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 Dear Reader,

The world still beats to the tune of crude oil. Utilities, transport and countless other industries rely  

heavily on “black gold“. But the growing scarcity of raw materials and the rising threat of climate change 

are forcing society to rethink its energy policy. We need to use the earth’s limited natural riches more  

economically and supplement fossil reserves with alternative and regenerative sources such as wood, 

straw and plant residue. 

Industries such as biotechnology have already developed the application processes to turn green 

resources into valuable commodities for manufacturing, transport and energy. However, the journey from 

lab to industrial-scale production is a long one – and one that calls for advanced plant engineering and gas 

management skills. Linde has assumed a leading role in both of these areas through its far-reaching, end-

to-end concepts. Concrete examples of our engagement here include support in constructing the Chemical-

Biotechnological Process Centre (CBP) in Leuna, Germany. The CBP aims to gradually replace crude-based 

material flows with biomass chains across industry. We are also driving the development of hydrogen 

as a climate-friendly mobility choice. Our pilot plant in Leuna is already producing green hydrogen from  

glycerine, which occurs as a by-product of a biodiesel manufacturing process. Another example of how we 

are applying our CO2 management experience and know-how is the use of algae to generate green oils 

and biofuels. These microorganisms require huge volumes of carbon dioxide to produce green crude.  

Our work doesn’t stop with new applications. Existing industrial processes can also be made more 

efficient and sustainable. Take aluminium recycling, for instance. Our gas technologies can enhance the 

melting process to cut energy consumption and emissions. We were also involved in developing a process 

technology that makes it more economical to produce the building blocks required for widely used plas-

tics such as polyethylene.

Natural gas is set to gain in importance in the fossil fuel mix. Compared with oil, it is a more climate-

friendly source of energy. We are working with various technology partners to advance the offshore  

production and liquefaction of natural gas with state-of-the-art, custom-designed ships. 

In this edition of Linde Technology, you will find numerous examples illustrating how we are making 

industrial processes, mobility and energy in general more compatible with the need to protect our envi-

ronment. 

Editorial

Dr Aldo Belloni

Member of the Executive Board of Linde AG

We think they make for extremely interesting reading – enjoy!
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Hydrogen

Eco-mobility
Horsepower on hydrogen – eco-friendly mobility conquers the 

extremes of the Kazakh steppe. Three B-class F-CELL hydrogen- 

powered fuel-cell cars toured the globe during the first half of 

2011 as part of the Mercedes Benz F-CELL World Drive. As a global 

hydrogen refuelling infrastructure is not yet in place, Linde ensured 

a smooth supply with its mobile refuelling unit. Each of the F-CELL 

cars travelled around 30,000 kilometres – both on and off the beaten 

track. The entire tour lasted 125 days and spanned four continents.
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 Regenerative materials for mobility, energy and manufacturing

 green at the Source
The growing scarcity of fossil fuels and the rising threat of climate change are forcing society the 

world over to rethink its energy policy. In the foreseeable future, energy supplies and industrial  

production processes will have to increasingly rely on regenerative raw materials, replacing crude-

based material flows with green chains. We have already reached the biotech watershed –  

thanks in part to innovative plants and gas technologies from Linde.
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Fuel-cell cars are kind to the environment – water is the only thing that comes out of their exhaust pipes. To make the hydrogen for  

fuel-cell cars even greener, Linde’s pilot plant in Leuna is researching hydrogen sourced from glycerine, which occurs as a by-product of  

biodiesel made from rapeseed oil. Algae also have huge potential for industrial applications. Modified strains can convert CO2 into green  

crude oil, for instance. Refineries can process this bio-oil in much the same way as regular crude. Meanwhile, Linde Engineering in Dresden 

has teamed up with Fraunhofer-Gesellschaft to advance the economic viability of biotechnology at the Chemical-Biotechnologi- 

cal Process Centre (CBP) in Leuna. The aim of CBP is to bring biomass processes to industrial maturity at an even faster pace. 
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Sustainability is now a top priority. Yet sustainability means tak-

ing a radical step away from conventional business practices based 

on spiralling resource consumption. Step by step, we need to start 

replacing fossil fuels such as crude oil with renewable raw materi-

als. Crude oil has been our most important 

energy carrier for the past 100 years, and is the 

most common chemicals feedstock. Dwindling 

resources and rising prices, however, are forc-

ing industries to rethink their dependency on  

crude oil. And although there may be many 

alternative sources of energy, the same cannot 

be said for the chemicals industry, which relies 

on carbon-based feedstock for its production processes. In fact, the 

only alternative to petrochemistry is to source carbon from plants. 

In theory, regenerative raw materials are available in sufficient 

quantities and distributed evenly across the globe. Increased demand for  

this type of feedstock, however, is fuelling intense competition for land  

between raw material producers, food manufacturers and companies 

in the bioenergy industry. In light of the rising global population, only 

those technologies that avoid any conflict with food production will 

prove to be sustainable options for the future. Biogenic surplus prod-

ucts such as wood and straw from agriculture and forestry, as well as 

efficient biomass plants such as Chinese silver 

grass, prairie grass and algae offer a way out of 

the food versus fuel dilemma.

In recent years, white biotechnology has 

completely redefined the application spectrum 

of renewable raw materials. Modern biotechnol-

ogy is set to pave the way for new production  

processes and products such as fine and base 

chemicals, bioplastics and food additives as well as agricultural and 

pharmaceutical materials. All leading chemical companies across the 

globe have identified white biotechnology as a key technology for 

the 21st Century and positioned it accordingly on their agendas. It is 

an area that holds great promise and potential for further research. 

Eight Fraunhofer institutes anticipated this potential many years ago, 

Nature’s own 
chemical factories 
are changing the 
face of industry.

The potential  
of industrial  
biotechnology
From climate change through water and raw material shortages to soil 

degradation and dwindling oil reserves – the planet is facing several 

major challenges. Biotechnological processes that harness regenerative 

raw materials are becoming increasingly important for industry. They are 

key enablers in helping us move from petrochemistry to biorefineries.

Essay

Prof. Dr Hans-Jörg Bullinger,  

President of Fraunhofer-Gesellschaft
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Greenhouse dandelions: Researchers at the Fraunhofer Institute (IME) 

use the plant’s sap to create rubber.

leading them to team up and consolidate their expertise under the 

umbrella of an initiative called “Industrial biotechnology – nature’s 

own chemical factory.”

In Germany, the prospects for renewable raw materials are 

extremely favourable compared with the rest of Europe and the US. 

Biomass already accounts for over ten percent of all raw materials 

used by the chemical industry. Vegetable oils 

and carbohydrates such as sugar, starch and cel-

lulose are the main feedstock here. Renewable 

supplies are not just being used for their material  

properties, they are also increasingly being 

converted into biofuels and bioenergy carriers  

in Europe and the US. By 2020, around 20 per-

cent of all fuels are to be produced using bio-

genic raw materials in Europe. The US has set itself the national goal 

of producing around 10 percent of oils and fuels and 25 percent of 

chemical products from biological feedstock by 2030.

Harnessing valuable raw materials
Nature provides a huge spectrum of chemical compounds that we 

have only just begun to explore – each one offering great poten-

tial for the chemical, pharmaceutical, paper and textile industries. 

Products such as polymers, surfactants, solvents, dyes, odorants, 

active pharmaceutical ingredients, cosmetics, fuels, lubricants and 

fibres are already being produced from regenerative raw materi-

als. In the future, we must learn to fully utilise nature’s synthesis 

capabilities in order to harness all of these valuable materials. The  

ligneous parts of plants, for example, are also composed of valuable 

sugar molecules and polymers. Lignocellulose is the main structural  

component of plant cells, and is the most commonly occurring  

renewable raw material. Lignocellulose accounts for two thirds of 

biomass and mainly comprises cellulose and hemicellulose sugars 

as well as the biopolymer lignin. This makes it the ideal feedstock  

for the production of platform chemicals such as ethanol, lactic 

acid or succinic acid, substances that can be used to develop entire  

families of key industrial chemicals. 

Our ability to obtain basic chemical elements is crucial for the 

future of industrial biotechnology. Which is why Fraunhofer insti-

tutes have been focusing on ways of unlocking 

these valuable substances. Lignocellulose has 

an extremely robust structure, and can only be 

broken down into the building blocks needed to 

create secondary chemical products using new 

methods. In order to transition these methods 

from the laboratory to industrial-scale produc-

tion, the Fraunhofer Institute for Interfacial Engi-

neering and Biotechnology (IGB) and the Fraunhofer Institute for 

Chemical Technology (ICT) constructed the Chemical-Biotechnological 

Process Centre (CBP) in Leuna. The institutes aim to convert and use 

various raw materials containing lignocellulose in full on an industrial 

scale, and have even built their own lignocellulose biorefinery for 

this purpose. The unique research centre enables cooperation part-

ners from research and industry to develop and scale up biotechno-

logical and chemical processes aimed at harnessing renewable raw 

materials.

Intensive research is also being carried out into optimising plant 

properties and preparing them so the raw materials can be used more 

effectively. The Fraunhofer Institute for Molecular Biology and Applied 

Ecology (IME), for example, has cultivated a potato that produces pure 

amylopectin, a starch required by the paper, textile and food indus-

tries. Another project focuses on obtaining rubber from dandelions. 

The IGB breeds microalgae in a flat-panel airlift reactor to produce 

fatty acids and carotenoids. Both institutes are systematically looking 

for new microorganisms and enzymes that are suitable for industrial 

use, and are optimising them for highly specific applications. 

The next generation of biotechnological processes is already 

under development. Known as cell-free biotechnology, these proc-

esses use biochemical and molecular biological processes independ-

ently of cells or microorganisms. They can be used to create high-

purity proteins, thus eliminating the costly protein purification steps 

required with conventional production procedures.

These new biotechnological processes open up extremely prom-

ising opportunities for the development of more efficient, environ-

mentally sound and resource-friendly production processes in the  

chemical, pharmaceutical, food and cosmetic industries.

Improved starch 
thanks to  
targeted potato 
cultivation.
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 LINK: 

 www.fraunhofer.de
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The shelves of electronics stores are overflowing with flat panel dis-

plays, share prices flit across banks of screens, and posters are giving 

way to animated adverts in stations. From notebooks, smartphones 

and iPads through satnavs and cameras to cash points and super-

market check-outs, it’s a rare device that gets by without a high-per-

formance display these days. When it comes to high-tech screens, 

the motto is: bigger, better, flatter – a trend particularly in evidence in 

the television sector. Especially in Europe and the US, 2003 heralded 

the biggest sea-change in this market since the launch of colour TV. 

Cathode ray tube (CRT) devices have long since fallen by the way-

side. And now that flatscreen TVs are affordable for private house-

holds and digital reception has unplugged them from aerial sockets, 

the traditional sitting room set-up is also a thing of the past. 

“People are surrounding themselves with more and more devi-

ces,” observes Jürgen Boyny, responsible for global consumer electron-

ics at GfK, one of the world’s largest market research companies. He  

estimates that electronics manufacturers will ship around 212 million 

LCD (liquid crystal display) flatscreen TVs worldwide in 2011. “In CRT 

times, it was 180 million devices per year at a pinch.” While consumers  

once had to save up around three monthly salaries, a fraction of that 

will now bring the world of multimedia into your living room.

Behind this drop in prices lies cheap production in the Far East. 

Right from the start, the display business has been synonymous with 

the Asian market, beginning with Japanese giants like Sony, Sharp 

and Toshiba. In time, companies such as AUO in Taiwan and LG and 

Samsung in South Korea moved into pole position. But new play-

ers in China have long been gearing up for global leadership. Linde 

was quick to spot the potential of the burgeoning Chinese market 

and invested early on in a supply infrastructure for flatscreen pro-

ducers, who need various specialty and electronic gases. Andreas 

Weisheit, Head of Market Development at Linde Electronics in Shang-

hai, explains: “No matter whether you’re looking at sensitive touch-

screens for iPhones, high-contrast, organic LED notebook displays or 

3D TVs, you always need a high-performance transistor.” The tran-

sistor effectively switches the liquid crystals covering it on and off. 

In simplified terms, it consists of a glass plate that is coated with 

alternate layers of silicon and silicon nitride in a reactor (by vapour 

deposition). For this process, Linde delivers ultra-pure gases such as 

silane, which is used to generate silicon. Today, over half of Chinese 

manufacturers rely on process gases from Linde. The use of high-tech 

gases in transistor products is essential to ensure high-performance 

Sharper,  
thinner, faster

High-tech gases for the multimedia industry

From smartphones to cash points – nowadays just about every computing device  

needs a display. High-performance transistors are essential for vibrant colour displays  

capable of responding to a finger swipe. And high-tech gases play a key role  

in producing electronic components.

Reactor Cleaning: Increased efficiency thanks to fluorine

100% corresponds to F2 (fluorine); NF3 = nitrogen trifluoride, SF6 = sulphur hexafluoride

SF6

F2 

NF3

Cleaning 
speed

Mass  
efficiency

Energy  
efficiency
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displays, combining faster-moving electrons with precise pixel con-

trol. This improves screen resolution, generates more vibrant images 

and enables new effects such as 3D television.

Climate-neutral fluorine for flatscreen displays
Increasingly, however, customers are looking for more than just 

crisp images. “The discerning consumer is attaching more and more 

importance to energy efficiency. Today’s buyer wants electronic 

goods and devices built on production chains that are as green as 

possible,” reports Weisheit. Yet conventional LCD manufacturing  

methods are problematic from an environmental point of view. 

They usually release large amounts of substances that contribute to  

climate change. The cleaning processes in display production are a 

case in point: since the silicon and silicon nitride cling to the reactor’s 

walls during vaporisation, manufacturers have been using nitrogen 

trifluoride gas to remove the deposits and clean the process cham-

bers for the last 15 years. But this is the ultimate greenhouse gas –  

“17,200 times more harmful than carbon dioxide,” according to 

Weisheit. That is why Linde is increasingly relying on climate-neu-

tral fluorine for reactor cleaning. Thanks to years of experience and 

proven, patented technology, Linde can draw on in-depth knowledge 

of this halogen element. Alongside environmental benefits, its use 

also makes good economic sense. Instead of having it delivered in 

high-pressure containers, as with nitrogen trifluoride, fluorine can 

be produced in generators at the customer’s site – and the costs are 

around a fifth lower. Furthermore, while inactive components in nitro-

gen trifluoride slow down the cleaning process, the active fluorine 

gas works up to 50 percent faster.

The more eco-friendly solutions from Linde are already in eve-

ryday use. “A major Korean customer was the first to switch to flu-

orine,” reports Weisheit – and significantly increased the plant’s  

production capacity by doing so. That may well set the tone for the 

entire sector: “We can manage the conversion from start to finish. 

And the customer usually starts seeing returns from the changeover 

within less than half a year,” Weisheit concludes. 

High-tech series 

production: Most 

displays are produced 

in Asia – such as here 

at the production 

facilities of Chinese 

manufacturer BOE.

Image overload: High-purity  

specialty gases from Linde are 

used for high-performance  

displays and environmentally 

sound production processes.

LINK: 

 www.gfkrt.com

100% corresponds to F2 (fluorine); NF3 = nitrogen trifluoride, SF6 = sulphur hexafluoride
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Fit fish
Energy-efficient gas management for aquaculture

Fish farming is increasingly taking place on shore, using large inland tanks and pools.  

This conserves natural fish stocks and protects marine ecosystems. Linde engineers have 

developed a new, highly energy-efficient oxygenation system to ensure that salmon  

and other popular fish can thrive in the tank.

Fish is good for the heart – Eskimos suffer from significantly fewer 

heart attacks than those of us with less salmon or cod in our diets. 

The flesh of these sea-dwellers is rich in ‘good’ fats or omega-3 fatty 

acids, which also support the brain and immune system. So demand 

for saltwater fish is higher than ever before. Whether as sushi, fried 

or in a salad or pie, global fish consumption has almost doubled over 

the last fifty years – and is still on the rise. Since natural reserves are 

no longer sufficient to meet this huge demand, aquaculture is also 

booming. Over the last decade, the proportion of farmed fish has shot 

up from around 30 percent to around half of total consumption, while 

catch figures have remained almost unchanged.

Linde engineers have now developed a powerful yet energy-saving  

solution for inland aquaculture: the SOLVOX® OxyStream system, which 

mixes pure oxygen with water in the breeding tanks. A continuous  

stream ensures particularly even distribution 

of this life-sustaining gas – even in tanks the 

size of swimming pools. “Many customers are 

already enjoying the benefits of our system 

in Norway,” reports Stefan Dullstein, aquacul-

ture expert at Linde. And global market leader 

Marine Harvest is among them. Since the new 

technology uses significantly less energy than 

conventional systems, it also places a previously elusive goal within 

reach – full-lifecycle on-shore breeding of fish intended for consump-

tion. Up until now, this was deemed unaffordable.

At present, however, fish still need to see the sea. Salmon, for 

instance, are cultivated on land for a matter of months, until their 

weight reaches between 80 and 100 grams. At this point, they are 

moved to netted marine enclosures. The long-term goal is to banish 

all fish farming from our oceans. “In the short term, major fish farm-

ers are aiming to rear their stock to body weights of up to a kilo on 

land and only then introduce them to marine aquacultures,” explains 

Dullstein. “The move towards on-shore fish farming is progressing by 

leaps and bounds.” And there are good reasons for this. Aquacul-

ture using concrete or steel tanks protects marine ecosystems, since 

wastewater contaminated with excrement and leftover food can sim-

ply be reconditioned. “It also prevents diseases being brought in from 

outside,” adds the Linde expert, “and even if, say, a virus does break 

out, it is much easier to treat the fish properly within a closed envi-

ronment.” Inland aquaculture also avoids farmed fish escaping from 

the enclosures and mixing with natural stock – a risk when hungry 

seals damage the netting, for instance.

Linde’s SOLVOX® OxyStream process is helping to reduce the envi-

ronmental impact of on-shore breeding. The oxgyen delivery system 

resembles a submarine periscope – a curved tube with a diameter  

of between 20 and 60 centimetres. This is made of black plastic  

with a line of neat holes extending down into the tank. Water 

flows into the tank through these holes, enriched with a micro-

stream of oxygen, even finer than champagne  

bubbles. This patent-pending technology 

uses a Venturi injector – a pipe with a con-

stricted section in the middle, thus restricting  

the flow space. This speeds up the water and 

mixes it more effectively with the oxygen,  

injected at precisely this point. Without going 

into detail, Linde engineers reveal that there 

are further technical innovations inside the tube to ensure a perfect  

mix. “The really innovative feature of this system is the combined  

design. SOLVOX® OxyStream not only injects the oxygen into the  

tank, it also distributes it evenly,” highlights Kenneth Glomset from 

Linde’s Gases Division, responsible for developing the technology. 

“And this standalone unit can be easily installed in a fish tank.”  

Previously, fish farmers needed two separate systems and an exter-

nal pipe system for oxygenation. “Thanks to its compact design and 

effective mixing of gas and water, SOLVOX® OxyStream can work at 

very low pressures in the 50 to 200 millibar range,” adds Glomset. 

That is approximately one order of magnitude smaller than the oper-

ating pressure of common systems.

Around 50 percent 
of fish for con-
sumption comes 
from fish farms.
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The ideal oxygen concentration for fish is around 85 percent. This 

value is based on the oxygen content of water saturated with air. “As 

a rule of thumb, this 85 percent translates into around 8.5 milligrams 

of oxygen per litre of water. The exact amount depends on various 

factors, including the temperature,” explains Glomset. At values below 

85 percent, the fish farm stock lose their appetite and become more 

susceptible to disease. Oxygen concentrations lower than 60 percent 

are indeed life-threatening for fish such as salmon and cod. Linde’s 

new technology ensures optimum breeding conditions in the tanks. 

The strong stream also helps build muscle, helping to keep the fish fit: 

“They have to swim against the current, which keeps them in good 

condition,” Glomset explains. In addition, the oxygen bubbles drive 

other gases such as argon, carbon dioxide and – most importantly – 

nitrogen out of the water. Even slight oversaturation with nitrogen 

can impede the growth of the fish and – in the worst case scenario –  

increase mortality. Several methods, ranging from vacuum technology 

through to sprinkler systems, have previously been deployed to keep 

the oxygen concentration at natural levels. Linde’s SOLVOX® Oxy- 

Stream technology now reduces the need for these systems with 

their energy-intensive pumps.

Salmon breeders, in particular, stand to benefit from SOLVOX® 

OxyStream on another count: “This new system enables an uninter-

rupted transition from fresh water to salt water – and also makes it 

affordable,” explains Glomset. Wild salmon spend their first years 

of life in rivers – i.e. in fresh water conditions – before migrating 

to the sea. Previously, separate tanks have been used for the two 

water types, each requiring its own oxygen supply. “The problem 

with oxygenating fresh water is that the small gas bubbles rapidly 

merge into bigger ones, hindering absorption,” explains the Linde  

specialist. This effect can be prevented by increasing the gas pres-

sure. This ensures that the oxygen is completely dissolved as soon 

as it is injected, so bubbles don’t even get a chance to form. “Other 

technologies can also be used to manage the formation of bubbles,” 

acknowledges Glomset, “but the energy-saving SOLVOX® OxyStream 

system is the only one that also manages costs.” This is a key benefit 

of the new solution, since alongside feed, energy consumption is the 

biggest cost factor in running on-shore fish farms.

This new delivery system is adapted to meet individual needs. As 

the Linde engineer emphasises: “No two facilities are the same. The 

technology always needs to be adapted to conditions at the individ-

ual farm.” The stream speeds are optimised according to tank size, 

fish type and stocking density. Around 200 systems are currently 

in the planning stages – the lion’s share for Norway. As Glomset is 

pleased to report: “The demand is definitely there.” But the Linde 

experts have their sights set firmly on other markets too, especially 

in Chile, Great Britain and Northern Ireland, Canada and the US. After 

all, as fish consumption continues to rise around the world, so too will 

the need for on-shore farming. And this – in turn – will drive demand 

for effective oxygen delivery systems to sustain the fish.

 LINK: 

 www.feap.info
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The blue revolution: The oceans  

can no longer meet human demand 

for fish. High-tech tanks with  

optimised oxygen delivery systems 

(right) can be used to rear fish for  

consumption on shore.

A new home for schools of fish: Moving aquaculture to land takes  

the strain off marine ecology. It also prevents cross-breeding between farmed 

and natural stocks.



High-tech chemicals plant:  
Linear alpha olefins are produced at the  

United Olefins Complex in Al-Jubail, Saudi Arabia. 

Linde and SABIC jointly developed the  

enabling process technology, alpha-SABLIN®.

44
LINDE TECHNOLOGY #2.11 //  Polymers



Polymers //  LINDE TECHNOLOGY #2.11

characteristics,” continues the engineer. Linde teamed up with experts 

from chemical company SABIC (Saudi Arabian Basic Industries Corpo-

ration) to develop a new technology known as the alpha-SABLIN®  

process for producing co-monomers, and together they built the 

first commercial-scale LAO plant. This facility now produces around 

150,000 tonnes of LAO per year for SABIC subsidiary Jubail United 

Petrochemical Company (UNITED) in Saudi Arabia. 

But it was a long process from the initial 

idea to commercial maturity. The first challenge  

was the lack of licensable technology in the 

market for manufacturing these chemical  

components. Linde therefore focused on devel-

oping its own technology for LAO production. 

The team, headed by Heinz Bölt and chemist Dr 

Peter M. Fritz, hit upon the basic idea behind the  

process during a visit to the Institute of Chemical Physics (ICP) in 

the Russian town of Chernogolovka. “Scientists at the institute had 

a lot of experience in the oligomerisation of ethylene, which is the  

key chemical process in LAO production,” explains Bölt. “There had 

also been a pilot plant in Russia, but this was no longer available,” 

recalls the Linde expert. However, to properly assess product qual-

ity, major plastics manufacturers need to run tonne-scale tests. “A  

new pilot plant on this scale costs several million euros. It also 

makes most sense to operate a facility like this at a petrochemical  

site,” adds Bölt. 

We live in a plastic world. Bright and colourful plastics are all around 

us – in our shoe soles, computers, shopping bags and toothbrushes. 

In the space of just one hundred years, artificial polymers have con-

quered the world, and are now the most used material of our time. 

And global production continues to increase at an enormous rate. 

In the last ten years alone, manufacturers have produced almost as 

much plastic as in the entire last century. The plastics industry may 

be relatively young, but it has already produced 

a huge variety of products. Polyethylene (PE) is 

a real all-rounder. It is used across a huge range 

of applications, from flexible film for carrier bags, 

food packaging and coatings through drinks bot-

tles, interior and exterior automobile fittings, 

household appliances and children’s toys to 

water pipes and cable insulation. 

From a chemical standpoint, this type of plastic has a very simple 

structure, comprising extremely long hydrocarbon chains which can 

be interconnected. The material’s properties are directly linked to the 

strength and characteristics of these PE networks. Polyethylene man-

ufacturers have to use small chemical components known as co-mon-

omers to create the bonds. “The industry uses linear alpha olefins, 

or LAOs, for this,” explains Heinz Bölt, Manager Commercialisation & 

Licensing at Linde Engineering Division’s R & D department. “Adding 

LAO molecules enables scientists to individually adapt the physical 

properties of polyethylene and create completely different product 

Plastic building 
blocks to measure

Innovative technology for polymer components

Modern life would not be possible without plastics. They create robust yet lightweight  

cars, hygienic food packaging and a giant cable network that connects the world. To tailor 

the material properties of polyethylene to individual applications, industrial producers  

need special molecule components called linear alpha olefins (LAO). In collaboration with 

chemical company SABIC, Linde engineers have developed and brought to market a  

new, highly efficient technology for manufacturing LAOs in what has turned out to be an 

exemplary development reference project. 

Im
ag

e 
so

ur
ce

: L
in

de
 AG



A
ut

ho
r: 

Ca
ro

lin
e 

Zö
rl

ei
n

11

Precision  
control over 
polyethylene 
properties.
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The company therefore needed a strategic partner – and found one 

in the chemical company SABIC, which also had one big advantage in 

its favour – optimum access to the process feedstock, gaseous ethyl-

ene. “Companies in the Middle East have established a stable, lead-

ing global platform for basic petrochemistry,” explains Dr Wolfgang 

Falter, chemical industry expert at AlixPartners. “They are now build-

ing on this foundation to move into the refining stages. The chemi-

cal industry has strong roots in the Middle East, and we can expect 

to see many more dynamic offshoots in this region in the future,” 

he continues. As a result, industrial production can now take place 

directly above the oil well. “Finding that first customer for a com-

mercial plant is extremely difficult if you do not have any technical  

references for the new technology,” explains Bölt. “At SABIC, we 

were able to locate the pilot plant within the SABIC Group and test 

product quality on site.”

Once Linde had acquired the patents and rights for the basics of their  

LAO process from the ICP in Russia, the engineers and SABIC experts 

continued to fine-tune the technology concept and plant design. The 

greatest challenge facing engineers and chemists was ensuring that 

ethylene molecules did not spontaneously form extremely long chains 

– an unwanted side reaction known as polymer formation. The aim of 

an LAO reaction is to produce bonds between just a few carbon atoms, 

resulting in short hydrocarbon chains of between 4 and 30 or so car-

bon atoms. The catalyst that triggers the chemical reaction is there- 

fore one of the core components of the alpha-SABLIN® technology. 

“Two catalyst components are involved in the process: one zirconium 

compound and one aluminium compound,” explains Bölt. This is a very  

selective system that produces only very few unwanted long alpha ole-

fin chains (over 30 carbon atoms). In addition, the product distribution  

can be easily varied by changing the ratio of the two catalyst components. A  

high aluminium/zirconium compound ratio, for example, results in a  

product mix comprising over 80 percent 1-butene, 1-hexene and 1-octene  

– in other words, alpha olefins with four, six or eight carbon atoms.

However, a sophisticated reactor concept is equally important. 

“Reaction heat is a particularly important issue,” says Bölt. The LAOs 

are now produced commercially in a bubble column reactor that is 

Ethylene gas

Condenser

Catalyst  
removal

Separation 
section

The bubble column reactor is the heart of the alpha-SABLIN® process: Ethylene gas  

is bubbled through the solvent, where it is contacted with the catalyst system.

Small ethylene gas bubbles pass through the reaction solution, where ethylene is catalysed into linear alpha olefins (LAO).  

The heavy, long-chain fractions are recovered with the dissolved catalyst, which is deactivated and removed. The light and heavy  

LAO compounds are then separated into the desired products in downstream separation steps.

Controlled Linking of hydrocarbons

Light LAOs

Catalyst,  
solvent

Heavy LAOs LAO

1-Butene (=C4)

1-Hexene (=C6)

1-Octene (=C8)

Other product 
fractions

Market shares of linear alpha olefins

•	Polymers

•	Detergents

•	Lubricants

•	Plasticisers

•	Others

> 50 %

< 25 %

4 %

15 %

6 %
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over ten metres high and has a diameter of several metres. A spe-

cial distribution system feeds millimetre-sized ethylene gas bubbles 

into the reaction-liquid in the columns. The catalyst system enables 

the growth of the small chemical components into longer molecule 

chains. This creates a lot of heat, which has to be removed from the 

reactor. Conventional concepts such as cooling loops or heat exchang-

ers within the reaction mass were not viable options. “These cooling 

systems create cold surfaces where unwanted polymers could precipi-

tate, and this was something we wanted to prevent,” continues Bölt. 

Innovative reactor concept saves energy
And so the Linde and SABIC experts had to dig deep into their process 

engineering expertise. By allowing excess volumes of cold ethylene 

gas to bubble through the column reactor, they were able to simultane-

ously use the gas stream as an internal cooling system. “The ethylene  

is fed in at ambient temperature. Inside the reactor it is heated – for 

example, to 80 degrees Celsius – and thus removes sufficient heat from  

the reaction mass. Finely dispersed gas bubbles also ensure that the 

temperature is evenly distributed within the reactor,” explains the Linde  

engineer. This elegant solution is an effective way of preventing poly-

mers or long-chain LAOs precipitating on cold surfaces in the reaction 

area. It also eliminates hot spots, which reduce the quality of the LAOs.  

However, this process does require relatively large amounts of gas as the  

majority of the ethylene bubbles are used for cooling the reactor. 

Process recycles play a key role when lab-tested technology is 

scaled up to industrial production. “Processing and recirculating the 

ethylene gas and solvent for the reaction are just two areas where 

our process engineering expertise is crucial. The entire system can 

only operate reliably and cost-effectively if all plant components 

dovetail to perfection,” says Bölt. The alpha-SABLIN® process has the 

added benefit of only requiring “mild” reaction conditions – in other 

words, a pressure between 20 and 30 bar and temperatures between 

60 and 100 degrees Celsius. All of which saves energy and invest-

ment costs. By comparison, other LAO production processes, in addi-

tion to not being licensable, require a pressure of around 200 bar and 

temperatures of up to 300 degrees Celsius.

The LAO mixture is continuously withdrawn from the reactor, split 

into different fractions and purified, starting with the shorter hydro-

carbon chains such as 1-butene and 1-hexene and progressing on to 

the heavy alpha olefins. The short-chain molecule components are 

of particular interest to polyethylene manufacturers. And these are 

also channelled directly into SABIC’s polyethylene plants. The alpha-

SABLIN® process is an outstanding example of a successful devel-

opment reference project. It has seen a technology development 

starting from laboratory trials through pilot plant testing to success-

ful marketing and deployment of a commercial, industrial-scale tech-

nology and plant.

“In recent years, focus has shifted to processes that enable the 

selective production of just one type of short-chain LAO, for example, 

only chains with six or eight carbon atoms,” explains Bölt. The engi-

neers have therefore teamed up with SABIC again and are already 

working on the next generation of LAO production processes, known 

as LAO on-purpose technology. Together with the Leibniz Institute for 

Catalysis at the University of Rostock, Linde and SABIC experts want 

to develop a new catalyst system to be utilised in the proven reactor 

concept and thus an even more effective way of providing the plas-

tics industry with high-quality chemical components.

Polymer pipelines:  

Ethylene gas is con-

verted into the widely 

used PE plastic at the 

polyethylene plant in 

Al Jubail, Saudi Arabia 

(right). This is then  

used to make plastic 

bottles (left) as well  

as a wide range of  

films, fibres, cables  

and moulded parts.

LINK: 

 www.plasticseurope.org
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Supersonic fight 
against bacteria 

Creating antibacterial surfaces with cold spray technology

Each year, thousands of patients pick up dangerous infections in hospitals. Door handles  

and light switches are particularly common sources of bacterial contamination. A new method 

called cold spraying can now be used to coat these surfaces with a protective layer of  

titanium dioxide ceramic – a robust substance with effective antibacterial properties. Linde  

engineers are working with materials researchers at the Helmut-Schmidt University in  

Hamburg to advance these technologies.

Bacteria are everywhere. Around ten billion of these single-celled 

organisms can be found in our bodies and on the surface of our skin 

alone. Many microbes such as intestinal bacteria are vital to our 

health and boost our immune system. Yet these microscopic organ-

isms can also be a threat to our health, particu-

larly if the body is already in a weak state – as is 

usually the case with patients in hospitals. Experts 

estimate that around 500,000 people in Germany 

alone are infected each year with bacteria found 

in hospitals. Most patients recover, albeit after a 

longer hospital stay than initially planned. How-

ever, infections caused by multi-resistant bacteria 

are extremely dangerous. “These pathogens are resistant to many 

conventional antibiotics. The resulting infections can therefore be 

fatal,” explains Peter Heinrich from Linde’s Gases Division.

Heinrich is working with scientists to develop ways of fighting 

these bacteria in hospitals. “The most effective approach is to tar-

get microbe hotspots such as light switches, door handles and taps,” 

he continues. These bacteria breeding grounds are of course regu-

larly disinfected by cleaning staff. Between cleaning rounds, how-

ever, they are recontaminated by medical staff, patients and visitors, 

quickly cancelling out the protective effect of disinfectants.

Heinrich and his colleague Werner Krömmer have been working 

with materials researchers at the Helmut-Schmidt University (HSU) in 

Hamburg to develop a new self-disinfecting coat-

ing. This new ceramic surface “is completely harm-

less for humans but almost entirely lethal for bac-

teria,” explains Jan-Oliver Kliemann, a physicist 

in the HSU task force. The new protective coating 

comprises titanium dioxide, a substance that has 

long been used in industry, for example, as a white 

pigment in toothpaste and paint. However, tita-

nium dioxide is capable of much more than adding pigment thanks to 

a process known as photocatalysis. This chemical reaction is triggered 

by light and activates electrons that attack molecules in the thin bac-

teria membrane, puncturing the pathogens’ vital outer layer. 

The surfaces experts were faced with the challenge of creating 

a hard, durable and antibacterial titanium dioxide coating for com-

pletely different metals such as aluminium, copper and steel. The 

researchers turned to a recently established industrial process known 

Hospitals: 
Door handles 
are a bacteria 
hotspot.
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Germ-free zones: Hygienic  

conditions in hospitals are crucial  

to patient health.
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as cold spraying to achieve this. Cold spraying involves shooting a 

fine metal powder through a nozzle onto a surface at supersonic 

speeds. When the individual particles hit the surface at such high 

velocity, they fuse onto it in just a fraction of a second. Researchers 

at the Helmut-Schmidt University have now found a way of using this 

technology with ceramic titanium dioxide. 

“Over the years, researchers across the globe have tried time 

and again to apply antibacterial titanium dioxide coatings to dif-

ferent surfaces,” says Kliemann. “However, either the end results 

were not durable enough or their antibacterial properties were not 

strong enough.” This is because previous methods always used 

conventional thermal spray processes that heat materials to tem-

peratures in excess of 2,000 degrees Celsius. These conditions are  

too harsh for titanium dioxide. They change the compound, causing 

it to lose its photocatalytic properties, and therefore its antibacte-

rial effect. By contrast, cold spraying only heats ceramic particles to 

temperatures of less than 100 degrees Celsius due to the high veloc-

ity at which they hit the surface. And titanium dioxide is more than 

capable of dealing with this heat. “It is of course hot if you compare 

it with ambient temperatures. But compared to thermal spray proce-

dures, cold spraying is really very moderate,” adds Kliemann’s col-

league Henning Gutzmann.

The Hamburg scientists are keen to point out that Linde’s input 

was instrumental in overcoming the huge technical challenges 

involved in developing the titanium dioxide coating process. To accel-

erate ceramic particles to supersonic speeds, large volumes of carrier 

gas (in this case nitrogen) have to be pumped through conduits in an 

extremely short space of time. The particles are carried along in the 

gas stream and blasted against the metal surfaces. The nitrogen is fed 

through the nozzle at a pressure of 40 bar, 20 times greater than a 

car’s tyre pressure. It reaches speeds of up to 800 metres per second 

– one and a half times faster than the fastest jet fighter aircraft. In 

one hour, almost 200 cubic metres of nitrogen – roughly the volume 

of a swimming pool – race through a nozzle opening of just a few mil-

limetres. “The challenge for us was to develop a pipe and valve sys-

tem that could handle a gas flow of this intensity,” explains Heinrich, 

a cold spray specialist at Linde. 

Teamwork: Light and titanium dioxide destroy germs
Although the nitrogen flows through the pipes at a high pressure of 200 

bar, this has to be reduced to an operating pressure of 40 bar. “How- 

ever, we still wanted to maintain a high flow rate,” continues the Linde  

expert. Reducing pressure while maintaining a high flow rate initially 

seemed as feasible as squaring the circle. Yet Heinrich and his team 

designed a pipe system with a special pressure reducer in the shape of a  

steel pot. It throttles the gas pressure while at the same time allowing  

the gas to travel at 200 cubic metres per hour. In order to test the process  

independently, the engineers in Hamburg and at Linde’s application 

centre in Unterschleißheim near Munich built two identical systems. 

Once the system has been powered up, the noise of the gas pow-

Door handle check: Werner Krömmer, Peter Heinrich 

and Prof. Thomas Klassen (from left) check the coating.

Dangerous bacteria: Staphylococcus aureus is particularly 

dangerous for patients in a weak state of health.

Particles travelling at supersonic speed: Ceramic particles are blasted onto the 

material at extremely high speed and fuse with its surface.
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der mixture hitting the metal is immense. Which is why the test bed 

is located in an isolated part of Hamburg’s university campus. The 

small lab houses a network of pipes, valves and apparatus. A heat-

ing coil heats the carrier gas to the correct temperature before it  

is blasted through the nozzle. Ceramic powder from 

two thermos flask-sized containers is added to the 

nitrogen as it rushes past. Researchers have to  

calculate the optimum mix of gas and powder to 

ensure the coating adheres to surfaces. All param-

eters have to be perfectly aligned, from pressure  

through flow rate and temperature down to the 

shape of the nozzle, which is just a few centi- 

metres long. “The nozzle geometry determines whether the  

particles follow the ideal trajectory and reach requisite velocity,”  

explains Heinrich. The shape of the nozzle has to be adapted  

precisely to the carrier gas and the particles. To ensure this is the 

case, Linde and the university in Hamburg called in the help of aero-

dynamics expert Horst Richter from Dartmouth College in Hanover, 

New Hampshire, USA. 

The cooperation partners have since optimised the cold spray 

process for titanium dioxide coating. They have also compared their 

results with antibacterial surfaces that have been on the market  

and in use for several years now. Copper surfaces are extremely 

effective when new. Over time, however, they start to oxidise and 

lose their antibacterial properties. Silver compounds, which are also 

used for coating refrigerators, are adversely affected in the long term 

by aggressive cleaning agents. “Our cold sprayed titanium dioxide  

surface proved much more durable,” summarises Gutzmann. The  

Hamburg scientists’ new process has already been benchmarked 

against a number of different surfaces in a microbiological lab, in-

cluding a titanium dioxide coating created using thermal spray-

ing. The photocatalytic reaction was found to be much stronger on  

the cold spray surface. 

The highly effective ceramic coating method developed by HSU 

and Linde opens up new opportunities for this technology, as cold 

spraying was previously used almost exclusively for metallic coat-

ings. “This process has been around for almost ten years,” explains  

Thomas Klassen, Professor of Materials Technology at HSU. Coating 

heat exchangers that cool computers is just one of the many appli-

cations. Expensive copper components are usually used to dissipate 

heat from processors. Now, a copper coating can be sprayed onto  

aluminium structures, which can then be used as heat sinks. “The 

copper particles penetrate the otherwise unavoidable oxide layer on 

the aluminium component, thus enabling heat to be transferred more 

effectively,” says Klassen. Coating aluminium pots and pans with fer-

rous metal is another common application. With a thin layer of steel, 

these pots and pans can be used on modern induction cookers. 

Today there are around 75 cold spraying facilities worldwide. 

Linde’s expertise has been channelled into almost all of these. 

Yet it was only by chance that Heinrich and Klassen’s predecessor  

Prof. Heinrich Kreye discovered the process in the 1990s. The prin-

ciple was inadvertently uncovered by Russian materials scientists, 

who found that they had unintentionally created an adhesive metal  

coating on their measuring instruments in a wind tunnel. “The Russian 

scientists presented their findings at a conference,” recalls Heinrich. 

“It was an extremely interesting concept for us.” However, no one 

could have foreseen just how successful the technology would go 

on to be – or its potential for antibacterial ceramic coatings. The sci-

entists in Hamburg are currently holding talks with  

two hospitals. “We soon realised the huge market 

potential of this technology,” explains Kliemann. 

“And it has certainly generated a great amount of 

interest, particularly among hospitals and local 

authorities.” The first titanium dioxide-coated door 

handles and switches are set to be tested in the 

coming year. Gutzmann and Kliemann have been 

testing their innovative finish for some time now. They have been 

using a titanium dioxide-coated handle on their office door for two 

years. “And it still looks great,” concludes Kliemann. 

Fight against 
bacteria  
goes to trial 
in 2012.

Basis for growing bone cells

From tooth to toe: 

Medical technol-

ogy has developed 

implants for the  

most diverse human  

functions. These 

parts need a rough, 

open-pored surface 

to enable bone  

tissue to fuse with 

the implant. Thermal 

spraying can be  

used to coat knee 

(above) and shoulder 

(below) joints with 

suitable surfaces.

LINK: 

 www.coldspraying.info
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Floating LNG factory
Extracting natural gas from the seabed

Huge amounts of natural gas are locked away below the ocean floor. High-tech floating factories 

are being used to efficiently tap this valuable source of energy. Linde engineers and experts  

from SBM Offshore are developing ships capable of extracting and liquefying natural gas. This  

technology has the potential to make even remote off-shore reserves economically viable. 

Deep beneath the ocean floor, around 680 kilometres west of the 

Australian coastal city of Darwin, lies a very special kind of treasure: 

several natural gas fields in close proximity to each other. In future, 

these reserves should make a climate-friendly contribution to solving 

the world’s rising energy needs. This is because natural gas mainly 

comprises methane, and when methane is burnt, it emits 30 percent  

less CO2 than crude oil, for instance. For energy experts, this makes 

natural gas an indispensable ingredient in the energy mix of the future.  

	 Until now, however, remote off-shore gas reserves below the 

ocean floor have been mostly off limits due to the high cost of extrac-

tion. “Laying hundreds of kilometres of pipelines along the ocean bed 

is extremely expensive,” explains Dr Marc Schier, Project Manager at 

Linde Engineering Division. He and his colleagues are therefore focus-

ing on other technologies. A computer drawing on the wall behind his 

desk shows exactly what they are working on. It is a poster of a new 

type of ship or – to be more exact – a floating factory. The special 

vessel combines a huge tanker with a refinery. LNG-FPSO (Liquefied  

Natural Gas – Floating Production Storage Offloading) is written along 

its hull. The ship is designed to extract and liquefy natural gas far out 

at sea, thus enabling it to be easily transported across the globe. “We 

want this new technology to open up natural gas reserves in even 

the most remote ocean regions,” says Schier.

Linde’s engineers are working with off-shore technology experts 

at the Dutch company SBM Offshore to turn the computer drawing 

into reality. The high-tech ship will be equipped with all the facilities 

needed to purify the gas, cool it to the liquefaction temperature of 

minus 163 degrees Celsius and store it for several days. As you might 

expect, it is a floating giant. 400 metres long and 65 metres wide, 

the ship is as large as four football fields laid end to end. “The ship’s 

hull is 36 metres high. The pipe systems and towers extend a further 

40 metres above deck. The integrated flare boom is over 100 metres 

high,” concludes Schier. 

The ship must also provide accommodation for the crew and control 

rooms. At standard production capacity, up to 120 people will be living  

and working on board. Despite its gigantic dimensions, the floating 

LNG factory is much more compact than land-based liquefaction facil-

ities. “On shore, a plant with comparable capacity would be ten times 

larger,” explains Taco Terpstra, Project Manager at SBM Offshore.

Linde has been collaborating with SBM on off-shore liquefaction 

facilities since 2007. Linde’s experts develop the plants for treatment Liquid energy: LNG carriers transport liquefied natural gas around the globe.
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3,000 metres   

130 metres   

and liquefaction of the gas while SBM delivers the expertise in ship 

building, off-shore power generation and LNG offloading. The engi-

neers have already invested over 180,000 hours in the concept. And 

that effort is paying off. Linde and SBM have signed a cooperation 

agreement with the companies PTT FLNG Limited and PTTEP Austral-

asia to develop the floating natural gas liquefaction factory. The com-

panies intend to tap three gas fields (Cash/Maple, Oliver and South-

ern) located in the Timor Sea between Australia 

and Indonesia. If everything goes to plan, extrac-

tion could begin in 2017. 

FPSO technology is already being success-

fully deployed under similar off-shore conditions to 

extract petroleum gas and crude oil. Petroleum gas, 

however, only has to be cooled to minus 40 de- 

grees Celsius before it liquefies (LPG). The cooling  

process for natural gas is much more complex and requires larger facil-

ities. “The superstructures of floating LNG factories weigh up to five 

times more than those of off-shore oil extraction ships,” explains Terp-

stra. The cooling process also has a decisive impact on the ship design. 

The engineers chose Linde’s LIMUM® process, which is built around 

coil-wound heat exchangers, and utilises a single mixed refrigerant. 

“The process is up to 40 percent more efficient than technologies  

based on nitrogen expander cycles,” explains Linde expert Schier. “And 

this solution requires less space for the capacity we are looking for.” 

	 The production facilities and pipelines also have to function safely 

and reliably at sea. “The ship is constantly moving due to the waves,” 

explains Schier. He and his colleagues adapted the heat exchangers  

to ensure that they remain fully functional and safe even on the high 

sea. Lab-based wave simulations have shown that the floating LNG  

factory could withstand a cyclone of a magnitude expected only once 

every 10,000 years.

Once it has been cryogenically frozen, the liquefied natural gas is 

ready to be transported by LNG tanker. “A tanker would then dock at 

the FPSO unit every eight to ten days and collect up to 140,000 cubic 

metres of LNG per load,” explains Schier. Back on 

land, the cryogenic cargo will be re-vaporised, fed 

into an existing natural gas pipeline network and 

transported to the point of use. 

The floating LNG factory is expected to extract 

around 2.3 million tonnes of liquefied natural gas 

per year. This is enough energy to cover the heat-

ing, electricity and fuel needs of a city with two 

million inhabitants. This innovative liquefaction technology therefore 

has huge potential. Experts estimate that 85 trillion cubic metres of 

natural gas is locked away under the ocean floor. A huge – as yet 

untapped – underground treasure that will make a massive contribu-

tion to securing our future energy supplies.

Ocean-going 
giant: FPSO  
ships are 400 
metres long.

 LINK: 

 www.sbmoffshore.com

The future of LNG production: Engineers are working on floating  

natural gas factories. The gigantic plants extract raw gas and liquefy  

it directly. The liquefied natural gas is then loaded onto tankers  

and transported around the globe.  

Darwin

Sydney

Timor Sea



54
LINDE TECHNOLOGY #2.11 //  Medical gases

Saving lives 
with oxygen 

Ultralight emergency cylinder

Every second counts after a serious accident. 

First responders need light, portable oxygen 

cylinders as instant access to this gas is often 

essential in the fight to save lives. Now, Linde 

has developed the world’s lightest gas cylinder 

to support emergency medics on the move. 

Mountains can be dangerous places – sudden storms, extreme tempera- 

tures, avalanches, rockslides, not to mention climbing accidents and the  

risk of sheer exhaustion. Emergency response teams often rescue moun- 

taineers and skiers by helicopter. Sometimes, paramedics need to be 

lowered from a helicopter to help the injured – and they are obviously  

limited in the medical supplies they can carry. A compact, lightweight 

emergency kit is essential. And oxygen is a must-have in that kit. Medical  

oxygen – inhaled with a breathing mask – can save the lives of patients  

who have trouble breathing or who are suffering 

from low oxygen saturation levels in the blood. 

Linde Group member BOC Healthcare in Great 

Britain has developed an oxygen cylinder specially  

for rescue workers and paramedics. Weighing only  

1.55 kg when full, this compact, handy cylinder is  

the lightest in its class worldwide. It is suited to all  

kinds of rescue operations – and not just mountain  

missions. “Emergency medics in cities also prefer a more lightweight 

solution,” says Melike Palalioglu, Project Manager at BOC Healthcare. 

“Emergency services increasingly rely on fast, agile motorbikes, as they  

get the medics to the scene of the accident more quickly, especially in  

areas with limited accessibility. But that means that the emergency kit  

has to be ultra compact.” Portability is just one of the advantages of  

these new lightweight cylinders. “When we designed these cylinders,  

ease-of-use was a big priority to ensure the safety of both patients and  

ambulance crews,” continues Palalioglu. BOC Healthcare experts and 

cylinder specialist Luxfer Gas Cylinders worked closely with medical  

professionals to fine-tune the cylinder and valve design until they were  

satisfied that it met all of their performance and handling requirements.  

The ultralight 101-ZA cylinder has an inner aluminium alloy shell. The 

innermost wall has a carbon fibre layer. An additional gel-coated finish  

makes the carbon fibre composite material extremely robust. “This 

sturdy design lowers the risk of cylinder damage at the scene of an 

accident,” adds Palalioglu. The gas valve features a simple regulator  

so the first responder can quickly and precisely set the flow rate to 

individual needs, with a full range of flow settings for both paediatric  

and adult use. A permanently live contents gauge also shows how 

much gas is left. “Reduced handling effort leaves the emergency 

team freer to concentrate on patient care.” 

BOC Healthcare’s inhalable analgesic ENTONOX® 

– a mixture of nitrous oxide and oxygen – is now 

also available in the new ultralight cylinders. The 

inhalation of ENTONOX® offers rapid, effective pain 

relief without requiring an injection. A major benefit  

of ENTONOX® is its rapid onset and offset, allowing 

the patient to recover generally within 30 minutes 

of ceasing inhalation.

Looking beyond the benefits for emergency and ambulance serv-

ices, compact gas cylinders are also ideal for homecare patients. “Easier  

handling is a big plus, particularly for young and elderly patients,” 

explains Mark Habgood, Planning Manager. Robust, reliable and safe 

– these cylinders for medical gases may be small in size, but they are 

big on performance across a wide range of applications – and not just 

for emergency services. 

LINK: 

 www.boclifeline.co.uk
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Lightweight O2 
cylinder  
for emergency  
services.
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The green alternative: In the future, energy  

supplies and industrial production processes will 

have to increasingly rely on regenerative raw  

materials, replacing crude-based material flows 

with green chains.
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The face of tomorrow. 
Innovative technologies at the
Linde Hydrogen Center in Munich, Germany.

As a world-leading gases and engineering company, Linde off ers groundbreaking, sustain-
able energy solutions for the future. Hydrogen is ideally suited to meet the clean energy 
needs of tomorrow’s world. At the Linde Hydrogen Center near Munich and at other Linde 
installations around the world, low-emission hydrogen technology is already in daily use. 
In addition to the practical application of hydrogen energy today, this facility also serves as 
a development and testing hub for the next generation of hydrogen-related technologies 
and applications. For further information, visit www.linde.com/hydrogen
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