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Degradation of Chemical 

Protective Clothing 


The Fire Research and Development Group (FRDG) was asked to investigate the possible deterioration of the 
chemical protective qualities of chemical protective clothing with use. Chemical permeation tests were carried out 
on fabrics that are currently used in chemical protection suits worn by the UK Fire Service. 

INTRODUCTION 

In 1994 the FRDG published a report on 
decontaminating chemica l protective su its (see Note 
1). One conclusion of thi s work was that it is 
impossible to be sure that a con tamina nt has been 
complete ly removed from a suit by primary 
decontamination processes (i.e. showering or 
scrubbing the suit to enable the firefighter to remove 
it without being contaminated). Consequently, there 
is a poss ibility that c hem icals may remain on the 
surface of, and within the matrix of, the suit. The 
presence of these chemicals may a lter the protective 
characteristi cs of the suit the next time it is used. 

The aim of the work described in thi s report was to 
look for any change in the chemica l protective 
qualities of suits, particularly where they had been 
subject to contamination from known chemicals 
during operationa l use, even though there was no 

visible damage. 

Unfortunately, it proved difficult to obtain 
contaminated suits from brigades because: 

• 	There were few su it s that had been heavil y 
chemically contaminated . 

• Suits that had been heavi ly contaminated were often 
returned to the manufacturer or destroyed . 

• 	The precise histories of the chem ica ls to which the 
suits had been exposed were not always known. 

Although some of the suits obtained for this work had 
been c hem ically contaminated, others were well worn 
but may not have been in contact with hazardous 
chem icals. For each o ld suit fabric that was obtained , 

a new sample of simi lar fabric was obtained from the 
suit manufacturer for comparative testing. A 
summary of the fabric samples that were tested is 
given in Table I. 

The protective qualities of the fabrics were measured 
in terms of the breakthrough ti me of a battery of 
chemica ls (spec ifi ed in the draft European standard 
on chemical protective clothing, see Note 2). This is 
a measure of the time that it takes molecules of the 
chemica l to permeate (o r break through) from one 
side of a sample of fabric and to be detected on the 
other s ide . The shorter the time, the poorer th e 
protection afforded by the fabric. Twenty fabrics 
were tested, and each one was subjec ted to 15 
chemica ls. The breakthrough times for the used and 
new fabrics were compared to find out whether any 

change had occurred . 

Each permeation test required a sa mple of fabric 
approx imatel y 3 cm in diameter. 45 samples of each 
fabric were req uired (3 tests of each of 15 chemicals). 

Samples were taken from an area of the suits just below 
the knees. This was considered to be an area where 
suits were most likely to have been exposed to chemical 

contaminat ion. It also presented a difficult area to clean 
after an incident. Only standard fabric areas were used, 
i.e. seams or toughened knee patches were not used. 
Any visibl y damaged areas were avoided. 

EXPERIMENTAL METHOD 

A diagram of the equipment is given in Figure I. A 
piece of the sam ple fabric is he ld horizontall y 
between two cells. The top ce ll contains the te st 
c hemical an d the bottom ce ll co nta in s a detection 
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Figure I: Permeation Test Cell 
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fabric with a time of 10 minutes or less was not classified. 

The of 15 chemicals that was selected for is shown in Table 3 below. 
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Table 3 : The Chemical Test Battery 

Liquid or Gas 

L 

L 

G 

L 

G 

L 

L 

L 

L 

G 

L 

L 

of CI'IIAl"lI'IIii'!JRlI 

Ketone 

Nitrile 

Basic gas 

Acidic 

Chlodnaled n,,,,rn,,',Hcnn,,, 

Amine 

Alcohol 

In,wom"1> base 

ncid 



6 


5 

c 
0 

~ 4 
<.J 
~ 
'Vi 
IJ) 3 
nl 

U 
2 

0 

....a. () 	 ro
}> 	 ~ ro <

" :J" 0 () ~ Fabrics 
:J ., 5- ., ~ ~ " '<a: c.~ :J"a: ro 

ro a. in" " .. '<0;ro C 3 a. 
5" 

:J" ro " ~ " a: ;;ro 
:J 

:r 
'< 
a. 

1) 

< 
() 

" (Q 

:r ro 
'< :J 

m., 
:J 
ro 

() 1) ~ 
<

iT 5- '2 1) () :J 

Chemicals 

Figllre 2 : Grapltical slIlIIlIIary of tlte perllleation classification reSlIll.v 

RESULTS 

The permeation classification results are summari sed 
in Figure 2. The actual classifications are gi ven to 

Table 4 at the end of thi s report. 

In this gr ap h, where no co lumn is visible, the 
chemical has permeated thro ugh the fabric in a time 
of less th an 10 minutes (unclass ified). T he talle st 
columns, a class 6 pass , shows th at the chemical did 
not permeate through the fabric, even after 8 hours. 

The permeation breakthrough times were subjected to 
statistical ana lysi s to compare the results from o ld test 
samples to those from the new . Not a ll cases could be 
s ubmitted to thi s test as there were so metimes 
insufficient sam ple s to make sllch a test valid. 
However, in J I of the 45 cases that could be tested , 

there wa s a significant change in the permeation 
properties of the fabric samples. 
When results from the new fabric s were compared to 
tho se from the old the foll o wing c h a nges in 
permeation resistance emerged: 

• 	Single coated PVC improved with age against two 
chemicals. 

• 	Double coated pVC worsened with age against one 
chemical. 

• Respirex 	neoprene worsened with age against three 
chemicals. 

• 	Beadle neoprene worsened with age against one 
chemical. 

• 	HNB worsened with age against four chemical s . 
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DISCUSSION 

General 

The results of the tests are discussed in the context of 
the draft European standards for gas-tight and liquid 
tight chemical protective clothing (see Note 2) in 
order to identify whether a loss in permeation 
performance during use has occurred. 

It should be borne in mind that the standards for 
emergency teams are only at a draft stage and have 
yet to be circulated for public comment. Therefore 
these drafts will be the subject of discussion and 
probable amendment before publication as European 
standards. 

Furthermore, the materials tested during this work, 
with perhaps the exception of viton/butyl , have not 
been developed and produced on the bas is of the 
performance requirements contained in the draft 
European standards. 

In theory, any of the fabric s that were tested could be 
used in a liquid tight suit. In practice, 
hypalon/neoprene/butyl (HNB) and vi ton/butyl are 
used almost exclusively in gas-tight suits. PVC 
(single and double coated) and neoprene are the most 
common liquid tight suit fabrics. Fabrics for use in 
liquid tight suits only need to be tested against the 
liquid test chemicals in the battery (i.e. not chlorine, 
ammonia or hydrogen chloride) and a Class 1 pass 
(greater than 10 minutes) is acceptable without any 
qualification . Fabrics for use in gas-tight suits should 
be tested against all the chemicals in the test battery. 

Additionally it is recognised that the chemical 
permeation te s t used in this work, whil st being a 
sa ti s factory test method, does not replicate what is 
likely to occur at operational incidents. While it may 
be less likely for suits to be exposed to continuous 
contact with chemicals (as they are in these tests), 
when they are in operational use they are more likely 
to be stretched, wrinkled, scuffed or imperfect in 
some way. Work is currently in hand in Europe to 
develop a reproducible 'splash permeation test' in an 
attempt to replicate, in a test environment , the 
conditions of real life situations. 

The results in Table 4, giving the permeation classes, 
show that many of the fabric s tested would be 
unclassified (less than or equal to 10 minutes 
breakthrough time) against most of the chemicals. 
An unclassified result is represented by a 0 in Tab le 
4. For several of the chemicals, most fabrics do not 
even achieve a Class 1 classification. For example, 

against tetrahydrofuran all fabrics are unclassified 
except viton/butyl which only provides a Class I pass. 

In the following sections, the performance of 
individual suit fabric s is discussed. The overall 
change in permeation performance is found by using 
the statistical tests described in the Results section 
above. 

Single Coated PVC 

Single coated PVC has bee n one of the mo s t 
commonly used suit fabrics. It is relatively cheap, but 
is becoming less popular as brigades opt for fabrics 
with a higher degree of permeation resistance. The 
single coated PVC is held on one side of a polyester 
base . Samples of single coated PVC from Beadle and 
Respirex suits were tested. 

One new sample of single coated PVC failed to 
achieve a classification against 11 of the 15 
chemicals. The other sample failed against 9 of them. 
Both of the se new samples withstood only one 
chemical for more than 480 minutes (Class 6 pass). 

Single coated PVC was unclassified against 8 of the 
15 chemicals for all old and new fabric s. 

The older samples of single coated PVC showed an 
increased permeation resistance aga inst some of the 
chemicals. This improvement in permeation 
resistance occurs when elastomers in the surface of 
the fabric evaporate. This makes the PVC brittle and 
prone to cracking, but also increases its permeation 
resistance. 

Double Coated PVC 

Double coated PVC has both sides of a polyester base 
coated with PVc. It offers a slightly improved 
performance over single coated PVc. The used 
samples in these trials were all from non-coverall gas­
tight suits. 

New, double coated PVC failed to achieve a 
classification against 8 chemicals, but withstood 3 of 
them for more than 480 minutes to gain a Class 6 
pass. 

All old and new samples of double coated PVC failed 
to gain a c lass ification against 7 of the 15 chemicals. 

Stati stic a lly, the old fabric performed worse than the 
new against one chemical , but gave a similar 
performance against all others. 
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Neoprene 

is a commonly used fabric for suits. It 
offers a compromise between cost and performance. 

of neoprene from Respirex and RFD suits 
were tested. 

Of the two new of neoprene, one failed to 
achieve a classification 6 chemicals, while the 
other failed nst 8 of them. Both 
withstood chemicals for more than 480 minutes. 

of neoprene failed to 
classi fication 6 of the chemicals. All 
of neoprene resisted of 4 of the chemicals 
for more than 480 minutes to class 6 passes. 

Statistically, all used samples of neoprene and 
showed a ignificant decrease in 

while 
also 

a further two chemicals. 

HypalonlNeoprenefButyl (HNB) 

HNB is a rubber based multi-coated fabric. It is 
durable and and provides a of 

than neoprene alone. It is commonly used 
as a fabric for suits. 

New HNB was unclassified 5 chemicals, but 
withstood 7 of them for more than 480 minutes. 

All old and new of HNB resisted permeation 
for over 480 minutes 7 of the chemicals. 

n a classificationall failed to 

Statistically, samples of used HNB 
worse than new fabric in four cases. 

VitonfButyi 

is a relatively new and 
coated, rubber based wi th 
qualities. It nomex or 
backing. The that were tested 
were on nomex The used sample came from 
a suit that was relatively new, but that had been 

to contamination by chlorine. 

This sample offered the opportunity to consider 
whether the on resistance of a suit was 
reduced by exposure to a chemical that had 

previously been encountered. Both the new and used 
fabrics resisted to chlorine for greater 
than 480 minutes. 

Viton/butyI was the least permeable fabric tested. 
All old and new samples were classified all 
15 and resisted for more than 
480 minutes 10 of them. In every case it 
performed a well as, or better than the other 
fabrics. 

Because there were only two sample of 
statistical tests could not be carried out 

on the results. However the results of old and new 
were close 

little or no in the 
the fabrics. 

some chemical clothing fabrics 
may sometimes suffer a deterioration in their 

resistance that might not be detected 
visual examination, the majority of the permeation 
tests revealed no differences between the 

of new fabrics and that of used fabrics. 

In two cases, the resistance of single 
coated PVC ificantly improved with age, but 
since old PVC is prone to a reduction in flexibility, 
and therefore an increased risk of the fabric 
it was not considered overall. 

In a few cases there were reductions in the 
permeation of the Llsed fabrics. These 

reductions showed no pattern were 
not for all caused by one chemical, or on one 
fabric), except that occurred where the 

of the new fabric was 
one case a 

where the new fabric had a Class 2 
rating. All others were Class 1 or less. This suggests 
that although there may be a reduction in the 

of used suit fabrics. it does not 
occur un less the of the 

It must be remembered that none of the fabrics which 
were tested were to with the draft 

standard. Of the fabrics tested oniy 
viton/butyl would with this standard. No 
other fabric achieved a of Class I or higher 

all the chemicals in the test battery llsed, with 
a number of fabrics unclassified. 
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