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1 

Novel uses of polymers 

The present invention relates to novels use of polymer compositions comprising 

polyethylenimine and one or both of polyvinyl alcohol and polyvinyl alcohol co-ethylene, 

5 and the incorporation of these polymer compositions into laminate materials. 

Polyvinyl alcohol (PVOH) is a versatile, water-soluble polymer that may be used as an 

adhesion promoter in the food packaging industry. Polyethylenimine (PEI), often referred 

to as polyethyleneimine, is a water-soluble, cationic polymer that is commonly used in ion 

10 exchange columns to remove anions fiom solution. 

Protective fabrics and clothing are widely used to provide protection against harmful by 

emergency services and armed forces world-wide. The harmful agents are typically organic 

compounds and may vary from bulk chemicals held in large containers to chemical or 

15 biological warfare agents. Such protective fabric and clothing is typically heavy, bulky and 

has a low water vapour permeability. Clothing used to protect wearers against exposure to 

chemical and biological warfare agents in particular suffers from these problems. The 

clothing is generally made from some sort of rubber or neoprene, with the result that the 

clothing is very heavy, very thick, stiff and has poor water vapour permeability. This can 

20 cause severe physical and psychological problems for the wearer. 

It has surprisingly been found that polymer compositions of polyethylenimine and one or 

both of polyvinyl alcohol and polyvinyl alcohol co-ethylene overcome some or all of these 

problems. 

25 

In accordance with the present invention, use of a polymer composition comprising 

polyethylenimine and one or both of polyvinyl alcohol and polyvinyl alcohol co-ethylene 

for protection against harmful andlor noxious agents. This polymer composition provides 

an unexpectedly good barrier against harmful agents, such as gaseous and liquid chemical 

30 warfare agents. The polymer composition preferably provides a substantial permeability to 

water vapour, preferably at least 400 g'm2/day, more preferably at least 600gim2/day and 

most preferably at least 800gim21day. It is M e r  preferred that the polymer composition 
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is in the form of a layer. This allows the polymer composition to be readily applied to 

many surfaces to give protection against harmkl agents. The layer may have a thickness of 

between 1 and 1000p.m. The required thickness will depend on the precise mode of use of 

the polymer composition. For application on to a fabric substrate, it has been found that it 

5 may be desirable for the layer thickness to be between 10 and 100pm, preferably 20 and 

60p.m. This gives good protection, without making the fabric too heavy or stiff. 

For other applications it may be desirable for the layer to have a thickness of at least 2 0 p .  

The polymer composition may be used in a fabric andlor item of clothing, preferably as a 

layer, thus providing a fabric and/or an item of clothing that is permeable to water vapour 

10 but with a low permeability to harmful agents. 

' The polymer composition may further comprise a cross-linking agent, such as a dibasic 

acid. This allows the solubility of the polymer composition to be altered as seen fit by the 

person skilled in the art. 

15 

The polymer composition preferably further comprises water; water reduces stiffness and 

increases the flexibility of any material incorporating the polymer composition. 

Furthermore, it is a cheap and non-toxic solvent with which to prepare the polymer 

composition. 

20 

The total mass of the polyethylenimine, polyvinyl alcohol and polyvinyl alcohol co- 

ethylene may comprise between 30% and 95%, and preferably between 60% and 95% of 

the mass of the polymer composition. Such polymer contents give good protection against 

harmful andlor noxious agents. 

25 

Protection is preferably provided against organic agents. Such protection is useful for those 

dealing with spills of organic agents, such as diesel and petrol. 

Protection may be provided against harmful agents in the gaseous and/or liquid states. 

3 0 

Protection is also preferably provided against chemical warfare agents and/or biological 

warfare agents. Such protection is unexpectedly achieved using polymer compositions of 



polyethylenirnine and polyvinyl alcohol. 

The polymer composition may be in the form of a sacrificial coating. A sacrificial coating 

is one that may be readily removed from the surface on which the coating is formed. 

5 Alternatively, the sacrificial coating may be a coating wherein a portion of an exposed 

surface of the coating may be readily removed to yield more of the sacrificial coating 

beneath. Thus, a coating (or portion thereof) contaminated with a harmful agent may be 

readily removed. 

10 In a second embodiment of the invention, there is provided a laminate suitable for 

providing protection against harmful and/or noxious agents, the laminate comprising a 

layer of a polymer composition comprising polyethylenimine and one or both of polyvinyl 

alcohol and polyvinyl alcohol co-ethylene. The laminate is preferably substantially 

permeable to water vapour, preferably having a water vapour permeability of at least 400 

15 g/m2/day, more preferably at least 6 0 0 ~ / m ~ / d a ~  and most preferably at least 800g/m2/day. 

The layer of the polymer composition provides an unexpectedly high resistance to harmful 

agents, such as chemical warfare agents. 

The layer may have a thickness of between 1 and 1000prn. The required thickness will 

20 depend on the precise mode of use of the polymer composition. For application on to a 

fabric substrate, it has been found that it may be desirable for the layer thickness to be 

between 10 and l o o p ,  preferably 20 and 60p.m. This gives good protection, without 

making the fabric too heavy or stiff. 

25 For other applications it may be desirable for the layer to have a thickness of at least 2 0 p .  

The polymer composition may be used in a fabric and/or item of clothing, preferably as a 

layer, thus providing a fabric and/or an item of clothing that is permeable to water vapour 

but with a low permeability to harmful and/or noxious agents. 

30 The polymer composition may further comprise a cross-linking agent, such as a dibasic 

acid. This allows the solubility of the polymer composition to be altered as seen fit by the 

person skilled in the art. 
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The polymer composition preferably further comprises water; water reduces stifhess and 

increases the flexibility of any material incorporating the polymer composition. 

Furthermore, it is a cheap and non-toxic solvent with which to prepare the polymer 

composition. 

5 

The total mass of the polyethylenimine, polyvinyl alcohol and polyvinyl alcohol co- 

ethylene may comprises between 30% and 95%, and preferably between 60% and 95% of 

the mass of the polymer composition. Such polymer contents give good protection against 

noxious agents. 

10 

Protection is preferably provided against organic agents. Such protection is useful for those 

dealing with spills of organic agents, such as diesel and petrol. 

Protection may be provided against h m h l  agents in the gaseous and/or liquid states. 

15 

Protection is also preferably provided against chemical warfare agents and/or biological 

warfare agents. Such protection is unexpectedly achieved using polymer compositions of 

polyethylenimine and polyvinyl alcohol. 

20 The polymer composition may be in the form of a sacrificial coating. A sacrificial coating 

is one that may be readily removed from the surface on which the coating is formed. 

Alternatively, the sacrificial coating may be a coating wherein a portion of an exposed 

surface of the coating may be readily removed to yield more of the sacrificial coating 

beneath. Thus, a coating (or portion thereof) contaminated with a harmful agent may be 

25 readily removed. 

As an alternative to a sacrificial coating, the layer of the polymer composition may be 

interposed between two other layers. This allows the polymer composition to be protected 

by other layers. Furthermore, such a laminate takes advantage of the fact that the polymer 

30 composition acts as an adhesive. At least one of the two other layers may be hydrophilic; 

this enables the hydrophilic polymer composition to adhere to the other layer. At least one 

of the other two layers may be a fabric. 



The present invention will now be described by way of example only with reference to the 

following figures of which: 

Figure 1 is a schematic cross-sectional representation of a membrane test cell used to 

5 measure the permeability of, inter alia, sheets comprising polymer compositions of 

polyethylenimine and polyvinyl alcohol; 

Figure 2 is a graphical representation of water vapour penetration versus time as measured 

by the membrane test cell of Figure 1 through a series of sheets comprising polymer 

compositions of polyethylenimine and polyvinyl alcohol; 

10 Figures 3a and 3b show the permeability of fabrics coated with polymer compositions of 

polyethylenimine and polyvinyl alcohol to sulphur mustard (HD) and soman (GD) 

chemical warfare agents; and 

Figures 4a and 4b show the relative water vapour permeability of GoretexB and 

camouflage fabrics coated with polymer compositions of polyethylenimine and polyvinyl 

15 alcohol. 

Example 1 - manufacture of polymer compositions comprising polyethylenimine and 

polyvinyl alcohol 

20 Table 1 shows the composition of polymer compositions A-S. PVOH refers to polyvinyl 

alcohol, PEI refers to polyethylenimine and HMWILMW refers to whether the polymers 

used were of high or low molecular weight respectively. HMW indicates that both of the 

polymers used were of high molecular weight, whereas LMW indicates that both of the 

polymers used were of low molecular weight. PVOH and PEI were supplied by Aldrich, 

25 Dorset, UK. PVOH was 99+% hydrolysed, the low molecular weight polymer having Mw 

of 89,000-98,000, the high molecular weight polymer having Mw of 124,000-1 86,000. PEI 

was supplied water-free, the low molecular weight polymer having Mw of 800 and the 

high molecular weight polymer having Mw of 25,000. 

30 In the case of compositions A-R, each composition was prepared by mixing aqueous 

solutions of PVOH and PEI. Solutions of PVOH were produced by mixing a known mass 

of PVOH (one of 5, 10 and 20g) with 100rnl of distilled water to produce the %w/v 
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solutions that are referred to in Table 1. The mixture was heated to 90°C using a hot plate, 

stirring continuously. Further distilled water was added during dissolution to maintain a 

constant volume of water. The temperature of the water was monitored to ensure 90°C was 

not exceeded. Once the PVOH had dissolved the mixture was allowed to cool with M e r  

5 stirring. 

I I I 

Table 1 - composition of polymer compositions of PEI and PVOH 

Composition 

A 

B 

C 

D 

E 

Concentration of 

PEI solution prior to 

mixing (% wlv) 

10 

10 

20 

10 

20 

Concentration of 

PVOH solution prior 

to mixing (% wlv) 

5 

10 

5 

20 

20 

Molecular weight of 

polymers 

HMW (H) 

LMW (L) 

H 

H 

H 

H 

H 



7 

A parent aqueous solution of PEI was made by making a 20% wlv solution of PEI in water 

(e.g. 20g of PEI dissolved in 100ml of water). Lower concentration solutions of PEI were 

then made by diluting samples of the parent solution. Table 1 shows the %w/v of the PEI 

solutions prior to mixing with PVOH solution. The PVOH and PEI solutions as described 

5 were then mixed in a 1 : 1 weight ratio in order to produce compositions A-R of Table 1. 

The compositions were shaken or stirred to aid mixing, then left to stand to reduce the 

number of bubbles present. Composition S was made by mixing equal volumes of water, 

PVOH pellets and PEI. 

10 The reader should recognise that the % wlv figures in Table 1 are concentration figures 

with reference to the relevant initial starting solutions of PVOH and PEI. Mixing of the 

two solutions causes a halving of the actual PEI or PVOH concentration in the mixed 

solution when compared to the starting solutions. 

15 The compositions A-S may be readily dehydrated to produce polymer compositions of 

differing water content. 

Example 2 - manufacture of sheets comprising polymer compositions of 

polyethylenimine and polyvinyl alcohol 

20 

The compositions A-S can be dehydrated to form more viscous compositions. In each case, 

the parent composition (one of A-S) was slowly poured onto a glass plate and allowed to 

spread. The thus formed thin liquid layer was allowed to dry to form a film of a more 

viscous composition. A structurally sound, flexible film may be peeled fiom the glass 

25 support after about 16 hours of drying. The thickness of the film will depend on many 

factors, such as the initial thickness of the thin liquid layer, which in turn depends on, inter 

aZia, the viscosity of the initial composition and rate of pouring. Typical thicknesses of 

about 0.1 -0.5mm were achieved. Thinner films of sub-0. lmrn thickness may be formed 

using a spread coater. 

30 

Efforts were made to determine the water content of cast films. Equal volumes of 30% 

wlvol. polyethylenimine in water and 30% wlvol. polyvinyl alcohol were mixed. A film 



was cast from this solution by spreading the solution onto a glass plate using a spreading 

knife. The mass of the cast film was measured as a function of time as the film was 

allowed to dry at room temperature at ambient relative humidity levels. After some hours 

the mass of the film stabilised at about 40% of the original mass, indicating that the mass 

5 ratio of polymer to water was about 30:lO. This was confirmed when the film was heated 

in a dry oven to 100°C. The mass of the oven-dried film was about 30% of the original 

film weight, indicating that all of the water had been removed. 

Those skilled in the art will realise that sheets cast from the polymer solutions mentioned 

l o  above can be dried in ambient conditions or in an oven. 

Example 3 - testing of permeability of sheets formed in Example 2 

The permeability of the sheets formed in Example 2 to various gaseous agents was tested 

1s using the membrane test cell shown schematically in cross-section in Figure 1. A sample 

1 1, not being part of the membrane test cell, is shown in place for testing. The membrane 

test cell comprises two halves 8 and 9, half 8 comprising a challenge inlet 3 in gaseous 

communication with a sample test body 7 and a challenge outlet 4, whereas half 9 

comprises a test gas inlet 5 in gaseous communication with a sample test body 10 and a 

20 test gas outlet 6, and wherein, in use, a sample 1 1 is brought between the two halves 8,9, 

with an O-ring 1,2 placed between the sample 1 1 and one half 8,9 to ensure a gas tight 

seal between the sample 1 1 and the O-rings 1,2 so that air may not pass directly fi-om one 

half 8, 9 to the other without passing through the sample 11. In use, a challenge gas is 

passed into the challenge inlet 3, into the sample test body 7 and out of the membrane test 

25 cell via challenge outlet 4. The sample test body 7 is shaped so that the sample is subjected 

to the challenge gas while the challenge gas is maintained within the membrane test cell. If 

the sample 1 1 is permeable to any component of the challenge gas, then the permeable 

component will pass through the sample 11 to half 9. Test gas is passed through the test 

gas inlet 5 to the sample test body 10 and out of the membrane test cell via test gas outlet 

30 6. The sample test body 10 is shaped so that the sample is subjected to the test gas while 

the test gas is maintained within the membrane test cell. The test gas is transferred to 

suitable analytical equipment (not shown) to be analysed. Any component of the challenge 



gas that permeates through the sample 11 into half 9 is transported by the test gas out of the 

membrane test cell to the analytical equipment which is designed to detect presence of the 

challenge gas or components thereof in the test gas. 

5 The permeabilities of several sheets formed in accordance with Example 2 were measured 

with respect to several challenges. The gaseous challenge was flowed over one side of the 

sample 11 at a rate of about llitrelmin. The test gas was clean air that was flowed over the 

other side of the sample 1 1 at a rate of about 150mllmin. The test gas was then fed into a 

quadrupole mass spectrometer (not shown) for analysis of the test gas. The challenges were 

10 ammonia, hexane, chloropicrin (C(C13)(N02)) (hereinafter "PS"), cyanogen chloride 

(C(Cl)(N)) (hereinafter "CK") and iodomethane (hereinafter "MeI"). In each case, the 

challenge is stored in a lamofoil bag which is attached to the challenge inlet 3 of the 

membrane test cell. Details of the preparation of the challenges are given below. 

15 Hexane 

A lamofoil bag containing a challenge concentration of 4000mg/m3 was produced by 

passing 80% relative humidity (RH) air over a known mass of hexane at a known rate for a 

period of time sufficient to ensure complete evaporation of hexane. The hexane penetrating 

the sample 1 1 was detected by tuning the mass spectrometer to ion mass 57 (C~H; 

20 fkagrnent). 

Ammonia 

Ammonia challenge mixtures were produced by passing cylinder ammonia into a lamofoil 

bag at a rate of 5litre/min.. for 4 minutes. The ammonia penetrating the sample 1 1 was 

25 detected by tuning the mass spectrometer to ion mass 17. 

Cyanogen chloride (CK) 

Cyanogen chloride challenge mixtures of 800amg/m3 in air were produced by injecting 

290cm3 of cyanogen chloride into a lamofoil bag containing 80 litres of 80% RH air. The 

30 mixture was blended thoroughly. The cyanogen chloride penetrating the sample 11 was 

detected by tuning the mass spectrometer to ion mass 61. 
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Chloropicrin (PS) 

A lamofoil bag containing a challenge concentration of 8000mg/m3 in air was produced by 

passing 0% RH air over a known mass of chloropicrin at a known rate for a period of time 

sufficient to ensure complete evaporation of the chloropicrin. The chloropicrin penetrating 

5 the sample 11 was detected by tuning the mass spectrometer to ion mass 117. 

Iodomethane (MeI) 

A lamofoil bag containing a challenge concentration of 48000mg/m3 in air was produced 

by passing 80% RH air over a known mass of iodomethane at a known rate for a period of 

10 time sufficient to ensure complete evaporation of the iodomethane. The iodomethane 

penetrating the sample 1 1 was detected by tuning the mass spectrometer to ion mass 142. 

Table 2 gives details at to whether various sheets of material formed in accordance with 

Example 2 were permeable to the various challenge gases. 

15 

polyethylenirnine and polyvinyl alcohol 

Sample 

H 

J 

M 

0 

P 

PDMS 

PE 

"N" indicates that no breakthrough of the challenge was observed, "Y" indicates that 

20 breakthrough of the challenge was observed and cb-c' indicates that the sample was not 

tested. PDMS was 0.1-0.25mm thick polydimethylsiloxane (Goodfellows). PE was 1 0 p  

thick polyethylene. 

Table 2 - penetration of various agents through sheets of polymer composition of 

CK 

- 
N 

N 

- 
N 

Y 

- 

Hexane 

- 
N 

N 

- 

N 

Y 

Y 

PS 

N 

N 

N 

- 
N 

Y 

- 

Ammonia 

N 

N 

N 

- 
N 

Y 

- 

Me1 

- 
- 

- 
N 

- 
- 
Y 
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