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This invention relates to new and improved
vat dye compositions and g simplified method
of dyeing which is especially useful in dyeing
textile materials which cannot withstand the ac-
tion of strong alkalis, such as, for example, wool,
silk and other fibers of animal origin.

According to the usual method of dyeing cot-
ton with vat dyes, it is customary to prepare
the dye bath by reducing the vat dye, usually in
the form of a paste, with a suitable reducing
agent such as sodium hydrosulfite in the presence
of a caustic alkali and water.
atively large amount of caustic alkali is ordi-
narily employed, the resultant dye bath is rather
strongly alkaline. While cotton fibers, fabrics
and yarns may be readily dyed in such a bath
because they are not substantially acted upon
by the alkali, great care must be taken in dyeing

fibers, fabrics and yarns of animal origin such-

as wool and silk because the strong alkali tends
to destroy such materials. For this reason, al-
though vat dyes are the fastest type of dye
known, they have presented special problems in
the dyeing of wool, silk and similar materials,
Thus, as pointed out by Whittaker, “Dyeing with
Coal Tar Dyestuffs” (1920), pp. 118-124, while
wool has been dyed with vat dyes from both
fermentation vats and hydrosulfite vats, careful
control is necessary. In both types of vats the
amount of alkali is a controlling factor., The
temperature must also be carefully regulated
in order to avoid action by the alkali upon the
wool. This is particularly true in the hydrosul-
fite vat which is the principal method of vat dye-

5 ing in this country.

It is an object of the present invention to pro-
- vide a new and improved method of dyeing which
is applicable to the coloring of all typves of ma-

" . terials with vat dyes and which is especially use-

40

ful in dyeing wool, silk and materials of animal
origin which "are adversely affected by strong
alkalis. A more specific object is to provide g
new and improved method of dyeing with in-

digoid dyes. A still.more specific object is to pro-

vide. a2 new and improved method of dyeing with
thioindigoid dyes. Ancther object is the pro-

duction of new and improved non-aqueous vat -

dye compositions; and particularly vat dye Pow-
ders, which are directly adapted for use in the
caloring of. textile matefials. An additional ob-

Inasmuch as a rel- .

ample, protective colloids

(Cl. 8—5) ' : j

Ject is the production of new and improved thio-

indigoid dye powders.
hereinafter. )

These objects are accomplished by the prep-
aration of non-aqueous compositions compris-
ing an intimate mixture of- 2 water-insoluble
metalleuco derivative of a vat dye other than an
alkali metal derivative, and a water-soluble metal
salt which forms a more insoluble -salt with the

Other objects will appear

‘metal of the said leuco deriva@ive by double de-

composition. Although it is not essential, it is
breferable that these dye compositions also con-

in powder or non-aqueous paste form and may
contain other addition agents such as, for ex-
and hydrotropic agents.

When a dye composition of the type above de-
scribed is added to water, double decomposition
occurs producing a dye bath. containing the
leuco compound in solution and the water-in-
sOluble metal salt, The fiber, fabric or yarn to
be dyed may be passed through the solution and
subjected to oxidation by
fix the dye to the fiber.
be separated before or

The insoluble salt may

The dye bath may or may not contain an alkali,
depending upon the material to be dyed dnd the

* conditions cf temperature., The same is true of

the non-aqueous dye composition originally em-
ployed. If the fiber to be dyed is of animal or-
igin, it is preferable to effect the dyeing opera-
tion without an alkali or with a2 mild alkali.
This may be done, for example, by choosing as

“the water-soluble metal salt in the preparation .

of the dyestuff composition a suitable neutral
salt. Thus, the dye powder employed may con-
sist of a mixture of the calcium leuco derivative
of a vat dye and a neutral sulfate such as, for
example, sodium sulfate, with or without a dis-
persing agent. When this is added to water, the

the usual methods to,

after the fabric is dyed, °
-It causes no inconvenience if left in the dye.bath.

Ot

. tain a dispersing agent. They may be prepared -

30"
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normal leuco derivative is formed, together with -

insoluble calcium sulfate. Similar results are
obtained with the barium leuco derivative. If
the presence of an alkali is desired, a mild alkali
such as an alkali metal carbonate may be added
to the non-aqueous dye composition or to the
dye bath,

While the invention is susceptible to consider-
able-variation and modification in the manner of
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ifé“practical applibation, the following examples,
in which the parts are by weight, will serve to il-
lustrate how it may be practiced.

Example 1

An insoluble iron derivative of leuco 4:4"-di-
methyl«6:6’-dichloro thioindigo may be prepared
as follows: : .

Heat together 12 parts of 4:4’-dimethyl-6:6'-
dichloro. thicindigo, 2000 parts of water and 15
parts of a 40% sodium hydroxide solution to 90°
C:, and then add 13 parts of sodium hydrosulfite.
When the pink color has completely gone, add 10
paits of concentrated hydrochloric acid to the
solution, followed by a solution of 15 parts of
FeCle.4H20 in 200 parts of water. Filter, wash
and dry the heavy precipitate which forms. This
may then be ground into a powder and separate-
Iy mixed with sodium carbonate, potassium car-
bonate, and with trisodium phosphate in propor-
tions chemically equivalent to the amount re-
quired to form the ferrous carbonate or phos-
phate by double decomposition. '

Similar powders may be prepared with the ad-

5 dition of 1% to 10% of dextrine and/or a sodium

salt of a naphthalene-sulfonic acid-formaldehyde
condensation product in amount corresponding to
about 1% to 10% by weight of the leuco vat dye.

Dye baths may be prepared by adding powders
of the type above described in: amounts sufficient
to produce baths containing 9.05% dye. Cotton,
wool, silk and cellulose acetate fabrics may be
dyed a pink shade of excellent fastness by pass-
ing them through said baths and then oxidizing

5 in the usual manner.

Example 11

. Heat together 100 parts of 2:1:2’:1’-naphthio-
indigo (21.59% paste), 2000 parts of water and 15
parts of 40% sodium hydroxide solution to 80°
C. and add 15 parts of sodium hydrosulfite. When
vatting is complete, add hydrochloric acid until
turbidity first occurs, and to this solution add 20
parts of FeCla.4H20 in 200 parts of water. A gray
precipitate forms at once and may be filtered,
dried and ground.

The iron leuco derivative thus obtained may be
made up into dye powders by intimately mixing
therewith (1) two molecular proportions of po-
tassium carbonate per mole of metal leuco de-
rivative; (2) two molecular proportions of sodium
carbonate per mole of metal leuco derivative;
or (3) two-thirds molecular proportion of tri-
sodium phosphate per mole of metal leuco de~

 rivative. :

The dye powders thus prepaired may be made

" up into dye baths by.adding them to 400 parts

60
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of water. -Cotton, wool and silk fabrics may be
dyed by passing through the baths and subse-
quently oxidizing in the usual manner. .

Ezample I1I

Tieat 1o the boil 17 parts .(or 100 parts 17 %
paste) . of 3:3’-dichloro-N-dihydro-1:2:2:1"-
anthraquinone agine, 200 parts of water.and 15
parts of 40% ’sodium hydroxide solution, and
add 15 parts of sodium hydrosulfite. After vat-
ting is complete, add 9.6 parts of ‘concentrated
hydrochloric acid followed by, 15 parts of cal-
cium chloride dissolved in 200 parts of water.

‘Filter the precipitate which forms and wash with

water. ) :

Mix all of this’ precipitate with 3 parts of a
30 solution of the sodium salt of a naphthalene-"
sulfonic acid-formaldehyde condensation product

2,085,145

and 18 parts of dextrine dissolved in 50 parts of
hot water. After thoroughly mizing, dry the
mixture at atmospheric or reduced pressures and
at temperatures up to 100° C. The resultant
dried mixture may then be ground and intimate-
ly mixed with the following salts .in the pro-
portions given:

. Parts of

1) Dry dye mixture.o————commmmecmmmmem- 36
Sodium sulfate_co - 74

(2) Dry dye mixture ool 36
Sodium fluoride. e e 74

(3) Dry dye mixture . o memmeemm 36
Sodium oxalate oo 74

(4) Dry dye mixture_ oo 36
A sodium phosphate oo 4

(5) Dry dye mixture .- -meoceemoamm- 36.
Sodium carbonate - a-ceemmcmemmeeemm e 74

(6) Dry dye mixture__ oo 36
Sodium bicarbonate oo cmeemmemmem 74

(7) Dry dye mixture oo mmeme e 36
Sodium sulfate. oo 36
Sodium carbonate. .- e 28

Alternatively, the proportions may be 36 parts
of dry dye mixture, 50 parts of sugar and 24
parts of inorganic salt. All of the above make
a 179, powder. ' :

Dye baths may be prepared by adding 1 to 5
parts of any one of the above dye powders to 400
parts of water.
dyed. a blue shade from such baths.

Example IV
" Heat together 70 parts of 4:4’-dimethyl-6:6-

Cotton, wool and silk may be-

[>2]
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dichloro thioindigo (18% paste) and 2000 parts .

of water to 90° C., and add 15 parts of 40% NaOH
followed by 15 parts of sodium hydrosulfite. To
the clear vat add 15 parts of dextrine and then
just enough acid to neutralize the excess alkali.
Cool this sclution to 30° C. and add 15 parts of
manganese sulfate dissolved in 200 parts of wafer.
Filter the precipitate, wash as dry as possible and
then make up into dye powders by drying, grind-
ing and intimately mixing with the manganese
leuco derivative in suitable proportions salts

forming insoluble manganese compounds, as fol-

" lows:

o ) ~ Partsof

(1) Manganese leuco compound_ = -eoo 20
Sodium acetate . ereeemmm 80

(2) Manganese leuco compound- .o Zo—w-- 20
Ammoenium phosphate_ .o o cnmmen ' 80

(3) Manganese leuco compound. oo 20
Sodium carbonate o o-coemmeam—- ———— - 80

{4) Manganese leuco compound____._.o2_- 20
Potassium oxalate .o 80

(5) Manganese leuco compound._ .- 20
Sodium phosphate_ . e 80

Alternatively, the dye powder may be prepared

from 20 parts of the leuco compound, 60 parts of”

sugar and/or dextrine and 20 parts of the inor-

ganic salt. : - . R
Dye baths may be prepared by adding 1to5

parts of the above described dye powders to 400

“parts of water. . Materials may be dyed by pass-

ing them through said baths and oxidizing the
fabrics containing the solution of reduced vat
dye, for instance, by boiling ‘and soaping in the

presence of air. . .
’ Ezample V

Heat together 100 parts of 5:v7:-5’:7’-tetra-
bromo indigo (10% paste), 2000 parts of water

40
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and 15 parts of 40% aqueous sodium hydroxide
solution in. a nitrogen atmosphere to 90° C. and
then add 15 parts of sodium hydrosulfite. After
vatting is complete, add 9.6 parts of concen-
trated hydrochloric acid and then 20 parts of
FeCla.4H20 in 200 parts of water. The precipi-
tate of the iron leuco compound which formed
at once may be filtered, washed, dried and inti-
mately powdered with water-soluble salts as fol-
lows: )

Parts of

(1) Iron leuco derivative_____._____________ 12
Sodium carbodate_____________________ 88
(2) Iron leuco derivative. ___._____________ 12
“Sodium bicarbonate _.________________ 88
(3) Iron leuco derivative__________________ 12
Potassium carbonate__________________ 88

(4) Iron leuco derivative_.__.______________ 12
Trisodium phosphate__________________ 88

Alternatively, the dye powder may be prepared .

from 12 parts of the leuco derivative, 12 parts
of inorganic salt and 76 parts of sugar and/or
dextrine. .

Dye powders may also be prepared by includ-
ing with powders of the type above described
1% to 10% dextrine and/or the sodium salt of a
naphthalene-sulfonic acid-formaldehyde conden-
sation product. -

Dye baths may be prepared by adding 1 to 5
parts of any of the above dye powders to 400
parts of water. Cotton, wool and silk materials
may be dyed a blue shade from such baths.

Ezxample VI

Heat 100 parts of dimethoxy-dibenzanthrone
(20%. paste), 2000 parts of water and 15 parts
0f-40% aqueous sodium hydroxide solution to 90°
C., and add 15 parts of sodium hydrosuifite.
‘When vatting 'is complete, add 9.6 parts of con-
centrated hydrochloric acid followed by 20 parts
of FeCl24H:0 dissolved in 200 parts of water.
The precipitate of the iron leuco salt may be
filtered off, washed and dried.

Dyeé powders may be prepared by mixing to-
gether the iron leuco salt and the dimethoxy-
dibenzanthrone and at least the theoretical pro-
portions of an inorganic salt such as sodium car-
bonate, sodium bicarbonate, potassitin carbonate
and/or trisodium phosphate, to give the corre-
sponding iron carbonate or phosphate by double
decomposition.

Instead of the iron leuco salt, the chemical
equivalent proportions of the aluminum leuco
salt may be used in preparing vat dye powders
as above described.

- The aluminum leuco salt of the dimethoxy-
dibenizanthrone may be prepared as follows:

Heat together at 80° C. about 100 parts of
dimethoxy-dibenzanthrone . (10 paste), 2000
parts of water and 15 parts of 40% sodinum’ hy-
droxide solution. Then add 15 parts of sodium
hydrosulfite. When vatting is complete, treat

-the resultant mixture with 9.6 parts of concén-

trated hydrechloric acid and then a solution of
15 parts of aluminum chloride (AICL) in 200

", parts of water. . Filter the purple precipitate

and make it .up into a dye powder as before.
If desired, dextrine and/or sodium formalde-

hyde-naphthalene-sulfonate may be inecorporated -

into the resultant dye composition before or after
the addition of the inorganic salt in any suitable
manner, and preferably’ in proportions corre-
sponding to about 15 to 10 by weight of the
mixture.,

Example VII

The calcium salt of 6:6’-diethoxy thioindigo
may be prepared as follows: .

Heat together 12 parts of dry 6:6’-diethoxy
thioindigo, 2000 parts of water and 15 parts of &
40% sodium hydroxide solution at a temperature
of 80° C., and add 15 -parts of sodium hydro-
sulfite.” When vatting is complete, add hydro-
chloric acid until turbidity just begins to appear.
Then add a solution of 10 parts of calcium chlo- 10
ride in 100 parts of water and filter off the light
tan-colored caleium leuco- salt which precipi~
tates. ' ’

A dye powder may be prepared from this dry
leuco salt by mixing it with slightly in excess
of equi-molecular proportions of sodium sulfate,
and grinding. ’ :

In the preparation of powders useful for dye--
ing textile materials from dye baths, any one
of the following substances or a mixture there-
of may be incorporated in amounts varying from
about 0% to 88% by weight of the total mixture’
of calcium leuco salt and sodium sulfate: dexs-
trine, sodium salt of the condensation product
of formaldehyde with naphthalene-sulfonic acid,
and/or a mild inorganic base such as an alkali
metal carbonate. If the dye composition is to be
made up into a printing paste, substances such
as glveerin, diethylene glycol, small amounts of
alkali metal salts of anthraguinone-sulfonic acids
and/or carboxylic ‘acids together with a thick-
ener such as customarily employed in the print-
ing trade may be added.

The following composition is illustrative of a
suitable printing paste prepared by mixing to-
gether: g

15

30

Metal leuco derivative._._____________ 20
“Sodium sulfate.____.________________ " 20
Potash_____________________TTTTTTTTTTTTTC 10 40
Diethylene glycol.__.__.____________________ 10
Thickener-—.______________________- """ 49

The thickener may be prepared by mixing to-
gether 1 part of wheat starch, 3 parts of British 45
gum, 4 parts of water and 1 part of gum traga-
canth (6% solution), and boiling the mixture °
for 10 to 15 minutes. ]

The paste prepared as above described may be
brinted on a textile material from an engraved 50
metal roll, allowed. to dry, aged from one to five
minutes at about 214° F..to about 216° F.; and

. the material then oxidized, rinsed, soaped, re-

rinsed and dried. In this manner prints have
been obtained which were 10% stronger and no- 535
ticeably brighter than those obtained from 6:6’-
diethoxy thiocindigo per se when printed in the
normal manner with a reducing agent such as
sodium formaldehyde sulfoxylate. ’

In preparing-dye powders and printing pastes ¢o
cf the type above described, the neutral salt,

. sodium sulfzate, may be replaced by other neutral

salts which react with the calcium of the insol-
lble metal leuco derivative to form the corre- -
sponding insoluble caleium salt. The alkali metal 65
carbonate such as potash or sodium carbonate
is not essential but is desirable even in printing

.wool and silk. If desired, the neutral salt may

be replaced eatirely by the chemical equivalent
amounts of alkali metal carbonate, particularly - 7¢
when printing on materials which are not af-
fected by the alkali. In general, the proportions

of inorganic salts such as sodiiim .sulfate and
sodium carbonate. vary rather widely as long as
the total amount of inorganic salt present is -




4 .
sufficient to react with the calcium of the leuco
derivative. .

Other substances may be employed instead of
diethylene glycol, as, for instance, glycerin and

cther polyhydric alcohols or ether alcohols which .-

are similarly employed in printing the dyestuffs
per se. Printing assistants such as small amounts

(say, 0.5% to 5.0%) of iron salts, for example,
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FeCla.4H:0, and salts of organic acids such as
the alkali metal salts of anthraguinone suifonic
and carboxylic acids may likewise be incorporated
into the printing paste. ' :

Ezample VIII

Dye powdei"s and pastes may be prepared as in
Example VII except that 15 parts of barium chlo-

ride (BaClz) are substituted for the 10 parts of .

calcium chloride. The resultant leuco derivative

is the barium salt of .6:6’-diethoxy thicindigo.

Prints with this salt are approximately equal in

strength to those obtained from the original 6:6’-

diethoxy thioindigo. -
Example IX

In a manner similar to that described in Exam-
ple VII the manganese salt of 6:6’-diethoxy
thioindigo may: be prepared by substituting 15
parts of manganese sulfate .for the calcium chio-
ride. Prints with this salt were close to those
obtained from the original 6:6’-diethoxy thio-
indigo. L

Example X

The magnesium salt of 6:6’-diethoxy thioin-
digo may be prepared by substituting 15 narts of

magnesium chloride {(MgCl2.6H20) for the cal-
cium chloride of Example VII. The methods of
preparing dye powders and printing pastes are
similar to those given in Example VII.. Prints
may be obtained with this salt which are 10%

stronger than those from the original 6:6'-di- -

ethoxy thioindigo.
Example XTI

By substituting 15 parts of aluminum chloride
(AICIz) for the 10 parts of calcium chloride in
Example VII, the aluminum leuco derivative of
6:6’-diethoxy thioindigo may be prepared. Suit-
able dye compositions may be prepared from this
‘derivative as described in Example VIL

Example XII

The cobalt leuco derivative of 6:6’-diethoxy
thioindigo may be prepared by carrying out Ex-
ample VII with the substitution of 15 parts of
-cobalt chidride for the 10 parts of calcium chlo-
ride. Dye powders and printing pastes may be

prepared from the cobalt derivative as described

~in Example VII.

.60

65

Example  XIII

The calcium salt of 6-6’-diethoxy thioindigo
was prepared by heating together 12 parts of 6:6'-
diethoxy thicindigo, 2000 parts of water and 15
parts of 40% NaOH to 2 temperature of about
80° C. Fifteen (15) parts of sodium hydrosulfite

were then added. - When vatting was complete,

hydrochloric acid was added until the mixture

. became.turbid. Then 10 parts of calcium chloride

70

in 100 parts of water were added, and the light ‘

tan-colored calcium leuco salt filtered off and
washed with cold water to remove inorganic salts.
To the resultant paste 14 parts of dextrine were
added and a slurry was made by mixing with a
rapid mixer. Usually, the addition of the dex-
{rine causes the wet cake to thin out, but a small

2,085,145

amount of 30% sodium forrnaidehyde-naphthae
lene sulfonate may be added. When a smooth
slurry is obtained, it may be driéd in a vacuum

oven.or on a drum drier. The material thus oh--

tained contains 50% color and may be diluted to
standard strength (11%) by making any of the
following compositions:

These mixtures are converted to powders by
some ordinary form of pulverizing and mixing
such as ball milling, rod milling, etc. These pow-
ders are then suitable for printing.

Example XIV

may be made up into printing pastes of the usual
type containing gums, starches, potassium carbon-
ate-and sodium formaldehyde sulfoxylate. How-
ever, it has been found that excellent prints re-
sult when pastes containing greatly reduced quan-
tities of sulfoxylate are used. Inasmuch as the
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. Parts of
(A) 509 calcium salt of 6:6’-diethoxy leuco
thioindigo - - e ————m
Anthraguinone-2-sodium sulfonate---_- 1
Sugar .-~ S | |
100
. Parts of
(B) 50% calcium salt of 6:6’-diethoxy leuco
thicindigo. e e e
Silver salt (anthraquinone-beta-sodium
sulfonate) .- R e 1
Sodium sulfate (anhydrous)i—.——-——-- 10
SUZAT e e ccmmm e 50
Dextrine .o ey 17
100
) . Partsof
(C) 509 calcium salt of 6:6’-diethoxy leuco
thioindig0 - v 22
Anthraquinone-beta-sodium sulfonate. - 1
‘Sodium carbonate (anhydrous) .- e 10
SUZAT e —— 50
Tetra-hydronaphthalene-sodium sulfo-
NAte e 17
100
) : . Parts of
(D) 50% calcium salt of 6:6’-diethoxy leuco
thioindig0 — e
Anthraquinone-beta-sodium sulfonate_ - 1
" Isopropyl sulfate sodium salt- - 25
SUEAL e m 52
100
Parts of
(E) 509 calcium salt of 6:6’-diethoxy leuco
) thioindigo - — oo m———imm - 22
Anthraquinone-2:6-disulfonic acid___. 1
Sodium benzene sulfonate - .—----- 50
SULAY cmmee e mdm m D m e = 27
100
) ) . Parts of
(F) 509% calcium salt of 6:6’-diethoxy leuco
~thioindig0 - 22
Anthraquinone 2:6-disulfonic acid_..- 1
¢ Isobutyl sulfate (Na salt) _.__.————-2- 50
SULAT e mmm e 27
100

Powders prepared as described in Example XIIT
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dye in these powders is already reduced; i; is
probable the only function of sulfoxylate is to pre-
vent oxidation when the alkali metal salt of the

~leuco is formed.
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, derivatives

A typical printing paste is as follows:
o ’ , Parts of
One of the above printing powders__________ 20
Aprinting gum__.________________________ 80
100

The above printing gum may be made by any of
the following formulae or any other standard
formuila.

K-10-Na-1 printing gum

800 parts of S. B. G. thickener
Heat to 180° F. and dissolve
100 parts of potassium carbonate
Cool to 140° F., add
61 parts water .
29 parts sodium hydroxide (flakes)
. 10 parts glycerin
Stir until smooth.

K-4-2 printing gum

800 parts of S. B. G. thickener

-~ Heat to 180° P. and dissolve
- 40 parts of potassium carbonate

Cool to 140° PF. and add

130 parts of water

20 parts of sodium sulfoxite

10 parts of glycerin

Stir until smooth.

K-8-6 printing gum

800 parts of S. B. G. thickener

Heat to 180° F,, then dissolve

80 parts of potassium carbonate
Cool to 140° F., then add

50 parts of water

60 parts of sodium sulfoxite

10 parts of glycerin

Stir until smooth.

The 8. B. G. thickener used in making up the

above printing gums i$ made as follows:
Parts of

Wheat starch____________________________ 100
British gum __.____________ e 300
Water - ___ S 550
Glyeerin __.______________ o ____ 50

These are mixed and boiled ten minutes.

In a similar manner, water-insoluble metal
leuco derivatives of other vat dyestuffs may be -

prepared and made up into marketable dye com-
positions in accordance with the present inven-
tion. Further examples of dyes which may be

‘treated in this manner are 2-indol-3-indolindigo

and derivatives thereof, 3:3’-bis-indolindigo and
thereof, 2-thionaphthene-2-indol-
indigo and derivatives thereof, 2-thionaphthene-
3-indolindigo and derivatives thereof, 2-indol-
acenaphthene-indolindigo and derivatives there-
of, 2-thionaphthene-acenaphthene-indigo and its

“derivatives, - quinone-indolindigos and quinone-

thionaphthene-indigos and their derivatives.

| The preferred dyes which are converted to
water-insoluble metal leuco derivatives and made
up into'dye compositions in accordance with the
invention aré the thicindigoid dyes in which the
6-position is occupied by a substituent group as,
for instance, 6:6’-diethoxy thicindigo, 4:4’-di-
methyl-6:6’-dichlore thioindigo, and 6:6’-di-
chlorothioindigo. Within this preferred class

5

of dyes, moreover, the metal leuco salts of metals -

of Group IIg of thé Periodic System, particularly
calcium and magnesium, are preferred because it
has been found that these metal salts of this par-
ticular class of dyes give improved results in
printing. . ‘

In the preparation of the dye powders by mix-
ing the water-insolube metal letico salts and the
inorganic salt, or salts, it will be recognized that
the choice of inorganic salt will depend upon the
particular metal of the metal leuco derivative and
the choice is always made so that the inorganic
salt is one which will react with the metal leuco
derivative by double decomposition to form a
more insoluble inorganic salt with the metal of
the metal leuco derivative. Ordinarily, the in-
organic salt which is mixed with the metal leuco
derivative is an alkali metal salt, because this type
of salt has the advantage of being soluble and
therefore will react immediately by double decom-
position as soon as the dye powder is added to
water. -

The proportions of metal leuco compound and
inorganic salt are not particularly important as
long as a sufficient amount of the inorganic salt

-is present to react by double decomposition with

all of the metal leuco compound.

As indicated by the examples, auxiliary agents
such as dextrine, alkali metal salts of formalde-
hyde condensation products of sulfonie acid de-
rivatives of naphthalene .and other  materials
having similar characteristics may be incorpo-
rated into the dye powder. In general, the aux-
iliary agents may include wetting agents, dispers-
ing agents, protective colloids and similar mate-
rizls of a type which are well known in the art.
Where the salt which is employed to react with
the metal leuco derivative is a neutral salt, a
mildly alkaline reacting salt may also ‘be added,
as, for instance, mixtures of alkali metal sul-
fates and alkali metal carbonates when the metal
leuco derivative is that of an alkaline earth metal
or other metal which forms insoluble sulfates
and carbonates. A

If the mixture of water-insoluble metal leuco
derivative and inorganic salt is to be made up into
a printing paste, printing assistants such as an-
thraquinone-sulfonic acids, anthraquinone-car-
boxylic acids, salts thereof, and/or small amounts

of inorganic iron salts may be added. Substances

such as glycerin, diethylene glycol and thicken-
ing agents may also be employed. Reducing
agents such as sodium formaldehyde-sulfoxylate
are not essential but may be added if desired.
The invention is advantageous in that it pro-

" vides a new type of vat dye powder which is gen-

erally useful in dyeing with vat dyes and, in some
cases, produces unusually good results when made
up into printing pastes and used in printing. One
advantage of the invention is that it enables the
printing and dyeing of vat dyes without the use of
reducing agents. It is particularly advantageous
in dyeing and printing wool and silk fabrics be-
cause strong alkalis such as sodium hydroxide are
not required to reduce the dye to its soluble form.
In printing wool and silk, this is an important
factor because such fibers, and animal fibers gen-
erally, are acted upon by strong alkalis and ordi-
narily very careful control of the alkali must be
maintained if these materials are to be dyed with
vat dyes. By enabling the printing to bé carried
out without a reducing agent, the invention is of
value in printing vat dyes in the same pattern
with some types of azo dyes. Thus, water-solu-
ble diazoimino compounds when printed in the
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same pattern with vat dyes and sodium formalde-
hyde sulfoxylate according to the usual methods
are adversely affected by the formaldehyde va-
pors given off in the ager. The present invention
avoids this disadvantage. '

So much of this application as relates specifi-
cally to printing pastes and a process of printing
certain of the preferred metal leuco derivatives
herein described is claimed in a co-pending ap-
plication, Serial No. 35,400 filed of even date here-
with.

'As many apparently widely different embodi-

ments of this invention may be made without de- -

parting from the spirit and scope thereof, it is
to be understood that we do not limit ourselves to
the specific embodiments thereof except as set
forth in the appended claims. ‘

We claim: )

1. A non-agqueous dye composition comprising
an intimate mixture of a water-insoluble metal

 leuco derivative of a vat dye and a water-soluble
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metal salt which yields an anion and which forms
2 salt with the metal of the said leuco derivative
by double decomp_ositio,n in the presence of water
which is -more insoluble than the metal léuco
derivative. )

2. The composition of claim 1'in which the
water-soluble metal salt is a neutral salt:

3. A vat dye powder comprising an intimate

mixture of a water-insoluble metal leuco deriva-
tive of a vat dye and a water-soluble metal salt
which yields an anion and which forms a salt with
the metal of the said leuco derivative by double
decomposition in the presence of water which is

more insoluble than the metal leuco derivative,

. said water-soluble metal salt being present in at
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least the theoretical proportions required for said
double decomposition. : ) _

4. The composition of claim 3 which contains
dextrine. . :

5. The composition of claim 3 which contains
an alkali metal salt of a condensation product of
a naphthalene-sulfonic acid with formaldehyde.

6. A non-aqueous vat dye composition compris-
ing an intimate mixture of an alkaline earth
metal leuco derivative of a vat dye and an alkali
metal sulfate. .

7. A composition, according to claim 6 which
also contains an alkali metal carbonate.

8. A non-aqueous vat dye composition compris-
ing a metal leuco derivative of a metal of Group.
IIa¢ of the Periodic System and a thioindigoid
dye containing in the 6-position of its aromatic
nucleus a radical selected from the ‘group con-

2,085,145

sisting” of halogen and alkoxy, and a water-
soluble metal salt which yields an anion and which
forms a salt with the metal of the said leuco de-
rivative by double decomposition in the presence
of water whiech is more insoluble than the metal
leuco derivative, said water-soluble metal salt be-
inig present in at least the theoretical proportions
required for said double decomposition.

9. A vat dye powder comprising an intimate

_ mixture of the calcium leuco salt of 6:6’-diethoxy

thioindigo and at least the theoretical propor-
tions of an alkali metal sulfate required to form
the alkaline earth metal sulfate by double decom-
position with the leuco derivative. :

10. In a process of coloring textile materials
with vat dyes, the step which comprises prepar-
ing a dye bath by adding a water-insoluble metal
leuco derivative of a vat dye and a water-soluble
metal salt which yields in agueous solutions an
anion and which forms g salt with the metal of
the said leuco derivative which is more insoluble

" than said metal leuco derivative to water whereby
‘double decomposition occurs to form a water-

soluble metal leuco derivative of a vat dye and a
water-insoluble metal salt. .

11. The process of claim 10 in which the water-
soluble metal salt is a neutral salt.
~ 12. The process of claim 10 in which the water-
soluble salt is a mixture of a neutral salt and a
mildly alkaline reacting inorganic salt, each of
which yields in aqueous solution an anion -which
forms a more insoluble salt with the metal of the
metal leuco derivative than said metal leuco de-
rivative. ’ .

13. In a process of coloring wool, silk and fibers
of animal origin, the step which comprises bring-
ing together a water-insoluble metal leuco de-
rivative of a vat dye and a neutral water-soluble

metal salt vielding in aqueous solution an anion.

which forms a more insoluble salt with the metal
of said leuco derivative by double decomposition
than said metal leuco derivative, and water,
whereby said double decomposition occurs, and
treating the animal fiber with the resultant mix-
ture. . :

14. The process of claim 13 in which a mildly
alkaline reacting inorganic salt is alsopresent.

15. The process of claim 13 in which the metal
leuco derivative is an aikaline earth metal leuco
derivative of 6:6’-diethoxy thioindigo, and the
neuitral salt is an alkali metal sulfate.

PAUL W. CARLETON.
ARTHUR L. FOX.
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