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l |

ThlS 1nvent10n described herein may be manu- |

Ifactured and used by or for the Government for

-government purposes, without the payment to

me of any royalty thereon.
-~ This mventlon relates in general to protective

- _clothlng and more particularly has reference to
- @ process of treating material for rendering it re-
sistant 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 material for protecting against
~ such gases as mustard, but the impregnated cloth
- has increased in welght and has been charagcter-
ized by stickiness.
- same has been lowered to such an extent as to
make -clothing made of material so treated, un-

o comfortable to the wearer.

Also, the permeability of the

A primary object of this mventmn is to pro-

| ﬁ?wde material relatively impermeable to vesicant
igases or.vapors.

- Another object of this invention 15 to provzlde |

| materlal having semi-permeable properties, that

is;.material which is permeable to air and inert
ggses; but impermeable to mustard gases and sim-

- ilar'substances.

Another object of th1s invention is to devise a
process for producing material having properties

- rendering the same impermeable to mustard
- gases and substances having similar properiies.

- Yet- anﬁther object of this invention is to pro-

' ‘vide a process for fixing chlorine on textile mate-
- rial without appreciably affecting the desu able
_permeable characteristics thereof.

‘A further object of this invention is to provide

~a process for chlorinating material to render

LW_

~ the same impervious to mustard gas and similar
- substances without materially increasing the

wmght of the material.
Stlll another object of this invention is to de-

| vise a process of treating clothing to render the

same impervious to vesicant and toxic gases or

- vapors, such as musta.rd gas, Lewisite and similar

substances.
A still further object of this invention is to de-

~ vise a process for fixing chlorine in material to

render the same impervious to mustard gas and

 similar substances without appreciably changing
_-the desirable physical characteristics thereof.
. With these and other objects in view which

ma:g be incident ta m.v imnrnvements the in-

(Cl. 8—128)

(Granted under the aet of March 3, 1883 as
- amended April 30, 1528; 370 O. G. '757)
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41)
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vention consists in the method to ke herein set
forth and claimed, with the understanding that
the several necessary steps comprising the In-
vention may be accomplished in any order found
most suitable for carrying the same into practi-
cal effect, without departing from the spirit of
the invention and the scope of the appended
claims.

The present invention comprehends directly
xing chlorine by a chemical combination on ma-
tenal having the characteristics of wool so as to
render the same impervious to mustard gas and
similar vesicant and toXic gases. One manner
of practically effecting the concept of the Inven-
tion is to subject wool or similar materials, to a
chlorinating process involving the use of a mix-
ture of a stable hypochlorite and a suitable alco-
hol. The invention also comprehends incorpo-
rating the chlorinating agents, mentioned above,
in an inert solvent. By the process forming the
subiject matter of the invention, wool having its
normal water content under usual atmospheric
conditions may be chlorinated or it may first be
dried before subjecting it to chlorination. In
either instance, the wool is washed with a solu-
tion of an inert solvent subsequent to chlorina-
tion and may also be dechlorinated and washed
again.

Wool is considered to be composed of a protein
substance, known as keratin. It has been found
that when wool is stitbjected to the action of chlo-
rine, that a reaction takes place between the chlo-
rine and the wool which, it is thought, produces
chloramines. However, 1t 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 chlo-
rinating agent, there is a change effected in the
characteristics of the wool which is desirable for
certain purposes, among which is that of render-
ine mustard gas and similar substances non-vesi-
cant.

In permeable protective clothing, it is desired
to incorporate therein as high a percentage of
active chlorine as can be introduced into wool
without damage of the cloth. Wool which con-
tains 4 per cent to 7 per cent of active chlorine 1s
practical for use as protective clothing. The

50 active chlorine, as considered here, is determined
" by titration of the iodine liberated by & known
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weight of the chlorinated wool from the acidified
solution of potassium iodide and is calculated on
the basis of one chlorine atom being the eguiva-

lent of two atoms of iodine. Processes employed

in the past for the introduction of more than
4 per cent of active chlorine into wool by means

of chlorinating agents iIn aqueous medium, such
as hypochiorous aecid, cause considerable -damage
to the wool, rendering it substantially useless.

In practicing the process to be hercinafier de-

scribed, T am able to introduce either small or

large percentages of chlorine into wool to suit
the requirements for which the cloth is intended -
without causing damage thereto and so control-
ling the process that the Same is attended by’

uniiorm resuits.

I have found that a mlxture of an orgame |

‘hypochlorite possessing suitable -stability and

certain alcohols affords an efficient chlorinating

agent for permanently fixing any desired per-
centage of chlorine on wool without -causing
damage thereto.
purpose are tertiary bu‘tyl hypochlorite .and ab-
soclute methyl alcohol. ' 1n order to obtain a het-
ter control with the reactive agents, I have found
it preferable to inéorporate the same in an inert
solvent such as carbon tetrachloride.

While I have employed carbon tetrachlorlde'

with marked success and although I deem it pref-
erable to employ a mixture of tertiary butyl hy-
pochlorite and absoltite methyl alcohol in solu-

tion with an inert solvent such as carbon tetra-

chloride, any other suitable organic hypochlo-
rite having .suitable stability such as tertiary
amyl hypochlorite may be iised and also any pri-
mary or secondary alcohol ¢ontaining from one
to five carbon atoms, such as absolute ethyl al-

cohol, also propyl, primary and secondary butyl

and primary and sécondatry amyl alcohols. The
use of ingredicnts other than those preferred,
however, have been Tournd less satisfactory as
the pronounced mstabll‘ty of ‘other mixtures and
the limited amount of chlorine which can be in-

troduced into the wool by the use: of thf* same

léssen the utility of these alcohols.

wool coritaining the normal water content of the
same under usual atmosplieric -conditions and
also dried wool. With the use of wool contain-
ing the normal water content under usual at-
_mGSphﬂrlc conditions, the percentages of adtive
chlorine up to four and five tenths per cént by
weight of the wool may be introduced into the
same without damage. In chlorinating wool
which has been dried, however, such as over
phosphorus pentomde or other efficient desic-
cating agents, or by heating in a stream of dried

air at about 85°'C., as high as six to seven per cent
of active chlorine may be introduced ihto uhey

WOOI without affecting the quality ‘thereof.
As will hereinafter appear, chlarmatmn of

wool by means of a stable hypochlorlte and an

alcohol incorporated in an inert solvent, may

‘be easily controlled while obtgining uniform re-

Particularly adapted - to this

_ . - 4 .
quires but a relatively small amount of time for
completion. Moreover, it is to be noted that
only small amounts of the hypochlorite are re-
quired and the most of it is actually utilized in
5 the chlorination reaction., With the use of an
~ inert solvent, such as carbon tetrachloride, a
large volume of chlorinating bath may be ob-
tained with a small amount -of hypochlorite.
During chlorlnatlon the presence -of water
10 greatly damages the WOOl and for this reason it
is preferred to use anhydrous h,VpOCthI'lt»z:S and
-alcohols S
- The actual chlormatmg agent in the reaction
_ of tertiary butyl hypochlorite and absolute

18 methyl alcohol with wool is of an entirely dif-

ferent character from that which operates in the
—chlorination of wobl with tertiary butyl hypo-
- chlorite alone. When anhydrous tertiary butyl
“hypochlorite is mixed with absolute methyl al-
20 cohol, a violent reaction has been found to oc-
cur aftel a short time interval; and the rate of
~ the chlorination reaction involving a mixture of
 bertiafy butyl hypochlorite and absolute methyl
~alcohol proceeds much more rapidly than with
25 the use of tertiary butyl hypochlorite alone.
‘While I do not ‘wish to limit myself 1o any ex-
planation of the reaction which occurs when
methyl alcohol is IIllXEd with ‘tertiary butyl hy-
pochlorite, I believe that ‘the actual chlorinat-
20 mg agent is methyl hypochlorite, which is ‘be-
lieved to be formud accordmg to the following
_equatmn |

( CH3) 3COCI+CH30H—> (CH3) 3OOH+ CH3001

35 In a similar manner, ethyl *h.VDOCthI‘lte An the

nascent state is probably the :actual chlorinating
agent in the reaction of tertiary butyl hypochlo=-
rite and absolute: ethyl alcohol with ‘wool.

The following examples,as.given:in the tables,
will more fully illustrate ‘the invention, but it is
to be distinctly understood that they are not in-
tended to constltute any 11m1t&t10ns in ‘the ‘scope
thereof. -

In the followmg tables partlctﬂar attentmn

4

In pricticing ‘my inverition, I have treated ~ Should be given to the -efiects ‘produced :upon

the percentages of ‘¢hiloFine ‘fixed ‘on the ‘wool by
the variation of the: concentratlon ‘of ‘the ‘hypo-
- chiorltes and alcohols disclosed, -as well as their
sn volumes and that of the inert solvent. Also ‘to
‘be noted are the variations m températures :and
the “time for Wthh the wool is -sibjected to the
~ chlorinating bath. Moreover the ‘initial con-
| _._d1t1on of the WOOI ‘prior to- chlorination and ‘its
55 effect upon ‘the fmal results noted should he
considered.
The data’ tabulated in the ﬁrst table ‘was Ob-
tained from experiments conducted in‘the chlori-

Inatlon of woolen cloth “which had ‘been -dried
60 1In a vacudm deswca,tor ‘over ‘phosphorus pent-

- oxide for forty elght homs Tn - regard to the
tearing strength of ‘thie- ‘chlorinsted cloth it was
found that it was substantmlly’the ‘same as that

of the original- cloth for each experlment ca,r-'

sults, and at the same time the chlorination re- g5 ried out. -
| | _-.+Tdb_l€-:_-1 |
. ] |
P Rertiary Butyl [ araci<t1 a1mmtt |2 ] ]
H}Tpf}g;llﬂl‘itg | Mﬂth}"l‘ AlCGhOI Oa,rbon-:- -‘ W{}E}I ; .':Per.Qent
| tetra- Tlme, “Temp., “Used. -Active
- _ 3 | chloride, ~ Min, °C. ;,E. *"| Chlorine
| cc..|PerCent| cc. |Per Cent. ooce IR D - |1 Cloth
.| 72 2| ss g0 |45 | et | ‘1 | 68
b 26 | 1L8 '} -20 | -9Y4 1167 } 20 0| 82234 | 15 - B3
~---"~'J 25,1 161 120 - 121 120kl 200 ] 482234 ) 15 6.0 -

- . . - . I._-w_ﬁ_ml -.- —— Y

Y W
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It has been mentioned that the process of

the. present invention may be applied to the
chlorination of undried woolen cloth. However,
the chlorination of undried woolen cloth to fix

: percentages of active chiorine on the wool higher
than 4. per cent to 4.5 per cent causes damage

to the cloth. Table 2 illustrates the results ob-

. E taihed in the chlorination of woolen cloth con-

taining its normal water content under the pre-
- vailing atmospheric conditions. To be noted is
the fact that the wool was undamaged in ex-
'per1ments in which 1.2 per cent, 3.3 per cent
~and 3.8 per cent of active chloride was intro-
duced into the cloth, while the experiments in-
~ troducing 5.3 per cent and 6.0 per cent of active
chlerme mto the woel damaged the cloth.

5

10

15

6
content under usual atmiospheric éotiditions is
chlorinated to fix percentages of active chlorine
on the wool of a higher range than from 4 to
4.5 per cent, the wool is slightly damaged as

pointed out in the consideration of Table 2.
Wool may also be chlorinated by means of

a mixture of tertiary butyl hypochlorite and

absolute methyl alcohol without the use of car-
bon tetrachloride or other diluents. Under these
conditions, the reaction proceeds at such a rapid
rate that proper control of the reaction is dif-
ficult. 'This may be readily observed from an
inspection of Table 3, wherein wool containing
its normal water content under prevailing at-
mospheric conditions is chlorinated by the use
of tertiary butyl hypochlorite and methyl alco-

Table 2

-'Tertisr;v B’utjrl M' - o
: ethyl Aleohol | Carbon Per cent
- Hypeehlente 1 tetra- Time, | Temp., {‘;‘TS%%] Active
T i chloride, | Min. °C. » | Chlorine
co. | Percent!| cc. | Pereent| & in Cloth
1 10 31| 8 2.5 300 20| 2326 3 1.2
- 20 591 20 5.9 300 - 13 22-30 2. 5.3
925 7.21 20 5.8 300 10 920-25 3 3.8
9% | 7.2 20 5.8 300 18 20-25 3 6.5
o5 10.2| 20] @ 82 200 B 29-29 3.3

In the foregoing tables it should be noted that
“the time of the reaction may be varied to regu-

hol without employing a diluent such as carbon
tetrachloride.

Table 3
. ] ]
Tertiary Butyl
Hypocnlorite | Methyl | me - | memo. | Wool |TeR&ea?]  Condition of
| Alcohol, | “grar | “oGP” | Used, { Ghiorine|  Chlorinated
| | CC. Al LN in Cloth Cloth
ce. | Per Cent *
10 9.0 1060 15 23-24 2 1.7 { Undamaged.
2] 17.3 1G4 15 22-23 2 1.9 Do.
34 28. 8 84 22 21-22 2 5.4 | Slightly damaged.
50 A5.4 60 15 23-26 2 b.4 Do.
50 45.4 60 60 4-7 3 4,6 | Undamaged.
78 7L. 5 31 15 23-25 2 3.0 Do.

: late the amount of ehlorme whlch it is desired
to introduce into the wool. The amount of ac-

tive chlorine introduced into the wool may also

be controlled by varying the relative amounts
of tertiary butyl hypechlorlte methyl alcohol
and carbon tetrachloride and regulating the time
" the reaction is allowed to proceed. In addition
to this, the time of the reaction may be greatly
reduced by additionally increasing the concen-
trations of the reactive constituents, and -also
by decreasing the quantity of solvent and rais-
ing the tempereture at which the reaction is
carried out. It will be manifest, however, that
the reaction ‘must be controlled within certain

limits, for if wool containing the normal water

50

60

As previously pointed out, the process forming
the subject matter of the present invention may
also be carried out with a mixture of tertiary
putyl hypochlorite and absolute ethyl aleohol.
The use of carbon tetrachloride as a solvent
for the reactants facilitates control. However,
chlorination by means of tertiary butyl hypo-
chlorite and absolute ethyl alcohol is less satis-
factory than chlorination with tertiary butyl hy-
pochlorite and absolute methyl alcohol.

In the following Table 4, illustration of the
results obtained in the chlormatmn of woolen
cloth, containing its normal water content under
prevailing atmospheric conditions, with tertiary
butyl hypochlorite and absolute ethyl aicohol in
carbon tetrachloride are given.

Table 4
Tertiary Butyl Ethyl | l Per G
Hypochlorite Alcohol Carbon- Wool er Cent .
Sommens | Tmo | Tame. | Do, | Astve | Sendienotihe,
ride, ce. . | ( CE}I 111;1]:? orinate 0
cc. | Per Cent | ce. | Per Cent | I .20
B §
25 25 70 75 None | | 0.6 25-35 2 1.0 | Damaged.
25t 7.1 125 7.1 300 25 21-25 3 0.4 | Undamaged.
25 71125 7.1 300 60 | 21-50 3 1.5 | Slightly damaged.
25 25 25 25 | 50 3.5 | 23-60 2 5.2 | Badly damsaged.
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While T, as premusly ‘stated, préler to carry

on my chlorinating process W1t11111 ,mixture of
tertiary butyl hypochlorite and absolute imethyl

'tnm that: the pfesenCe of small .amounts of water

in :the chlormatmg reagents is mot detrimental

to any gppreciable:-extent. ‘As water has a tend-

alcohol, T may substitute other Grgamc hypochlo-

rites having suitable stability, in pigace of the ter-
tiary butyl hypochlorite.
be chlorinated for use as protective clothing by

For example, wool may

5

means of a mixture of tertlary amyl hypochlo-' .

rite and methyl ‘alcohol.
Having described the process in general and

given tfabulated results obtained from carrying

10

out the same, one specific example will be given

to more fully illustrate the invention, although

it -is to be wunderstood that the invention is not
{0 be limited by the proportions of the reactants :

given therein or of the treatment,-as it-is obvious

that the method may be varied, as prevmusly out-

lined, without departing from the spirit of the
invention or exceeding the scope of the appended
claims.

Before chlorination, the woolen cloth 1s dried
for about forty-eight hours in a vacuum -desie-
cator over phosphorus pentoxide at approxi-
mately 10 mm. pressure. .
chlorinated by means of a solution of 25 ce. of

anhydrous tertiary butyl hypochlorite (about 98

per cent available chlorine) and 20 ce. of anhy-
drous C. P. methyl alcohol in 300 cec. of carhon

ency: to damage wool and in any -substantial
quantity  does cause damage with increasing
amounts, it is preferred, as breviously- mdlcated
 to -employ anhydrous reagents.

From the -foregoing descrlptmn it w111 be 3;9-
preciated that-an improved process for the chlo-
rination of wool to render the same 1mperv1ous
to -mustard -gas and- the like, w1th0ut causing
.-damage to the wool, has been prowded by treat-

ing the wool with a m1xture of smtable a,lcohols

- and’ organic hypochlonteS possessmg the Tre-

20

qmred stablhty By the use of carbon tetrachlo-
ride as a. solvent for the a,lcohol a,nd the hypo-
chlorite an easily controllable : process of chlorii-
ation is afforded. It should also be noted that
with the ease of control by the variation of the
concentration of the chlorinating solution, the
time of the reaction, and the temperature at

~which it is carried out, the amount of active

The dried wool is then

25
. mg clalms the terms vesicants, or vesicant gases

tetrachloride, which has been dried over calcium

chloride.
a 750 cc. Erlenmeyer flask, which is prowdﬂd

‘with ‘a rubber stopper havmg twoe ‘epenings there-
in, is employed.

and partially immersed in the reaction solution.

To carry out the chlorination reaction,

In one of the openings theie
is inserted a thermometer which is in contact

35

The other opening is provided with an outlet tube

attached to a calcium chloride drying tower.

Throughout the reaction the flask is kept closed. |

By warming the chlorinating solution in a bath of
water, its temperature is raised to 32° C. Within
five minutes after mixing the constituents of

the solution, about 15 g. of dried wool is quickly

transferred from the desiceator to the chlorinat-
ing bath. Due to the heat of the reaction, the
temperature of the bath soon begins to rise and

slight cooling becomes necessary. The solution

is frequently shaken or mechanically stirred and

its temperature is kept-at 32° C. to 34° C. through— |

out the reaction.

This treatment of the cloth is COIItlIlL.Ed from

forty to forty-five minutes after which the solua-
tion is quickly decanted, and the wool, while still
in the flask

After the washing, iust deqcmbed the wool is

quickly rernoved fr orn the flask and again washed

in three bhaths of carbon tetrachloride. It will
be found that cloth treated in this manner con-
tains from 8 per cent to 7 per cent of active chlo-—
rine based on the weight of the wool.

If desired, the cloth may be washed w_tn water

| —

ride.
reaction, the active chmrme on. the wo0l can
be brought to the amount desited. Th 4 tymcal

Lexperiment, the amount of active chlorine fixed

on the wool in forty-five minutes was 6.7 per

cent.

1t will be apparent from the foregoing d:escr.lpj'

is washeo. mth carbon. tetrachloride.

£0

“chlorine fixed to the. woolen cloth may be varled
to meet the particular requiréments called for.
In the foregoing descrlptmn and accompamr

or vapors are intended to include gases, vapors
or liquids. The term mustard gas designates the
vesicant compound his (beta—chlorethyl) sulphide
which may be in the gaseous, vapor or liquid
stage.

A1thaugh I have desecribed the preferred €m-
boddinent of ‘my invention, T wish it to be un- -

derstoecd that I do not confine myself to the

precise details herein set forth by way of illus-
tration, 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 mventmn or exceedmg the scope of the ap-
pended cla,nns

Iclaim: = |

1. A method of removing vesicant particles

. from Vesicant contaminated air which comprises
'. passing the air through woolen material which

o0 .

s has been treated with o tertiary alkyl hypo-

chlorite and an absolute alcchol from the group
consisting of methyl alcohol and ethyl alcohol
mcorporated 11‘1 an 1nelt solven‘t |
a,bsalute alcohol 1s methyl alcohol.

3. ‘A method according to claim 1 1n which ‘the
absolute alcohol is ethyl alcohol. -

4, A method of réemoving vesicant partlcles

from vesicant contaminated air which comprises

0D

o
after thoroughly washing with carbon tetrachlo- 6 o
By varying the time of the chiorination

passing the air through woolen material which
‘has been treated with tertiary butyl hypochlo-
11te and absolute methyl -alecohol incorporated
‘in an-inert solvent. e

e -ERNESTL JACKSO!N.
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