced in other 

countries worldwide (i.e. Belgium, Germany). However, GANIL has a range of advantages to compete with other 

facilities such: excellent beam stability, high beam reproducibility, beam irradiation spot precision, homogenous 

beam distribution (±5%), elevated beam intensity, high irradiation efficiency and wide energy range towards the 

production of thicker or more dense polymeric films. These qualities make GANIL’s facility unique as compared to 

other nuclear physics laboratories. To support this statement, the table below (see Table 2) represents the list of 

facilities similar to GANIL where the TEM production takes place. 

Table 2. Comparison of Various Nuclear Physics Laboratories Similar to GANIL. 

Name of Facility Location Type of Accelerated Ions Energy (per nucleon) 

GANIL Caen/France 
Krypton-78 
Lead-208 

10.5 MeV/u 
29 MeV/u 

GSI/UNILAC Darmstadt/Germany from Hydrogen to Uranium 2 - 11.4 MeV/u 

RIKEN/RILAC Saitama/Japan 
Xenon-136 

Uranium-238 
up to 680 keV/u 

JINR/SHEF Dubna/Russia from Helium to Uranium 4 - 8 MeV/u 

TSL Uppsala/Sweden Xenon-136 8.3 MeV/u 

CERN/LINAC 3 Geneva/Switzerland Lead-208 4.2 MeV/u 

CDR/CYCLONE 
Louvain-la-

Neuve/Belgium 
Xenon-136 up to 6 MeV/u 

NSCL/K1200 East Lansing/USA from Oxygen to Uranium 8 - 80 MeV/u 

TRIUMF/ISAC Vancouver/Canada from Helium to Calcium 5 - 11 MeV/u 

Compared to other places in Europe, GANIL has an added value (higher energy beam range allowing for deeper 

high LET ion penetration) making it a competitive place with a wider range of possibilities towards TEM production. 

The main competitors of GANIL in Europe are the GSI, the TSL, and the CYCLONE facilities in Germany, Sweden, and 

Belgium, respectively. On a commercial level, the polymeric TEMs are irradiated using mostly the Krypton and 

Xenon beam. The energy of the heavy-ion beam affects the efficiency of the ion penetration through the polymeric 

film making low energy beam (up to 11 MeV per nucleon) only applicable to certain types of polymer while limiting 

their maximum thickness (e.g. less dense materials, like PC or PET, with a maximum thickness of 50 microns). In 

consequence, low energy beam efficiency requires the irradiation of TEMs to take place under a vacuum 

atmosphere which increase the beam efficiency towards better energy deposition and avoids an additional window. 

In contrast, GANIL has a higher energy beam for heavy ions (up to 30 MeV per nucleon) with more effective beam 

penetration (high LET beams like 208Pb). In GANIL polymeric TEM irradiation can be performed under the air 

atmosphere (beam energy high enough to cross a thin stainless-steel window) without compromising on their 

thickness nor the initial material structure and physicochemical characteristics. This makes the GANIL’s facility very 

unique among others allowing to produce polymeric films as thick as 120 microns. 

Up-to-date, the most robust and challenging polymer to produce on the market via TE technology is the 

Polyimides (PI - commercially introduced by the iIT4IP company from Belgium). The PI production with a 

maximum thickness of 50 microns is currently performed in the GSI facility using the Xenon beam (129Xe; E = 5 

MeV per nucleon) under vacuum. However, the beam irradiation of thicker PI polymeric film requires significantly 

higher energy heavy ions and is not accessible in other places in Europe than GANIL in France. The most common 
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2.3.1. TRACK-ETCHED MEMBRANE GLOBAL MARKET 
The track-etched membrane global market is predicted to reach 813.1 mln USD by 2023 from 476.0 mln USD in 

2018, at a Compound Annual Growth Rate (CAGR) in percentage equal to 11.3%. In 2017, the global market size 

was equal to 428.4 mln USD, as shown in Table 3. 

Table 3. Track-Etched Membrane Global Market Prediction in USD between 2017 and 2023. 

 2017 2018 2023 CAGR(%) 

Market size (USD) 428.4 mln 476.0 mln 813.1 mln 11.3 

This increase of the global size market relates to increasing customer demand for the final product leading to the 

progressive development of the track-etched technology. The reason for such market dynamics depends on the 

three main factors: market drivers, market constraints, and opportunities. The main global market drivers include: 

- increasing R&D spending in pharmaceutical and biopharmaceutical industries 

- raising TEMs applications in nanotechnology 

- increased purity requirements in end-user applications. 

In terms of the global market restrains the relatively high production cost results in a limited supply of TEM 

products. However, from the future application point of view, the main market opportunity appears to be an 

ultrafiltration track-etched polymeric membrane market. The global track-etched membrane market is segmented 

into North America, Europe, Asia-Pacific (APAC), and Rest of the World (RoW). The higher share of the market is 

dominated by the North America region (both in supply and demand side). The second-largest share of the market 

is assigned to Europe followed by APAC and RoW. (Table 4) 

Table 4. Market Share by Region (%) given for Supply and Demand Side. 

Region Supply Side Demand Side 

North America 41 37 

Europe 22 24 

Asia-Pacific (APAC) 20 22 

Rest of the World (RoW) 17 17 

Total 100 100 

Several facilities in Europe (including Ganil in France) makes Europe (22% and 24% of the global market share for 

supply and demand side, respectively) the main region of interest regarding the possibility to enter the global 

market. Europe holds nearly one quarter of the global market share so the attractiveness of the regional market is 

already high for both the production and demand side. Unfortunately, the data for the French regional TEMs market 

was not accessible. 

Another type of market segmentation includes potential end-user application of the TEM technology. The TEMs 

found their main utility in Pharmaceutical and Biopharmaceutical Companies (42%), Academic & Research Institutes 

(28%), Food & Beverage Companies (15%), Hospital & Diagnostic Laboratories (10%), and Other End Users 

applications (5%) as presented in Figure 4. 

 

Figure 4. Market Share by End User (%)  
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The Pharmaceutical and Biopharmaceutical Industries are the largest end-users of the polymeric membranes 

produced via track-etched technology. The reason for that is also aligned with the main market driver related to 

the growing R&D spending for research towards the development of biological molecules and manufacturing of the 

generic drugs. 

Other types of market segmentation methods include the type of the final product (membrane filters, cartridge & 

capsule filters, other track-etched membrane products) and type of polymeric material (polycarbonate – PC, 

polyethylene terephthalate – PET, and polyimide - PI) used for the TEMs production. In these cases, the highest 

global market share belongs to membrane filters and PC-TEMs. 

2.3.2. COMPETITIVE LANDSCAPE 

As concluded in the previous part, the highest share of the global market belongs to North America (41%) and 

Europe (22%). Following that, an analysis of the competitive landscape in terms of companies currently producing 

or distributing the TEMs globally was realised. The aim was to establish the level of shared knowledge, a saturation 

of the market but also possible similarities between the companies in terms of production line of TEMs offered, as 

presented in Table 5. 

 

Table 5. Key Market Players on the Global Track-Etched Membrane Market  

North America (grey) and Europe (blue). 

North America Foundation Year Europe Foundation Year 

GE Healthcare 1892 Merck Group 1891 

Danaher Corporation 1969 it4ip S.A. 2006 

Corning, Inc. 1851 Oxyphen AG 1953 

Sterlitech Corporation 2001 Brand GmbH & Co KG 1949 

Sarstedt AG & Co. KG 1961 Sartorius AG 1870 

Zefon International, Inc. 1990 SABEU GmbH & Co. KG 1958 

Thermo Fisher Scientific 2006 GVS S.p.A. 1949 

Avanti Polar Lipids, Inc. 1969 Eaton Corporation, Inc. 1911 

SKC, Inc. 1976 Greiner Bio-One GmbH 1868 

Graver Technologies LLC 1866 Machery-Nagel GmbH & Co. KG 1911 

Simply by looking at the names of the companies/year of foundation, the global TEMs market appears to be mature, 

highly competitive, and saturated with this type of technology. To go a bit deeper with this analysis it was looked 

also for similarities between companies (see Table 6) including the type of polymer, surface properties or surface 

coating, method of sterilization, format, pore size, and lastly commercial price (in euro) of TEMs. 

The high number of key market players, their long presence on the global market, and hence the maturity of the 

market show high entry barriers for GANIL to be competitive. Moreover, a high level of similarity between the 

companies’ product range also indicates no need for high-volume production of TEMs in none of the possible 

application domains. 

Based on the main market driver (R&D research development) and high CAGR%,  it is suggested to use the 

competitive advantage of GANIL and its added-value (i.e. beam stability, high energy range, heavy ions, beam 

intensity) for further exploration of any potential niche market where a small volume of TEMs are sold at a high 

price. 

Table 6. Summary of the Most Common Properties of the Commercially Produced Polymeric TEMs. 
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Type of polymer polycarbonate (PC), polyester (PET), and polyimide (PI) 

Surface properties hydrophobic or hydrophilic (PVP coating) 

Surface coating metal coated (Ag, Au, Cu, Al or Ti), dyes 

Sterilization autoclave (30 min at 120 °C), ethylene oxide (EtO) or gamma-rays 

Format rolls, flat sheets, discs, square or rectangular shape, customized 

Pore size range 0.01 - 30 µm 

Thickness range 6 - 50 µm 

Price range for the 
end product 

producer/pore size/diameter/material/configuration/quantity dependent 
Example: 56,63€ - 186,00€ 
(for PC, diam. 13-47, pore size 0.1 - 12 µm, pack of 100) 

 

2.3.3. MICROFILTRATION AND ULTRAFILTRATION GLOBAL MARKET 
The other two possible markets to enter include microfiltration and ultrafiltration global markets where polymeric 

membranes can be used for general filtration purposes due to the pore size range offered by track-etched 

technology. In this part the size of the market and its CAGR% are analyzed to see whether those markets could be 

of potential interest for GANIL (Table 7). The market estimation given in this section should represent the finale 

“sale price”, however, the market size of membrane irradiation should be an order of magnitude lower. 

Table 7. Microfiltration (blue) and Ultrafiltration (green) Global Market Predicted Compound Annual Growth Rate 

(CAGR%) and Market Size between 2017 and 2023, given in USD. 

Global Market 2017 2018 2023 CAGR(%) 

Microfiltration Market size (USD) 2.2 billion 2.4 billion 3.7 billion 9.0 

  2015 2015 2021 CAGR(%) 

Ultrafiltration Market size (USD) 3.1 billion 3.2 billion 4.6 billion 6.9 

The track-etched global market presented in section 2.3.1 has its CAGR equal to 11.3% as measured between 2018 

and 2023 whereas the size market is predicted to reach 813.1 mln USD by 2023 from 476.0 mln USD in 2018. In the 

following cases, the CAGR between 2018 and 2023 of microfiltration and ultrafiltration global markets are 9.0% and 

6.9%, respectively, which is nearly 2.3% and 4.4% lower compared to the track-etched membrane global market. 

However, both of them are still in a development stage opening the possibility for GANIL to enter those markets. 

In terms of the size, microfiltration and ultrafiltration global markets were estimated to be 2.2 billion and 3.1 billion 

USD, respectively, as measured in 2017. The prediction for 2023 estimates them to reach a size of 3.7 billion and 

4.6 billion for microfiltration and ultrafiltration global markets, respectively, which is 1.3 billion and 1.4 billion higher 

compared to 2018. 

Finally, the polymeric track-etched membranes currently present on the microfiltration and ultrafiltration global 

market are mostly used in the following applications: 

- biotech/biopharma/pharmaceuticals 

- medical (hemodialysis) 

- industrial processes 

- food and beverage 

- potable water and wastewater treatment 

- semiconductors (purification) 

The first application segment also corresponds to the main commercial end-user identified in the track-etched 

global market membrane described at the beginning of this chapter. 



 

Deliverable D4.3    Report on the increase of innovation potential study 

IDEAAL - 730989                                 14 22/03/2021 

 

2.3.4. SCIENTIFIC PUBLICATIONS 
Scientific publications and intellectual property (IP) represent global trends in the research and development of the 
TEMs technology and potential direction of future market needs. Understanding the technological need and 
environment is crucial to decide about the direction of potential GANIL’s TEM production. 

The TEMs commercially available are mostly made of polymers such as PC, PET, or PI. Apart from the popular 
polymeric membranes, polytetrafluoroethylene (PTFE) and polyvinylidene fluoride (PVDF) are also of high interest 
due to their unique properties (e.g. piezoelectricity – PVDF, dielectric properties – PTFE). In the following study 
(Table 8), two complementary search engines, namely Web of Science and Scopus, were used to check the number 
of scientific publications dealing with the most common polymeric membranes produced via track-etched 
technology. 

Table 8. The total number of scientific publications for various polymeric TEMs from 2008 to 2018 according to 

Web of Science and Scopus search engines (highlighted - PC, PET, and PI are commercialized; PTFE and PVDF are 

not available on the commercial market). 

Type of Polymeric Track-Etched Membrane Web of Science Scopus 

Polycarbonate (PC) 243 249 

Polyethylene terephthalate (PET) 106 112 

Poly(ether)imide (PI , also PEI) 13 9 

Polytetrafluoroethylene (PTFE) 16 9 

Polyvinylidene fluoride (PVDF) 10 6 

Total 388 385 

Table 8 shows that both search engines employed in the study give similar results regarding the total number of 

publications for each type of polymeric TEM. The main scientific work focuses on the utilization of PC and PET 

polymers (average number of publications: 246 and 109 for PC and PET, respectively), which are commercially 

available at high volume on the market. In terms of PI, significantly lower (average number of publications: 11) 

number of publications directly reflects the commercial volume of the product. For the last two types of polymers, 

PTFE and PVDF (average number of publications: 16 and 8 for PTFE and PVDF, respectively), the R&D interest is 

comparable to the commercial PI membrane 

 

Figure 5. Sum of times the scientific paper is cited by year as shown for five types of track-etched polymeric 

membranes (PC – light blue, PET – orange, PI – grey, PTFE – yellow, PVDF – dark blue) 

Lastly, the global trend around the R&D work can be visualized as a sum of times cited each year (Figure 5). Looking 

at the figure it can be concluded that commercially available PC, PET, and PI track-etched membranes experienced 

on average a steady increase around the R&D work. Apart from the small decrease observed in 2014, 2016 (PET), 
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and 2017 (PC, PI) research activity in the topic of polymeric TEMs is still in the development stage. The highest 

interests are shown for the PC and PET made TEMs, however, the most promising future polymeric material seems 

to be PTFE. Compared to other types of polymeric TEMs, the PVDF shows the lowest level of R&D interest with no 

significant increase over the last 10 years. 

2.3.5. INTELLECTUAL PROPERTY (IP) 
The information regarding the IP development for TEM technology has been collected based on Orbit Innovation 

software developed by the Questel Consulting Company. The total number of active patents (active means that the 

license is currently paid by the patent owner) for various types of polymeric membranes (PC, PET, PI, PTFE, and 

PVDF) has been taken into account and analyzed towards global trend representing the technology development 

over the last 10 years (between 2008 and 2018). The patent deposition process takes up to 18 months, which 

explains why the analysis is done only until 2017. Moreover, the total number of patents for TEM does not represent 

a sum of patents for each type for polymer simply. The reason for that is that each patent can include other types 

of polymers as well which can be used for certain technology. The results are represented in Table 9. 

Table 9. Total Number of active patents for the TEM technology for different types of polymers (PC, PET, and PI 

are commercialized; PTFE and PVDF are not commercialized). 

Type of Polymeric Track-Etched Membrane Number of Active Patents 

Polycarbonate (PC) 387 

Polyethylene terephthalate (PET) 143 

Poly(ether)imide (PI , also PEI) 139 

Polytetrafluoroethylene (PTFE) 111 

Polyvinylidene fluoride (PVDF) 69 

Total 565 

 

The number of active patents worldwide for the polymeric TEM is 565 with the highest number of deposited patents 

using the commercial PC membrane (number of patents = 387). However, nearly 2.7 times fewer patents are 

registered for the PET polymer (143 patents), which is the second most popular type of material. The third and 

fourth position is taken by PI and PTFE (number of patents = 139, and 111, respectively) followed by the last position 

occupied by the PVDF polymeric TEM (69 of active patents). Such a trend is in agreement with the previous results 

related to the number of publications mentioning each type of polymer. The number of patents, however, does not 

show the general trend linked to technological development that is why the number of active patents per year 

(from 2008 to 2018) has been plotted versus the type of polymer used to produce the TEM (Figure 6). 

The TEM technology (blue line) shows a progressive increase of investment up to 2017 (increase by a factor of 2) 

with two small declines in 2008 and 2016, respectively, as compared to 2007. The most popular type of polymer is 

the PC (red line) with an investor increase by a factor of 2.5 between 2007 and 2017 with 2 significant declines in 

2014 and 2016. However, the overall trend for PC-TEM represents the constant development of technology. The 

shape of the PC curve follows the same trend as the total TEM patents (blue) because most of the patents use 

commercially available PC membranes produced in a high market volume. The other types of polymers have 

significantly lower interest compared with the PC. The PET shows an increase by a factor of 2.1 up to 2017 with two 

the highest number of active patents in 2015 (23 patents) and 2016 (20 patents), respectively. A similar situation is 

observed also for the PI-TEM (increase by a factor of 1.4 between 2007 and 2017). The highest growth is noticed 

for the PTFE membrane by a factor 6. The lowest number of active patents mention the PVDF polymer as a TEM 

material, however, the increase is also noticeable (by a factor of 4.0 between 2008 and 2017 whereas in 2007 any 

patent for the PVDF-TEM was deposited). 
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Figure 6. Development of the TEM technology based on active patent deposition (blue – total number of patents) 

for various types of polymers (PC - red, PET - green, PI - purple, PVDF - blue, and PTFE - orange) between 2007 and 

2017. 

In conclusion, the investment in TEM technology has been progressively increasing over the last 10 years. The higher 

number of paid patents uses commercial PC polymer, however, other types of materials (e.g. PET, PI, PVDF, and 

PTFE) has also been gaining some interest (a steady growth is observed). 

To complete the previous information, a test with a new innovative software called Orbit Innovation (by Questel) 

could be performed. This business-oriented software is a powerful patent search engine with a full analytical tool 

covering the entire IP needs across the innovation lifecycle with a full financial analysis. In short, it appears that 

polymeric TEM technology is heavily invested around the world with an increase of more than 30% observed 

between 2014 and 2017. The main patent activity belongs to China, the US, and Japan followed by European 

countries (i.e. Germany, France, and Finland). Chemical technology and biotechnology are of the main fields of 

interest for the investors with R&D labs being the most popular end-user of the TEM technology.  



 

Deliverable D4.3    Report on the increase of innovation potential study 

IDEAAL - 730989                                 17 22/03/2021 

 

2.4.  APPLICATIONS & PERSPECTIVES 
The TEM applications have been studied using primary and secondary sources of information. The primary source 

includes direct access to scientific publications and intellectual property (i.e. patents) database, internet websites 

of commercial TEM producers or distributors, and last but not least, the Wikipedia website. The secondary source 

of information is based on interviews with scientists and people either experienced or currently working with the 

TEM technology. This approach revealed many possible TEM applications that are either in the development stage 

(i.e. extensive R&D is being conducted) or could potentially meet the future market needs (e.g. niche applications). 

The study revealed that the polymeric TEMs have been used for various applications in a wide range of domains 

(Figure 7). Moreover, their unique structure qualify them as a ‘360°-application range’ material with many areas of 

interest that are not commercially addressed making the global TEM market open for new ideas and innovative 

technologies. 

 

Figure 7. Main Application Domains of Track-Etched Membranes. 

The list seems to be endless with many possible applications that could be potentially addressed by GANIL. The 

competitive advantage of GANIL towards TEM production could potentially target all applications requiring the use 

either thicker (above 50 microns) or denser polymers with better mechanical/thermal properties (e.g. polymers 

operating in elevated temperatures or corrosive/acidic conditions). The examples also include fluorinated polymers 

(e.g. PVDF or PTFE) or polymers with imide-groups (e.g. Kapton as a trademark of DuPont where an initial polymeric 

material is a polyimide - PI) allowing to expand the market above the well-established and commercially available 

polymers (e.g. PC and PET). 

Up-to-date, the most common TEM applications are within the healthcare area (e.g. cancerology, cell biology, and 

blood filtration). The other promising sectors involve automotive (e.g. fuel cells), aerospace (e.g. ventilation), 

energy (e.g. blue energy generation), and electronic (e.g. soft electronics) industries. An exhaustive list of current 

TEM applications along with the most promising ideas suitable for further exploration of untapped markets has 

been established. 
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2.5.  BUSINESS MODELS & BUSINESS PLAN 
The GANIL facility has an added advantage towards entering the track-etched membrane (TEM) global market. 

More specifically, competitive benefits include: 

- High beam stability 

- Online and precise beam monitoring 

- A large variety of available ions (light to heavy ions) 

- Wide energy range (up to high energy 29 MeV/A for Pb beams) 

- Wider range of material types and thicknesses to be irradiated, compared to other similar facilities 

The global market analysis showed many current and potential future applications of the TEM technology in various 

domains, e.g. healthcare, energy, environment, and electronics, just to name a few. However, up-to-date none of 

these domains expresses a need for a high volume of TEMs that GANIL can deliver. In order to maintain GANIL’s 

sustainability and progressive development of its activity around ion track-etched technology, three possible 

business models can be proposed: 

- BM1: Increase of Commercial Visibility of GANIL Towards the Production of Track-Etched Membranes 

- BM2: Contract(s) with an Existing Company 

- BM3: R&D Project + Startup Company 

 These three business models are presented into details in the deliverable D4.1. 

2.6.  CONCLUSION ON THE TRACK-ETCHED MEMBRANE ACTIVITY  
The TEM global market is mature, saturated, and very competitive with R&D / IP constantly developing, heavily 

invested, and possibly very profitable. Companies compete on the market by reducing their price margin, 

developing or acquiring a new technology, expanding regionally or by offering a complete market solution. High 

market competition results in high entry barriers for new potential market players like GANIL. 

In the current state, GANIL cannot compete with current commercial TEM producers by selling common types of 

raw polymeric films (e.g. PC, PET, or PI) with similar physicochemical properties (e.g. thickness). GANIL can compete 

on the TEM market by means of the dense polymeric film (e.g. PTFE or PVDF) and their thickness range (i.e. thicker 

materials or even multi-layer, simultaneous film irradiation). The added value of GANIL (highly energetic, stable 

heavy ion beam) is of commercial importance with potential high market value which can be used for further 

development of TEM technology.  

To enter the market, GANIL associated to a chemistry laboratory, can increase its level of expertise towards a 

positioning on R&D on full production process for innovative material, in collaboration with a laboratory expert in 

chemical treatment (e.g. beam irradiation/chemical etching/functionalization/material characterization). Higher 

level of GANIL/chemistry laboratory expertise together with an innovative idea or niche TEM application may result 

in the opening of a new, untapped market and development of novel end-user products. 

Up-to-date, one application with breakthrough technology has not been found but a high volume market (e.g. 

automotive, healthcare) has been detected, and the corresponding Business Model 3 (R&D + Startup) has been 

defined (cf. Deliverable D4.1) 

The GANIL facility has a potential for high-volume production to address the potential market, however, to break 

the entry barriers GANIL must use the competitive advantage to differentiate from TEMs commercially produce 

elsewhere. Moreover, existing infrastructure in GANIL (i.e. ready-to-use membrane dispenser system) reduces the 

initial investment cost, and a Business Model based on the R&D activity and the startup allowing exploring potential 

market opportunities as well as testing the need of the market by offering the free TEMs sample is adapted. 

Assuming that a niche and profitable market exists, the free TEM samples produced in GANIL could help to ease 
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Isotope is an atom of the same element with the same number of protons in the nucleus, or the same atomic 

number (Z), but with a different number of neutrons (N) in the nucleus, or different atomic weights (A), expressed 

as a sum of protons and neutrons). As the mass of the proton and neutron is very similar (1.672623 x 10-27 kg vs. 

1.674929 x 10-27 kg, respectively), the isotopic stability is mainly determined by the neutron-proton ratio (N/Z) of 

the atomic nuclei were both are attracted to each other by the nuclear force. For larger nucleons, the nuclear force 

decreases exponentially with distance. Consequently, the N/Z ratio and size of the nucleus divides isotopes into 

two groups: stable/non-radio-active and unstable/radio-active elements. Elements with an equal number of 

protons and neutrons are more likely to be stable (e.g., Carbon-12 with 6 neutrons and 6 protons; N/Z = 1). The 

highest N/Z ratio of stable nuclei for the isotope of uranium is 1.587 (i.e., Uranium-238 with 92 protons and 146 

neutrons). The radio-active elements generally decay into stable ones via alpha (especially true for heavy nuclei or 

neutron deficient), beta (excess of neutrons) decay, or positron emission/electron capture (neutron deficiency). 

Radio-active isotopes decay into other elements within a certain time period called half-life (T1/2). Another factor 

often recalled for isotopes is their natural abundance (i.e. a percentage of atoms with a specific atomic mass found 

on a planet) which can be determined using mass spectrometry (MS). As an example presented in Table 10, carbon 

has 15 known isotopes including 2 stable (C-12 and C-13) and one radio-active (C-14) element that can be found 

naturally on earth. The rest of them are synthetic with the longest T1/2 of ~20 minutes given for Carbon-11. 

Table 10. Main Isotopes of Carbon (source: wikipedia.com) 

Isotope 
Number of 
protons (Z) 

Number of 
neutrons (N) 

Atomic 
weight (A) 

Stability/Half-life (T1/2) Abundance 

Carbon-11 6 5 11 unstable/20 minutes synthetic 

Carbon-12 6 6 12 stable 98.9% 

Carbon-13 6 7 13 stable 1.1% 

Carbon-14 6 8 14 unstable/5730 years 1 ppt* 
*ppt = parts per trillion 

Properties of certain isotopes determine their main applications which are used in a wide range of areas including: 

o medicine 

o energy 

o basic research 

o national security 

o many others, just to name a few. 

Often stable isotopes are precursors for the production of radio-isotopes. For example, Nickel-62 (a stable metallic 

element) when exposed to the High-Flux Isotope Reactor (HFIR) results in the production of Nickel-63 (unstable, 

beta-emitter with T1/2 = 100 years) via neutron capture, Nickel-63 being commonly used in national security for 

explosive trace detection (ETC) technology. Similar to Nickel-62, neutron-based modification of Neodymium-146 

results in the radioactive Promethium-147 (beta emitter T1/2 = 2.6234 years) used in nuclear batteries (RIMS – 

Radioisotope Micro-power Source in advanced energy field) where beta particles are converted into electric 

current. Medical isotopes include popular radioactive Lutetium-177 produced via neutron irradiation of Lutetium-

176. This medium-energy beta-emitter with a T1/2 of 6.7 days and maximum energy of 0.5 MeV is used in modern 

medicine for cancer treatment due to maximum soft-tissue penetration of 2 mm. Modification of stable Gallium-

69 with proton beam gives radio-active Gallium-68, known as PET imaging agent, with a positron-emission property 

and a half-life of 68 minutes. A summary of the main applications with isotopes in presented in Figure 10. 
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separation whereas versatile technology of laser separation is limited to stable isotopes with gram/kilogram output 

volume. Nowadays, the most universal method used to separate grams of nearly every element in the periodic is 

electromagnetic separation resulting in the highest purity grade. Combination of two technologies (i.e., magnetic 

with laser or centrifuge) are also observed towards better performance and economic viability. 

Table 11. Summary of Technologies Used For Separation of Isotopes 

Separation 
Technology 

Type of Isotopic 
Element 

Output 
Volume 

Example of Separated Isotopes 

Electromagnetic 
universal/heavier 
isotopes 

grams 
Tl, Pd, Sr, Ca, rare-earth, 
alkaline-earth, alkaline (25-30 
elements), the lanthanides 

Gas Diffusion light isotopes tons C-13, N-15 

Gas Centrifuge heavier isotopes tons 
Fe, Ni, Zn, Cd, Ge, Se, Te, W, and 
U 

Thermal Diffusion 
light, stable isotopes; 
rare gas isotopes 

tons 
O-18, S-34, S-36 
Ar, Ne, Kr, Xe 

Distillation light, stable isotopes  He, Li, B, and C 

Chemical Exchange light, stable isotopes tons C-13, N-15 

Plasma separation versatile/R&D needed high-throughput Indium, Ar-39 

Laser separation versatile/stable isotopes gram/kilogram Yb, Lu 

Novel technologies versatile gram/kilograms 
Si, Ge-76, Se-82, Mo-100, Cd-
116, Te-130, Xe-136, Nd-150 
MAGIS: Li-6/Li-7 

Table 11. is non-exhaustive, only the most representative isotopes for each technique are cited. Apart from the 

current separation techniques, the same technologies can be also used to produce certain elements on a 

commercial level. Large quantity production of isotopes is often done via nuclear reactors or accelerators which 

complements the current separation technologies.  

The global trends in the development of robust separation technology show the need for high purity isotopes that 

meet or even exceed market demands. Separation of isotopes often requires multiple stages where the output of 

a single-stage feeds the input of a subsequent one to meet the commercial quantities (i.e., cascade process). 

Moreover, scaling up commercially relevant quantities and the invention of machines applicable to multiple 

elements (versatile technology) with optimized/maximized ratio of enriched material/feedstock are also in high 

demand. The hybrid technologies aiming to increase the initial purity of the material before the separation takes 

place also recently attracted the general interest of the community (i.e., GCIS/EMIS combination). Novel separation 

methods (e.g., plasma ion cyclotron resonance, acoustic separation, cryogenic distillation, laser ionization, plasma 

centrifuge) under development promise access to less expensive, well-separated/highly-enriched elements. Apart 

from that, they could also lead to breakthroughs in science and new technologies. 

3.3. GLOBAL ISOTOPE MARKET 
A large number of isotopes and almost infinite options of current, developing, and prospective applications make 

the global market studies the most challenging part of the report. Up-to-date, the well-established markets include 

segmentation into stable and unstable/radio-active elements with either large or small volume production. In 

addition to that, the method used to obtain an isotopic element not only determines the final characteristic (e.g., 

isotope purity), and the end-user applications but also the certain market category per isotope making the market 

studies more complex. 
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The traditional approach to analyze the global market led to many reports with the two most popular standing out: 

the Global Stable Isotopes Market and the Global Stable Isotope Labeled Compound Market. However, the deeper 

analysis showed that many isotopic elements that fall into both categories are produced via other techniques than 

EMIS due to large-scale volume market needs. Another difficulty also arises from the fact, that isotopes can be 

produced/separated via more than one complimentary method or simply by using the combination of the two 

techniques to increase, for example, the final product purity (i.e., GCIS + EMIS). The end-user application of certain 

isotopic element requires to analyze the global market for each isotope separately which further increase the 

problem complexity. In this part, the most general information regarding the global market are presented while 

keeping in mind that further studies are needed to establish market segment for isotopes separated via EMIS in 

GANIL depending on whether the valorization solution proposed is successful or not. 

3.3.1. STABLE ISOTOPES MARKET 
The isotopes falling into the stable market category includes Deuterium (2H), Carbon-13 (13C), Oxygen-18 (18O), 

Nitrogen-15 (15N), and other stable elements. In 2018, the market size was valued to be 320 mln USD with a 

predicted Compound Annual Growth Rate (CAGR) of 3.0% leading to the market size of 400 mln USD in 2025 (Table 

12). 

Table 12. Global Stable Isotopes Market 

Year 2018 2025 CAGR* (2019 – 2025) 

Market size (USD) 320 mln 400 mln 3.0% 
*CAGR = Compound Annual Growth Rate 

The main applications of these light elements are in the area of Nuclear Magnetic Resonance (NMR) with 

deuterated solvents, quantitative proteomics, metabolic research, and Magnetic Resonance (MR) for 

imaging/spectroscopy purposes. Another source of market data shows that the main general applications of stable 

isotopes are in medicine, energy, basic research, and national security.  

As of February 2019, the consumer market was led by North America (49%) followed by Europe (32%) and Asia-

Pacific (14%) with the U.S. being the largest consumption country with a total isotopes volume of 1160.7 kgs (in 

2017). Nevertheless, the reports showed that even if the U.S. produces a significant number of isotopes, their 

business still relies on the foreign supplies of many elements (mostly from Russia). The U.S. Department of Energy 

(DOE), which is responsible for the Isotope Program (IP), often switches its policy from domestic production to 

buying from foreign distributors (e.g., Russia, China) depending on the national stock situation. The main problem 

with this kind of approach is that the U.S. isotope market relies on one foreign supply so in the case of the shortage 

of production there is a lack of supply security. 

As far as the general stable isotope market is concerned, these elements fall into the group of isotopes belonging 

to the large-volume market which are produced exclusively by fractional distillation and/or chemical exchange. In 

this type of quantity-based market segmentation the key players are Russia (ROSATOM, 85%) and URENCO (Europe, 

15%) with the production capacity of thousands of kgs/tons mostly obtained using the gaseous centrifuge 

separation. Main isotopes produced by these two key players are presented in Table 13. 

Table 13. Large, Bulk Quantity Global Isotopes Market (main isotopes) 

Market player Key Isotopes* 

ROSATOM, Russia 203Tl, 191Ir, 88Sr, 68Zn, Zn (depleted in Zn-64), 74Se, 76Ge, 28Si 

URENCO, Europe C, Ti, Cr, Ni, Zn (leading supplier), Si, Mo, Cd, Ge, Se, Kr, W, Ir, Te, Xe 
 
































