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Introduction

a discussion of anti-dirm roblems it was suggested
(- that many of the difficulties
associated with the use a soluble spreading agent on the glass eyepieces

of respirators might be avoided by utilizing the hydrophilic properties of
surface~sulphonated polystyrene. Experience indicated that the mterial
could be prepared by relatively sirple means and that it succesafully re-
sisted misting under light condensation conditions,™ It remained to deter-
mine (a) whether such a surface sould deal sdequately with the much rea.tar
volune of condensate which occurs in a respirator during wear and ( %

method of preparstion was required to give a product of uniform quality, It
was envisaged that the material could be used as a thin sheet attached to the
existing glass eyepieoce or cs a thicker disc to replace the glass completely.

Arrengements were mde for the rethod of preparation to be investigated
at the Chemical Research Laboratosy, Teddington, where considerable experienoce
in the preparation of sulphonated polystyrens in another connection was al-
veady available. A4t various sts;es during the work, samples were sens to
C.D.E.E, for practical evaluation,

All samples examined failed to reach an acoeptable standard of an¥i-
dimming performance and, as there appears to be no prospect of further im-
provenent, the investigation has been discontinued.

Sxperimental MNethod

Details of the method of preparation of ths material and of the pre-
liminary tests applied to it at O.R.L. are given in an sprendix to this
report.

Five ba.t.'ches of samples were received from C,R.L, in the form of discs
2" or 27" in diameter and ¥/2fto 3" thick. Some very thin sheets, which were
attached to glass discs for testing, were included in the seoond batoch,

Pootnote, ¥Surface-sulphonated polystyrene has been used auccessfully for
the front window of diving helmets, but the conditions of use in that in-
stance differ from those in a respirator in that the polyatyrene is com=
pletely wetted, often by immersion, before use.
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With the exoeption of the last batoh, which was of Transpex, the optical
quality of the samples was generally poor, but this did not sppreciasbly
affect their assessmend since allowance could be made for most of the
defects,

Assessment of perfprmance was based in the first instance on the
optiocal quality of the film of wnter which formed on the disc when it
was exposed to condensation in a modified form of the apparatus desoribed
in P.7.P. 271. This consisted of a chamber oontaining saturated air at
35°C., into which could be inserted two cylindrical water-cooled cells,
one plane (vertical) end of each cell being formed from one of the discs
under test. an illuminated sheet of graph paper placed a short distanoce
behind each cell formed the test object for estimating the interference
with vision through the disc produced by any irregularities in the water
film, Condensation was at the rate of 0,3 to 1.1 o.0./hr. according %o
experimental conditions,

All discs were given their first exposure to condensation in the ocon-
dition in which they were reccived from C,R.L. In subsequent tosts they
were swabbed with a fine linen oloth dipped in distilled water immeciately
before use and dried in eir at room btemperaturs: e, drying Wi Hhiks
because this is the condition in which they would normally be used in the

field.

A few of the discs were fitted in place of tho glass eyepiece of a
Light Type respirator and worn at room temperature and in a oold chambexr
Just below the freezing point. :

Performence

All five batches of samples gave essentially the sane perf'ormnbl .
and the description which fcllows is typical of the whole serles.

Irmedialely 0a exposure to condensation, nearly all the discs
showed some degree of misting, varying fronm slight to heavy according
to the disc used and the rate of condensation, but lcoter, as condensate
acourulated, all the discc developed discrete droplets of low contact
angle, These droplets continued to row ond corlesce for some time,
but the rrocess did not go to completion and the film stabilized as
soon as sufficient contaot had been made between the droplets to drein
away the condensate as rapidly as it formed. The resulting film was
beavily marked by dimples and furrows formed between the uncoalesced
droplets, Occasionally small arees of flat film were formed, but more
generally the imperfections were not separated by more than aone or two
millimetres, and considerable interference with vision through the disc
was accordingly experienced, The rractical effect of this wrinkling was
such that when the disos were worn in the respirctor, print vhich oould
normally be read at a distance of 5 feot had to be br t up within
42 inches before it could be discerned after 30 minuted wear,

A slight improvement in performance was obtained when the discs were
swabbed with a linen cloth dipped in distilled wnter immediately before
test and given only sufficient drying to remove visible tracos of water,

A total exposure to condensation amounting to 8-10 hours, interspersed
with frequent intervals for drying, produoced no sensible change in per-
formance, but 24 hours' inmersion in distilled water ( or, at C.RL; 24
hours' oontinuous exposure to saturated air) mmmm{mn-
yhilic nature of the surfaoce, S R e
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If the discs were given a thin occating of anti-dim compound before
exposure or if the weter film wore mechanically amoothed out by sweeping the
diso with the wet adge of o plece of filter paper, a uniform and stable film
of good optical quality was obtainod even with discs of the poorest perform=
ance. Equally sabtisfactory rosults woere obtained when the anti-dim ocompound
was replaced by a f£ilm formed from the sodium salt of polystyrens sulphonio
aoid, obtained by spreading a small quantity of solution over the disc and
evaporating to dryness,

4L few rough measurements of the oontact angle with the Tronspex surfaces
were made by forming small bubbles of air bencath u disc placed horizontally
in a trough of woter, The bubbles reedily displaced the water from the sur-
face and an spprecinble equilibriun angle of contact of about 22° was formed
at the boundary. Similar meagurements with un-treated polystyrene gave a
value of 72°, Although sulphonation had thus considerably reduced the angle
of oontact, spontancous spreading of the condensate over the surface oould
not be expected in the light of these neasurements.

Since the optical quality of the water films wes so poor and clearly a
good deal below the minimum standard acceptable, very little work was done
to investigate the suitabilify of the sulphonated surfuzce in other respects,
A brief investigation showed that the dises were partiocularly resistant to
oil contemination. Even after prolonged contact, the oil could be readily
rermoved by rutbing with a demp cloth or floated off by ocondensation. The
surface was, also, recsonably resistant to abrasion during cleaning, some
T0% of the area surviving 3000 rubs Wwith a damp linen acloth at a pressure
of 1% 1¥/in2,

Dicoussion

From the earlier experiments it wes suspectcd that the irrepular
charccter of the vater film might crise from insufficient or uneven sulphon-
ation of the surfnce, In the succeeding .tuylces, t erefore, the sulphonation
wes increascd to the maximun precticcble (i.e. just short of rende the
surfuce sclutle) and proved to be uniform by tho mothylene blue test (3ee
appendix). 43 no improvenent in tho quality of the condensed water film was
obtained, it must be concluded that neither of these factors was responsible
for the failure, The final batch (Tronspex) showed that minor imperfections
of the surfcce had clso played no purt.

The satisfactory performnnce obtained with coatings of the acid may have
been due to the higher degree of sulphonation obtained in that way, but more
probably arose from the aoluble nature of the coating.

The investication has not been exhaustive, but has been suffiocient to
show that the use of sulphonated polystyrene will not cdispense with the
need for o soluble sprecding agent cn the eyepiece, Sulphonated poly-
styrene therefore presents no advantage over glass as a raterial for res-
pirator eye;ieces in ourrent equipment, but where the choice of material
4s limited to a plastic by reason of the shape of eyepiece ordher con-
siderations, the use of a sulphonated surface has much to recommend it
sinoce its performance, in oconjunction with an anti-dimming compound, is
undoubtedly superior to that of the untreated material (or of perspex)
used in the seme manner.
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Conclusions

1, If sulphonation is kept below the level at which the surface itself = -
beocones soluble, the condensate does not spread over the surface to form ., :
a uniform film without the aid of a spreading agent. ' i

2, The uneven film of condensate formed in the absence of a spreading f
agent gives rise to an unacceptably high degree of interference with
vision through the film,

3. The use of surface-sulphonated polystyrens does not, therefore, offer
any opportunity of dispensing with a soluble anti-dimming agent. in.currepd.
types of service equipment. ‘ : A S ST
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Appendix Yo P.T.P, 353
Preparation of surface sulphonated polystyrene gheet

<

The treatment of polystyrene sheet by surface~sulphonation to prevent
"misting" in humid atmospheres has been desoribed in the patent literature ;
(British Patent 572, 985, 1945) and the preparation of materials of this | B
type was investipated, ‘

4 number of sulphonation procedures have been examined. The use of a
liquid sulphonating agent has recently been described by Westermark (Acta
Chen., Scand. 6, 119, 1952). In our work however, liquid sulphonating
agents were found to lecad to uneven films of sulphonated material and treat~
ment with sulphur trioxide vepour was found to be very much more satisfactory,

Preliminary cxperiments were carried out with discs (2" diam,) of

i : nmoulded polystyrene. These were exposed to the vapour of 60% oleum at room
1 terperature for varying tines, washed with water, dilute sodium hydroxide

(0s5,5) and water, Te degree of sulphonation wes asseased by treating

the discs with nethylenc blue solution (0,128 grams per litre) for 10 mir-

utes, washing with water and determining the optical density using a

Spekker absorptiometer, The results indicated that the highest degree cf

sulphonation was obtained with a time cof exposure of about 1 minute. With

E longer periods of exposurc, the sulphonated layer apparently became de-

' tached from tre polystyrene on washing,

e

B

g The anti-dirming ;roperties of the treated surfaces were tested by
placing the sheet over the mouth of a boiling tube containing water at 47°C.
1!' With untreated polystyrene or ;less a misg is formed in 5 to 15 seconds.

; After loi, er periods of exposure, small droplets of water are formed, With
a ;loas surface treated with "anti-dimmin " compound, no mist or droplet
formation is observed; a continuous £iln of liquid is formed on the treated
surface.

v ity e 2 g ke e

Early sarples rrepared as desoribed above were found to possess poor
anti-dimring properties but a marked improvement was obtained if the surface
was thoroughly cleaned before sulphonaticn., Treatment with chromic acid

10 . potassiun dichromate, 400 ml water, 400 ml conc. sulphuric acid) at
. for 15 minutes was found to to lnecesaary.

: ] - When tested irmediately ofter rreparation the surface-sulphonated disca
i ! showed similer behaviour to that of glass treated with anti-dinm compound,

: Some deterioration in anti-dimming behaviour was observed after exposure cf
the sulphonated surfaces to the laboratory atmosphere overni;ht or on heating
at 500C for 20 minutes. Thc original behaviour (i.e., no mist and a oon=
tinuous liquid filn) was howcver restored by light rubbing with a clean darp
[ ? cloth., Rather surprisin;ly, this sirple treatuent proved effective in re-

! storing a surface which had boen heavily ocontaminated with vaseline,

,.-........‘.

The nmethod of surface-sulphonation described was found to give similar
results with polystyrenc from different sources in the form of moulded discs,
cast sheet and thin films,
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