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.1 ‘
This invention relates: to a, method useful in
treating cloth and. other; articles to render them.

antiseptic and self-sterilizing, and to the antisep-.

tic.and self-sterilizing articles so produced.
The:treatment of articles; such as those made
of fabrie, rubber- goods, paper, leather, felf, syn-
thetic organic plastics, ceramics and other sub-
stances to render them lethal over prolonged. pe-~

riods-of time and use to micreorganisms coming .

into contact with -them has long presented a
problem for which no ready or. simple solution
has heretofore been found. Methods have. been
devised. for impregnating fibrous and, in some in-
stances, ‘non-fibrous articles. with solutions. or.
suspensions of germicides- or fungicides. to. give
them a measure of: self~-sterilization until used. A
number of conventional germicides and fungi-
cides have been used for such. purposes. . Band-
ages supporting germicides on, the. fibers and in
the interstices between the fibers have been pre-
pared.which could be stored in, the open air with-
out becoming unduly contaminated with micro-
organisms and which could subsequently- be ap-
plied to open wounds without danger of carrying
air-borne infections into the wound., Although
this procedure has met with some. success, the
practice has not been entirely satisfactory for a
number of reasons and has not been used on a
wide seale, the usual practice in the case of band-
ages, which are to be stored prior to use being to
package the sterilized bandage under aseptic
conditions in & germ-proof package, or. to sterilize
the bandage, e. g. by heat, after it is packaged.
Most. of the attempts heretofore made to ren-

der fabrics self-sterilizing have. been confined to .

the treatment of bandages and surgical gauze he-
cause.of the particular necessity for keeping thém
in a sterile condition until used. Such articles
are.generally used only once and then discarded
so that the question of permanence of the treat-
ment during repeated use and laundering of the
article does not generally arise. There are; how-
ever, many other instances where the need. is ap-
parent for an antiseptic and self-sterilizing cloth
or other article, which will retain these properties
after continued ahd repeated use and. laundering.
Thus,. . clothing, underwear, bedding, .stockings,
paper, leather goods, towels, shoe linings, diaper
cloth, rubber goods, bristles, plastic articles de-
signed for body contact and many other articles
invariably carry many kinds. of bacteria on their
surfaces after even brief exposure to the air and
may become potent sources of infection when
worn or otherwise contacted with the skin, Bae-
teria already present on the skin may be picked
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up: by: clothing and transported to abraded areas
with, the consequent development. of infection in.
such- areas. Frequent laundering or cleaning
of such articles serves to clean and. sterilize them,

- temporarily but such sterilization has no.lasting

effect; and the articles are subject to re-contami-
nation immediately after laundering:

The need is apparent for a method for treat-.
ing.articles, including those mentioned as well as.
many others, to impart to them highly effective
antiseptic. and self-sterilizing properties which
are not unduly affected or destroyed by launder-
ing.or cleaning or by normal use, and which would
thus be effective over a long period of time in de-
vitalizing. microorganisms coming in contact
therewith. I is.likewise apparent that not only
would the method itself be of great value, but that
the self-sterilizing article itself would be equally
valuable. provided. its self-sterilizing property
were sufficiently permanent.

It has now been found, and is herein first dis-
closed, that an unexpectedly high deégree of self-
sterilization of a substantially permanent nature
for all practical purposes.can be imparted to many
fibrous .and non-fibrous articles by co-precipitat-
ing, under controlled. conditions hereinafter de-
seribed, on the surface of or in the interstices of,
or even within the body of, the article a mixture
of at least two. water-insoluble salts or com-
pounds, one of which is a. water-insoluble. silver
compound. . The treated article ean be stored or
used, without substantial noticeable alteration in
its physical characteristics as compared with the
untreated article. Articles treated according to
the . method can be laundered or clesned repeat~
edly, generally with not more than a_slight di-
minution of. their. antiseptic angd self-sterilizing
properties. - Hypochlorite and chlorine bleaching
of laundered treated articles can be effected with-
out harm and actually appears to restore.any de-
creased germicidal activity which may have been
caused by repeated laundering under adverse con-
ditions.

An essential feature of the process is tHe pres-
ence in the precipitating bath of a compound. or
substance, herein referred to.as a “solubilizer,”
which has, at least a partial solubilizing effect. on
the water-insoluble silver compound 10 the extent
that it renders the silver compound more soluble
in the bath than in. pure water. Solubilizers
which can be used include ammonis, and organic
amines, as well as certain inorganic salts. De-
bending upon its nature, the solubilizer is even-
tually removed from the article by evaporation or
leaching with water, or sometimes by neutraliza~
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tion, leaving the co-precipitated salts dispersed in
what appears to be substantially molecular inter-
dispersion and in a form wherein they are not
only extremely difficult to remove from the arti~
cle but wherein the water-insoluble silver salt is
substantially insensitive to discoloration by light.
Articles which can be treated using the process to
render them substantially self-sterilizing and
antiseptic include textiles and clothing of sub-
stantially all kinds, leather, paper, dental and face
powders, natural and artificial bristles, woed,
certain types of rubber, ceramic and plastic arti-
cles, catgut, dental cements, guttapercha, casein
products, feather products, and many others.

In a preferred procedure for carrying out the
process, the article is first dipped in or wetted
with an aqueous solution, herein referred to as
a “fArst solution,” containing a water-soluble
silver salt, e. g. silver nitrate, and a water-soluble
metal salt, e. g. magnesium nitrate, herein re-
ferred to as a “first salt,” the cation of which
is capable of forming a water-insoluble salt with
the snion of at least one other water-soluble
salt, e. g. with a “third” salt to be referred to later.
Excess of the first solution over that required to
wet the article thoroughly is then usually removed
mechanically, e. g. by squeezing, wringing, or
wiping, after which the article, usually while still
wet, is dipped in or wetted with another agueous
solution, herein referred to as a “second solu-
tion,” containing ammonia or other suitable
solubilizer, 2 water-soluble salt, e. g. sodium chlo-
ride, herein referred to as a “second salt,” the
anion of which is the anion of a substantially
water-insoluble silver salt, and a water-soluble
salt, e. g. sodium phosphate, herein referred to as
“third salt,” the anion of which is capable of
forming a water-insoluble salt with the cation
of the first water-soluble salt. Excess of the
second solution is then generally removed from
the article, e. g. by squeezing, wringing or wiping,
and the article is then dried thoroughly, after
which it can be washed to remove any excess of
water-soluble salts and again dried. In some in-
stances the solubilizer is preferably neutralized
or otherwise at least partially destroyed, e. g. in
the case of ammonia or an amine by adding a
dilute acid, either prior to or after removal of
the article from the second solution. As a result
of these operations there is precipitated on the
surface of and in the interstices of the article a
tightly adherent deposit of a water~insoluble
silver salt comprising the anion of the second
water-soluble salt, e. g. silver chloride, together
with another water-insoluble salt, e. g. magne-
sium phosphate, comprising the cation of the first
water-soluble salt and the anion of the third
water-soluble salt.

Articles treated according to the method de-
seribed have been found to have an exceptionally
high degree of self-sterilization which is retained
substantially undiminished after dry cleaning or
repeated laundering with hot soap solution. By
a proper choice of the water-soluble salts, non-
colored water-insoluble salts are formed as a
result of the treatment and, unexpectedly, it has
been found that the non-colored water-insoluble
silver salts, e. g. silver chloride, deposited in this
manner are remarkably resistant to darkening
or discoloration upon exposure to strong light
over long periods of time. The reason for this
is not clearly understood and no theory regard-
ing it is presented here. It has been found, how-
ever, that whereas a fabric treated according to
the method just described can be exposed to light
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in an ordinary room for several weeks or months
without the slightest tendency to darken, a
sample of the same cloth subjected to treatment
with the same identical first and second solutions,
except for the omission of the first water-soluble
salt from the first solution and of the third water-
soluble salt from the second solution, begins to
darken within a few hours and after a few days
acquires the bluish-gray color characteristic of
silver chloride which has been exposed to light
Such coloration in the case of
treated white goods cannot, of course, be toler-
ated. When colored fabrics are treated accord-
ing to the method a considerably greater latitude
in the selection of salts to be included in the
treating solutions can be exercised, since, in many
instaneces, the formation of a colored salt on the
article is not objectionable. Salts which are in-
jurious to the article being treated should, of
course, be avoided in both solutions.

In carrying out the preferred process, any con-
venient water-soluble silver salt can be used in
the first solution. The nitrate is generally used
because of its ready availability in a state of high
purity. Other water-soluble or moderately water-
soluble silver salts, such as silver lactate, silver
acetate and silver Auoride, can, however, be used,
if desired.

The first water-soluble salt should, of course,
be one which is compatible in solution with the
water-soluble silver salt used to avoid the forma-
tion of a precipitate in the first solution. Salts
of the alkaline earth metals are often preferred
as the first salt because ‘of the generally white
nature of their salts and because they react with
many relatively inexpensive soluble salts to form
insoluble compounds. Water-soluble aluminum
salts can often be used with advantage as will
become apparent later. Water-soluble zinc salts
appear to be of particular value in certain in-
stances, particularly when a fungus-proofing
treatment is desired. It also appears that the
use of zine salts is of particular value when ex-
posure of the treated article to sulfur or sulfides
may oceur. Mixtures of “first” salts can, of
course, be used if desired.

The second water-soluble salt, used in prepar=-
ing the second solution, should, as mentioned
previously, contain the anion of 2 water-insoluble
silver salt. For practical reasons, sodium chloride
is generally used as the second salt because of its
ready availability and low cost and because oper-
ation of the process to produce silver chloride
as the water-insoluble silver salt has been found
to give excellent results. Other salts which can,
however, be used as the second salt include potas-
sium bromide, sodium iodide, sodium phosphate,
calcium chloride, magnesium chloride and water-
soluble halides of the heavy metals, as well as
many others. It should be noted that the water-
insoluble silver salt which is formed need not be
basic.in character and, as a matter.of fact, non-
pasic salts, such as the halides and phosphates,
are generally preferred in the interest of economy
and ease of operation of the process.

The third water-soluble salt, also used in pre-
paring the second solution, should be compatible
in agueous solution with the second water-sol-
uble salt to avoid the formation of a precipitate
in the second solution. The choice of the third
salt used will, of course, also depend in large
measure upon the first salt used in the first solu-
tion since it is essential that the cation of the
first salt and the anion of the third salt form
2 water-insoluble compound-as a result of the
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operation of the process. Salts which have been
used suceessfully as-the third salt when the first
salt - is ‘a’ water-soluble calcium  or ‘strontium
salt include the alkali metal and otheér water-
soluble phosphates and sulfates. Sulfates are,-of
course, unsuited for use ‘as the third salt when
the first salt is a magnesium salt because of the
solubility of maghésium sulfate in water. A
water-soluble phosphate can, however, be used as
the third salt in such -instances. . It is pointed
out that it is impossible to give .a precise list
of salts, ‘any one of which can be used :in all
cases as the first or second or.third salt, because
of - the - interrelationship- 6f  properties .between
these -several salts which' has been mentioned
and which must be maintained by-a proper- se~
lection of ‘any one of the. salts when ‘specific
salts have been selected as the other one.or two
salts: : ‘

Another “ingredient essential’ in the ‘process,
which has been-noted previously and which. is
generally ‘included in' the second solution, is a
solubilizer . for the water-insoluble silver- salt,
preferably ammonia or a suitable amine.. The
function of the ammonia or:amine is. not en-
tirely understood, but it appears-that it is at
least related to the greater -solubility -of the
water-insoluble ‘silver-salt in.the agueous solu~
tionof the solubilizer than in water alone. It
is also possible that in some instances, depend-
ing upon the particular first and third salts used
in the process, the solubilizer may have a sig-
nificant ‘effect upon the character or solubility
of the water-insoluble silver salt formed in the
operation of the process. Regardless of. the
cause, it has been found that satisfactory re-
sults- are obtained only when g suitable sol-
ubilizer is employed in the process.: Although
ammonia is the preferred solubilizer, other basic
nitrogen compounds which can. be used include
monoethyl amine, dimethyl amine, . trimethyl
amine, moenobutyl = amine, - diisopropyl - amine,
monosthanol amine, diethanol amine, ethylene
diamine, morpholine, pyridine, picoline and many
others, -Generally speaking, aliphatic amines,

including the substituted alkyl amines having-

less-than about 10 carbon atoms in' the mole-
‘eule, are preferred to amines of higher molec-
ular weight beécause of their greater volatility
and ease of vaporization from the treated ar-
ticle during drying. Insofar as is known, how-
ever, any water-soluble: basic nitrogen com-
pound ecan be used in- the process.

It is, of course, possibleé to choose the first,
second ‘and third salts so that the same com-
'pound can serve as the second and third salts,
‘provided only that the anion of this compound
forms a water-insoluble salt both with silver as
a cation and with the cation of the. first salt.

The process can thus frequently be carried out :

using magnesium nitrate as. the first salt and
sodium - pyrophosphate alone to serve as both
the second. and third salts. Generally, however,
it is preferable fo use a halide, preferably a
chloride, as the second salt because of the favor-
able characteristics of the silver halides. It is
also possible ‘in some- instances, i. e. when the
first-'salt is an. aluminum. salt, for ammonium
hydroxide to serve as the.third salt, the insol-
‘uble - compound deposited with the insoluble
silver ‘salt in this instance being aluminum hy-
droxide,

The proportions of the several salts used in
making up the solutions both with respect to the
solvent ‘and with respect t0 one another can pe
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varied over .a wide range. In the interest:of
economy, however, the water-soluble silver salt
and the second salt are used at concenirations in
the first and second solutions, respectively, such:
that the amounts of the sclutions used in wet-
ting the article being treated will contain the
second salt in at least g stoichiometric ratio
to the water-soluble silver salt, and preferably
somewhat more. The same applies, in:general;
to.the proportions of the first and third water-
soluble salts. It is apparent that an infliential .
factor is the character . of the. article being
treated, including its - absorptive capacity and
surface ‘characteristics;, and ‘that it is substan-
tially .impossible to define the first and second
solutions in: terms: of “the. concentration of the
salts therein. It has been found, however, that
good results are obtained when the. amount of
water-insoluble silver salt deposited in or. on a
fibrous fabric is from about 0.1 6 about 0.5 per
cent, calculated as silver chloride, of the weight
of the fabrie, together. with from. about. 0.05
to 1.0  per cent of the weight of ‘the fabric of
the - other - water-insoluble salt deposited. with
it. - Here again, however, it is not possible to
define these values quantitatively with any de-
gree of satisfaction because of the number of
variables involved in passing from one instance
to-another and the invention is not limited to
the proportions given. For economic reasons, it
is seldom desirable to treat the article in such
manner that it retains more than about 1.0 per
cent of its weight of -silver calculated as silver
chloride.

Certain other ingredients may often be -in-
cluded in the treating solutions with advantage.
In some instances a wetting agent ecan be in-
cluded to promote wetting and penetration of the
article being ftreated. In ‘some instances, - also,
the inclusion of a dispersed resin, e. g., an emul-
sified polyvinyl acetate, in-one or-the other of
the solutions, usually the second, leads to a more
permanently self-sterilizing product. “This may
be due to the resin acting in the nature of a
binder for the co-precipitated salts. Other in-

"gredients which can often be added for specific

purposes will be apparent.

Certain ofther modifications of the process
are possible, especially in the preparation . of
powdered products, it being sometimes possible to
use an excess of properly chosen first and third
salts to form a product comprising g small pro-
portion of the water-insoluble silver compound
as compared to the water-insoluble other comi-
pound, the latter functioning also in the- final
product as the base or treated powder. Such
base powders which may be formed in. situ in-
clude aluminum hydroxide, zine oxide, : caleim
sulfate, calcium carbonate, zine phosphate, mag-
nesium pyrophosphate and many others.

A further modification of the process con-
templates the production of highly fungicidal as
well as germicidal products using a salt, prefer-
ably the calcium sals, of a fungicidal organic

-acid, such as undecylenic acid, as the fungicidal

agent. In carrying out this modification of the
brocess in ifs preferred form, the article being
treated is generally wetted first with o solution
of a water-soluble calcium salt, such as calcium
chloride, and then with a solution of the am-
monium, sodium or other water-soluble salf of
undecylenic acid, or vice versa, these treatments
being carried out either prior to or subseguent to
the treatment with the first and second solutions
previously referred to.. Somewhat betier results
appear to be obtained when the treatmient: with
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the first and second solutions is carried out sub-
sequent to the treatments with the calcium salt
and undecylenic acid salt solutions. One pre-
ferred procedure comprises incorporating &
water-soluble calcium salt, such as calcium ni-
trate, in the first solution along with the water-
soluble silver salt and incorporating the water-
soluble undecylenate; e. g. ammonium undecyl-
enate, in the second solution along with the sec-
ond and third water-soluble salts. Under such
conditions a desirable co-precipitation of the cal-
cium undecylenate along with the water-in-
soluble silver salt is realized.

It is apparent from the foregoing description
of the preferred procedure that the method in its
broadest sense involves the co-precipitation from
solution on the article being treated of an in-
timate migture of a water-insoluble silver salf
and another water-insoluble salt, which other
salt, because of the extreme intimacy of the mix-
ture, functions as an effective stabilizer of the
silver salt against the effect of light normally
tending to discolor silver salts. Although one
preferred procedure for carrying oub the method
has been described in detail, it is apparent that
the method of the invention is not limited to the
particular preferred procedure described in de-
tail. It is likewise appareni that the product,
which has not been described previously, is not
limited to that prepared by the particular pre-
ferred procedure mentioned but encompasses the
product by whatever method prepared.

Tn the following examples, which are given by
way of illustration only and are not to be con-
strued as limiting, there are described the treat-
ing of various articles using various procedures
and with the formation of corresponding treated
articles all of which, unless otherwise noted were
found to be antiseptic and self-sterilizing.

Seli-sterilizing and antiseptic properties of the
treated articles were, in most instances, deter-
mined using a modification of a Food and Drug
Administration method for assaying penicillin as
follows:

A culture medium was prepared in the usual
fashion containing the following ingredients:

Bacto-peptons oo g.. 6.0
Pancreatic digest of casein . —_ g__ 4.0
Bacto-yeast extract oo g.- 3.0
Bacto-beef extract —— oo g.. 15
Bacto-glueose oo e g__ 108
Bact0-28ar oo g__ 15.0
Distilled water o mi__ 160

The pIi of the medium was 6.6.

A nutrient broth for preparing inoculum was
prepared in the usual fashion using the following
ingredients:

Peptone e g_. b0
Yeast extract oo g._ 15
Beef extract el g _ 15
Sodium chloride e~ g_.- 35
GIUCOSE e e g_._ 10
Dipotassium phosphate oo g__. 3.68
Potassium dihydrogen phosphate -~ g_. 132

Distilled water oo ml__ 1006

The pH of the broth was 7.0. Test organisins
used were Sigphylococcus aureus and Escherichia
coii except as otherwise noted.

The stock culture was maintained on agar
slants and transferred to new slants weekly.
The inoculum for the plates was prepared by
transferring the culture from the agar slant to
nutrient broth daily and incubating at37°C. After
18 hours of incubation 0.2 ml of the broth cul-
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ture was mixed thoroughly with 100 milliliters of
the culture medium at 48°-50° C. Plates pre-
pared using this inoculated agar were used for
testing the antiseptic properties of the treated
articles, a sample of the article being placed near
the center of a freshly prepared plate and the
clear zone which remained around the sample
after incubation for 18 hours at 37° C. being
noted. It was found that the width of the clear
zone depended to some extent upon the porosity
of the treated article. The treated article was
said to be antiseptic when a significant clear zone
remained in the agar around the test sample but
the actual width of the clear zone is not given be-
cause of the variation due to the character of
the article itself just noted.

The self-sterilizing properties of the treated
articles were determined by placing a sample of
the treated article after exposure to the air for
several hours near the center of a freshly poured
sterile agar plate and incubating the plate for
18 hours at 37° C. The article was sald to be
self-sterilizing when no significant cloudiness de-
veloped in the medium around the sample.

In an alternate method for testing treated
articles, particularly treated fabrics for germi-
cidal properties, which appeared to be somewhat
more reliable than methods employing agar, &
0.5 gram sample of the treated article was placed
in a sterile pottle with 20 milliliters. of distilled
water. The water was then inoculated with 0.1
milliliter of a culture of Staphylococcus aureus
or Escherichia coli in nutrient broth and the bot-
tle and contents shaken mechanically for several
hours at room temperature. Cell counts were
made of the original culture before inoculation
and of the contents of the bottle after each hour
of shaking. Controls were run using untreated
samples of the article. Using this method large
cell populations in the inoculated water were
killed by one hour shaking using treated samples
which showed a minimum effect when tested on
agar. Controls showed large viable cell popula~
tions still present after 4 hours’ shaking.

The resin emulsion used in certain of the ex-
amples is a water-dispersible anionic emulsion
of & polyvinyl acetate resin manufactured by
American Cyanamid Company and sold under the
name of Aerotex 160.  The resin emulsion was in
some cases mixed with a part of the water used
in making up the second solution before being
mixed with the solubilizer and salts dissolved in
the rest of the water. In other cases the resin
and solubilizer were mixed with a part of the wa-~
jer prior to being mixed with the salt or salts dis~
solved in the remainder of the water. The am-
monia used in zll cases was, unless otherwise
noted, ordinary commercial 28 per cent aqua
ammonia.

EXAMPLE 1

A first solution was prepared by dissolving 10
grams of silver nitrate and 20 grams of hydrated
magnesium nitrate in 1060 milliliters of distilled
water. A second solution was prepared by dis-
solving 6 grams of sodium chloride, 30 grams of
disodium hydrogen phosphate (Na:HPO4:12H:0)
and 200 milliliters of aqua ammonia in 800 milli-
liters of distilled water. A sample of white cot-
ton sheeting was immersed for a period of 30 to
60 seconds in the first solution and then removed
and squeezed tightly to eliminate excess solution.
The squeezed cotton sheeting contained about
150 per cent, based on its dry weight, of solution.
The still wet cotton sheeting was then immersed
in the second solution for 30 to 60 seconds and
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~then- removed,: squeezed .and dried thoroughly.
The dried cotton sheeting was then. washed in
clear water to remove excess soluble salts and
again dried. The product prepared in this man-
~ner was: found to be both antiseptic and self-
sterilizing. .It-had a hand and feel substantially
‘identical with that of untreated cotton sheeting
which had been washed in clear:water and dried.
The color of the treated fabric was indistinguish-

able from that of washed untreated . fabric.:

Samples of the treated cotton sheeting exposed

to strong sunlight daily for as long as 60 days

showed no tendency to become discolored.

A number of samples of the treated cotton
sheeting were washed repeatedly in “a home
washer using a good grade of soap and with the
washing bath at about 90° C. 'The samples were
rinsed and dried after each washing. After each
period of several washings, one or more of the
samples was removed and. tested ‘for antiseptic
and self-sterilizing properties. . After as much
as 100 washings and drying cycles the samples

- still had significant and adequate antiseptic and
self-sterilizing properties.

The experiment was durplicated‘ with the cot-:

ton sheeting being  replaced with cotton gauze,
woolen -uniform: cloth, woolen” cloth  for civilian
use, blended wool and. cotton cloth; woolen blan-
" kets containing.both virgin wool and reprocessed
wool, acetate rayon fabrics, surgical masks, sur-
: geons’ ‘hats, filter - paper, cotton diapers, and
woolen, cotton and acetate rayon socks and.un-
~derwear.  In each case the treated ‘product: was
antiseptic and self-sterilizing, was- substantially
~unchanged in its hand and feel'and was not dis-
colored by prolonged exposure ‘to light.  In the
+ case:of heavy fabrics; such as wool blankets, the
samples were soaked in éach of the separate solu-
tions for about two minutes. A number of the
treated: fabrics mentioned . were laundered and
dry cleaned:repeatedly” without lowering  their
antiseptic and- self<sterilizing: properties appre-
ciably. .

Variations of the process were carried oitt by
‘drying . the:final. washed product in an oven:at
60°~70° C., by drying the article after wetting with
“the- first : solution and ' before wetting: with . the
second solution, and by ‘carrying out the dipping
~steps with the first solution heated at 60°--80° C.
None of these variations in the process: produced
any significant change in the treated-article. ' It
was noted that at higher dipping temperatures,
e. g. at about 80°-100° C., a small amount of g
-dark’ precipitate gradually: formed. in. the' first
solution upon prolonged exposure to light.

*In still other variations of. the experiment. the
squeezing of -the sample after wetting with the
first solution was: varied so:as to leave as little
as 100 per-cent or as much as 200 per cent of the
first solution, based on the dry weight of the sam-

: ble,-absorbed on the sample. ‘No significant dif-
ferences in the results-were noted.

EXAMPLE 2

A first solution was prepared. by dissolving 10
grams of silver nitrate and 10 grams of erystalline
aluminum nitrate in 1060 milliliters.of water. = A
second solution was . prepared by dissolving 5
grams. of sodium chloride and. 300 milliliters of
agua. ammonia in 700 milliliters -of 'water, The
first. procedure . described: in. Example 1 was re-
peated using these solutions, the results obtained
being entirely analogous and comparable to those

-obtained in Examble 1. In this instance alu-
minum hydroxide Wwas precipitated as the insolu~
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-ble aluminum compound along with silver chlo-

ride. :
EXAMPLE 3

The procedure described in Example '1 was re<
peated using a variety of first and second treat-
ing solutions, the compositions of which are
given below in tabular form as treatments “A” to
“Q” inclusive:

Table of treatments

Treatment First Solution Second Solution
3 g. NaCl
58 AgNO;z - ... .
Ao {5 g Me(NOpz:6H,0_ 1% [fF 0r 120
1,000 mI. H3Ouole_ . 200 ml. 520
3 g, NaCl
58 AgNOg ... 5 g. NagP04:12H;0
Boiiaoio 5 g. Mg(NO3)2:6Hz0..[1200 ml. NH;(Aq)
1,000 ml, H20..._____. 10 g. resin emulsion
300 Dﬁ_l g]lfzo
5g. Na '
L | Y i
___________ o. Mg : B N,
1,000 mI. HaO- . S0 1) 110
8g AgNOg.___._..... 8 5 K 1P:01:3E:0
Dooiles {8 £ Mg(NO9)::6He0- - {108 mi' N (Aq
. @
1,000 ml. H:0.L -0 S ml 2,0 |
6g. Na
10g. AgNOa_._.____._. b4 <3
A {8 £. Ca(NOs)z:5H;0. |13 & KiF0r a0
1,000 ml. H;0. 80 ML mo v
10g. AgNOs. . . ko,
P 152, Ba(NOs)e._..___. 200 ml. NHi(Aq)
1,000 L, 0. ... ... 800 ml. H,0
. 7g. NaCl
10g. AgNOg___._._.__. 10 g. NasS0y4
[ ¢ S, 15 g, Ba(NOs)y 14 g. resin emulsion
1,000 ml. HaO. ... 180 m), NH3{Aq)
820 ml. H:0
10 g. NaaS0O4
" 108 ‘ggl\lr\% """"""" 15 g. resin emulsion
""""""" 15 . ?i(H 6)2- -===---1]100 ml. monaethanol amine
1,000 ml. 5, 100 ml. NH3(Aq)
800 ml. H:0
102 AeNOs. .. 1 N0,
L 15 B*}(NO&)" -------- 160 m1. monoethanol amine
1,000 ml. Hz0....o... 820 ml. H;0
10g. ApgNO3__..______. 5g. NaCl
Tl 10 2. AI(NOg)3:9H20__| 200 ml. monoethanol amine
: 1,000 mL MO __...__ 200 Iﬁ_l (]%20
g. Na
108 ApNOs ... 100 ml. monoethanol amine
O {%Oogé A11<}¥83’9H20-~ 150 ml. NH;(Aq)
e 750 ml. Hz0
10g, AgNOs_.____..... 5 g. NaCl
1 5g. AINOz)3:9H;0_::{ 5g. NasPO4:12H0
Honmmmmememen 5 g. Mg(NO3)2:6H20. .| 200 ml. NH3(Aq)
1,000l FeO. .. _. 800 ml. H.0
]10 g AgClOs ... .. 5g. NaCl
Moo 10 g. AI(NOg)3:9H0._| 280 mL. NH3(Aq)
11,000 mI. 0+ ..—-..| 720 ml. H:0
10g. AgNOQOs____.______ 10 g. NaBr
Nolaas 10 g, AI(NO3) 20.__| 300 ml. NH3(Aq)
1,000 mIL H 0. .. ... 700 ml. HaO
o [éo g.AN?_J‘alI’O4:12H20
10 g, Mg(NO3)2:6H:0..1;3 . Ag
Onoiint 1,000 L, B0 oo 1250 ml, NE;(Aq)
750 ml. H,0
102 AgClO4. ... 5. NaCl
Poiis 10 2. AI{C10;3)3:6H20..| 280 ml. NH3(Aq)
1,000 mI H.O. ... gZO I{]]_l (:%20
. Na
. 108 AgNOs. ... logg 1‘\Ta28103
Q. s {10 g. Ca(NO03):3H0... 1501, NH(Aq)
1,000 ml. ¥FI20_ ... 850 ml. H30

In every instance, except as noted, the treated
fabric was antiseptic and self-sterilizing and re-
sistant to discoloration upon exposure to light.
The fabric treated using treatment “N”’ was ini-
tially yellowish in color due to the presence of

5 yellow silver bromide on it but it was antiseptic

and self-sterilizing. It is noted that in treat-
ment “0O” the water-soluble silver salt in the first
solution was replaced with silver chioride dis-
solved in the ammoniacal second solution. - Cot-
ton cloth treated according to treatment “O” was
not stable against discoloration by light. Fur-
thermore, when ammonia in treatment “0”.
was replaced with an equivalent quantity = of
monoethanol amine, ‘the treated sample discol-
cred ‘completely - when .exposed to sunlight' for
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three days. No such discoloration occurred in
the case of treatments “H,” “I” “J” and “R.”
The antiseptic and self-sterilizing qualities of the
treated fabric were, however, satisfactory using
either ammonia or monoethancl amine in freat-
ment “0.”
BEXAMPLE 4

A first solution was prepared by dissolving 10
grams of silver nitrate and 5 grams of crystalline
magnesium nitrate in 1000 millilifers of water.
A second solution was prepared by dissolving 8
grams of sodium chloride, 10 grams of disodium
phosphate and 200 miltiliters of aqua ammonia
in 800 milliliters of water. Two hundred grams
of talcum powder was stirred thoroughly for 10
minutes with 400 milliliters of the first solution.
Four hundred milliliters of the second solution
was then added and the stirring continued for
another 15 minutes. The mixture was filtered,
the separated powder was washed with water
uniil free of phosphate ions and then air dried
over night and subsequently dried in an oven at
70°-90° C. The dry cake was then pulverized.
The powder was pure white in color, did not dis-
color after 10 days’ exposure to sunlight and was
antiseptic and self-sterilizing.

In similar manner, and using solutions simi-
lar to those described above, titanium dioxide
powder, dental magnesium carbonate annd pow-
dered aluminum oxide are rendered antiseptic
and self-sterilizing.

EXAMPLE b

Cotton sheeting was treated by the procedure
described in Example 1 using first and second
treating solutions, the compositions of which are
given below in tabular form as treatments “R”
to “U,” inclusive.

Table of treatments
Treatment First Solution Second Solution
10g. AgNOso. oo 6 g. NaCl
- S {10 ------ {97 o. NagP;05:10H30
2. Zn(NOs)z 6H:0.. 200 ml NH
s(Aq)
1,000 ml HzOoo_.__. 200 III\lIl’gZO
10g. AgNOs.____...._ g et .
Seurmcnenees {15 £ Zi(N 03610 {ggogﬁaggzggho
1,000 ml. 0. 800 mI. H;0
10g. AgNQa. 8 g. NaCl
1 A, 13 g AI(N 0333 GH.0..| 25 2. NazP04:12H0
15g. Zn(NOa)z 6H20~_ 200 ml. NH3(Aq)
%0000 TINE(I)QO ......... 800 ml. H20
g . AgNOs. ...
32 g. Caclz
| U S 13 g. AINOa)3:9H20 _. 200 Tl. M.
A - NHs(Aq)
{%So%o 2 S0 so0 wal. 720

Nutrient agar was prepared, some of which
contained 0.01 per cent of sodium thioglycolate
and some of which contained 0.02 per cent cystine.
Samples of sheeting which had been subjected
to treatments “R,” “8,”“T” and “U” were tested
using each of these nutrients according to the
method of Example 1. In each instance the test
showed the treated sheeting to be both antiseptic
and self-sterilizing even in the presence of the
cystine and sodium thioglycolate. No discolora-
tion of any of the treated samples occurred on
contact with the agar.

Further tests of the sheeting which had been
subjected to treatments “R,” “S,” “I” and “U”
were made using Sabouraud’s dextrose agar (10
g. peptone, 40 g. dextrose, 15 g. agar and 1600
ml. distilled water) at pH 5.6 and employing Tri-
chophyton gypseum and Aspergillus itaconicus
(Glaucus group) as the test organisms. Incuba-
tion was for seven days at room temperature,
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No growth of either organism occurred on the
treated sample. .

EXAMPLE 6

A modification of treatment “U” of Example 5
was carried out by soaking cotton toweling suc-
cessively in solutions “@,” “b” and “c” having the
following compositions:

Solution “a”:
8.5 g. AI(NO3)3:9H:20
9.5 g. Zn(NOz) 2:6H20
1000 ml. H:0
Solution “b”’:
10 g. AgNO3
7.5 g. AlI(NOs3)3:9H20
7.5 g. Zn(NO3) 2:6H20
1000 ml. H20O
Solution “c”:
30 g. CaCla
200 ml. NH3(AqQ)
800 ml. H20 ’

Soaking in each of solutions “a” and “b” was
continued for five minutes and in sclation “¢”
for four minutes. The toweling was squeezed
gently after soaking in each solution and even-
tually washed thoroughly with distilled water
after removal from solution “¢’* and then dried.
Analysis of the washed and dried toweling showed
it to contain 0.079 per cent by weight of silver,
0.034 per cent of aluminum and 0.074 per cent of
zine, each calculated as metal.

The treated toweling was antiseptic when
tested on agar using Staphylococcus aureus as
the test organism as described in Example 1. A
sample of the treated toweling weighing one gramn
was boiled for 3 hours in one liter of soap solution
and then for 3 hours in water without substantial
decrease in its antiseptic value.

Another sample of the treated toweling was
tested against Siaphylococcus aureus on agar
containing 0.02 per cent by weight of sodium
thioglycolate and found to be antiseptic. Its
antiseptic property in this medium was not de-
stroyed by fifteen separate washings in hot soap
solution.

Still another sample of the treated toweling was
tested against Staphylococcus aureus on agar
containing one per cent by volume of beef serum
and found to be antiseptic both before and after
fifteen separate washings in hot soap solution.

EXAMPLE 7

Co-precipitated aluminum hydroxide and silver
chloride was prevared in the form of a powder
having a strong bactericidal action by a modifica-
tion of treatment “J” of Example 3. In this
modification, a mixture of 6 g. AgNOs3, 241 g.
AL(NO3) 3;6H=0, 200 ml. aqua ammonia, 6 g. NaCl
and 1000 ml. H=0 was stirred thoroughly. Excess
ammonia was nearly neutralized by adding dilute
HC1 slowly while stirring until the mixture was
only weakly alkaline. After further efficient agi~
tation for several minutes the mixture was fil-
tered and the precipitate washed thoroughly on
the filter with cold distilled water. Analysis of
the filtrate and washings showed that 80 per
cent of the silver used was retained in the pre-
cipitate. -The washed precipitate when dried ab
100°-110° C. was in the form of a white powder
which was not discolored by exposure to strong
sunlight. Higher drying terperatures resulted
in the formation of rather hard lumps. -

The powder was both antiseptic and germicidal.
1t is suitable for combining mechanically in small
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'proportions with other-powdered ‘substances;e. g.,
‘talcum powder, ‘dentrifice powders-and ‘the ‘like,
-or for-incorperating ‘in ointments, to-produce
-antiseptic and-self-sterilizing mixtures. In such
‘an-instance; 1.0 g.-of “the -powder ‘was mixed
thoroughly with 9 g.-of dry-starch. “The mixture
“was then -dispersed in-cold: water,“boiling water
was added-and g fabrie-was. “starched” -using:the
solution and-subsequently ironed in ‘conventional

fashion. Samples of the fabric were both-anti--

septic and self-sterilizing when tested: on-agar as
in Example 1-using Stephylococcus aureus as the
test organism.

The powder -can- also be -used “for ‘sterilizing
‘many types of liquids by stirring a small-propor-
‘tion'of it with the liquid and filtering or by per-
-colating the liquid-through-a-bed-of the powder.

EXAMPLE 8

A bactericidal powder was prepared by stirring’*

together a mixture of-40 g. of ‘caleium-carbonate
-and & solution'of 2 g. of silver fluoride:in200.ml.
of ‘water. A solution consisting of 10 g. caleium
chloride, 50 -ml. .aqua :ammonia.and 1150-ml: “of

water was then .added -and the-mixture:stirred

Tor several minutes and. then filtered. “The:pre-
cipitate ‘was washed with ~water -and - dried  at
70-90° C, It was antiseptic:and:self-sterilizing.
‘The :product -contained silver chloride -and--cal-
rcium fluoride-as'the co-precipitated:salts.

EXAMPLE § .

A sample-of.foam rubber was boiled:with :sodj-
‘um thiosulfate to remeve free:sulfur and washed
thoroughly  with water. Tiwas then hoiled -with
-an-aqueous solution: of copper :sulfate: to -ney-
‘tralize- accelerators, such as:sodium «dibutyl-di-
‘thiocarbamate, -and was: treated: and tested : ac-
.cording to the:method of Example 1. 'The:sam-
ble was:self-sterilizing, and: antiseptic. '

EXAMPLE 10

~Four-solutions :were.prepared having the com-
positions.given under “d,” “e,” “f:and “g’:below.

Solution “d”:
10 g. undecylenic acid
20 ml. ammonia (Ag)
1000 ml, Hz0 ‘
Solution “e”:
10 g. CaClz
1000 ml. H20
Solution «“f7:
10 g. AgNO3
5 g. Mg(NO3)2:6H20
1000 ml. H20
‘Solution “g”:
8 g. NaCl
10 g. NasPO4:12H20
16 g. resin emulsion
150 ml. ammonia (Aq)
850 ml. H20

Men’s cotton socks were dipped sucesssivelyin
one case in soltitions “d;"*“e,” “frand“grandin

another case in solutions “e,” “d;” «f and “g,” the

socks being wrung fairly dry after-each:dip. 'The
socks were finally dried and-then'washed thor-
oughly with water and again‘dried. Samples-cut
"from the treated socks weére: tested ‘by placing

them on agar ‘inoculated with- Trichvophiton '

gypseum. -After incubation 'for7 days at room
temperature no growth of ‘the organisii oni-‘the
sample was apparent. Identics] results'were ¢b-

tained on samples of the treated socks after ten

launderings in hot-soap solution.

1

‘10

115

20

25

30

35

40

R %53

114
"EXAMPLE 11

“Four solutions were prepared-having the com-

positions given under“h,” “4,” “4” and “k” below.

Solution “n”:
10 g. AgNO3
5 g. Mg(NO3)2:6H20
:1000:ml, H20

-Solution ¢#":

- 8:g. NaCl ‘

108 NaaP0O4: 12H30 .
:200:ml. NH3(Aq)
:800:ml. - H20

~Solution “j7:

126.g.; CaClz
1000:ml. H20

=Solution “k”:

25 g. undecylenic acid
50 ml. NH3(Aq)
950 ml. H:0

. Two ‘hundred .grams .of taleum -powder. was
stirred with 400 ml. of solution “h” for about 10

“minutes. - Four hundred.milliliters each of. solu-

tions “4,” “5” and “k” were then .added’in. this

Trespective.order with agitation being .continued
“for 5 to 10 minutes.after each addition. The mix-
ture was then filtered and.the wet powder washed
‘thoroughly 'with distilled. water, . dried -and .the
Jlumps broken up. The dry treated powder was

antiseptic, self-sterilizing and fungicidal .when
tested according.to procedures given.in. Examples
1 and’5. No discoloration of the treated powder
oceurred , upon. exposure to. sunlight for several

days. .

" In similar experiments a.portion of the free.am-
monia was neutralized following the addition of
solution “k” hy the careful addition of dilute. hy-
drochloric acid, care.being taken to_retaini con-
siderable of the.free ammonia.in the solution.up
to and during the filtration.. In this way a.larger

proportion of the silver was caused to. remain’in
.'the powder.
.tially all of the free ammonis was neuiralized be-
“fore-filtration the light stability of.the dry treated

It was .noted that when. substan-

bowder was seriously affected. . : ‘
.In still another variation of .the procedure, 50~

“lution “4” s replaced. with an equal volume of a

B0
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:solution consisting of 20 grams.of aluminum chlo-
Tide in 1600 ml. of water, entirely similar results
. ‘being: obtained. .

EXAMPLE 12

‘ ""Two'solutions were prepared havinig the compo-

sitions given under “I” and “m” below.

s Solution: “7:

60

100:2.A1(NO3) 3:9H20
83 g, Zn(NO3) 2:6H:20

=2:15:g. AgsNO3
2500;ml"H0

“Solution: “m”:

8 g. NaCl
65 ml. NH3(Aq)
100 'ml: H:0

Two huidred grams of talcum powder was stif

.red with solution “I” for several minutes, solution
“m” was added. to the.mixturs and stirring- was

continued for several minutes. longer.. .A porfion
of the free ammonia was then.‘neutz:alize.d.gby‘,the
slow addition,of .dilute hydrochloric acid o the
stirred mixture, care being taken that the.final

“mixture still had a strong odor.of ammonia. The
-mixture ‘was then filtered. and the -wet . powder
“washed thoroughly with water and dried. ~The
“final product “was ‘not “discolored ‘by -exposure ‘to
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light and was antiseptic, self-sterilizing and fungi-
cidal when tested by the methods of Examples 1
and 5. Tt is useful as an additive for cosmetic and
other powders to render them antiseptic, self-
sterilizing and fungicidal.

EXAMPLE 13

Samples of cotton fabric and of talcum powder
treated substantially as by the methods of Ex-
amples 1 and 12, respectively, using a first solu-
tion containing silver nitrate, zine nitrate and
water and a second solution containing sodium or
ammonium undecylenate, sodium phosphate, free
ammonis and water are found to be antiseptic,
self-sterilizing and fungicidal when tested ac-
cording to the methods of Examples 1 and 5. The
treated materials are not discolored by exposure
to light. :

EXAMPLE 14

Silver undecylenate is prepared by mixing a
solution of silver nitrate with a solution of
sodium or ammonium undecylenate, filtering
the mixture, washing the precipitate with water
and drying the washed solid. Zinc undecylenate
is prepared in a similar manner using zinc ni-

“trate or chloridée in place of the silver nitrate.
Silver undecylenate is bactericidal and fungi-
cidal and zinc undecylenate has good fungicidal
properties. Both of these compounds are solu-
ble in monoethanolamine,

A solution was prepared by dissolving one gram
of silver undecylenate and one gram of zine
nndecylenate in 60 ml, of monoethanolamine and
adding 140 ml. of distilled water. The solution
can be diluted with 20 or more times its volume
of water without precipitation occurring.

wifty milliliters of the solution containing
about 0.5 per cent each of silver and zinc undec-

ylenates was diluted with 200 ml. of water.

“Cotton fabric was soaked in the diluted solution
for about twe minutes and then air dried. The
treated fabric is antiseptic, self-sterilizing and
fungicidal when tested according to the methods
of Examplies 1 and 5 but discolors badly upon ex-
posure to light. ‘

It was noted that the above described solution
containing 0.5 per cent of silver and zinc undec-
ylenates doses not cause discoloration of the skin
or fingernails upon prolonged contact therewith.
This property, coupled with its germicidal and
fungieidal properties, is indicative of its value as
a germicide and fungicide for use in contact with
body tissues.

Similar results are obtained by replacing the
monoethanolamine with diethanolamine, dibutyl
amine and other amines in which the silver and
zine undecvlenates are soluble. Similarly, also,
the undecylenates can be replaced with silver and
zinc salts of other aliphatic and unsaturated
aliphatic acids, preferably those having a plural-
ity of carbon atoms.

I claim:

1. The method for treating an article to render
it antiseptic and self-sterilizing which includes the
steps of: contacting the article with a first aque-
ous solufion comprising a water-soluble silver
salt and a first water-solubls salt of a metal other
than silver; subsequently contacting the thus
treated article with a second aqueous solution
comprising a second water-soluble salt, the anion

" of which is selected from the group consisting of
"halides and phosphates, and a third water-
soluble salt, the anion of which forms a water-
insoluble compound with:the metal cation of the
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first water-soluble salt, and a water-soluble basic

nitrogen compound, whereby a water-insoluble

silver salt and a water-insoluble metal compound
are formed, said metal compound functioning as
an effective stabilizer of the silver salt against
the effect of light normally tending to discolor
said silver salt; and then removing the basic
nitrogen compound from said article.

2. The method of claim 1 wherein the basic
nitrogen compound is selected from the group
consisting of amimonia and amines,

3. The method of claim 1 wherein the basic
nitrogen compound is ammonia.

4, The method of claim 1 wherein the second
and third water-soluble salts are the same salt.

5. The method of claim 1 wherein the treated
article is a fibrous fabric and contains not more
than about one per cent of silver, calculated as
silver chloride, based on the dry weight of the
article.

6. The method of claim 1 wherein the second
and third water-soluble salts are different salts.

7. The method of claim 1 wherein the water-
soluble silver salt is silver nitrate, the first water-
soluble salt is magnesium nitrate, the second
water-soluble salt is sodium chloride, the third
water-soluble salt is a sodium phosphate and the
solubilizer is ammonia.

8. The method of claim 1 wherein the article
treated is a fabric and the second and third
water-soluble salts are different salfs.

9. The method of claim 1 wherein the article
treated is a water-insoluble powder.

10. 'The method for treating an article to ren-
der it antiseptic and self-sterilizing which in-
cludes the steps of: contacting the article with a
first agueous solution comprising a water-soluble
silver salt, a first water-soluble salt of a mefal
other than silver and a water-soluble salt fur-
nishing fungicidal cations; subsequently contact-
ing the thus treated article with a second aqueous
solution comprising a second water-soluble salt,
the anion of which is selected from the group
consisting of halides and phosphates, a third
water-soluble salt, the anion of which forms a
water~insoluble compound with the metal cation
of the first water-soluble salt, a water-soluble
salt whose anion forms a water-insoluble salt
with the fungicidal cations, and a water-soluble
basic nitrogen compound, whereby a water-in-
soluble silver salt, a water-insoluble fungicidal
salt and a water-insoluble compound of the metal
other than silver are formed, said metal com-
pound functioning as an effective stabilizer of
the silver salt against the effect of light normally
tending to discolor said silver salt; and then re-
moving the basic nitrogen compound from the
said article.

11. The method of claim 10 wherein the water-
insoluble fungicidal compound is a zine salf.

12. The method for treating an article to ren-
der it antiseptic and self-sterilizing which in-
cludes the steps of: contacting the article with
a first agqueous. solution comprising a water-
soluble. silver salt, a first water-soluble salt of a
metal other than silver and a water-soluble salt
furnishing cations of a water-insoluble salt of
which the anions are fungicidal;  subsequently
contacting the thus treated article with a second
agueous solution comprising a second water-
soluble salt, the anion of which is selected from
the group consisting of halides and phosphates, a
third water-soluble salt, the anion of which forms
a water-insoluble compound with the metal cat-
ion of the first water-soluble salt, a water-
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soluble salt ‘whose anion is the said fungicidal
anion, and a water-soluble basic nitrogen com-
pound, whereby a water-insoluble silver salt,
water-insoluble fungicidal salt and a water-
insoluble compound of the metal other than silver
are Tormed, said metal compound functioning as
an effective stabilizer of the silver salt against
the effect of the light normally tending to dis-
color said silver salt; and then removing the
hasic nitrogen compound from the said article.

13. The method of claim 12 wherein the water-
insoluble fungicidal salt is a salt of undecylenic
acid.

14, An article having on the surfaces thereof
a tightly adherent coating comprising a co-
precipitated mixture of a water-insoluble silver
salt selected from the group consisting of halides
and phosphates and at least one other water-
insoluble compound of a metal other than silver,
said metal compound functioning as an ef-
fective stabilizer of the silver salt against the
effect of light normally tending to discolor -said
silver salt and said article being characterized
by being antiseptic and self-sterilizing after re-
peated washing in hot soap solution and by
undergoing substantially no discoloration upon
exposure to sunlight.

15. An article as claimed in claim 14 wherein
the article is a fibrous article. )

16. An article as claimed in claim 14 wherein
the insoluble silver salt is a silver halide.

17, An article as claimed in claim 14 wherein
the water-insoluble compound other than the
silver salt comprises the cation and the anion,
respectively, of water-soluble salts.

18. An article as claimed in claim 14 wherein
the anions of the water-insoluble silver salt and
of the water-insoluble compound of a metal other
than silver are the same.

«

10

15

20

25

30

35

18

19. An article as claimed in claim 14 wherein
the anions of the water-insoluble silver salt and
of the water-insoluble compound of a metal other
than silver are different.

20. An article as claimed in claim 14 wherein
the article is a fabric and the anions of the water-
insoluble silver salt and of the water-insoluble
compound of a metal other than silver are dif-
ferent.

21. An article having on the surfaces thereof
a tightly adherent coating comprising a co-
brecipitated mixture of a water-insoluble silver
salt selected from the group consisting of halides
and phosphates, a water-insoluble fungicidal salt
and at least one other water-insoluble compound
of a metal other than silver, said metal com-
pound functioning as an effective stabilizer of the
silver salt against the effect of light normally
tending to discolor said silver salt and said ar-
ticle being characterized - by being antiseptic,
self-sterilizing and fungicidal after repeated
washing in hot soap solution and by undergoing
substantially no discoloration upon exposure to
sunlight.
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