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1) INTRODUCTION  (slide N°1)

The first polyurethane blowing agent was the CO2  generated by the reaction of water with the isocyanate. It was simple and … economic.
In the early 60’ the Freon 11 appeared and it was immediately adopted by the industry as it was giving very good improvements on the polyurethane properties: Very good thermal insulation (largely better than CO2), very good solubility in the polyols (ethers and esters), low solvent effect on PU foams, an acceptable low boiling point (about 24℃) and lower cost than isocyanate (so better than water!). The product was also excellent to develop integral skin foams.

However since the 80s’ the European polyurethane industry has faced the necessity of  reducing the ozone depletion power of the emissions coming from the polyurethane production/use.. (slide N° 2)
The phase out of CFC and HCFC
·Market was committed in reducing the ODS

·CFC 11 has been banned in Europe since early 90’

·HCFC141 b has been banned already in most applications. It will be fully banned in 2004

·Customers and suppliers have developed several and different solutions

The largely used blowing agent F.11 was banned, and chemists struggled to find some workable solutions which could allow to replace F.11 with some other substance able to perform equally.

The performance of all the proposed alternatives were not so good as F11, and the economics were quite more severe. The HCFC 141b was, finally, the chosen alternative, it was more expensive, it has more solvent power, higher thermal conductivity  and some solubility limitations, but it was the best possible technical solution and, very important, it has an ODP (Ozone Depletion Power) ten times lower than F 11.   In order to face the various inconveniences the formulations were changed using some more water, being more selective in the polyol choice etc…..

In some applications also 134a (ODP=0) found space even if the product is not so easy to be handled due to its nature (gas) and to the low solubility.

During the 90s’ the ozone issue became more and more important and it was necessary to study again new alternatives to 141b. To day 141b is banned in the most applications and its use has been restricted only to  rigid polyurethane foam applied by spray , to transport insulation and isocyanurates. As per January 2004, 141b will be banned in all Europe and only blowing agent having ODP=0 will be allowed.

In the past years several alternatives have been proposed, studied and developed. No one, in our opinion, (slide N° 3) is ideal and/or meets all the customer wishes. Just as 141b was not ideal versus F11 and it demanded an heavy and not easy work in  developing new formulations and application technologies, in the same way the new blowing agents have required and will require a deep work in adaptation and technical development.
The ideal blowing agent should have/be:
Very soluble in the polyols / Low thermal conductivity (vapour) / B.P: 25 – 30℃ / No flammable / Low solvent power / And ……low cost

Several are, to day, the used (slide N° 4)blowing agents: Normal and Iso Pentane, Cyclo Pentane, 134a, 365, 365/227, 245  with, often, a larger co-use of water. In some case only water is again used as several decades ago.
The Available Replacements
·365 mfc ·365/227 (two grades) ·245fa  ·134 a ·n-Pentane ·n-Pentane/Iso-Pentane 
·Cyclo Pentane   ·And of course ……… CO2   (water)

Many of the above products show deep difference in their properties and/or performance (slide N° 5). So some products are not flammable some other are highly flammable, some show a very good solubility, some have solubility limitations, some are very expensive and some quite cheap. 
In such a scenario there has not been a “solution” but  several alternatives have been developed and have found ground. To day giving a look at the European polyurethane scenario, we can observe that each application segment has developed a certain range of  solutions and technologies, and so market is showing some trends. However we can expect some more development and further change as more requirements will arise in the near future: more stringent flame retardancy regulations, GWP (Global Warming Power) issue etc……which will suggest, or impose, some further choices and technology development.

2)  THE INDUSTRY ORIENTATION 

In order to get a glance on how the European market has faced the ozone issue we have segmented the market in the main application areas: Refrigeration, Continuos Panels, Discontinuous Panels and pouring in place, Spray, Integral Skin.

2.1 Refrigeration

In the refrigeration industry (slide N° 6) the most used blowing agent is, since several years, the cyclo pentane which has a better lambda (lower heat transmission) than pentane. The producers have made substantial investment in order to allow their plant and equipment to handle flammable products as cyclo pentane.

Customers purchase specific formulated systems, but the blowing agent is  fed  directly on the mixing head   or on the polyol line.
Refrigeration
·Most used: cyclopentane   ·134a   ·365/227   ·245   

Industry has heavily invested to allow the use of hydrocarbons

Non flammable blowing agents are presently used in the manufacturing of  several fridge or freezers, in these cases 134a, 365/227 and also 245 have been adopted. 

In this type of application the insulation value is of very high importance, so there is a continuous research looking for the best possible lambda and blends of different substances (i.e.: cyclopentane/365 or 245) seem very interesting

2.2 Continuous Panels

The continuous production of panels with flexible facing (DBL) and with rigid facing  have developed enormously in the past years. The replacement of 141b has been completed in 2002 and we can now say (slide N° 7) that in Europe the most used blowing agent is the pentane or mix of isopentane-n.pentane which offer lower solvent power but may have some limitations, over a certain percentage, for what it concerns the solubility.  In any case there is no problem in the standard operation. When the requested foam is an isocyanurate than it is necessary to take care of the solubility problem with the use of proper additives.
Continuous Panels (lamination)

·n-Pentane   ·n/iso-Pentane (flex facing)   ·245fa when foam is subject to severe fire test

·365/227   ·134a 

Industry has heavily invested to handle the hydrocarbons in their process
In some European region where the flame behaviour of the polyurethane foams are subject to more stringent regulations (i.e. France and UK) the use of 245 FA or its blends has been also developed .

Even if the above represent the general trend , we have to report the use in some cases of  365/227 and 134a

It is interesting to report that in the flexible facing production users prepare generally their own formulation, while in the rigid facing many producers are purchasing a formulated systems and add the blowing agent directly in the mixing head or on the polyol line.

2.3 Discontinuous Panels and pouring in place

The discontinuous production of panels and the pouring in place represent a very large segment of the polyurethane market. Large and small companies are involved for a very large range of applications.

In this industrial segment foamers are seldom self-formulating and generally the buy ready to use systems, which of course include the blowing agents.

As formulated polyols include the blowing agent (slide N° 8) it is very important the flammability of the product and the vapour pressure of the product, so to avoid the development of too high pressure inside the drums and to limit the use of drums pressure proof.
Discontinuous panels and pouring in place

·Water (CO2) is always a co-blowing agent   ·365/227   ·134a   ·245

Flammable products are rarely used in this application segment

Discontinuous panels and pouring in place

Each system house has developed its own technology, consequently many solutions have been adopted to face the change.

Generally speaking in the most instances the role of water, thanks also the development of special polyols, has been increased, so now in some cases water is the only “blowing agent”. Almost always water can be considered a co-blowing agent particularly when the blowing agent is a gas (134a) or has a low boiling point (245)

In many systems 365 or 365/227 are used with satisfactory results.

Practically in no case the hydrocarbons, even having a very attractive cost, are used due to their high flammability.

The possible blowing agents have quite different costs each differing from the other one in a very substantial amount, so in no other market segment as in this one the technology development has to take in deep consideration the overall economics. 

2.4 Spray

In these field the major part of the sprayers purchase ready-to-use formulated systems, however there are also large companies which prepare their own formulation. 

It is this the main application where 141b is still used and it will be allowed till the year end. 

The replacement of 141b (slide N° 9) is not easy as the application its critical from many points of view: Adhesion, mechanical properties, flame retardancy, permeability etc…..
Spray Foam (from 01.01.04)

·Water (CO2) largely used as main blowing agent   ·365/227   ·365   ·245 attractive but expensive

It is interesting to observe that while all the key raw material players produce also formulated systems, no one of them is supplying systems for spray applications. Therefore the development is mainly done by polyurethane specialists which operate or cooperate with smaller system houses

At present all players have developed their own technologies. Here again the use of special polyols (i.e. Mannich base) has allowed to increase the role of water, while 365 and 365/227 have been taken in consideration and are expected to be used as per the beginning of 2004.

245 FA has been successfully tested, but its use is not expected to be large due to its present high cost and the low boiling point

2.5 Integral Skin

The production of PU articles having a good and thick skin is easier when low boiling blowing agents are used. Also in this market segment  there are customer purchasing formulated systems and customers who make their own formulation. 

In this specific application the use of water, as generator of CO2, cannot be increased as it doesn’t help the skin formation. 

As it is well known 141b has been banned, in these application, since couple of years, so we can now observe the situation after a significant period of time (slide N°10). 
Integral Skin

·Low boiling point is a must   ·Non flammability a key plus   ·Use of water has to be limited

·134a     ·365/227    ·245

The most suitable candidate have been 134a, 245 FA and 365/227, however the present high cost of 245 has pushed users to concentrate the development efforts towards the 134a and 365/227. Thanks to the highest solubility the latest is now the one with the largest use.

A change in the economics could change substantially the present situation. 

3) CONCLUSIONS

Summarising (slide n°11)  the used blowing agents meet to-day, as previously explained, the requirement of the market. However the PU industry will continue to work to optimise the products performance and their economics even if the target of  using  blowing agents with ODP equal to zero has been achieved. 
Conclusions

·Market has met the zero ODP requirement

·In several cases the technology can be further improved

·The ideal blowing agent is not yet a reality

·Industry is prepared to face next more stringent regulations (GWP)

Each polyurethane producer has chosen the technology presently considered more appropriate from a technical and economical point of view  and it has decided and implemented the related investments.

The chemical industry must continue to search new ways in order to provide the market with further substances, taking also in consideration that in the future we may expect further regulations related to the environment, as GWP (Global Warming Power) which will be, in our opinion, the next target for which we all shall be called to contribute.
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