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ABSTRACT

This report deals with the s tudies that have
been made on aqueous systems for impregnating protective
clothing with the impregnite S-~145 and the binding agent,
chlorinated paraffin. The experimental work has been
divided into fouf parts. The first part deals with the
problem of formulating stable aqueous systems which can be
used for impregnating clothing. The second part deals with
the study of the stability of aqueous impregnating systems
and component parts of such systems. The third part is
concerned with those problems ancountered in the application
of aqueous systems as impregnating baths. For the mast part
these problems are pecullar to t he use of dispersions of
theuimpregnating materials rather than true solutions. The
fourth part is concerned with the evaluation of cloth impreg-
nated by the acueous process especially in comparison with
cloth imprepgnated by the solvent process.

Upon the basis of the data given in this report it
is recommended that the Navy adopt an aqueous impresnating
process at central impregnating plants and consider the
adoption of amqueoas imprernations for use at share stations
m1d aduanced bases. It is also recommended that wearing
trials be conducted to establish the 1life of protectlve =
clothing and determine pas sible irritant effects when such
clothing is worn under service conditions,



AUTHORIZATION

1. This wrk was autharlzed under Project 547/41,
“Maintenance, Bureau of Ships," dated 16 December 1940.
The problems which were propcosed for study were given in
Bgreau of Ships letter S-377-2(Dz) Serial 811 of 17 December
1940.

STATEMENT OF PROBLEM

2. This study was undertaken to dflevise a suitable
method for impregnating protective clothing without t he use
of organic solvents, The present Navy directive for impreg-
nating protective clothing involves the use of a solution of
the impregnite 5-145 and chlorinated paraffin in tetrachloroe
ethane. This method has an outstanding disadvantage in t hat
tetrachloroethane is highly toxic. Other solvents less toxic
are unsatisfactory fa other reasons such aslow solvent power,
reactivity, inflammability and high ccst,

HEOVN FACTS BEARING ON THE PROBLEM

3. The problem of protective clothing in general has
been adequately discussed in NRL Report No.P-2000 and else-
where., No further discussion is given here not relating di-~
rectly to aqueous impregnating systems.

4, Then this investigation was started the only known
fact bearing on the problem was that &he British had developed
a process whereby a concentrated dispersion of thelr imprermite
Ae V. could be diluted with water as needed and used to '
impregnate clothing. The process was described as useful for
emergencies since the concentrated mixture was not stable for
mare than two months under tropical conditions,

S Work on thé problem of agueous imprernation processes
received great impetus when it was made a project of an
NDRC group at the DuPont Experimental Station. A large
proportion of the fundamental development work has been dore
by the DuPont group. ILarge scale development and evaluation
of agueous impregnating processes have been carried out by
the CWS at Edgewood Arsenal with the cooperation of the DuPont
groups

6. Large scale tests at Edgewood Arsenal have shovm
that acueous impregnating systems are a daptgble to solvent
impregrating plants with a minimum of added equipment. An
aqueous impregnation process designed for use by troops in
the field has als o been developed and found satisfactory
in large scale tests, -
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THEORETICEL CENSIDERATIONS

#e The use of water as a vehicle for the imprernite and
binding a gent has many obvious advantages, namely, universal
availability, non-toxicity, non-inflammability and totai
evaporation. Since neither the impregnite na the binding
agent 1s salubde inwater, the use  water requires that
the impregnite be made into a suspension and thgt the binder
be made into an emulsion. The following factors must slso
be considered before any aqueous impregnation process can be
considered satisfactory.

(1) The impregnation process must be :adaptable to
facilities now on hand at central impregnation
plants and must also be capable of @pplication
in the field or on shipboard without specilal
equipment.

(2) The ma terials used in the process must be
stable to both heating and freezing and
capable of withstanding storage for at least
cne year.

(3) Clothing impregnated by an aqueous process
must be as satisfactory as clothing Impreg-
nated by the present solvent process in re-
gard to protective power and stability on
storage or wear. It should also be as satis-
factory in regard to comfort and wearing
gualities and rresistence to leaundering.

PREVIOUS WORK DONE AT THIS LABORATORY

B NRL Report No. P-2000 describes preliminary results
obtained in the studies of aqueous lmpregnating systems and
describes in detail the many test methods employed in the
evaluation of impregnated cl othing.

EXPEREMENTAL PART

Part I. Formulation of Aqueous Impregnating Systems.,
Ao Preparation of Emulsions

(1) Comparison of Emulsifying Agents.

e The necessity of having the bindings agent,
chlorinated paraffin, dispersible in water required a study
of emulsifying agents. A wide rare of ®mulsifying agents
were examined. In general, it is believed that non-ionic
types of agents are most satisfactory in preparins stable
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emulsions of chlorinated paraffin.

Comparison of Emulsifying Agengs

Table 1

This is shovm in
Table [ where the results obtained with several different
- emulsifylng agents are listed.

Ratio of 1
Agent to Vehicle Methods# Stablility Particle
Chlorinated for for of Size in
Agents Paraffin Agent Mixing Emulsion Microns
Cetyl Alcohol<4-Orvus - 0il+$water KB UrisTable -
n +Av1tex e n + t 1 1 -
SF
Cholesterol 4-Orvus - " ke . " -
Emulphor AL - 0il " " -
Emulphor ELA - Wvater HB Unstable =
Glue 1/4 A CH L 10
Sorbitol Lau 1/2 011 HH o 10
® " - Aero-

sol OT 1/4 " o " 25
Sorbitol Laurate-

Aerosol 1/10 " o H 50
Turke y Red 01l 1/4 Water HB Unstable 20
Triethanolamine Stearatel/4 011 HB b 8
Irepal CA 1/4 Vater HB " 10

n " 1/5 o0il " I 2
Triton NE 1/4 Water » Unstable -

i " 1/5 oil " Stable 2
RH=-403 1/4 = HH Unstable 10

" 1/20 Water(conc.) HB Unstable
_ diluted )
" 4 Gardinol WA 1/4/20 " HB Stable
diluted 2
Methocel ( 15 cps) 1/20 Water HB Unstable
diluted 8
" gardinol WA 1/4/20 u n Stable 2

#HB = Hamilton Bearh stirrer.

CM = Collold Mi1ll

HH = Hand homogenizer

These results indicated that the most promising

agents wers Igepal CA, Tritom NE, methyl cellulose (llethocel),
amd polyvinyl alcohol (RH-403).

the non-ionic type.

All of ‘these agents =:are of
Since preliminary studies of impregnated




cloth samples showed that the agent Igepal CA caused a

pronounced loss of active chlorine, no further work was dore
with this agent.

11, Typical formulations for the three most promising
agents are as follows:

Five parts chlorinated paraffin +one part Triton

NE (30% solution) mixed at highspeed until homo-
geneous gives a viscous paste which may be gradually
diluted to give an emulsion of good stability with
a particle size around two microns. The paste may
be stared and used when desired.

Ten parts chlorinated paraffin + five parts o a
10% 15 CPS Methocel solution mixed at high speed
until homogenecus gives a viscous paste.which
may be grpadually diluted to give a fairly stable
emulsion whoase droplets will average 4-6 microns
in diemeter., The addition of 1/4% Gardinol WA
to the Methocel solution gives an emulslon with
particles averaging 2-3 microns in dlameter.

Ten parts chlorinated paraffin + five parts of

a 104 PVA solution acts like the Methocel emul-
sion except that the particle size averages

8-10 microns. The addition of Gardinol WA again
has the effect of reduting the average particle
size to 2-3 microns.

Ten parts c hlorinated paraffin + five parts of
a 109PVA on Hethocel solution - 0.02 parts
Gardinol VA - O,1 part of Daxad 11 were mixed
together with a paddle until homogeneous. The
viscous mixture was placed in the Lppenbach colloid
mill and passed through once at a clearance of
0.030". The resulting viscoms paste could be
diluted to sn emulsion whase particle size
averaged 1-2 microns. The Premier colloid mill
gave identical results at 17,000 RPM with the
same clearance with the difference that the
latterts rate of production was roughly double
that of the Eppenbach mill.

(2) Combinations of Emulsifying Agents.

12, Further work with RH-403 and Methocel led to the
discovary that a small mmount of & wetting agent such as .
sodium lauryl sulfate caused a large reduction in particle
size of chlorinated paraffin emulsions. This 1is illustrated
in Table II.
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Table II
Combihations of Emulsifying Ageﬁts

Ratio of Agents to Particle Size

Agents Chlorinated Paraffin in Microns
RH-40% 1/20 8
Rh-402, Gardinol WA 1/.04/20 2
Rh-40%, Gardinol VA,

Daxad 11 1/.04/.2/20 2
Methocel 1/20 8
Methocel, Gardinol WA, 1/.04/20 2
Methocel, Gardinol WA,

Daxad 11. 1/.04/.2/20 2

13, The agent Daxad 11, the sodium salt of a sulfonated
naphthalene-{érmaldehyde condensation product, was also found
to be a desirable addition agent to the chlorinated paraffin
emulsions, Whereee & slurry of S-145 and S-42 added to a
llethocel emulsion containing no Daxad 11 caused the emulsion
to break, the presence of Daxad 11 prevented this behavlor,
Though RH~403 emulsions were found to be more stable to
the addition of S-145 and S~-42, in this case the Daxad 11 had
a beneficial effect in reducing the agrlomeration of the S-145,
It was also found that the optimum concentration of Daxad 11
was 14 by weight of the chlorinated paraffin.

(3) Methods of Preparing RH-403 and
Methocel Emulslons.

4. Several methods of preparing chlorinated paraffin
emul sions with Methocel or RH-403 have bwen investigated. 1In
all cases it has been observed that best results are obtained
with concentrated mixtures which have a very high viscosity.
Since it is not feasible to prepare Methocel or RH-403
solutions of more than 10%, the maximum concentration of
chlorinated paraffin is 66+2/3%.

15. Hand stirring with a paddle will not produce an
emulsion of as small & particle size as mecha icel mixing.
High speed mixing with a Hamilton Beach stirrer operating at
10,000-12,000 rpm was very satisfactory for preparing
emulsions in the laboratory. However, it is not evident
whethar a comparable high speed stirrer could be obtained
for large scale operations.

16. Colloid mills have been found quite satisfactory
for preparing chlorinated paraffin emulsions. It has been
observed that ditute mixtures of low viscosity passed through
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a mill at a small sap clearance will not produce as good
an emulsion as more viscous mixtures passes through a
wider gap. Thils behavior was found to be true for both the
Eppenbach mill (sefrated rotora nd stator) and the Premiler
mill (smooth rotor and stator).

17. Information from the NDRC group at the DuPont
Experimental Station that centrifugal and gear pumps could
also be used for preparing chlorinated paraffin emulsions was
checked in this Laboratory. The particular type of centrifugal
pump aveilable was found to be unsatisfactory for preparing
emulsions inesmuchas the pump could not handle mixtures of
sufficient viscosity. Two gear pumps, of different mechanical
design; were tried out and found to be satisfactory. In this
case also 1t was necessary to employ viscous mixtures. ¥hen
gear pumps are used with more dilute mixtures a greater outs
put is obtainedb ut the material must be recirculated through
the purp to produce an emulsion without any large particles.

B. Preparation of 5-145 Dispersions

(1) Grinding S-145

18. Both the DPU snd TCA types of the impregnite 5-145
are prcduced as well defined crystals. The size of the
indivicual crystalline particles ranr-e from 50 to 125
microns in diameter. Particles of ‘this size settle out of
water suspensions rapidly. It has been found nece ssary to
reduce the particle size to about 1-10 microns before
reasonebly stable suspensions can be prepared. No thorough
study of methods of grinding S-145 has beenattempted. It
was found that a ball mill could be 'satisfactorilyemployed
for ¢ rinding the crystalline S-145 domm to a proper size.

The discovery by the DuPont group that the micronizing process
can be used to grind S-145 has now solved the problem of
grinding.

(2) Dispersing Agents for 5-145

19. The problem of obtaining stable aqueous suspsnsions
of S-145 is not solved by the reduction in particle aize alone.
Ssmall discrete particles of 5-145 will not existas such in
a water suspension unless a dispersing agent ls employed.
Surface forces between the small particles cause them to
cling “ogether in a state of flocculation. Dispersing agents
eliminate the forcesbetween pardicles ostansibly by forming
a protective coating over each individual particles Conditions
of flocculation or deflocculation are usually culte obvious
and can be most easily determined by microscopic examinatlon.
Many different surfaceactiveggentswere examined as dispersing
agents for S-145 and the results aregiven in Table III.
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The results given in the table as well as other cors iderations
have }2d to the conclusion that Methaw el and Daxad 11 are the
most effective dispersing mgents for §-145., RH~-403 may also
be used but greater concentrations of this agent are recuired.

(3) Micronized S-285

20. The use of micronized 5-145 for preparing agueous
suspensions and impregnating baths presented certain difficul-
ties. The micronized material is difficult to wet out in
water. The powder floats on the surface of the water snd can
be wet cut only with conslderable agitation. The use of
wetting agents to lower the surface tension of water greatly
facilitates wetting out of the §-145 pavder but often large
gquantities of foam are also produced. Then the powder has
become wet out, deflocculation is completed by passing the
mixture through a colloid mill.

21, TIt was reported by the NDRC group at t he DuPont
Experimsntal Station that micronized S-14 5 could beadded
directly to chlorinated paraffin emulsions. This eliminated
the necsssity for making a separate aqueous dispersion of the

5-145 and has the added advantage in that the 5-145 wets out
more rapidly in chlorinated peraffin e milsions ‘then in water.

Cs. Plant Formulation Procedure

22, The present policy of impregnating protective
clothing in central plants for later distribution to Naval
vessels has necessitated the development of suitable procedures
for using agueous impregnating systems in the impregnetion
plants. It 1s important that such additional equipment
required by the plants in changing from the solvent to an
aqueous process be as simple as possible. Studies made in
the leboratory on the most feasible plant procedures vere
aided by knowledge of the results obtained in plant trials by
the CWS at Bdgewood Arsenal.

25, The most important item in the preparation of
aqueous impregnating mixtures for plant use is the
mechenical device used to prepare chlorinated paraffin
emulsions and S-145 dispersions. A colloid mill is well
suited for this purps e. On the other hand, the sucess-
ful use in CWS plant trials of a pgear pump represents a
© nsidazragble simplification. A gear pump is not only more
ecbnomlcal than a colloid mill but it requires much less
supervision. The work done in the laboratory on plant
procedures may be pest summarized by giving the detalls
of an @ ctual plant run carried out at t he Impregnation
Plant, Brooklyn Naval Clothing Depc on March 4, 5 and 6,
1943. The equipment employed © nsisted of three open-end

' |- L\ b



drums of 55-gal}lon capaclty, a 1/8 HP portable type "Lightnin"
mixer, and a Brown and Sharpe gea¥ pump rated at 9 GPM
povered with a 1 HP motor. The following procedure was
employed:

45 1bs. of 109 RH-403 sa}jution were made by
stirrinc the BH-403 slowly into water at 90°

C with a "Lightnin" mixer and ® ntinuing to

stir for about two hours. Nearly all the RH=-403
was in solution by that time. To the -codled solution
was sdded 4-1/2 1bs. of watcr containing 0.9 1bs.
of Daxad 11 and 0.18 1lbs, of Duponol lE. After
mixing until homogeneous, 90 lbs. of chlorinated
paraffin was added slowly with stirring, and t he
stirring continued until the viscous mass was
homogeneous. The mlxture was passed throuch the
gear pump twice, d1luted with 130 1lbs, of water
and passed through the gear pump again, The
globule size of “the chlorinated paraffin at

this point was l=4 mlcrons averaging about 2
microns. 132 1lbs. of CC-3 (micronized S=-145
contmining 10% 5-42) and 18 1lbs. of S=42

were added sl owly with s tirring to the emul sion,
After all the powders wereadded, stirrlng was
continued until the mixture was fairly smooth.
The concentrated bath was passed through the
gear pump, diluted withe nough water to meke the
final concentration of 5-~145 equal to 10% and
pumped into the storage tank of the impregnator.
Suits impregnated from this bath were apparently
datisfactory both in respect to active chlorine
content and appearance. :

24, This procedure was repeated in another pun except
that the last 200 1lbs. of water used for dilution contained
blue dye and again the impregnalionvas ©nsidered satisfac~-
tor}". :

D. Shipboard Formulation Pro cedure

2§, The development of =|aqueous imprernat ing procedures
sultsble in the field or on shipboard with no more equipment
than a container and paddle has been investigated extensively
by tke NDRC group at the DuPont Lxperimemtal Statlon. At
the present time 1t has not been esteblished whether premade
emullsions of chlorinated paraffin and aqueous dispersions
of §-145 can be adequately packaged and lept in storage for
long periods of time. such systems would require only
dilution v th water before use. A more romising procedure
is to package thedry ingredients for the impregnating bath
end 0 prepare the impregnating bath as needed. Thls pro-
cedure a s demonstrated by the DuPont group at this laboratory

e L 8




before pepresentatives of the Bureau of Ships consists of the
following steps:

Two gallons of water and contents of package No.

1 are put into an open-end 50-geallon drum. Package
No. 1 contains 5 1bs. of 5-42, 1.88 Ibs, of
granular type RE-403, and 0.09 lbs. of Duponol

ME. This mixture is stirred for 15 minutes with

a wooden paddle to dissolve the RH=-403. The
contents & package No, 2 arealded slowly to the
mixture in the drum. Package No. 2 contains 37=1/2
1bs. of chlorinated paraffin.As the chlarinated
paraffin is added the viscosity of the mixture
increazes and stirring becomes more difficult.
After the chlorinated paraffin has all been added,
stirring is continued for 15 minutes. Stirring

the viscous mixture until it becomes a pasty valite
is a very important step in the procedure and the
quality of the chlorinated paraffin emulsion depends
on how well the mixture is stirred. The next

step consists of adding six gallons of water and
the contents of package No. 3 to the chlorinated
paraffinenulsion. Package No. 3 contains 50 B s.
of micronized 5-% 5., The mixture iss tirred for
10 minutes to wet out the 5-145 and break up lumps.
»hen the mixture has been stirred until it becomes
a smooth paste, thirty gallons of water are added
with stirring. The bath now contalhs 104 S-145 and
can be used to impregnate clothing.

It has been more recently reported that ardinary RH=403 (not
of ithe zranular type) canbe used satisfactorily when mixed
with the s tabilizer S-42. The presence of the 5-42 actsto
prevent formation of lumps of the RH-40% and makes it
possible to dissolve the RH~-403 with about 15 minutes of
stirrirg. :

2¢, Laboratory experiments have shoan that Methocel
may be used in place of RH-403. A suitable solutlon can
be made bystirring the Methocel in water for 15 minutes.
In this case, however, it is important that Daxad 11 &:d
Duponol. ME are both used in conjunction with the Methocel.
The Daxad 11 actsas a protective agent for the chlorinated
paraffin emulsion end aids ih jeflocculating the S5-145 and
5-42 e

Part II. Stability of Aqueous Impregnating Systems,
A. Hydrolytic Stablity

2%, It is well estgblished that high humidities promote

-9-
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the loss of active chlorine from cloth impregnated with $-145.
Therefore, it was necessary to determine ‘how stable S-125
would be when dispersed in water. Thed ata shown in Table
IV indicates that 8-145 is quite stable in water at normal
temperatures gnd is only slightly less stable at 1108F after
more thsn four months storage. '

Table IV

Stability of $-145 (TCA) in Vater
'50% S=145 ball-milled in water for 48 hrs.)

0
'?SEF 1l
Deys 4 Days C
T 6.70 1l 6.66
7 6,58 7 6.60
- 30 6,60 30 6.70
142 6.71 142 6.46

28. An sccelerated test of the hydrolytic stability of
5-145 in the presence of added materials has been used., The
results are g iven in Table V.

Table V

Bercentage Loss of c1¥ én Boiling 0.2 grams of
Unmicronized S-145 in 100 ml. of Viater for 5 Hours

§-145 (TCA; 13.8% cI ) 19.2%
4+25% S-42 23.0

+3" x 3" shredded cloth 18.6

+25% S-42 4 3" x 3" shredded cloth 24.0

~+20% RH-403 B340

+ 204 Methocel 5.7

+20% Triton NE 74.1

§-145 (DPU; 13.5% cIT ) 20.8
4-25% s-42 44,2

43" x 3" shredded cloth 37.6

+25¢ S-42 4 3" x 3" shredded cloth 5546

Tn the case of S-145 TCA only the Triton NE had an &ppreciable
effect upon the loss of active chlorine. As will bes een
later, this e ffect of Tritdn NE is Substantiated in tests

of impregnated cloth. The low loss of active chlarine for
Methocel is hot believed significant, The S~-145 DPU is
evidently more sensitlve to the presence of added materials
since both the stablilzer Se42 and cotton cloth caused

an increase in the loss of active chlorine,
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29. It should be pointed out that the loss of active
chlorine in the 5-hour boiling tess is affected by the particle
sige of the S-145, Micronized 5-145 shows a much greater
loss then the crystalline §-145. A study is now in progrcss
an the effect of S~-145 pmrticle sige in this and other
tests,

B Thermal Stabllity

3f)e Table VI shows the stability of §-145 (TCA) stared
at 100°C in the prescnce of 10% of various materials. The
only meterial seriomsly affecting it is 8=42. At the end
of 48 hours nearly alkl the cI is gone.

Table VI

§8ability of S-145 (TCA) stared at 100°¢
in the presence of 10% of various agents

orig. Added % CIF retained
¢I" Content Agent 5% hrs. 48 hrs. Ve hrs. 96 ars.

£3,75 Non=a 91.4 80.9 84.7 79.3
13.05 Methm el 92.9 ’78.5 84.3 ‘77.7
12.25 RH-403 89,9 80.0 78.0 63.8
12.80 S=42 35.2 3.8 3.8 07
11,30 Mg® 96.5 96.0 872 84,5
12.90 Daxad 11 91.5 85.3 83,0 76,7
13.30 Darvan 3l 89.0 83.0 81,7 78.8
12.65 Hornkem- 101 94,5 88.5 89,0 74.2

The knowledge that S=-42 had &-wery detrimental effect upon
5-145 at 100° C coupled with the f act that S-%2 and S=145
were teing bl nded in the micronizing process as a means of
preventing deterioration of fibre containers, lcd te a

study of the effect of S=42 upon the loss of active chlariine
of S-145 ot different temperagtures. The resulits are s hown in
Tﬁble Vil. . I

Table VII

The Effect of S=42 on Micronized 5-145 at
Different Temperatures
45°C 70°C 100°C

; ?-42 P f S-42 ) ﬂ 8-42
D&!S © 5 : o
] % Active Chlorine Retained ==

3 Q 2 .

: S . . . .2 Bo.7 4247
2 100 99.5 100 95.3 99.0 99.0 575 0.0 0.0
5 93,0 974 9545 3646 - -
9 91.4 96.5 94.4 29.7 '

28 97.6 98.0 96.4 84,4 92.0 85.0  16.8
39 97.6 97.6 96.4 82,1 89.0 73.8 12.8
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It may be concluded that the prezence of S-42 has no harm-
ful effects on S-145 at temperatures like 1§ to be encountered
on storage.

C. Storage Stability

31, The foregoing data indicated that S5-145 was
sufficiently stable both as a dry powder and as a water
dispersion, It had not been established that complete
impregnating mixtures would likewise be stable. Several
different impregnating mixtures were prepared and stored
at room tempere ure for one month. The results of actlve
chlorine determinations after two and four weeks aresshown
ih Table VIII. Great difficulty was encountered in obtaining
uniformn samples for analyses since the $-145 had settled out
and was difficult to redisperse. It is not believed that
significant losses of active chlorine occurred.

Table VIII

Stability of Impregnating llixtures Stored
At Room Temperatures

(Every mixture contained 10 parfs of S-145, 7.5 parts
of chlorinated paraffin, and 88 parts o water plus
the material listed)

Impregnite Parts, Dmulsifying Parts c1* Retained
S=145 and Dispersing Agent S-42 2 vks, 4 wks.
TCA 1.75 RH=403 0 104 o7
b 1.75 2 1 99 85
i 1.75 = 2 o5 o6
i 1.75 " 3 101 88
DPU Lol RH=403 0 o7 99
. 1.78 " l 24 93
" 1.75 " 2 96 100
" 1.75 " ] 85 88
DPU 1,66 Triton NEx o 98 75
TCAL 1.66 Y ¥ 0 100 104
DPU 1.66 Igepal CAs 0 98 106
TCh 1.66 a 3% ¢] 94 85

#0,05 parts of Methocel added as dispersing agent,

It has alsc been found that the pH of both chlorinated
parafin emulsions and S=-145 dispersions decreases rapldly
on s torage unless $-42 is present. This 1is illustrated in
Table IX.
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Table IX

p H of Emulsions and Slurrles on Aging
(Each cmulsion contained 40% CP and 10% of the agent mentloned)

Agent  %s-42 Treatment Orig, 1 wk 2 wi. 3 wke 4 vike
Triton 0 Rm. temp. 5.0 2.8 2.9 2.9 2.9
Igepﬂl O * L o 2.7 2.5 2&5 2.5
Triton C Prozen/heated

Triton 2-1/2 Frozen/heated

alternately 6.5 6.4 6.5 6.4 6.5
Igepal ¢ # " " 3.3 3.0 2.5 2,6 2.5
Igepﬂl 2"]/2 n n n 6.9 6.4 5-2 6 06 6.7

(Each slurry containing 10% S-145 (TCA) gnd 0.5% of the
agent mentioned)

Agent S=42 Oriz. 1 wk. 2 wks.

None 0 4,0 2.5

RH=405 0 4.3 2.9 2.9

Igepal 0 4,0 2.5 2.5

Triton NE 0 5.6 s 2.1
Ly K—GO 2'5 6.6 606 6.5

The law pH of the emulsions and disperzions not containing
5-42 indicates that glass contalners would be required for
the storage and shipment of these systems.

D. Accelerated Storage Tests.

32, An sccclerated storage test was devised for
emls ions, dispewsions, =nd complete impregnating mixtures.
The test consisted of the folloving stepss freezing the
sample for 15 hours, followed by eight hours standing at
room temperature, heaing for 16 hours at 709Cc, followed by
eight hours standing at room temperature. The semples
were examined antthe end of the eightghour pericids when
they had come to equilibrium with room temperature.

23. Emulsions, both high and low concentrations, were
made with ilethocel, RH=-403 cnd Triton NE. These werc sub-
jected to the test described above. All three sgents made
emulsions which were stable after six cycles. The dilute
emulsions thawed out withoutapparent change in texture or
particle size; the concéntrated emulsions were d ispersible
as before the treatment.
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34. Concentrated slurries (755 solids; micronized S-145
vi th and without 25% S$S-42 + Daxad 11) were treated in the
same fashion. In no case was 1t possible to redispexrse the
slurries after four cycles. They had hardened to a solid
mass, After two cycles they were still redispersible although
difficultly so. '

35. These slurries were b¥nded with the concentrated
emulsions and subjected to thet est. 1In this case, the
mixtures were againfound not to be redispersible after
four cycles, the Triton mixture fallingafter the f irst
cycle,

36. These results are taken as evidence that such con-
centreted slurries and impregnating mixtureswould not Dbe
suitatle for service use. '

37, On analyzing both the slurries and complete impreg-
nating mixtures as long as they could be redispersed, no
significant active chlorine loss was detectable. This
result, however, must be qualified because of possible loss
of water during the heating part of the cyckes. Also it
14 doubtful whether perfect sampling was possibl under
conditions of difficult dispersibility.

Part PII. Impresnation from Aqueous Systems.

A, Imprernite Retention by the Cloth

38, Five main factors have been found which affect the
amount of impregnite retained by cloth upon impregnation.
These are: (1) Concentration of impregnite, (2) Particle
size of the impregnite, (3) Viscosity of the impregnating
bath, (4) Finish of the cloth, and(5) Method of removing
excess licuid., Two of these factars, the concentration of
the impregnite and the viscosity of the impregnating bath
are closely related., An increase in concentration results
in an increase in viscosity. In Table X are s hown the
resul ts obtained when the concentration of $-145 in the
impregnating bath waz varied from 10 to 25%., The active
chlorine content was determined for cloth samples Impregnated
witha padding machine at a constant roller pressure.

Table X

Effect of S-~145 Concentration Upon
Active Chlorine Pick-up

% S-145 Active Chlorine
in bath on Cloth, mz./cm.
10 '20-’.50
16 0 40=,60
18 «85=,70
25 « 95
wldm




It has been found that when Methocel (15 cps) is used in

place of RH~403 for emulsifying the chlorinated paraffin,

the resulting impregnating mixtures have different viscosities.
A 10-20% greater active chlorine content is obtained with a
mixture containing Methocel instead of RH-403. Table XI
illustretes the effect of using different concentrations of
RH-403 1n an impregnating bath. The baths containing higher
RH-403 concentrations have a higher viscosity and therefore
result in a slightly greater retention of active chlorine.

Table XI

The Dffect of RH-403 Concentration upon
Active Chlorine Pick-up

% RH-403 Active Chlorine on

in bath Cloth. mg./cme
4 52
8 59
16 . +63

39. The effect of the impregnite particle size upen
the retention of impregnite can be illustrated by the following
experiment: 105 suspensions of S-145 treated in different rays
were filtered thpvough a disc of Arnzen c loth held on a
Buchner funnel., In every case where the $-145 was not finely
ground and w ell deflocculated a layer of the S-145 was retalned
on the cloth. W%hen micronized S-145, whith had been well
deflocculated, was used no filtering action was shown on the
gloth.

40, A serles of impregnations was carried out with
impregnating baths which had b een prepared with samples of £-~145
carefully fractionated into different particle size ranpges.
Normal impregnite contents were obtalned upon impregnation
with all samples of a particle size range of 10 microns or
less. The larger particle sizes did not give satisfactory
Impregnations since lowver active chlorine contents were-
obtained and the impregcnite seemed to be predominantly on the
surface of the cloth. The relatively tirht weawve of Arnzen
clath apparently does not permit particles larger than 10
microns to penetrate between the fibres of the cotton threads.

41, It has been established that the finish of ’rnzen
cloth as received from the finishins plant is less suitable
for aqueous impregnations than cloth that has been given’
further treatment. Laundering increases theactive chlorine
pick-up more than 40%. However, it has been d emonstrated
that protective suits of Arnzen cloth can be satisfactorily
impregriated by both plant and shipboard methods and therefore,
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the problem of cloth finish is not considered serious.

42, The three most commonly employed methods of
removing excess liquid from cloth sozked in impregnating
baths are: hard wringing, mechanical wringing with squceze
rotls, and centrifugal extrackion. Of the three, hand
wringing is the most subject to variation. Satisfactory
active chlorine contents can be obtained on Arnzen swmits
by hand wringing when a bath containing 10% S-145 is used.
The amount of liquid removed by mechanical wring ing deponds
on the pressure between the rollers but in general a more
concentrated bath is required., As for centrifugal e xtraction,
it may be stated that satisfactory active chlorinc contents
were obtained on Arnzen suits impregnated in a plant run
where the bath was 9% S-145 and t he extraction was carried
out for four one-minute pcriods at 200 rpm.

43. The data obtained st the plant trials of the water
impr egnation process at Brooklyn were insufficient to
cstablish exact figures on impregnite rectentlon. It may
be stated, however, that with bath c oncentrations of 8-10%
S-145 the active chlorinejcontent of Arnzen suits was be-
twoen 0.4 and 0.6 mg./cm.”. Arnzen suits are impregnated
by the solvent process én the Brooklyn plant to contain
0.3 to 0.4 mg. C1* /cm.“.

B. tniformity pf Impregnation

44, It is important from the standpoint of laboratory
investigations t hat cloth be as evenly impregnated os
possible, Resulits of subsequent tests of impregnated cloth
are wore difficult to interpret if the active chlorine
content of the cloth is not uniform. The following procews-
dxe has been found most satisfactory for laboratory uses
Arnzen cloth is laundered and given a final rinse in water
conteining 0.1% Aerosol OT. Swatches of dry cloth treated in
this monner are then dipped into the aqueous impregnating
bath and passed "through the rolls of a padding machinc. The
scaking and winging are repeated from three to five times
to insure a thorough penetration of the cloth. Cloth swatches
impregnated in this manner and analyzed at random generally
show an averdge deviation from the mean of less than 5%,

45, It is important from the standpoint of adequatc pro-
teetion as well as econony that garments be uniformly
impregnated. Garments impregnated by the field or s hip-
boerd procedurex where hand wringing is employed show large
variations in impregnite content. This is true for hand
impregnations by both the solvent ard saqueous proccss.

In view of the fact that such impregnations will be used
primarily for eme®gencies, the lack of uniformity of
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impre gnation is not considered a serious problem,

46, The magnitude of the variations ofactivechlorine
content of suits impresnated by the & queous process in a
plant run is shown in Table XII., Suits werecosen at rardom
from three different batches and analyzed as shown below,
It is cond uded that plant imprecnations by the aqueous pro-
cess are filly as satisfactory in regard to uniformity of
impregnation as plant impregnations by the solvent process.

Table XII
pctive Chlorinc Analyses of Sults Impregnated by
The Aque ous Process in the Impregnation Plent,
Brooklyn Naval Clothing Depot

Active Chlorine in mg./cm.2

Elbow Shoulder —aist . Crotch Knee  Cuff Lverage

First Batch
«53 .51 .50 .58 .48 .50 .51
57 +B67 +83 «51 .42 50 08
«57 .46 049 <56 .50 e54 .52
.55 .63 - 54 54 .60 .58 .57
60 .48 63 .48 .62 .49 .55
.56 .54 .60 053 .53 .52 .55

Second Batch

.48 053 .40 .51 039 .45 .45
.37 A .49 .46 .56 453 W47
»54 +53 .78 .44 .43 .47 .53
.33 .61 .51 .51 .32 .34 44
W47 A2 .54 .51 .45 .42 W47
.40 .62 41 W47 .62 £ 51
.42 52 .56 047 043 .47 .48
Third Batch
.59 .48 51 .61 .55 .56 .55
056 .61 .51 .40 148 .60 .52
.50 .49 - .62 ..45 .47 .50
.54 .54 .56 .46 «35 .45 .48
.58 .64 .58 .48 +54 .52 .55
«55 »55 .54 .51 .46 .52 .52




Ce Preferentlial Absorption of Components from
the Impregnating Bath

48, This factor is most important from the standpoint
of plant impregnations where large batches of lmpregnating
mixturecs are preparcd and used over a period of time. This
Laboratory has no data available on preferential absorption
of components from impregnation baths in plant runs. However,
the following evidence has beé&n obtained in the ourse of
laboratory studies. Two serics of impregnations werc carricd
out in which twenty cloth swatches were successively
impregnated. COne bath contained 5-145 and chlorinated
paraffin while thc other also contaimed the stabilizor S-32.
The amount of impregnating bath used was suclr that after the
last swatcéh had been imprcgnated the bath was practically
exhausted, Thc increase in active chlorine cntent and
dry weight pick-up of the succssive cloths is shown in Plate
I. The evidence is clear that water was prefercntially
absorbed from the impregnating bath with the result that
the bath becamc more concentrated after successive impreg-
nations,

48, The question of preferential absorption of
chlorinated paraffin emulsion from agueous impregnating
baths has been raised but as yet no satisfactory method of
enalysis has been devised,

49, Several series € impregnations werccarried out
in impregnating mixtures containing different concentrations
of the stabilizer S«~42. The results are shown in Table XTIT.
The foct that the patic of S=-42 to S$-145 on the cloth is
greater than the ratio in the impregneting bath is evidence
that some S-42 was preferentially absorbed by the cloth,

The behavior may be attributed to the fact that the §=42
is more finely divided thanthe $-145 and that the cloth
exhibits a slight filtering action on the 5-145,

Table XIII

Prefercntial Abso rption of 5=42

S=42 in bath S=42 on cloth % cxcess
@ of S=145 4 of §~145 s-42 on cloth
5 7 40
10 13 30
17 23 ) 35
25 29 16
50 56 12
=] B




It should be pointed out that the data presented above

from laboratory experiments will have to be investigatcd
in plant trials conducted over a period of time. However,
if any prefercntial absorption is gbserved in plant impreg-
nations it coulidl be readily corrected by necessary adjust~
ments of thé impregnating bath during the course &f
successive impregnations.

D. Permeability amd Handle of Impregnated Cloth

50, The permeability or air resistance of impregnated
fabricz had been used as a measure of waring comfort.
Cloth samples impregnated in the lobora ory as well =as suibs
impregnated in plant trisls have beentested. The results
obtoined showed that cloth impregnated by the agqucous
process is fully as permeable as cloth impregnated by t he
solvent praécess, In both cases the cir rcsistance is ~
approximately d ouble the value for unimpre gnated cloth.

51. The appearance and handle of cloth impregnated by
aqueous systems have been found to depcnd on the ooncentration
and type of emulsifying and dispersing agents employed.

The formuls first reccommended by the NDRC group at the
DuPont Experimen tal Station contained RH~-403 &o theextent

of 17-1/2% by weight of the S»145, Polyvinyl alcohol is a
film-forming mcterial and ¢loths impregnated in this system
became quite stiff and boardy upondrying. The use .of tumbler
driers in plant impregnationsg considerably reduced the
stiffress of impregnat ed garments buf they still had a harsh
feel. The formula recommended by this Laboratory contalns
RE-403 and Daxgd 11 to the extent of 3,75 ard 0.75, respecs
tivaly, based on the weight of S~149, At this concentration
of RH~403, impregnated cloth does not become stiff upon
drying. A series of impregnations carried out with different
concentrations of RH-403 have shown that apounts up to 10%
of the S-145 can be t olerated. Mcthyl cellulose is similar
to polyvinyl zlcohol in that 1t causes undue stiffness and
harshness at high concentrations. Other emulsifying agents
such £s Triton NE are without any film forming tendencies and
do not affect t he handle of the cloth.

52, Arnzen suits impregnated by the aqueous process
compare fovoradly with solvent impregnated suits cxcept that
they are wrinkled and have an un-ironcd appecarance. Then
predyed garments arc impregnated by the aqucous proccss they
beome considerably lighter in shade and contain many light
streals and spots. The Navy practice of simultancously
dyecing and impregnating obviates these difficullies.

pPart IV. Performance Tests of Cloth Impregnated by
Aqucous Systcms,
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A. Accelerated Skorage md Ticathering

53 The behavior of cloth impregnated by the gqueous
process has been studicd in respect to the following storage
and westhering testss (1) Acceclerated storage test 750C~75%
relative humidity, (2) The 8caled tube test at 70°¢-100%
relative - humidity, (3) Tropical storage at 110°F~75% rélative
humidity, and (4) Outdoor exposure in Florida., The first
two tests are accelerated tests and are used primerily os
laboratory methods for quick e valuations. The tropical storagc
and outdoor exposure tests are considered more indicative of
actusl service conditions of storage md wear.

(1) Accclergted Storage Test at 75°c-75% R. He

54, The accelerated storage test at 75°c-75% R. H, has
becn employed as the most useful method of obtaining compara-
tive valucs of impregnitc stability in a rclativcdly short
time. A 96 -hour oxposurc in this test usually results in an
sotive chlorinc 1pss of about 50% and a tensile strength
loss of 20% or more (when no stablliger is used) for the
impregnite S-145 (TCA). '

55, 1t has been found that the percentage of active
chlorine lost in this test isdep ardent upon the initial
asctive chlorine content of the cloth samples. Severczl smll
dises of cloth were impregnatcd in 2 st sndard aqueous system
in such a manner as to obtgin a variation in impregnite
concentration. After 24, 48, 72 and g6-hour periods of
exposure in the accelerated test entire d iscs werc remov cd
and aralyzed for octive chlorine. The results are given in
Table XIV.

Table XIV
Effee.-t of Initinl S5-145 Concentration upon the

Loss of Active Chlar ineoin the Accelerated
Storage Test 75°C-75% R. He

brig. Cl‘é Pércentage Cle zmetained
Esuccm‘ 4 oy I‘. hI‘. 95 hI'.

04l 69 50 34 37
0,47 74 54 42 47
0.56 80 64 49 48
0.62 81 = T2 54 50

It is apparent that the percentage rctention of ¢1* increcases
# th the loading of the cloth. It has been observed that

the amount of impregnite decomposcd in a given period of time
is approximately constant and independent of initia} concen=
tration, More evidence must be obtained to definitely
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establish this ms a fact, Upon the basis of the above
results an endeavor hes been made to use only those_cloth
samples which contain approximately 0.5 mg. (IZI."/c:rn.2 for
accelerated storage tests. -

56, A compatison of three emulsifying agents, RH-405
Methocel, and Triton NE in regard to thelr effect upon
impre gnite stability has been made. The results are showvn in
Table XV. .

Table XV

Comparison of Emulsifying Agents in Accelerated
Storage 75°C-75% R. He

Emulsifying Agent % ¢1* retained % Tensile retained
% S-145 48 hr, 96 hr, 48 hr, 06 hr.
RH-403, 17-1/2 66 60 88 81
RH-403, 17-1/2 79 60 99 88
(+10% 5-42)
Triton NE, 17-1/2 42 29 86 70
Triton NE, 17-1/2 40 25 87 74
(+10Z 5-42)
Methocel, 8-3/4 69 63 93 90
Methocel, 8-3/4
(+10% S=42) 65 62 97 93

It is evident that Triton NE causes undue loss of active
chlorine. This behavior is confirmed by the results for
another s eries of impregnations wherein different concentra-
tions of the stabilizer S-42 were used. These results are
showvn in Table XVI. For comperison, avebage values that
have been previously obtained for clothsamples impregnated
by the solvent process are inc Juded at t he bottom of the
tsble, It can be seen from these results that the stability
of S-145 on cloth samples impregnated by aqueous systems
gonteining either RH-403 and lethocel 1s essentlially the
same smd furthermore 1s equivalent to the mtability of

5-145 impregmated by the solvent process. The effect of the
stabilizer 8~-42 upon the loss of active chlorine in the
accelarated s torage test is megligible,
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Table XVI

Effect of Emulsifying Agents and Varied S-42
Concentrations upon S-145 in Accelerated
Storage at 750¢-75% R.H.
(Concentration of emulsifying agents 6% by weight of 5-145)

Emulsifying Agent; Cl*retained ¢ Tensile Retained
mt. Of f5-42ﬂ- Y. s -hr 96 h.I‘.
RH-403 ' 52 77
RH-403, 5% S-42 73 87
RH~403, 10% S-42 61 88
RH-403, 25% $-42 55 : 87
Triton NE 31 78
Triton NE, 5% S-42 38 83
Triton NE, 10% S-42 26 87
Triton NE, 25% S5-42 21 90
Methocel 68 78
Methocel, 5% S-42 66 Q0
Methocel, 10% S-42 54 91
Methocel, 25% S-42 55 g0

Values for Samples Impregnated by.Solvent Process

None 77 60 92 85
None, 10% S=42 70 52 94 g8
None, 25% S-42 86 67 91 o5

sAmount of S-42 based on weight of §-145

87. This is further demonstrated by the results cbtained
for a series of samples impregnated from mixtures containing
RH-403 as the emulsifying agent with various concentrations of
=42, The results are shown in Table XVII.

-

Table XVII

Effect of S~42 upon S-145 Stability
in Accelerated Storage 75°C-75% R.H.
(3.75% RH-403 as emsulfying agent)

§-42 as orig, o ¢ c1* retained % Tensile Retained
4 of S-145 mg. Ci/em® 48 hr. 96 br ; ;

0 0.60 97 89 82 75

5 . 0.62 92 72 83 84

10 0.60 100 76 85 85

17 0.55 93 73 90 86

25 0.60 96 72 85 91

50 0.65 92 74 88 88
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The effect of S-42 on the tensile strength retention of samples
expes ed in the 759Cc=-75% R.H. test is ev%dent vhen samples con-
taining no S-42 are compared to samples containing 5-42. How-
ever, no important differences in tensile strengths can be
detected between different concentrations of S-42. The reten~-
tion of active chlorine for the 0% S-42 in this particular
aer%es is abnormally high ami not significant (cf Table XV and
XVI

(2) The Sealed Tube Test at 709¢-100% R.H.

58, This test is also used as a laboratory method for
rapid eveluation of impregm ted cloth samples. Since the
cloth samples are kept in a sealed system, volatlle decompo-
sition products of the impregnite do not escgpe and can causc
further cecomposition of the impregnites. For this reason
the test 1s believed to be somewhat indicative of baled storage
conditions where very little ventllation occurs. A comparison
of the three emulsifying agents, RH-403, ¥ethocel, and Triton
NE, as shown in Table XVIII again indicate that Triton NE 1s
unsatisfactory.

Table XVIII

Effect of Emulsifying Agents upon S-145 Stability
. sealed Tube Test at 70°¢-100% R.H.

A%ent.5-42 c1* retained % Tensile retained
as Of s -145 ¢ ™ - ™ -
0 ) 2 2

RH-403 0
RH=403 10% s-42 22 - 84 81
Triton N2 0 0 2 7
Triton NI, 10%

S=42 & o} B84 T4
Mcthocel 0 0 6 ]
Methocel, 104 S~42 31 12 78 29

59. The presence of a stablizer such as S=42 is much
more marked in the scaled tube test than in the accelerated
storage test at 75°C-75% R. H, This is illustrated further
in Table XIX. The data in this table clearly show the
stabilizing action of S-42 both in regard to loss of active
chlorine and loss of tensile strength. Furthermore, it is
apperent that 5% 5-42 is not sufficlent to neutralize 2all
the 5-145 decomposition products. Concentrations of 104 or
more of Se42 are substantially equivalent in this test both
in regard to stabilizing action on the impregaite and pre-
vention of cloth deterioration.
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Table XIX

stabilizing Action of S-42 in Sealed Tube
Test 709C=100% R. H.

% C1* retained 7 Tersile retained
Z8 hr. 06 hr., EE'E_"'s. — 96 hr.

Agent s S=42

as % of S=145
RE-403 39 ] 24 5
RH~403, B% S=42 67 11 76 10
RH~403, 10% S-42 40 30 81 67
RH-403, 17% S=42 62 25 49 ¢ )
RH-403, 25% S-42 46 23 87 75
RH-403, 50% S-42 43 18 82 79
Methocel 47 0 22 3
Methocel,' 53 S=-42 . 58 11 83 11
Methocel, 10% S=42 45 36 85 72
Methocel, 17% S-42 56 26 89 80
Hethocel, 25% S=42 40 26 81 53
llethocel, 50% S-42 41 22 87 76
(3) The Troplcal Storage Test at 110°F-75%
R. H.
60. The troplcal storage test at 110°F-75% R. H.

requires exposure periods of several months for completion.
For thatr eason it is not well suited for use in laboratory
deve lopment wo rk where more repid results are necessary,

The data presented in Table XX for several different aqueous
impregna tions substantiate the data obtained in the

accel arated tests on the suitebility of the three emul sifying
agents considered. It is evident that Triton NE is detrl-
mentz) to S5-145., On the other han@l, the effect of 5-42 1n the
tropicel storage test as conducted on ‘these samplss (with
ventilation) is mt marked. Presumably this is because the
slow rate of impregnite decomposition coupled with the repid
ventilation fate does not permit impregnite degradation
products to act on the cloth. _

Table XX
Stability of S-145 on Cloth Samples Impregnated by

Aqueous Process Troplcal Storage Test at 110°F-75% R. H.
Ventilation, 5 8u.ft./min. through 120 cu.ft. chamber

é g1+ ret%ined ’é densile retained (dﬁsz
System 207 90 =0 60 90

RH=-403 73 60 43 - 96 99 88 =
RH-403, 10% S-42 93 756 67 = o7 95 95 -
RH-403, 25%5~428 94 78 70 - 100 96 100 -
Triton NE 80 45 38 86 a7 78 -
Methocel 88 75 - 54 o5 95 - a9
RH-403,kHaki dye 456 29 20 18 85 87 85 84




(4) Outdoor Exposure.

6. outdoor exposure tests of cloth swatches were
carried out during February 1943 at Miami, Florida, In these
tests the cloth samples are given a southern exposure at’

450  for 24 hours & day. Samples were examined after one,
two, three and four weeks exposure for loss of active
chlorine and loss of tensile strength. The results aregiven
in Table XXI.

62. Several conclusions can be dravn from these results.
First, the loss of active chlorine is much more rapld during
the f.rst week than during successive veeks. This behavior
has also been observed for solvent-impregnated samples ex-
posed outdoors. It is attributed to a shielding e ffect of
the cloth or impregnite decomposition product which serves
to preovent ultra-violet rays from reaching undecomposed
impre gnite. The somewhat higher chlorine retention for the
samples containing the khaki dye are believed s=ignificant
ard also attributable to shielding action. Second, the
effect of the different S-42 concentrations upon the loss
of tensile strength is importamt. The 5% sample was ood
aftér one week exposure dBut failed in.succeédlng weeks. 105
S-42 rave good protectlon for ithree w eeks but broke in the
fourth week.

Table XXI

outdoor Exposure of Cloth Samples Impregnated
with 5-145 from Aqueous Systems,
Miami, Florida, February 1943.

% Tensile

orig. ¢ 01 retained retained
Sys tem mg. C1* 5cm.2 _ﬁ: 2 o 4 I 2 3 4vks.
RH=-403 0.63 55 38 39 32 52 29 22 17
RH-403, 5% S-42 0.59 52 36 34 30 88 49 38 29
RH-403, 10% S=42 0.61 49 45 37 29 92 94 85 57
RH-403, 17% S5-42 0.61 54 48 38 28 90 89 95 84
RH-403, 25% S-42 0.62 55 47 40 29 94 97 98 98
RH~403, 50% S5-42 0,65 B3 44 39 38 92 94 95 94
Methocel 0.67 55 33 31 = 5031 25 -
Methocel, 25% S=42 0.66 68 48 44 37 91 94 97 92
RH-403, blue dye 0.53 57 36 48 35 54 30 24 17
RH~403, blue dye,

259 S5=42 0,56 60 33 36 30 94 94 95 93
RH-403, khakl dye 0.53 60 48 48 51 67 35 29 24
RH-403, khakl dye

25¢ S-42 , 0.56 68 49 48 49 92 97 100 97

25—




62, In connection with the above tests, an independent
me thod of establishing the optimum S-42 concentrat ion has
been devised. 'The method consists of analyzing cloth samples
for besic S~42, i.e., S-42 wvhich has not been converted to the
chloride. The analysis is based on an atdd extraction of
the cloth sample followed by back t itration with base. The
details of the method are described in anocther report (now
in preparation) on the stabilizer 5-42. The results of the
basic 5-42 andlyses on those samples expased outdoors are
siven in Tgble XXII. .

Table XXII

Lffect of Outdoor Exposure on the Basic S=42
Content of Cloth Impregnated with 5-145

asic S«42 in mg..lcm.2

System orig. % weeks, @ 4 weeks.,
RH-403, 5% S-42 0,31 0.00 0.00
RH-403, 10% S-42 0,57 0,07 0.0
RH-403, 17% S-42 0,92 0.38 0.15
RH-403, 253 S-42 1.27 0.69 0.49
RH=-403, 504 S5-42 2,63 1.74 1,29

64. The sample contalning 5% S-42 contained no
basic S~42 after two weeks' exposure, The 107 S-42 sample
still had an apprecisble amount of baslc 5-42 after bwo
weeks but had none after four weeks. The 175 sample still
contalned some basic S~42 after the four week exposure.
Upon the basis of these results 1t is believed that 257
S-42 should be recommended rather than eny lower percentage.

B. Resistance to Vesicant Vapors

(1) Comparison of Aqueous and Solvent
Methods of Impregnation.

65, To determine thedegree of protection afforded by
clothing impregnated from water disperslons of S-145, a
nurber of HS and M-l vapor penetration tests have been
conducted on samples of cloth impregnated by this method.
The samples were tested by the NRL static penetration
method previously described in NRIL Report No. P-1931 and
the results obtained are given in Table XXIII.

I




Table XXIII
HS aznd M-l Vapor Penetration Tests

Impregnation  Vesicent Protectign time (min.) % C1* Remaining

Meshod Agent mg.Cl* /em.” mg.S-145/cm after test
Solvent HS 407 59 2D
Aqueous HS 766 111 0.6
Solvent =1 45 7 ¢ 1li8
Aqueous M-l 100 15 9.2

66, It may be seen from the data in the sbove table
that the protectivecapacity (per unit weight of Cl* or
§-145) of clothing impregnated by the aqueous process is
about twice that of clothing impregnated by the solvent
process. This is true as regards protection :against
both HS and M-l vapor penetration: As shown later, indl-
cotions are t hat this may be due to the smaller particle
size of the S-145 when impregnated by aqueous ProcesSsSeES.

(2) vVariations in HS Pene tration Results
for Aqueous Impregnations.

67. The protective value of 111 min./mg.
impregnite/cm.” for .£loth impregnated by en & queous process
is the average of a large number (34) of individual determi-
na tions, Values for individual determinations ranged from
70 to 149 minutes with 83% of the values being from 90
to 120 minutes. This 1s a greater variation than 1s
observed in the case of samples impregnated from tetrachloro«~
ethane solutions end cannot be explained entirely by
variations in the uniformity of impregnation. Variations.
in particle size may be responsible to same extent. Table
XXIV shows HS vapor penetration data obtained for two
samples for which the uniformity of impregnation was known.

Table XXIV

HS Vepor Penctration Tests on Samples of
Known Uniformity of Impregnation

o TUniformity Protectige Time (min.) _ % Cl*Remaining
mg.Cl*/cm. of C1*¢  mg.Cl1¥/cm.© mg, g-145/cm.2  after test

0.341 + 5,0 880 129 0.0
0.341 7 5.0 627 01 0.0
0.341 T 5.0 627 01 0.0
0.342 ¥ 7.6 717 104 0.0
0,342 T 7.6 724 105 0.0
0.342 3 7.6 841 122 0.0
0.342 6.3 736 107 0.



68, The zbove data s hov protective walues of 91
to 129 min./mg. S-145/cm.2 with an average value of 107.
This average value is in pood agreement with that given in
Teble XXIII. Vhereas the uniformity of impregnation 13 ¢
6.3% the average deviation in protective value 1s 4+ 11.67.

(3) HS Resistence of Samples after Storage
and Weathering.

69, To determine the effect of s torage and weathcring -
on the protective efficlency of aqueous impregnated clothing,
HS vapor penetration tests were made on semples exposed
for 96 hoursacceleratedstorsge at 759C=-75% relative humidity

and z1lsc on samples exposed two weeks outdoors in Florida
(cf IT A.) ;

70. The data obtained in these %ests aregiven in the
following table along with that for unexposed samples.
Comparable data for solvent impregnated semples are also
presented,

Table XXV

HS Vapor Penetrd ion Tests
after Storage and Teathering

o o1+
: 7
Impregnation  Storage or Protettive Time (n-Ii.n.):3 ;. remaining
Process Weathering mg. C1*/cm.2 mi. 5-145/cm. aftertest
Solvent none 407 59 2.9
Acueous s 766 i % 0,6
Solvent 75°C-75% R. H. 386 56 2.2
Aqueous R i 505 73 3,9
Solvent outdoor (Fla.) 415 60 0.0
Aqueous " K 806 117 ; 0

The protective e
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72. TVhereas the RH=403 used as @ emulsifying and
dispersing agent in the Aquecus impregnaetion systems has
no inhibiting effect on the measured protective capacity
of impregnated cloth, it was observed that the presence of
this agent caused a marked effect in the manher snd rate of
HS penetration. Plate II shows three HS penetration curves.
No. 1 is the curve obtained for penetration of HS through
a representative cloth impregnated by the solvent process,
No. 2 1s the curve obtained far a representa ive agqueous
impregnation cloth with EH-403 used as the emulsifying
agant, and No. 3 is that obtained for an aqueous impreg-
nation cloth with Triton NE used ag the emulsifying agent.
Complete HS penetration test data for these three samples
are given in Table XXVI.

Table X¥VI

s Vapbr Penetration Tests - Tffect on RH-403

Impregnation . Bubblen Tinies (lilnutes)
Process (3].rn§c:111.2 TR 3 4 i

e -— — - — — — ——

Aqueous-RH-403 0,424 34.0 38,5 35.5 37.6 38.4 41.1 40.8 29.0 20.0

Solvent 0.358 67.4 39.7 32.0 18.2 10.0 - - - -
Aqueous=- : ; _
Triton NE 0.343 75.5 62,0 54.5 15.2 11.0 - - - -

73 It may be observed from the data in Table X?VI and
from Plate II that the presence of RH-403 ,causes & higher
initial leakage of HS which is maintaimd for a considerable
number of bubblers before the break-point concentration of
0.05 mg./l. HS in the effluent alr stream ls reached, In
the :absence of RH-403 this b reak-point concentrat ion is
normally attained at the end of five aor less bubblers. This
correspondd to a penetration of 1.0 mg. HS before the
break-point (0.05 mg./1l.) concentration 1s attained. vith
RH-403 presént nine or more bubbl ers are required, vaich
means that 1.8 or more mg. HS penetrate the cloth before the
break-point is reached.

74. To datudy the effect of concentration od the "poly-
vinyl alcohol effect," HS vapor penetration tests were made
on a series of samples in vhich the concentration of RH-403
wes varied from O to 23-1/4%(by weight of S-145). The data
obtaired in these tests are given in Table X¥IiI.
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Table XXVII

Effect of RH-403 Concentration on
"polyvinyl Alcohol Effect"

Total HS -
RH-403 Penetration
Conc. before oCl+
(% of No. of Break-point Protectivg Time (Min.) _ remaining
S-% 5) Bubblers (mg.) mg. CL* /cm. NMg. S= cmS after test
3-1/4 10 2.0 842 122 0.0
17-1/2 12 2.4 750 109 0.5
13-3/4 10 2.0 795 115 1.0
8-3/4 11 2.2 660 96 0.8
6-1/4 7 1.4 718 104 1.9
3=3/4 6 362 779 113 B2
0 5 140 e19 119 0.0

In Table XXVII it is shon that the protective efficlency of
the impregnated samples is unaffected by the concentration
of RH-403 since all values are within the range of 90-120
min./mg. $-145/cm.2. However, the "polyvinyl alcohol effect"
as signified by the number of bubblers before the "Break-"
point," decreases markedly below concentratlons of 8-3/4%.
“The effect is rclatively constant above 8-3/4%.

75. A further study of the "polyvinyl alcohol effect”
was made by subjecting a number of impresnated samplés
containing 17-1/2% RH-403 to various methods of drying after
impregnation. HS vapor penetration tests were made on these
treated s amples with the following results:

Tableg XXVIII
Effect of Drying Treatments on
"polyvinyl Alcohol Effect"

Total HS
Penetration
before % Clt
No., of Break-point Protective Timé (iin.) _REMaining
Treatment Bubblers (mr. ) ‘me, C CR.~ Me S~ cm.~after test
Air Dried 12 2.4 750 109 0.5
Dried 1 hr. '
40°¢ 9 1.8 793 T1E - 0.5
Dried 1/2 hr. . ]
70°C - 8 1.6 878 127 3.3
Driedol/4 hr. ;
1057°C T l.4 647 94 0.0
Air dried, ’
softened by © 1.8 750 109 2.7
¥ xing

.-30&
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The sbove data show that an increase in drying temperature of
impre-nated samples containing 17-1/25 RH-403 resulted in a
significant decrease in the "polyvinyl alcohol effect”.
Hoffever, the initial le akare of HS vapor vas not reduced to
the le vel of solvent impregnations as shovm by the fallure
gf the number of bubblers recuired to be reduced to five or
e ss.

76. An effect similar to ‘the "polyvinyl zlcohol effcct"
has been observed whan methyl cellulose is used as the
emulsifying and dispersing agent in aqueous impregnation
systems. This effect has not been extensively studied since
polyviny} alcchol (RH-403) appears to be somewhat more
satisfactory fromcertain standpoints than methyl cellulose
(Methocel).

(5) The Effect of S-42 on HS and =1
Resistance.

T To determine t he effect of the stabllizer S5-42
on the protective capacity of tlothing impregnated from
aqueous systems, numerous HS and M-l vapor penetration
tests have been made on samples containing various concen=
trations of this agent. Since either 10 or 257 S-42
(4 of S-145) appears to be the most likely concentration of
this sgent, the datareported in Table XXIX are confined to
these two concentrations. Values are also glven for HS
vapor r esistance on s ample exposed to weathering and storage
tests, and data for solvent impregnations are presented for

comparison.
Table IXIX

Impreg=- S=-42 2 CL¥
nation (% of TYeathering Protective Time (min) = remaining
Process S«145) or Storage Agent mg.Cl /cm.© mg. u-IéEF"c:m.z after test
Solvent 0 None ’ HS 407 59 2+3

Ir 10 . = 382 &5 27.6

2 25 e " 363 50 30.3
Aqueous 0 None HS 766 111 0.6

s 10 e " 694 101 9.8

i 25 i " 694 101 11.9
Solvent 0 750C-75%R.H. HS 386 56 C 2.2

" 10 n o a it 297 43 : 43,7

1" 25 1] ] 14 1] 1 275 40 55.0

— e B W &




Table XXIX

(continued)

Impreg- S-42 g 1
nation (% of 'eathering Protective Time (liin.) remaining
Process S5-145) or Storage Agent m{:.CI"’7cm.2 Mg, S-145/cm< after test
Aqueous O 75°C-75% R.H. HS 505 "3 5.0

. 10 " " n n 568 82 5.8

" 25 " " " n - 450 65 44,2
Solvent 0 Outdoor (Fla.)HS 399 58 2.0

n 25 1] i ] n 1] 414 6 0 30 o 2
Aqueous 0 outdoor{Fla.) HS - 399 58 2.0

" 25 n " " B 1 103 13.2
Solvent O None M-1 45 7 1.8

u 10 by 3 78 11 14.6

" - 25 “ w 111 17 21.1
Aqusous 0O None 11=1 100 15 9.2

" 10 il " 139 21 14.4

. 25 - " 168 24 5.6

78, The results shown in Table XXIX indicate that
in the case .of HS vapor penetration the protective cfficliency
of the impregnite 1s lavered slightly in the presence of
5-42, This decrease is not as pronounced for water dis-
persion impregnations és for solvent impregnations. No
a1 fference is observed between 10 and 257 S-42 for elther
solvent or water impregnations. Samples containing either
10 or 257% S-42 show the same protective efficlencyas un-
stabilized samples after outdoor exposure (Florida, 2 weeks)
and after the acceleratedstorage test (96 hours, 750C=-75% R.H.).
In the case of M-l vapor penetration the protective capacity
of the impregnite increases in the presence of 5-42, The
magnitude of thils increase i{s a function of the 5=-42 con-
centreation.. This substantiates peevious work which shows
that 5-42 alone offers good protection aginst M-1 vapor
penetration,

(6) The Effect of S-145 Particle Sijye on
HS Vapor Resistance.

79. As shown previously, t he protective capacity of
clothing impregnated from agueous systems is #bout twice
that of clothing impregnated from t etrachloroethane sclutions,
and it was mentioned that this might be due to the lower
particle size of the §-145, This was studied by subjecting
o series of samples impregneted from 2 water syBtem with S-145 -
which had been carefully fractionated into particle size

-52H
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ranges to HS vapor penetratlon tests. The results of
these tests are shown in Table XXX.

Table XXX

Effect of S-145 Particle Size on HS Resistance

Particle Size of Protective Time gmin.! ¢ C1*remaining
§-145 in microns mg.C Ce mg.S=140/cm. after test

Micronized, 1-8 754 109 0.3
1-3 735 106 0.0
5-10 794 115 0.0

10-15 683 85 ‘0.0
20~30 453 66 5.3
4453 332 48 13.0

Mixed,20-100 323 47 1154

80, The data in the abowe table show that below 15
microns the protective values are all near the normal
ranre of 90-120 min./mg. S-145/cm.2. A drop in protective
efficiency occurs if the particle size exceeds 15 microns.
Samples impregnated with 5-145 of 44-53 microns diameter and
with the unground mixture have an even lower protective value
then solvent impregnated s amples. The data in the table
show that the sige range of 20-30 microns gives a protective
value equivalent to that of solvent impregnated samples(cf.
Table XXIII). No method has yet been found to establish
definitely the actual particle size range of S=145 on solvent
impregnated clothing. However, microscoplc examinet lons
have revealed many S=145 particles on solvent impregnated
samples in the range of 20-30 microns.

C. ;gundering Resistance,

81, Perhaps the main objection to clothing impregnated
by aqueous systems 1is inferior laundering resistance when
canpared to clothing impregngted by the solwvent method. A
domparison of the laundering resistance of clothing imprep-
nated by aqueous and solvent methods is saovn in Table XXXI.
These laundering testsgwerecarried out gt t wo different
tamperatures, 140°F(60 C) and 90°F(32.2 C) in a household
type vashing machine. Laundering at 1400F was done with
0.5% mild soap ¢Ivory) solution for 15 minutes. The clothing
was then rinsed twice with water at 140°F and once with
unheated water. The S0°F la undering was done with 0.55
mild soap solution, with three [ive minute s udsings, folloved
by three rinses withwater at 90°F. Clothing was |
air dried for 16 hours or more between each laundering.

B
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Table XXXI

Laundering Resistance of Clothing Impregnated
by Solvent md Equeous Processes '

Imprecnation orig. % C1%*retained after
Process ng. Cl */cm .2 T vash 2 wesh & wash & wash
90°F
Solvent 0.39 84 82 75 76
Solvent, 25% S=42 0.36 83 78 72 63
hqueous, 25% S-42 0.54 68 50 36 31
140°F
Solvent, 25% 5-42 0.45 67 50 35 18
Aqueous, 257 5-42 0,55 50 29 18 -

g82. ©t is evident from the data in Table XXXI that
clothing impregnated by the agueous process is much lzss
resistant to laundering t han solvent impre:nated clothing
both at 1400F and 90OF, It is further evident that the
140° laundering is more vigorous than the laundering done
at 90OF, The superior laundering resistance of solvent
impregnated clothing is not entirely unexpected. During
the evaporation of sblvent from clothing impregnated by
this method, the crystals of impregnite formed must be
coated v th chlorinated paraffin. The very great laundering
resistance of chlorinated paraffin itself has been demon-
strated (¢cf. NRL Report No. P-2000). Hence the imprernite
particles coated with chlorinated paraffin on solvent
impregnated clothing are somewhit protected during laundering
operations. Vhen tlothing is impregnated by the present
aqueous process, however, bath the impregnite ard chlorinated
paraffin are applied as discrete andseparate particles and no
eontinuous film of chlorinated paraffin can form over the
impregnite.

SUMMARY AND CONCLUSIOLS

Section I. Formulation of jqueous Impregnating Systems.

(1) The best emuls ifying agents for chlarim ted
paraffin were found to be Triton NE, HMethocel and RE-403.
The latter two are considerably improved when used in
combing ion with Daxad 11 and Gardinol WA. Chlorinated
pagaffin can best be emulsified when the emulsion mixture
is concentrated and has a high viscosity. High speed
stirrers, colloid mills, and gear pumps are satisfactory
for preparing emulsions of chlorinated paraffin.
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(2) A ball mill is suitable for srinding and
dispersinz 5-145, The micronizing process for grinding
S-145 is superiar to a ball milling process and glves a
satisfactory product. Daxad 11 and liethocel are considered
to be thec best dispersing acents for S-145. Iliicronized
S-145 may be added directly to chlorinated paraffin emulsions.

(3) Aqueous imprernating processes are adaptuble to
existing solvent impregnation plants and require very little
added equipment. A satisfactory plant trial of an aqueous
impregnating system has been carried out using only a
portable stirrer and a gear pump in addition ta the plant
equipment, :

(4) The NDRC group at the DuPont Ixperimental Station
has developed a s atisfactory aqueous impregnation system for
use in the field or on shipboard which requires no
mecham ical equipment.

Section II. Stability of Aqueous Impregnating Systems.
(1) Dispersions oi $-145 in water are stable on
storage at normal temperatures. A very slirht loss of
active chlorine ocecurs after four months storage at 110°F.
The presence of $-42, cotton cloth, RH-4035 s d liethocel
do not appreciably affect the stability of S-145 TCA in

boiling water.

(2) Complete impregnating mixtures show no significant
1oss. of active chlorine whenstored for four weeks at room
temperature., The S-145 settles out on storage and is diffi-
cult to redisperse. The pll of chlo rinated paraffin emulsions
and S-145 dispersions falls rapidly on storage unle ss 5-42 is
present.

(3) Emulsions of chlorinated paraffin prepared with
different emulsifying magents can withstand alternate heating
and freezing with no apparéent damage. Concentrated aqueous
disgp ersions of 5-145 and concentrated c omplete imprernating
mixtures become hardened after alternate heating and freezing
and cannot be dispersed in water. For this reason such
concentrates are not considered suitable for service use.

section III. Impregnation from Aqueous Systems.

(1) The five main factors which affect the guantity
of impregnite retained by cloth npon imprecnation are: (a)
Concentration of impregnite, (b) Particle size of the
impregnite, (c) Viscosity of the impregnating bath, (4)
Finish of the cloth, and (e) Method of removing excess liquid.

(2) A method has been found for uniformly impregnating
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small cloth swatches for laboratary testing. Arnzensuits
impregnated in plant trials by an aqueous process are as
uniformly impregnated as suits impregnated by the solvent
process., The fisld or shipbosdrd impregmation procedure vhich
involves hand vwringing results in less uniform distribution
of impregnite.

(3) Laboratory.éxperiments have indicated that both
water and S-42 are preferentially absarbed on cloth durinc
successive impregnations.

{4) The air resistance of Arnzen cloth impregnated
from aqueous systems 1s the same as arngen cloth impregnated
by the solvent process. The emulsifying and dispersing
agents, RH-403 and Hethocel, affect the haridle of impregnated
cloth. An RH-403 concentration of 17-1/25 by weight of S-145
result s in s tiff, boardy cloths whereas concentrations of 5.09
or less have very little effect upon cloth handle.

(5) The Navy practice of simultaneously dyeing and
impregnating protective clothing is gatisfactory for
agueous impregnating systems.

section IV. Performance Tests of Cloth Impregngted
from Aqueous Systems.

A. Accelerated Storage and Weathering.

(1) The loss of active chlorine and loss of tensile
strength for cloth impresnated from agueous systems of
chlorinated paraffinand S-145 have been determined in
accelerated storage andw eathering bests. The dispersing
agent Triton NE accelerated the loss of active chlorine in
accelerated storage tests when compared to the agents RH-403
and llethocel.

(2) The stabilizer S-42 improves the retention of
tensile strength in the accelerated storage tests but has
no appreciable effect on the active chlorine retention.
Different concentrations of S-42 cannot be distinguished
by their effects in the test. -

(3) The effect of S$-42 is much more maried in the
sealed tube test since it acts to stabilige against both
loss of active chlorine and loss of tenslle strength.

(4) - The data obtained in the tropical storage tests
appear to be consistentwith the results obtained in the
more accelerated storage tests except that the stabilizing
action of S-42 is less pronounced.
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(5) Cloth samples exposéd ottdoors in Florida show
a very high loss of active chlorine (40-50%) during the
first veek of exposure. The loss during subsequent weeks
is apprecisble but proportionately much less. This behavior
is attributed tc a shieldingaction of the Tabric or impreg-
nite decomposition products on the S-145 which prevents the
passage of ultra-violet rays. The loss of tensile strength
of samples containing varying amounts of 5-42 havebeen
correlated with loss of basic S-42 upon exposure. From these
result s the use of 25% is recommended.

Be. Resistance to Vesicant Vapors,

(1) It:-has been found that the clothing impregnated
by an aqueous process with 3-145 has approximat ely twice
the proteétive capacity against both HS and M-l per unit
of impregnite of clothing impregnated by the solvent process.

(2) Cloth samples impremmated from an acueous system
(in c ontrast to solvent impregnated samples) show a con-
siderable loas ip protective capacity after exposure in the
acceleprated gtorepe test. Outdoor weathering, however, does
not influenes t he protective efficlency of semples impreg-
nated by either the aqueous or seolyvent methods.

(3) The emulsifying and dispersing agent RE-403 causes
a high initial "] eakage" concentyat jon of IS through impreg-
nated cloth. This effect is appreciable only for cacen~
tration of 8% (by weight of S-145) or higher. Ilethocel
behaves similarly when it is used as an emlsifying and
dispersing agent,

(4) The stabillzer S-42 causes a slight lowering of
the HS protective capaclty per unit of impregnite but the
effect is less pronounced for:Aagqueous impregnations than for
solvent impregnations. On the other hand, S=-42 results in
an increase in protective capacityagainst M-1. for both
solvent and aqueous impregnated cloths.

(6} A study of the effect of 5-145 particle size on
the HS vapor penetration of cloth samples impregnated by
the water dispersion method has shown that the prdtective
capamity decreases with increasing particle size. The
particles ize range of 20-30 microns gave a value equivalent
to solvent impregnated samples whereas larzer s ize ranges
exhibited much less protective capacity.

C. Laundering Resistance.

(1) The la undering resistance of impregnated clothing
hes been determined at 140°F ard 90°F, The results showed
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that clothing impregnated by the squeocus rocess 1is inferior
in rerard to laundering resistance t han clothing impregnated
by the solvent process, The 900F laundering 1s much milder
than the la underinr at 140°F.

RECOMMENDATIONS

(1) It iz recommended that the Navy replace the
present solvent process of impregnation in central impregnat-~
ing plants with anaqueous method of impregnation. PBending
furthér experimental results, the aqueous system would employ-
a combination of polyvinyl alcohol (RH-403), & naphthalene-
formaldehyde sulfonate (Daxad 11), and sodium lauryl sulfate
(Gardinol WA, Duponol ME) for the emulsification of chlorinated
paraffin end the dispersion of micronized 5-145. The
stabilizer S-42 should be incorporated in the aqueous lmpreg-
na;ing system and at a concentration of 257 by welght of the
S5=k45.

(2) It is recormended that the Navy consider the
adoption of the field or shipboard process of aqueous im-
pregnation for emergency use at shoré stations and advance
bases. In the event that a cheange of policy regarding im-
pregnation on shipboard occurs, it 1s recommended that an
aqueous system be adopted.

(3) It is recommeded that work on aqueous impregnating
systems be expanded to include other impregnites and o ther
binding agents which hold promise for application to
aqueous systems. |

(4) It is recommerded that a study of laundering
resistance of agueous impregnations be xonsidered as urgent
and be investigated from the standpoint both of improved
formulation end improved laundering technique.

(5) It is recommended thatvwearing trials be con=-
ducted for establishing the useful life of protective
clothing impregnated by an aqueous system and thereby es=
tablish the relative importance of laundering resistance.
These trials would also be useful for determining possible
jrritant effects of protective clothing worn under service
conditions,
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