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Protective Garment

FIELD OF THE INVENTION

The present invention relates to protective garments or clothings for

the protection against the influence of chemicals.

BACKGROUND OF THE INVENTION

There is a great need for protect.ive garments with a low permeability
(i.e. a long breakthrough time and a low permeation rate) for certain
chemical compounds or mixtures of compounds. The polymer mem-
branes used in protective garments (e.g. gloves, coverall suits,
hoods, boots, etc.) for use in a work environment or in the home
must protect against chemical compounds or mixtures thereof which
are hazarduos to the health, such as solvents, paints; varnishes,
glues, cleaning agents, degreasing agents, drilling fluids, or epoxy
materials. Regarding protective clothing against hazardous chemicals
in the work environment or the home, the main concern has previous-
ly been to obtain chemical resistance of the clothing, i.e. non-degra-
dability. During the latest years strong concern about the permeability
of protective clothing against chemicals has developed. Permeation
studies have surprisingly shown that the breakthrough time is often
less than half an hour, sometimes only a few minutes. The studies
have also shown that the breakthrough time and the permeation rate
is to a great extent dependent on the combination of the hazardous
substances and the materials for protective clothing. In view of the
foregoing, it is quite obvious that a great need exists for protective
garments featuring polymer membranes without the aforementioned
disadvantage. Unfortunately, no other method of selecting suitable
combinations than the method of trial and error has been proposed.
Epoxy materials and many solvents are particularly important in this
context due to their toxic effects and allergenic properties on mamma-

lian skin, in particular human skin.
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SUMMARY OF THE INVENTION

The present invention relates to improved protective garments for
protection against chemicals, in particular epoxy materials, and to a
rational method of selecting polymer membranes with optimal permea-

tion resistance against hazardous chemicals.

in connection with the research which led to the present invention
the applicant has found that commonly used membrane materials (such
as polyethylene, various rubbers, neoprene, silicone rubbers, etc.)
have insufficient barrier properties with respect to e.g. epoxy mate-
rials, in that they have breakthrough times of an hour or less. Some
of these membrane materials have even been suggeéted or recommen-
ded as materials for proctective garments by manufacturers of epoxy.
Applicant has further found that the three-dimensional solubility
parameter system pioneered and described by C.M. Hansen (cf. ref.
1, 2, 3 and 4) may suitably be used as a guide for the rational
selection of suitable barrier membrane materials for protection
garments.

The three solubility parameters termed SH’ EP and GD measured in

(ca!/cm3)1/2, quantify the molecular cohesive forces (the hydrogen
bonding, polar and dispersion forces) in a given compound or mixture
of compounds. The so far commonly used membrane materials for
protective garments have 8- and GP-values ‘of about 3 or less, and
ﬁD-values of about 9. In view of the low EH- and 5P-values, these
membrane materials are designated as low-energy type polymers be-
cause of the relatively low level of intermolecular cohesive forces.
These solubility parameter values are fairly close to the solubility
parameter values occupied by a major part of the commonly used

solvents and epoxy materials.

[t has now been found that polymer materials of the high-energy
type, i.e. with solubility parameters considerably different from those
so far commonly used, exhibit superior properties with regard to

being impermeable to chemical compounds, e.g. epoxy materials.
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The invention relates to a protective garment comprising a membrane
comprising a substantially water insoluble polymer material having a
solubility parameter set (5H, 8p, 5D) which is positioned at a solu-

bility parameter distance of at least 7 from the solubility parameter

set (GH, 6P, 5D) equal to (0,0,8).
DETAILED DESCRIPTION OF THE INVENTION
The distance A between the solubility parameter set of the chemical

) SDO) and the solubility parameter set of the polymer
5DM) is defined as follows (cf. ref. 1 and 3):

(60 Spo-
(pm Spme

) 2.2, 2
A= (B8l (Bppy=8pg) 4 (8 y=0p0)7)

The parameter set of (0,0,8) is a suitable average representative of a
large number of hazardous chemicals encountered in the metal industry,
the construction i.ndustr:y, and the chemical industry. While it cannot
be said that all hazardous chemicals contribute to this average-(note-
able exceptions are e.g. methanol and dimethyl sulfoxide), the haz-
ardous chemicals which can be said for practical purposes to average
at a parameter set of about (0,0,8) comprises by far the major num-
ber of hazardous organic solvents and plasticizers, polymerization
monomers, pesticides and detergents. One particularly important
group of hazardous chemicals of which the parameter set of (0,0,8) is
representative are the above-mentioned epoxy materials. In the present
context, the term "epoxy materials" designates two component types
comprising a binder component which contains epoxy monomer, dimer,

or trimer, commonly based on diglycidylether of bisphenol A, solvents |
such as ethylene, butanol, and butylacetat, and optionally pigments
and fillers, and a hardener component containing polyaminoamides and

optionally aromatic amines or aliphatic polyamines.

In the known art, solubility parameter system is primarily used for
formulating paint coatings, i.e., for selecting solvents for particular
binders. The principle is that a solvent is selected, the solubility
parameter of which is as close as possible to the solubility parameter
of the binder. Often, a solvent is selected which is constituted by a
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mixture of components, in which case the relevant solubility parameter
set is the solubility parameter set of the mixture, which is calculated
from the parameter set of the individual components by calculating

each parameter in the set as the volume weighted average.

According to the present invention, the solubility parameter set,
although calculated in the same manner, is used for a completely
different purpose, i.e., for predicting a completely different combi-
nation of relative properties between two materials, i.e., the break-
through time and the permeation rate of a fluid in a polymer mem-
brane: It has been found that the greater the distance is between the
solubility parameter set of the fluid and the polymer, the longer is
the breakthrough time, and the lower is the permeation rate.

In practice, acceptable results with respect to increased breakthrough
time and reduced permeation rate are obtained when the distance
between the parameter set of (0,0,8) and the parameter set of the
polymer, calculated as described above, is at least 7, preferably at

least 9, in particular at least 11, and most preferred around 13.

Materials which comply with these conditions are the so-called high-
energy polymer materials, i.e., polymer materials with high molecular
cohesive forces, in particular high hydrogen-bonding and polar cohe-
sive forces, while most known polymer membrane materials, including
polymer membraﬁe materials conventionally used for protective gar-
ments, are low-energy polymer materials (which typically are at a

distance of 6 or lower from the solubility parameter set of (0,0,8).

The synthetic polymer high-energy material is one which is substan-
tially water-insoluble. This term includes materials which will undergo
swelling in contact with water, but is intended to exclude materials
which are actually soluble in water. An example of a high-energy
material which is soluble in water is polyvinyl alcohol. Although
polyvinyl alcohol shows a high breakthrough time and a low permeation
rate for epoxy materials such as shown in the experimental section,
and although polyvinyl alcohol has in fact been suggested as a mem-

brane for a protective garment, vide German Offenlegungsschrift No.

-,
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disadvantages which are believed to exclude its utility as a protective

garment membrane for practical purposes:

The water solubility of PVA renders it subject to dissolution in contact
with external aqueous media or in contact with sweat. Furthermore,
even small amounts of water or moisture which will not directly dis-
solve a PVA membrane will tend to swell and plasticize the membrane
to such an extent that it loses the permeation resistance properties it
would otherwise possess in view of its position in the solubility para-
meter system. Moreover, in the practical processing of PVA, where
large amounts of plasticizer must be used which will tend to increase

the mobility of the PVA molecules and hence to increase the permea-

bility,

A particularly interesting class of polymer materials for the purpose
of the present invention are copolymers substantially free of plasti-
cizers, since the presence of plasticizers increases the mobility of the

polymer molecules and hence increases the permeability.

An especially interesting class of polymer materials are copolymers of
a (22_5 alkene substituted with up to 4 hydroxy groups and a-C‘.Z_5
alkene, or homopolymers of a Cg ¢ alkene substituted with up to 4
hydroxy groups. The C2~5 alkene is preferably ethylene.

A particularly useful copolymer is a vinyl alcohol-ethylene copolymer.

In the following, the designation "PVAE" is used to designate a vinyl

alcohol-ethylene copolymer.

It is preferred that the vinyl alcohol-ethylene copolymer contains
40-80 mole per cent of vinyl alcohol and 20-60 mole per cent of ethy-
lene. In particular, it is preferred that the vinyl alcohol-ethylene
copolymer contains 65-75 mole per cent of vinyl alcohol and 25-35 mole

per cent of ethylene.
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Vinyl alcohol-ethylene copolymers are described, inter dlia, in DE
Auslegeschrift No. 22339806, GB Patent No. 1212569, GB Patent No.
1247114, and GB Patent No. 1489635. Vinyl alcohol-ethylene copoly-
mers suited for the purposes of the present invention are produced,
e.g., by Kuraray Company Limited, Osaka, Japan, and are available
under the trade name "Kuraray EVAL". They are normélly used as
packing materials for food; the main reason for their suitability for

this purpose is their resistance against permeation by oxygen and

. their capability of reducing the loss of aromas from the food.

As appears from the experimental section, the PVAE materials show
unique advantages for the purpose of the present invention in that
fhey show extremely long breakthrough time. In contrast to PVA, the
PVAE materials may be produced and shaped into membranes without
the use of plasticizers, but with excellent flexibility and plyability. In
addition to the advantage the the PVAE membranes have an extremely
long breakthrough time, they show the advantage of the main com-
ponent in epoxy materials, DGBEA, does not wet PVAE materials,
which is attributed to the fact that PVAE materials have a very high

- hydrogen binding parameter GH compared to DGEBA. This is of major

importance in the practical use of the garments according to the
invention and contributes to the high barrier effect of the PVAE
materials because the contact area between the membrane and the

epoxy material is then essentially reduced.

According to particular embodiment of the invention, the substan-
tially water insoluble high energy polymer material is laminated with a
layer of another polymer. Several advantages may be obtainable by
laminating a layer of the high energy synthetic polymer used accor-
ding to the present invention with another polymer such as a poly-

olefin, in particular polethylene or polypropylene:

PVAE materials exhibit some absorbtion of water. Water absorption in
the PVAE material will to some extent reduce the barrier function of
the PVAE membrane due to a certain plasticizing effect of the water.
As a protective garment is subject to the influence of water from

perspiration, an important type of laminate is one which comprises a

4]
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polymer layer of a type which will reduce water permeation, such as
polyethylene or polypropylene, for application against the skin.
Another possibility is to laminate the other polymer to the outside of

the high energy polymer for protection against external water such as

rain or spray.

Some chemicals, e.g. amines and alcohols, are able to permeate PVAE
rather easi!y, but are not capable of permeating polyethylene. Thus,
a laminate comprising polyethylene and PVAE is an excellent barrier
against both chemicals with high GH' SP solubility parameters and
chemicals with low 5H' 5P parameters. PVAE/polyethylene laminates,
therefore, provide a superior general protecting effect against hazar-
dous chemicals, inéluding epoxy products. Also, a layer of polyethy-
lene laminated with a PVAE membrane enhances the mechanical pro-
perties of the protective membrane and therefere constitute an eco-

nomic construction in view of the reletively high cost of PVAE com-

pared to polyethylene.

In case of both prolonged wear of the garment or wearing at elevated
temperatures as- well under conditions subjecting the garment to
influence from external water, it will be preferable that the substan-
t’ially water-insoluble material having a solubility parameter set posi-
tioned at solubility parameter distance of ‘at least 7 from the para-
meter set (0,0,8) constitutes at least one intermediary layer of the
laminate, for instance being the central layer in a 3-layer laminate or

being layers Nos. 2 and 4 in a 5-layer laminate.

In such a PE/PVAE/PE laminate, the PVAE layer is effectively pro-
tected against water, amines, and alcohols. The PE/PVAE/PE laminate
in practical dimensions has excellent mechanical properties (flexibility,

strength, and elongation).

The lamination may be performed by extrusion lamination in which the
polymer materials are extruded together into one membrane without
any aid to help the polymer materials adhere together. Extrusion
lamination may also be performed with the use of an adhesive pro-
moter such as an organometallic titanium compound, e.g., tetra-n-

butyltitanate or tetra-i-propyltitanate. The lamination may also be

S
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aided by mesns of oxidizing pne of the pelymers, e.g.; oxidizad
=afwethylene film as describsd in Reference 8. Another method iz
amination with an adhesive. In this method, ths individual pelymer
s are laminated togetiher by means of a2 Ihin layer (2 few microns)
37 = adhasize such as & modified paliclegfine, e.g. a2 modified poly~
stivlane or & modifies pelvoropylene such as the Iyoes marufactured
by Witsyi Petrochemics! Industry Jamsany Lid., Jzpan, under the
trada nams ADMER™ or by the Mitsubishi Petrachemical Company Lid.,
sapan, uncer the rade name MODIC™. Othar useful adhesives are
zeryiic resinous adhsesives and modified vinylic resinous adhesives,
the wse of which s described .in reference 7. This method is espe-
ciatly wseful 4f ‘the -polymsrs have such different cohesive characte-
ristics that thev do not adhere wel! to one another on thair own, e.g.

in the cases of a2 vinyl alcchal-ethylene copolymer and polysthylene.

in arder to avoid the possibility of pinholes in the high-energy po-

tver barrier javer of the memzrane, this layer should have a thick-

ness of at least 10 pm. in praciice, the membrane will usuzily have a
tripkness in the mange from about 25 um to about 5000 um. For dis-
posable garmenis. such as gloves, & preferred thickness range is
25-2X ym, in particular 30-150 um, especially about 100 um. For
garsents for repsatsd use, a preferred thickness range is 300-1000

wm, aspecizlly 250-500 wm.

The protective garment of the inveption may be a glovz as menticred
of the disposabie type, or of a type for repeated use, a hooc for
pretecting the face and head, 2 boot {both of the dispssable type for
covering shoes and of the rubber boot type), 2 coverzll su’t (both of
the fype with integrai giowves, boors. and hood, and ¢f the type with
separate gloves, boots, or hood}, or an soron.

For farge garmants subizcied to mechanical influences such as ceverail

siitz with infegral hood, gloves, and beoss, i is preferabiz that the
& $2 :

garment is aiso lamina*ed with a reinforcing layer, such az woven
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wWhes manutasturing garmenis or parts of garments the membrame
matarial may be heat welded, cast {e.g. by immersion or dip-casting),
sngumstically extruded, or sown (with subsequent cevering of the

zearmst

Lergs suits or parts of suils may be linred with e.g. non-woven
Fursuz material in order to increase machanicel sirength and to
ingraagse comfort,

Tha inventisn aiso relates %o 2 method for the protection of masumslizn
skin agasinst the influence of a chemical or mixture of chemicals, said
method showing the features set out in any of claims 233-37.
DESCRIPTION OF THE DRAWINGS

Fig. 1 illustrates 2 protective glove 1 according to the invention. The
glove is made-from a polyethylene/vinyl alcohol-ethylens copolymer/ -

" polyethylene laminate which, for illustration, is shown in 2 symbalic

“delaminated” fashion. The giove may, e.g. be made from two super-
imposed layers of laminate by heat sealing along the contour of the
glove and simultaneously cufting. If desired, the glove may thereafter
be turned inside out so that the seam is on the inside whersby dex-

terity is enhanced.

Fig. 2 shows a preferred laminate for a garment according to the
invention. Reference numeral 2 designates a polyclacfine laver, pre-
ferably polyethylene or polypropylene, and reference numeral 4 de-
signates a layer of vinyl alcchol-ethylene copolymer or another suit-
able high-energy polymer material. Reference numersl J designates an
opticnal adhesive or adhesion promoter. Alternatively, the layers 2
and 4 may be unified by, e.g.. co-extrusion.

Fig. 3 itlustrates another laminate for use in a garment accerding to
the invention. in Fig. 3, the numerzls 5 and 9 designate the same or
diffarent polyoleofines such as polyethylene or polypropylene, and 7

designates 2 vvi_n:y!‘ alcohol-ethyiene copolymer. Reference numerals 6
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and 3 designate adhesive or adhesion promoter. Alternatively, the

jayers may be unified by e.g., co-sxtrusion.

Fig, 4 ‘Hustrates the relation Relween the distance in selubi

rameter {A) asnd the Ums a; rezkthrough

Nezprens (N, piots o) and #¢T (P, plots

7

%
7

lity pa-

sime with respect fo

respectively. The in-
Chleroben-
toluens,

zeng, D dimethylsuiphexide, ¥: n-bersne, : methanol, T:

-

Tr: trichioroethylens.

braakthrough times as

-

The cur-es N and P rapresent

the time lag
& fungvion of the soiubdility paramstsr distance

between the polymer and the influenzing chamical. It wili be noied

that at small distance, the time lag breakihrough time iz iess than

-

000 secconds, wheress consigdescahie improvements are abza

ined at

distances of 3 and zbowe, in sarticuiar at distances at 7 zrnd above

In the actual case illustrated in Fig. 4, the thickness of the PVC

membrane was 0.7 mm as oppessd to 0.5 mm for the Meoprere mem-

brane.

Vi soite of the greater thickezss of the PVC-

The fact that the PVC~curve is lower than the Neoprene curve

membrane reflects in-

fiuenze from the high proportion of pissticizer in the PVC-mambrane.

Fig. D illustrates the manner in which the time lag breskthrough time

is calculated in the experimen‘cair section. The curve 36

shows the

sccumuiated concentration of the rvompound in guestion behind the

membrane as the function of the time. At the beginning, the sccumu-

Isted concentration is zaro and remains zero until the first trace of

compound is detected at time Ts' Thereaftar
centration increases snd becomes & linear fu

¥

z

the accumulzat

ed con-

nction of time until an

equilibrium is reached. The symbol £ desigriates the time lag break-

through time. This breakthrecugn time is dstermined from the extra-

polations 38 and 4042 shown in the figure.

actual detection iimit. TS is thersfrra different from material fo mate-

-
i
s

is determined at the

rial and from experimental setup 4 experimental ssfup. which makes

comparisons of the measured resuli:
detection fimit in question and ig ther

better basis for a comgarison of membranes.

ifficuit. 8 is dependent of the

efore, among other reasons, a
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Fig. 6 illustrates a test cell used in the experimental section for
monitoring the permeation through membranes. an axially extending
central inlet bore 14 and, perpendicular thereon, an outlet bore 16.
At each end, the central body is provided with screwed-on caps 18
and 20, respectively. The upper cap 18 secures two to oppositely
arranged teflon cones 22 with central bore between which the mem-
brane 24 to be tested is arranged. In the bores 14 and 16, bushings
26 and 28, respectively are arranged through which capillary tubes 30
and 32, respectively extend.

In operation, a sample 34 of a fluid chemical is arranged on top of
the membrane 24. Through the capillary tube 30, a current of helium
gas is directed against the lower side of the membrane 24, from where
the gas (together with any chemical which has permeated the mem-
brane) is discharged through the capillary tube 32 for analysis in a

mass spectrometer.
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Experimental Studies

The breakthrough time of DGEBA in a series of low energy polymer
materials and some high energy polymer materials and laminates of low
energy materials with high energy materials was determined. From
these determinations, the diffusion coefficient was determined by the
so-called time lag method, the time lag diffusion coefficient DL being
expressed as

2

, where | is the membrane thickness measured

DL =
6x8

in cm, and 8 is the time lag breakthrough time in sec.

The basis of the time lag method is that the permeation rate of a
substance that is brought into contact with a membrane becomes
constant with time. This means that the concentration of the sub-
stance in question in a closed (detection) chamber on the desorption
side, after a certain transition period, will become linearly increasing.
Finally, in the case when the air in the chamber is saturated or when
all of the material has been absorbed, the concentration will remain
constant, cf. the typical time lag curve in Fig. 5.

' The measurements were performed with the aid of the test cell shown

in Fig. 6, connected to a mass spectrometer. The instrumentation and
the general procedure in the performance of the measurements are

described in more detail in the literature (ref. 8).

The "outer" side of the membrane (absorption side) was covered with
DGEBA (diglycidyle therof bisphenol A). It was determined that the
membrane was pinhole-free. The permeation of DGEBA was detected
by mass spectroscopic analysis with respect to DGEBA vapor on the
"instrument side" (desorption side) of the membrane. The permeation
was determined on the basis of the intensity of the signal at the mass
numbers 77, 91 and 94, the signal/noise ratio being best for these

signals.
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As the maximum measurement period, 240 min (4 hours) was chosen
since this time interval corresponds to a working morning of un-

interrupted contact with epoxy products.

During the measurements, the test cell was thermostated at 40° C.

Materials

The content of impurities of the DGEBA used was less than 1%
according to liquid chromatography.

Permeability measurements were performed on 14 different membranes.
Four of these were specially produced. The others were made avail-
able as industrial warehouse products or finished experimental pro-
ducts. The membranes are specified in Table 1 and la. Membranes
1-10 were studied in an introductory series of tests, Nos. 11-15 in a

concluding series of tests.

Results

The results of the measurements are summarized in Table 2 and 2a.
The time point Ts for the first traces of DGEBA in the detection
chamber was measured directly. The detection limit was 1 picomole/-
sec. The uncertainty of the breakthrough time 8 is * 15%. The mem-
branes studied were placed in the table according to increasing

diffusion coefficient.

PVAE-1/PE was tested for permeability from both sides. After 335
min, the DGEBA had still not penetrated from the PE side. At the

measurement after 1217 min, the substance had penetrated.

All membranes were kept completely wetted with DGEBA during the

tests. No membranes swelled to any directly visible degree with the

substance.
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Table 1

Specification of membranes studied

PCT/DK83/00034

g

Material no. and Vtype Thickness Form
5 (mm)
1  Polyethylene (PE) 0.08 Film
2 Polychloroprene (neoprene, CR) 0.54 Plate
3 Silicone rubber (VSi) 1.16 Plate
10 4  Polyvinyl alcohol (PVA) 0.07 Film
5 Butyl rubber | (PIB, lIR) 0.22 Plate
6 Butyl rubber Il (PIB, IIR) 0.48 Glove
7 Natural rubber (NR) 1.1 Plate
8 Polyisoprene (PIP) 1.1 Plate
15 9 Ethylene-propylene-terpolymer
(EPDM) . 0.9 Plate
10  Chlorobuty! rubber/EPDM mixture 1.32 Plate
11 PE/PVAE-1/PE laminate a) 0.056 Film
12 PVAE-1/PE laminate 0.085 Film
20 13 PVAE-1 0.020 Film
14 PVAE-2 0.016 Film

SOREAD
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Table 1a
Specification of membranes studied

Material Supplier:
5 no. Product brand
1 Allhabo, Sweden: Alloten LD
2 DuPont, USA:
3 DuPont, USA:
10 4 Kurashiki, Japan: Vinylon
5 Trelleborg, Sweden: 8700
6 Arsima, Arsima: 60951-3
7 Schenning & Arve, Denmark: AT-1
8 Schgnning & Arve, Denmark: AT-2
15 g Codan, Denmark: EPDM EJ-41% 7
10 Codan, Denmark: Chlorobutyl/EPDM CB-13/
11 Kuraray Co. Ltd. Osaka, Japan: PE/EVAL-E/PE-
coextruded film
12 Kuraray Co. Ltd., Osaka, Japan: EVAL-E/PE-
20 lami-film
13 - Kuraray Co. Ltd., Osaka, Japan: EVAL-E
14 : Kuraray Co. Ltd., Osaka, Japan: EVAL-F
a) Three-layer laminate: polyethylene/vinyl alcohol-ethylene-copoly-
25 mer/polyethylene.

* NR, PIP, EPDM and chlorobuty! rubber/EPDM plates (Nos. 7-10)

were especially produced for this study.
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Table 2

PCT/DK83/00034

MerSrane materials, time of first trace of DGEBA,

breakthreugh time, diffusion coefficient

and saiubility pargmeters

DGEBA {"spexymonomer”)

Membrans

First trace Break-
thickness of DGEBA, through
Ts time for
DGEBA, 8
Membrane no. and materizls {mm} {min} {min)
4 Polywinyl alcohol (PVA) 0.07 >240 >240
11 PE/PVAE-T/PE 0.038 >240 >240
12 PWAE-T/PE £.095 >240 >240
13 PYAE-T 6.G20 >240 >240
14 PYAE-Z 0.816 >240 >240
1 Polyethyiene (PE) 0.08 2.0 4.4
5 Butyl rubber {
(PIB, IR} $.22 2.5 5.6
5 Butyl rubber i}
{PIB, TiR} 0.48 25 48
2 Pelychlorzprene
{ncoprens. CR} 0.54 16 g
18 Chlorobut:i/EPDM 1.32 11 75
7 WNatural rubber (NR) 1.10 7.3 24
2 Polyiscprena {PIP) 1.10 5.5 24
% Ethylenepropylen-ter-
polvmer {EPLUN] 2,96 2.5 1=
3 Silicone rubber (VSi) 1.18 7.5 18
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. Table 2a
Membrane Diffusion Solubility parameters Refe- Distance
no. coeffici- rence between pa-

5 ent. rameter set
8
DLx10 GH BP 5D DGEBA/ma-
terial, A
3.1/2
(sz/SEC) (Cal/cm3)1/2 (Ca'/cm )
10 DGEBA 5.51 5.88 9.95 (3)
4 «0.057 13 7 851 g.1 ¥
1 <0.036 10.5 6.5 8.5V 5.8%
12 <0.104 10.5 6.5 8.51 5.8
15 13 <0.005 10.5 6.5 8.5V 5.8
14 <0.003 10.5 6.5 8.5 5.8
o 4 ~0 ~0 8.1 (10) 8.9
5 24 2.28 1.23 7.10 (3) 8.07 . ¢
6 14 19 1.6 1.1 7.8 (1) 7.58
20 2 21 1.3 1.5 9.5 (11) 6.2%)
10 e - - - -
7 140 3.5 1.0 9.0 (11 5.6 5 ¢3)
8 140 -0.40 0.69 8.10 (3) 8.8
9 152 1.0 0.4 8.8 an 7.5
25 3 197 2.2 1.8 8.0 - an 6.6

1) The solubility parameters are, as far-as is known, not established

for PVA and PVAE. The values stated are estimated.
2) Secondary solubility range left out of consideration.

30 3) The solubility parameters for PIP (synthetic natural rubber) were
determined with the aid of "raw elastomers” (ref. 3). The solubi-
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lity parameters for NR (natural rubber) were determined with res-
pect to vulcanized material. Since the membranes studied of both
PIP and NR consists of vulcanized material, it appears reasonable
to use the solubility parameters for NR in the distance calculations

with respect to both material types.
Discussion

The membrane thicknesses are of the same order of magnitude as
those which occur in safety gloves. The measured breakthrough times
8 and trace times Ts therefore by themselves give an impression of
the suitability of the material for safety gloves. Several membranes
are of essentially the same thickness, which enables direct comparison
of 8 and TS within subgroups of the membrane materials in question.
Where there are differences in the membrane thickness, the compari-

son should be based on the calculated diffusion coefficient.

The breakthrough time € varied within the group of all membranes

' studied between 4.4 min (0.08 mm polyethylene (PE)) and more than

240 min (0.07 mm polyvinyl alcohol (PVA), 0.056 mm PE/PVAE-1/PE
and the like). '

Disposable gloves manufactured from PE are, according to experience
of the Labor Inspection's Administration of Worker Safety Regulations
with Epoxy Products and Use of Them, quite common as a protection
against DGEBA and other constituents. In addition, gloves of poly-
vinyl chloride (PVC), nitrile rubber, neoprene or natural rubber are
used. The results reported above demonstrate the clear superiority of

the PVAE materials over these known art materials.

Regarding laminates, one might fear that PVAE when laminated with
PE, because of the "compulsory wetting” via PE, would have a shor-
ter breakthrough time than non-laminated PVAE. It was found that
the breakthrough time of DGEBA in contact with a PVAE/PE laminate
was longer than 240 min, regardless of whether DGEBA was brought
into contact with the PVAE or PE side of the laminate. The possible

compulsory wetting effect is therefore not of essential importance.

oy
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CLAIMS

1. A protective garment comprising a membrane comprising a sub-
stantially water insoluble polymer material having a solubility para-
meter set (GH, GP’ GD) which is positioned at a solubility parameter
distance of at least 7 from the solubility parameter set (SH, SP' BD)
equal to (0,0,8).

2. A protective garment as claimed in claim 1 wherein the solubility

parameter distance is at least 8.

3. A protective garment as claimed in claim 1 wherein the solubility

parameter distance is at least 11.

4. A protective garment as claimed in claim 1 wherein the solubility

parameter distance is about 13.

5. A protective garment as claimed in any of claims 1-4 wherein the

polymer is substantially free of plasticizers.

6. A protective garment as claimed in claim 1 wherein the polymer
material is a copolymer of a C, o alkene substituted with up to 4
hydroxy groups and a C2_5 alkene, or a homopolymer of a 03_5
alkene substituted with up to 4 hydroxy groups.

7. A protective garment as claimed in claim 6 wherein the C2_5 alkene

is ethylene.

8. A p.rotective garment as claimed in claim 7 wherein the polymer

material is a vinyl alcohol-ethylene copolymer.

9. A protective garment as claimed in claim 8 wherein the copolymer
contains 40-80 mole percent vinyl alcohol and 20-60 mole percent

ethylene.

10. A protective garment as claimed in claim 8 wherein the copolymer
contains 65-75 mole percent vinyl alcohol and 25-35 mole percent

ethylene.

N5 WIPO
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11. A protective garment as claimed in any of the preceding claims
wherein the membrane comprises a layer of the substantially water
insoluble polymer material having a solubility parameter set (5H, 6P,
6D) positioned at a solubility parameter distance of at least 7 from the
solubility parameter set (GH, BP, BD) equal to (0,0,8) laminated with
a layer of another polymer.

12. A protective garment as claimed in claim 11 wherein the other

polymer is a polyoleofine.

13. A protective garment as claimed in claim 12 wherein the poly-

oleofine is polyethylene.

14. A protective garment as claimed in claim 11 wherein a layer of the
substantially water insoluble polymer material having a solubility
parameter set '(,EH, Sp- ED) positioned at a solubility parameter di-
stance of at least 7 from the solubility parameter set (GH, 8p/ GD)

equal to (0,0,8) constitutes an intermediary layer of the laminate.

15. A protective garment as claimed in claim 14 wherein the mem-
brane comprises vinyl alcohol-ethylene copolymer layer laminated

between polyoleofine layers.

16. A protective garment as claimed in claim 15 wherein the membrane
comprises a vinyl alcohol-ethylene copolymer layer laminated between

polyethylene layers.

17. A protective garment as claimed in any of the preceding claims
wherein the membrane has a thickness of from about 25 ym to about
5000 pm.

18. A protective garment as claimed in claim 17 wherein the thickness
is 25-200 um.

19. A protective garment as claimed in claim 17 wherein the thickness

" is 50-150 um.

"
tn
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20. A protective garment as claimed in-claim 17 wherein the thickness

is about 100 um.

21. A protective garment as claimed in claim 17 wherein the thickness

is 300-1000 um.

22. A protective garment as claimed in claim 17 wherein the thickness

is 250-500 um.

23. A method for the protection of mammalian skin against the in-
fluence of a chemical or mixture of chemicals, comprising establishing
the solubility parameters (6H, ‘SP’ GD) of the chemical or mixture of
chemicals, selecting a polymer material with solubility parameters (SH,

3
PI
solubility parameters of the chemical, and interposing a membrane

GD) having a solubility parameter distance of at least 5 from the

comprising a layer of said polymer material between said chemical and

the mammalian skin.

24. A method as claimed in claim 23 wherein the solubility parameter

distance is at least 7.

25. A method as claimed in claim 23 wherein the solubility parameter

distance is at least 9.

26. A method as claimed in claim 23 wherein the solubility parameter

distance is at least 11.

27. A method as claimed in claim 23 wherein the solubility parameter

distance is about 13.
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