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ThlS 1nvent1on descrlbed herem may be manu- p1 ecedur‘e ma.y be Wldely varied without depart-
fectured and used by or for the Government for ing from the spirit of the invention or-the seepe
government - purposes, Wlthout the peyment to  of the eppended claims. -
us of any royalty thereen | | The present mventlen consists brleﬂy in d1—
Th1s invention relates in genere,l to erotectwe - .rectly fixing chlorine by a chemical combination
elethmg and more partlcula.rly has reference to  on material having the characteristics of wool, so
8. process of treetmg materml for rendermg it  as to render the same impervious to mustard gas
resistant to vesicant gases and vapors, and to.  and similar vesicant and toxic gases. In prepar-
the product resulting from the treatment. =~ - Ing the material, wool or similar substances are

Previous to this time, it has been ettempted to ¥ chlorinated by subjecting them to treatment with
ﬂx chlorme on. materml for protecting against ..hypoehlorous acid, acidified hypochlorite salts or
such gases as mustard, but the impregnated cloth  organic hypochlorites. |
has increased in welght and has been character- This invention is based on the. fact that aetlve
ized’ by stickiness. . ‘Also, the permeability of the chlorine in the form of free chlorine, hypochlo-
‘same has often been lowered to such an extent as !9 rite, chloramine, or chloramide will react with
~ to make clothing made of meterlel SO t1 eated, un- mueterd gas, or lewisite to form non-ves;eant |
.comfortable to the wearer. compounds, or compounds which are much Iess

A primary object of this invention is te prev1de ~ vesicant than mustard gas or lewisite. o
metemel relatwely 1mpermeeb1e to Vesment gases Wool is considered to be composed of a protein
er Vapors. 20 substance, known as keratin. It has been found

“Another. object of thls mventmn 1s to prowde - that, when wool is subjected to the action of chlo-
materlal having semi-permeable properties, that rine, some sort of a reaction takes place between
'is, material which is permeable to air and inert  the chlorine and the wool. It has been stated
gases, . but 1mpermeeb1e to musterd gesee end. - that the reaction between the chlorine and the

- similar substances. - 25 wool produces chloramines, _However it has
Another object of thls 1nvent10n 1s 1;0 dev1se a been found that in some instances no chloramines
process for producing material having properties ~ have been formed. Regardless of the theory of
rendermg t,‘]e same 1mp-ermea,b]e to mustard gages the reaction which takes place between the wool
and substances having similar properties. - and the chlorinating agent, there is a change ef-

Yet another object of this invention.is to pro- gg fected in the characteristic of the wool which is
v1de a process for fixing chlorine on textile mate-  desirable for certain purposes, among which is
-rial ‘without appreciably aﬁectmg 'the deswable that of rendering mustard gas and Slmllar stih-
pelmeable characteristics thereof. AR I stances non-vesicant. - - SRR

A further object of this mventmn is to prev1de . We have found that, by ehlormetmg WOOI ac-
a process for chlorinating metenel to render the 85 cording to the various methods herein set forth,
same impervious to mustard gas and similar sub- & product is obtained which is impervious to
-stances without matermlly inereeemg the welght' mustard gases and similar compounds employed
of the matena,l —_ ) R AT '.--erchemlcel wariare. IIl the pYroCcesses as herem-— |

--Still-gnother obJect of thle mventmn is- te de- . after sst forth, we have succeeded in directly
wse a. process of treating clothing-to render the 40 fixing aetwe ehlorme to WOOI by a chemlca,l eom-' -
‘same impervious to’ vesicant and toxic gases or _bmetmn - | | S
- Vapors, such as musterd ges IeW1s1te end 51m11ar ~In developmg the present mventlon we dis-
substances = - covered that active chlorme may be dlrectly ﬁxed

A st111 further object ef thls 1nvent10n is to 45 in weel to render the eeme impervious to mus- |
dev1se a proeess for :ﬁxmg chlorme in matenel to _terd ga5es and similar chemleel compeunde by.
‘render the same imperviols to musta,rd gas and mree distinct types of reagents .

“similar siibstances without appreciably ehengmg | h S€ chlerme,tmg reagents ere

the desirablé physical characteristies theréof.” |
“With these and other objécts in view, the in- pq 1. Organic hypochlentes

- 2g Acidified hypochlorite .aaits o
ventien e_ensmts in the 1ngred1ents e,nd steps to be o 3 I—Iypochlereus acid -

| stendmg thet the eeverel neeessa,ry su‘nstanees - The ﬁrst of the ebeve mentloned reagents a,p-

-and tompounds employed in carrying out the in- " pears to be the most satisfactory for chlorinating
vention and the steps involved in the necessary - 55--w001 “and" enmlar meterial 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 be 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 regiu-
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-
per cantaining an atmosphere of a definite hu-

nidity or by subjecting the material to a moisture

‘saturated atmosphere for a definite time.

tur

Of
course, any other method of regulating the mois-
e cont2nt may be employed. Within certain

Tlimits, the speed of the chlorinating reaction is
fmcxeased when material having a high moisture
"content is treated and is decreased when ma-
jterlal having a low moisture content is trzated.

treatment has on the

‘The following specific examples are set ferth

'as illustrative of the effect that the moisture

content of the wool or other material undergoing
speed and extent of

o, chlorinating reaction.

Relative : _1Active Chlorine
Humidity | 1ime |Temperature |™"in tho Wool
Per cent Fours °C, Per cent
67 2 40) 2. 4
81 14 40 1.6
. 81 15 4() d. 3

It w_ill'be sSeen fmm'the foregoing tabulation

‘that by controlling the moisture content of the

'wool or other material, as high as 2% of active

chlorine may be infroduced therein by subse-
auently subjecting it to a tertiary alkyl hypo-
chlorite under the conditions set forth in the
above tabulation. This may be accomplished

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-
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without causing any appreciable damage to the

‘material.
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lation is based, the moisture in the woolen ma-~- -
terial was allowed to come to equilibrium with an
‘atmosphere of ‘a4 controlled relative humidity of
819 a2t - 2d° C. After this treatment, the ma-
-terial having a definite moisture content was

tained at a temperature of 40° C. The material

.was subiected to the chlorinating agent for about
116 hours and subsequently to the chlorinating
treatment was washed with carbon tetrachloridz.

.__,._-.In this instance, approximately 5% of active:

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

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

~quately for . this purpose but we wish it to be
.Cleaily “tinderstood  that other, substances may
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immersed in a tertiary butyl hypochlorite main-- -
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compounds may be ef

a relatively wide ranege.
action may be controlled by fixing the moisture

ture of the chlorinating treatment.
the chlorinating treatment may also he effected
by diluting the tertiary alkyl hypochlorite with
carbon tetrachloride or other relatively inert sol-

4 .
be employed as found convenient. This treat-
ment accelerates the subsequent chlorinating
reaction and allows a greater amount of chlorine
to be introduced into the wool or. sumlar ma-
terial 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 iinmersed 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
solution -of soditum accetate 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-
ployved. 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, depznding
upon the concentration of the solution and_ the
quantity of the solution taken up by the ma-

terial.

Good results have been obtained by 1mpreg.-
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
butyl hypochlorite maintained at a temperature
effective for chlorinating for a predetermined
fime. TYor instance, it has been found that
chlorination suitable for rendering the material
impervious to mustard gas and similar vesicant
ected by establishing .a
moisture contant in tha 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 above

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 same.

-~ We wish it to be clearly understood that the
conditions of chlorination may be varied over
For instance, the re-

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

vents. While in describing fthe process-. of
chlorinating wool and.similar materials, snecific
mention has been made of tertiary hutyl hypo-
chlorite, we wish it to be clearly understood
that tertiary amyl hypochlorite may be just as
eﬁectwely employed as tertmry butyl hypochlo-

16 .rite.
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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
acld may be employed for fixing as high as 3%
of active chlorine in the metenal mtheut dam-
aging the same. |

Of course, acidified solutions of other hypo-
chlorite salts may be employved. For 1nstance

10

other alkali metal salts of hypeehlerous acid

- may be employed.

-~ The following spemﬁc examp]e Wlll Serve as
an 1llustration 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,
t0 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-
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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 unafiected by the chlorine con-
tent of the cloth is practically unaffected. 'The
material acts in the nature of a seml-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-vésicant reaction prod-
ucts. It is believed that the reaction takes place
according to the ratio of one molecule of chlorme_

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 ﬁbree 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 eppended claims. : |

We claim:

1. A method of removing vesicant par tleles
from vesicant contaminated air which comprises

passing the air through woolen material having

“active chlorine fixed thereon by ehemleal coni-

40

‘terial to a pure hypochlorous acid solution. The

solufion employed may be 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

bination.
2. A method of removing vesicant partlcles

- 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, hypeehlorlte

45

- salts and hypochlorous acid.

3. A method, according to claim 2, in which the

 material has been treated with an organic hypo-

- fixing about 3% of active chlorine in the materlal -

~without appreciable damage.

50

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

55

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=-

a0

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 eond1t10ns
~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

g8
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chlorite from the group consisting of tertiary

butyl hypochlorite a,nd tertlary amyl hypo-

- chlorite. -

4. A method aecerdmg to clalm 2, in whlch the
materlal has been treated with tertle,ry butyl hy-
pochlorite.

9. A method aecordmg to claim 2, in which the
material has been treated with tertlary amyl hy-
pochlorite.

JOSEPH S. REICHERT
RALPH W. PEAKES.
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