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This invention described herein may be manu-
factured and used by or for the Government for
government  purposes, without -the payment to
-us of any royalty thereon.

This invention. relates. in general to protective

clothing and more particularly has reference to
-a. process of treating material for rendering it
re51stant to vesicant gases and vapors, and to
“the product resulting from the treatment. )

;.- Previous to this time, it has been attempted to
-fix chlorine on matenal for protecting against
_Such gases as mustard, but the impregriated cloth
has increased in weight and has been character-
ized by stickiness.. Also, the permeability of the
_same has often been lowered to such an extent as
to make clothing made of mater1a1 so tr eated, un-
.comfortable to the wearer. )

A primary object of this invention is to provide
material relatively 1mpermeab1e to vesmant gases
‘or .vapors.

Another object of this invention is to prov1de
‘ma,terlal_ha,vmg semi-permeable properties, that

'is, material which is permeable to air and inert
‘gases, but impermeable to mustard gases and
‘similar substances.

Another object of this 1nvent10n is to devise a
“process for producing material having properties
rendering the same impermeable to mustard gases
and substances having -similar properties.

... Yet another object of this invention. is to pro-

.vide a process for fixing chlorine on textile mate-

-rial -without appreciably -affecting the desirable
pelmeable characteristics thereof.-

.- A further-object of this invention is to prov1de .

a process for chlorinating material to render the
same impervious to mustard-gas and similar sub-
stances without" materlally increasxng the welght
- of the material.-
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procedure, may be uridely vai‘ied without départ—

-ing from the spirit of the invention or-the scope

of the appended claims.
The present invention consists brleﬂy in di-

‘rectly fixing chlorine by a chemical combination

on material having the characteristics of wool, so
as to render the same impervious to mustard gas
and similar vesicant and toxic gases. In prepar-
ing the material, wool or similar substances are

#* chlorinated by subjecting them to treatment with

hypochlorous acid, acidified hypochlorite salts or
organic hypochlorites.

This invention is based on the.fact that active
chlorine in the form of free chlorine, hypochlo-
rite, chloramine, or chloramide will react;with
mustard gas, or lewisite; to form non-ves;cant
compounds, or compounds which are much less

_ vesicant than mustard gas or lewisite.

30

35

-Still:another object of-this mventmn is to de-. .

same impervious to’ vesicant and toxic gases or
-yapors, such as mustard gas 1ew1slte and s1m11ar

-substances.

A- still" further “object of - this” 1nvent10n is"to
“devise'a process for fixing chlorme in matenal ‘to
render the same imperviols to mustard gas and
~similar” substances w1thout appremably changing
the desirable physmal charactenstlcs thereof

" With ‘tHese and other obiécts in view, the in-
- vention consists in the ingredients aiid'steps to be
herernafter set’ forth and clalmed w1th the under-
“standing that the several necessa,ry suhstances
~arid compounds ‘employed in- carrymg ouf the m-
ventlon and the steps involved in the necessary
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3 wool. produces chloramines.

Wool is considered to be composed of a protem
substance, known as keratin. It has been found
that, when wool is subjected to the action of chlo-
rine, some sort of a reaction takes place between
the chlorine and the wool. It has been stated
that the reaction between the chlorine and the
However, it has
been found that in some instances no chloramines

have been formed. Regardless of the theory of

the reaction which takes place between the wool
and the chlorinating agent, there is a change ef-
fected in the characteristic of the wool which is
desirable for certain purposes, among which is
that of rendering mustard gas and 51m11ar sub-
stances non-vesicant. -

We have found that, by chlormatlng Wool ac-
cording to the various methods herein set forth,

‘& product is obtained which is impervious to
smustard gases and similar compounds employed
-insechemical warfare. In theé processes as herein-

after set forth, we have succeeded in - directly
fixing active uthI‘lIle to wool by a chemical com-
bination.

~In developing the present invention, we dis-

- eovered that active chlorine may be directly fized
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in wool to render the same impervious to mus-
tard gzases and similar chemical compounds by
three distinct types of reagents. .

‘These chlorinating reagents are:

1. Orgamc hypochlontes e
2.: Acidified -hypochlorite salts
3. I-Iypochlorous acid

The first of the above mentloned reagents ap-

:55*wool “and“similar- material to’ render—the same
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impervious to mustard gases and compounds
having corresponding vesicant properties. By
subjecting the wool or other material to the
action of an organic hypochlorite, such as ter-
tiary butyl hypochlorite under proper conditions,
a relatively large percentage of chlorine may be
incorporated therein.

Chlorination of the wool may he effected by:

merely subjecting it to the action of ‘the tertiary
alkyl hypochlorite for a definite period of time.
It has been found, however, that the speed of the
chlorinating action may be controlled by regu-
lating the moisture content of the wool or other
material under treatment prior to the chlorin-
ating reaction.

The moisture content may be regulated by al-
lowing the moisture in the material to come to
equilibrium with an atmosphere having a con-
trolled relative humidity. This may be accom-
plished by suspending the material in a cham-
ber containing an atmosphere of a definite hu-
;_r_'nidity or by subjecting the material to a moisture
“saturated atmosphere for a definite time. Of
course, any other method of regulating the mois-
“ture contant may be employed. Within certain
‘limits, the spezd of the chlorinating reaction is
'mmeased when material having a high moisture
‘content is treated and is decreased when ma-
_'terlal having a low moisture content is treated.
- "The following specific examples are set ferth
‘as illustrative of the effect that the moisture
content of the wool or other material undergoing
treatment has on the speed and extent of
& chlorinating reaction.

Relative : .. 1Active Chlorine
Humidity | 1i0e |Temperature ™4, 40 wool
Per cent Hours °C. Per cent
67 2 40 2.4
81 4 40 1.6
81 c 114 40 5.3

It will be seen from the foregoing tabulation
‘that by controlling the moisture content of the
‘wool or other material, as high as 5% of active
chlorine may be introduced therein by subse-
quently subjecting it to a tertiary alkyl hypo-
chlorite under the conditions set forth in the
above tabulation. This may be accomplished

without causing any appreciable damage to the "

‘material. The values given in the above tabula-
tion were obtained hy treating woolen material
with tertiary butyl hypochlorite.

~ “In one example upon ‘which the above tabu-

Jation is based, the moisture in the woolen ma- -8

terial was allowed to come to equilibrium with an
‘atmosphere of -a confrolled relative humidity of
819% -at 25° C.. After this treatment, the ma-
- terial having a definite moisture content was

immersed in a tertiary butyl hypochlorite main-- -

tained at a temperature of 40° C. The material
-was sub’ected to the chlorinating agent for about
:1% hours and subsequently to the chlorinating
treatment was washed with carbon tetrachlorids.
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.In this instance, approximately 5% of active

chlorine was fixed in the material. Practically
identical results may be obtained by employing
tertiary amyl hypochlorite as the chlorinating
reagent., -

It ‘has béen found advantageous to first im-
pregnate the material to be treated with an aeid
inhibiting buffer. Sodium acetate serves ade-

-quately for this purpose, but .we wish it to be
‘;;clearly i derstood that other. substances_ may
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ture of the chlorinating treatment.
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be employed as found convenient. This treat-
ment accelerates the subsequent chlorinating
reaction and allows a greater amount of chlorine
to be introduced into theé wool or s1m11ar ma-
térial without any damage thereto.

In carrying out the process involving the use
of an acid inhibiting buffer, the wool or other
material under treatment may be immersed in a
solution of sodium acetate or other acid inhibiting
buffer to incorporate the same in the material.
We have found that by treating the material with
a 1% solution -of sodium acetate and incorpor-
ating the solution therein to the extent of 1%
times the weight of material gives satisfactory
results. Any suitable methods for regulating the
quantity of solution in the material may be em-
ployed. After subjecting the material to the
solution of the acid inhibiting buffer, the ma-
terial is dried, leaving a definite amount of the
acid inhibiting buffer in the material, depsnding
upon the concentration of the solution and. the
quantity of the solution taken up by the ma-
terial. ) '

Good results have been obtained by impreg-
nating the material with about 1% % by weight of
acid inhibiting buffer. While specific quantities

have been mentioned above, we wish it to be

clearly understood that they are given merely by
way of example, and that varied quantities of
the acid buffer may be employed.

After incorporating the buffer in the material
to be treated, the moisture content of the dry
impregnated wool may then be regulated by al-
lowing it to come to equilibrium with the mois-
ture in an atmosphere having a predetermined
relative humidity. When a definite predeter-
mined moisture content is established in the ma-
terial, it may be immersed in a solution of tertiary
buty! hypochlorite maintained at a temperature
effective for chlorinating for a predetermined
time. For instance, it has been found that
chlorination suitable for rendering the material
impervious to mustard gas and similar vesicant
compounds may be effected by establishing .a
moisture content in the material effected by sub-
jecting it to an atmesphere having a relative
humidity of approximately 81% at 25° C., and
immersing the conditioned material in a solu-
tion of tertiary butyl hypochlorite at a tempera-
ture approximating 34° C., for a period of 4 hours.

After chlorination, the wool may be washed
with carbon tetrachloride to remove the excess
tertiary butyl hypochlorite. It has been found
that. by treating wool or other materials as ahove
set forth, as high as 8% of active chlorine (based
on the weight of the wool) may be fixed in the
material without damaging the sams.

We wish it to be clearly understood that the
conditions of chlorination may be varied over
a relatively wide range. For instance, the re-

-getion may be controlled by fixing the moisture

content of the material prior to treatment. and
the chlorinating reaction may he further con-
trolled by varying the time and/or tempera-
Control of
the chlorinating treatment may also be effected

by diluting the tertiary alkyl hypochlorite with

carbon tetrachloride or other relatively inert sol-
vents. While in -describing the wprocess-. of
chlorinating wool and.similar materials, specific
mention has been made of tertiary butyl hypo-
chlorite, we wish it to be clearly understood
that tertiary amyl hypochlorite may be just as
e,;’ftzctwely emp]oyed as tertlary butyl hypochlo-
r .
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Another method of chlorinating wool and
similar - substances to impart characteristics
thereto desirable for protecting materials against
mustard gas and similar substances, is to sub-
ject the material to an acidified sodium hypo-
chlorite solution.. For instance, a sodium hypo-
chlorite solution, acidified with glacial acetic
acid may be employed for fixing as high as 3%
of active chlorine in the material without dam-
aging the same.

Of course, acidified solutions of other hypo-
chlorite salts may be employed. For instance,
other alkali metal salts of hypochlorous acid
may be employed. »
. The following specific example will serve as
an illustration of the procedure, but it is in-
tended that the invention not be limited there-
by, since results can be obtained by widely vary-
ing the specific compounds employed and the
quantities used in carrying out the following
procedure. Twelve grams of the cloth to be
treated may be immersed in 1457 cc. of water,
to which 240 cc. of sodium hypochlorite solu-
tion (containing 11.7% of active chlorine and
3.5% of free sodium hydroxide) is added. To
this solution, 63 cc. of glacial acetic acid is im-
mediately added while the solution is agitated.
Agitation is maintained and the temperature of
the solution is held substantially constant at
approximately 23° C. - The cloth may be allowed
to remain in the solution under the above con-
ditions for about 1% minutes. After subjecting
the material to this treatment, it is then thor-
oughly washed with. water. It has been found
that about 3% of active chlorine may be fixed
in the wool by the above procedure.

It has also been found that wool and similar
materials may be chlorinated to render them
substantially impervious to mustard gas and cor-
responding substances by subjecting the ma-
terial to a pure hypochlorous acid solution. The
solution employed may he either pure hypo-
chlorous acid or hypochlorous acid prepared by
the action of chlorine on water in the presence
of calcium carbonate. By subjecting the wool
or other material to treatment with hypochlorous
acid as set forth above, we have succeeded in
fixing about 3% of active chlorine in the material
without appreciable damage.

It is also possible to fix active chlorine in wool
and similar substances by means of free chlorine
without material damage to the substance. In
this instance, however, only relatively small
amounts of chlorine may be fixed to the material
without damaging the same.. We have succeeded
in fixing approximately .5% of chlorine 1n the
material by the preceding method.

In the foregoing description, we have illus-
trated the invention with reference to treatment
of the wool or similar material by subjecting it
to the action of particular compounds and con-
ditions. It should be clearly understood, how-
ever, that desirable and effective results may be
obtained by employing equivalent compounds and
by varying the condition of the material under-
going treatment, and the treating conditions
over relatively wide ranges.

Material such as wool, when treated according
to the methods herein set forth, serves very ef-
ficiently for protecting against mustard gases and
corresponding vesicant gases. ‘While the treated
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material having chlorine fixed therein is rela-
tively impermeable or impervious to mustard gas,
lewisite and similar substances, its permeability
to air and gases unaffected by the chlorine con-
tent of the cloth is practically unaffected. The
material acts in the nature of a semi-permeable
membrane.

Desirability of this feature is obvious in that
clothing made of the treated material may be
worn with considerable more comfort than cloth-
ing which is impervious to all gases.

Vapors of mustard gas or corresponding vesi-
cant compounds, upon contacting with the treat-
ed material, react with the chlorine fixed in the
material to produce non-vesicant reaction prod-
uets. It is believed that the reaction takes place
according to the ratio of one molecule of chlorine
to one molecule of mustard gas.

In the foregoing description, the processes and
product have been mentioned in connection with
wool and similar materials. The process is, of
course, applicable to other fibres of animal and
other origins.

While we have described the preferred embodi-
ments of our invention, we wish it to be under-
stood that we do not confine ourselves to the
precise steps or ingredients set forth herein by
way of illustration, as it is apparent that many
changes and variations may be made therein by
those skilled in the art, without departing from
the spirit of the invention or exceeding the scope
of the appended claims.

We claim:

1. A method of removing vesicant particles
from vesicant contaminated air which comprises
passing the air through woolen material having
active chlorine fixed thereon by chemwal com-
bination.

2. A method of removing vesicant particles
from vesicant contaminated air which comprises
passing the air through woolen material which
has been treated with a compound from the group
consisting of organic. hypochlorite, hypochlorite
salts and hypochlorous aecid.

3. A method, according to claim 2, in which the
material has been treated with an organic hypo-
chlorite from the group consisting of tertiary
butyl hypochlorite and tertiary amy! hypo-
chlorite.

4. A method according to claim 2, in whlch the
material has been treated with tertiary butyl hy-
pochlorite.

5. A method according to claim 2, in which the
material has been treated with tertiary amyl hy-
pochlorite.

JOSEPH S. REICHERT.
RALPH W. PEAKES.
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