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This invention relates to the art of dyeing and 
to dyeing compositions and their application to 
textile fibers. It relates especially to a new class 
of assistants for the dyeing of textile fibers and 
especially those of the vegetable type such as cot 
ton, regenerated cellulose and the like, with wat 
dyes by a process in which a leuco compound of 
a vat dye is formed by the reduction of a vat 
dye in the presence of the fiber to be dyed, as 
for example a printing process or a pad-jig dye 
ing process. 
As is well known, vat dyes are solid substances 

which are insoluble in water. In order to ren 
der them useful in the dyeing of textile fibers 
they are converted to a water soluble form, in 
which form they are taken up by the fiber, and 
then the fiber is subjected to an oxidizing, or fix 
ing treatment whereby the vat dyestuff is again 
rendered insoluble. One general method of ap 
plication of vat dyes to the dyeing of textile 
fibers involves application of the dye in the un 
reduced form to the material to be dyed, sub 
jecting the resulting material to a reducing 
treatment whereby the dye is converted to the 
Soluble form in the presence of the fiber and is 
taken up by the fiber, and then subjecting it to 
oxidation and/or other finishing treatments to fix 
the dye on the fiber and complete the finishing of 
the material. In dyeing with vat dyes by this 
general method one of two procedures is usually 
followed, it depending upon whether the textile 
material is to be dyed a uniform or so-called 
'solid' color, or is to be dyed in accordance with 
a pattern or design in one or more colors. If 
the material is to be dyed a solid color, the so 
called "pigment padding' or 'pad-jig' process 
may be employed. If the material is to be dyed 
in accordance with a pattern or design, the so 
called "printing' process is generally utilized. 
The pad-jig process of dyeing with vat dyes. 

generally involves passing the textile material 
to be dyed through an aqueous suspension or so 
called "padding' bath containing the unreduced 
vat dye in finely divided form suspended in a 
Suitable suspension medium (such as water, 
which may or may not also contain a gum or 
thickener and other substances, such as an as 
sistant, sodium sulfide, disodium phosphate, etc.) 
whereby the fiber mechanically picks up the par 
ticles of insoluble dye; subsequently, working the 
textile material, having the particles of dye me 
chanically attached thereto, in a reducing bath 
whereby the dye is reduced to the soluble form 
and is taken up (absorbed and/or adsorbed) by 
the fiber; and finally subjecting the material to 

(C. 8-5) 
oxidation and finishing treatments to reconvert 
the dye to the insoluble form and fix it on the 
fiber, and further complete the finishing of the 
material. 
The printing process of dyeing textile fabrics is 

generally involves applying a so-called "print 
ing' paste to the fabric in the form of a design 
(for example by means of a Screen, a stencil or 
an engraved roll), and then Subjecting the 
printed fabric to further treatment to fix the 
dye. In general, vat dye printing pastes con 
tain, in addition to the unreduced vat dye, Sub 
stances which in themselves do not reduce the 
vat dye under the conditions of the printing 
operation but which in the subsequent operations 
(such as application of heat and/or steam) re 
act with the dye to reconvert it to the soluble 
form (such as sodium formaldehyde-sulfoxylate 
and potassium carbonate), other Substances or 
assistants which promote the reduction of the 
dye and/or absorption of the reduced compound 
by the fiber, and suitable guns or thickeners. 
In some cases, as in printing with difficulty re 
ducible vat dyes, the vat dye in the printing 
paste is subjected to a preliminary partial reduc 
tion before applying the printing paste to the 
fabric. The fixing treatment usually comprises 
Subjecting the printed fabric to a short treat 
ment with wet steam while excluding air (so 
called "steaming' or 'aging') whereby the wat 
dye is reduced (for example, by the action of the 
sodium-formaldehyde-sulfoxylate and potassium 
carbonate), or its reduction is rendered more 
complete, artd the reduced dye is taken up by 
the fiber, and then subjecting the fabric to oxi 
dizing, Washing and other finishing treatments. 
Wat dyes, when applied to fabrics by a padding 

process or when printed on fabrics with the aid 
of alkalies, as for example alkali metal carbon 
ates or alkali metal bicarbonates, frequently 
fail to yield full color value. This may be at 
tributed to improper fixation of the dye on the 
fiber because of variable aging conditions or 
variable physical conditions of the vat dye pad 
.ding liquors or printing paste. 

Warious assistants heretofore have been pro 
posed with the object of improving the dyeings 
obtained with vat dyes by pad-jig and printing 
processes but they are all subject to various dis 
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2 
Soluble polyhydric alcohols have the objection 
that their assisting action is limited, and furthel 
the amount which can be employed in vat dye 
printing pastes without objectionable marking 
off of the dyestuff due to improper drying and 
high hygroscopicity. Low boiling monohydric 
alcohols are objectionable in vat printing pastes, 
inasmuch as they evaporate prior to the aging 
Step and even before application to the fiber, 
thus causing partial drying out of the paste and 
premature loss of assistant, resulting in uneven 
printS. A vat dye assistant, to be most effective, 
Should be present during the reducing or aging 
Step. The use of higher boiling monohydric 
alcohols has the objections that they are insuf 
ficiently soluble in water, and especially in print 
ing pastes, to yield good homogeneity, and they 
impair the good Working properties of vat dye 
stuff printing pastes. In general the assistants 
heretofore proposed further suffer from the fact 
that they produce little or no improvement in 
prints of light shades. 
The use of dispersing agents has also been 

proposed in the dyeing With vat dyes by the 
pad-jig process, but they are open to the ob 
jection that they act mainly during the padding 
Operation and do not assist in the absorption or 
adsorption of the leuco compound of the vat dye 
in the reducing or 'jigging' step. 
The present invention is based upon the dis 

COVery that the Soluble Salts of the acid reac 
tion products resulting from the interaction of 
a polyhydric alcohol containing less than 6 car 
bon atoms with one or more molecular propor 
tions of a polybasic inorganic acid or suitable de 
rivative thereof possess a combination of prop 
erties which render them of particular value for 
use as assistants in the dyeing of textile fibers, 
and especially those of the vegetable type, such 
as cotton, rayon (regenerated cellulose) and the 
like, by a process in which a leuco compound of 
a vat dye is formed by reduction in the presence 
of the fiber to be dyed, and especially by pad-jig 
and printing processes, as Well as in the prepara 
tion of printing pastes and padding liquors for 
dyeing textile fibers with vat dyes. Thus the 
Soluble salts of the acid reaction products of sul 
furic acid or chlorsulfonic acid upon the ali 
phatic polyhydric alcohols which contain 5 or 
less carbon atoms, which products are considered 
to be acid alkyl sulfates corresponding with the 
formula HO3SOROX (in which R, is a hydro 
Carbon radical containing not more than 5 car 
bon atomis and X is Hor SO3H), as well as others 
of the hereinafter described ester salts, have the 
faculty of rapidly entering into solution in water 
and other aqueous Suspension media usually em 
ployed in dyeing with vat dyes. They further 
more have no tendency to cause the pastes to 
foam or lather. In addition they act as assist 
ants in the absorption or adsorption of the re 
duced compounds of the vat dyes by the fiber, 
and in the penetration of woven fabric by the re 
duced compounds of the vat dyes during the 
developing, steaming or aging operations. 
While most of the known vat dye printing as 

sistants exert a very definite action, for example 
catalytic, dissolving, or enolyzing, on the vat dye, 
the ester salts of the present invention appar 
ently act on both the vat dye and the fiber itself, 
Causing more effective absorption of the leuco 
Compound of the dyestuff and greatly increasing 
the printing strength of printing pastes. 
Although I do not wish to be limited to any 

theory of reaction involved in using the assist 

2,067,928 
ants of the present invention, it is possible that 
the alkyl sulfates referred to are partially Sa 
ponified by the alkaline reagents present in the 
printing paste so that during the aging operation 
these materials are slowly acted upon to liberate 
the corresponding polyhydric alcohol, and that 
therefore the alkyl sulfates behave not only as 
Sulfates but as polyhydric alcohols, serving to 
more effectively dissolve or disperse the leuco 
form of the vat dyestuff. This is further borne 
out by the fact that other materials which are 
capable of Saponification to produce free poly 
hydric alcohols, such as the acid alkyl phos 
phates, phosphites, borates and silicates, also 
yield improved results in pad-jig dyeing and 
printing With vat dyes. 
The alkyl ester salts employed in accordance 

With the present invention comprise especially 
the Soluble salts of the acid alkyl esters herein 
described, e. g., those resulting from the con 
bination of any suitable metal or base, including 
the organic bases, with the said acid alkyl esters. 
It is particularly advantageous, however, to use 
the alkali metal Salts of the acid alkyl Sulfates 
and phosphates, or the Saits formed by the inter 
action of the acid alkyl Sulfates or phosphates 
with aliphatic or aromatic amines, for example, 
the alkylol amines. Thus the potassium and 
Sodium Salts of the said acid alkyl esters, or the 
salts of the acid alkyl esters with diethanol 
amine, triethanolamine, pyridine, or other salt 
forming ammonium base, may be used. The 
sodium salts, in view of their extremely high 
Solubility in Water and alkaline printing pastes 
(which permits their incorporation into such 
printing pastes in almost any desired amount), 
are of especial value. 
The said salts of alkyl esters employed in 

accordance with the present invention may be 
prepared in any manner Well known to the art; 
as for example, by the treatment of the corre 
sponding polyhydric alcohol in the presence or 
absence of a solvent or diluent, With a Suitable 
inorganic reagent (such as phosphorus chloride 
or oxychloride, concentrated sulfuric acid and/or 
chlorSulfonic acid, etc.), and neutralization of 
the resulting acid alkyl ester with an inorganic 
or organic base which forms a readily soluble 
Salt with said acid alkyl ester. It may be noted 
that the Salts of alkyl mono- and di-Sulfuric acids 
resulting from the use of Sulfuric acid or chlor 
Sulfonic acid may contain varying amounts of 
Salts of Sulfonic acids which are sometimes pro 
duced due to Secondary reactions; the presence 
of Such sulfonic acid salts, however, does not 
impair the usefulness of the said salts of alkyl 
Sulfuric acids in accordance with the present 
invention. 
As illustrating acid alkyl esters, the Soluble 

Salts of which may be employed in accordance 
with the present invention, there may be men 
tioned the various acid alkyl esters which are 
derivatives of polyhydric alcohols containing not 
more than 5 carbon atoms; as for example, the 
monohydroxyalkyl Sulfuric, boric and phosphoric 
acids containing not more than 5 carbon atoms 
(derived from glycerin or various glycols con 
taining 5 or less carbon atoms); the monoalkyl, 
and monohydroxyalkyl, disulfuric and diphos 
phoric acids containing not more than 5 carbon 
atoms; the dialkyl, di (hydroxyalkyl), and hy 
droxy alkyl-alkyl phosphoric and boric acids 
containing not more than 5 carbon atoms in the 
alkyl groups; etc. (Such as, ethylene glycol mono 
Sulfuric acid, ethylene glycol disulfuric acid, eth 
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2,087,928 
ylene glycol diphosphoric acid, glycerine disul 
furic acid, glycerine mono-phosphoric acid, di 
glycerin boric acid, etc.). 

It is to be noted, in the case of acid alkyl 
esters which are derivatives of polybasic acids 
containing 3 or more replaceable hydrogen atoms 
in which more than one of said hydrogen atoms 
have been replaced by organic radicals, the said 
organic radicals may be the same or different. 

Mixtures of salts of the said acid alkyl esters 
also may be employed in accordance with the 
present invention. For example, the salts of suit 
able inorganic or organic bases with the mixtures 
of acid alkyl esters resulting from the sulfonation 
of the mixture of glycols obtained from mixed 
olefinic hydrocarbons formed in the production 
of gasoline by the so-called "cracking' process 
of petroleum distillation, 
The percentage of assistant of the present 

invention that may be employed is not critical 
and improved results are obtained with even as 
little as per cent or 2 per cent (based on the 
total weight of the printing paste or padding 
liquor). 
The advantageous action of the said salts of 

the acid alkyl esters may be secured in a number 
of ways. Thus the said alkyl ester salts may be 
incorporated into the usual printing pastes or 
padding liquors. The said alkyl ester salts are 
in general crystalline products and hence may 
be added directly to the printing paste or pad 
ding liquor to cause the desired effect. Further, 
the advantageous action may be secured by sub 
jecting the cloth to be dyed or printed to a pre 
liminary treatment with the solution of the said 
alkyl ester salt, as for example, impregnation. 
In copending application Serial No. 673,031, filed 
May 26, 1933, vat dye compositions in the form 
of powders are described containing vat dyestuffs 
and alkyl ester salts of the type herein disclosed. 
Such compositions, in view of their content of 
said alkyl ester salts, may be employed in accord 
ance with the present invention merely by mixing 
them with the usual thickener, alkali (potassium 
carbonate), reducing agent (sodium formalde 
hyde sulfoxylate), water and/or other usual in 
gredients of printing pastes, and employing them 
for printing in the Ordinary manner. 
The acid alkyl esters may also be employed as 

such in preparing printing pastes and padding 
liquors containing alkali inasmuch as the salts 
of said acid alkyl esters will be formed in the 
resulting compositions and there exert their ad 
vantageous action. 

In dyeing by the printing process the printing 
paste may contain printing catalysts or "boost 
ers', reduction accelerators, hydrotropic and/or 
enolyzing substances, and the like. 
The presence of enolyzing Substances in Wat 

dye printing pastes prepared in accordance with 
the present invention is of particular advantage 
in connection with vat dyes of the indigoid and 
thioindigold series, inasmuch as they tend to 
minimize or prevent isomerization of the reduced 
vat dye to the keto form. s 

If desired, foam-breaking or foam-preventing 
agents may also be included in the compositions 
of the present invention in connection with vat 
dyes which have a tendency to produce foaming. 

It is to be noted that under the term "hydro 
tropic substances' are to be understood not only 
the substances specifically enumerated by Neu 
berg and Tamba (compare Carl Neuberg, Bio 
chemische Zeitschrift, vol. 76, 1916, page 107 f, 

3 
and Tamba, Biochemische Zeitshrift, Vol. 145, 
1924, page 415; Carl Neuberg, Sitzungsberichte 
der Koengl. Preussischen Akademie der Wissen 
schaften, 1916, page 1034), but all of those sub 
stances, which comply with the definition of the 
word "hydrotropic' as given by Neuberg. As ex 
amples of such substances the following may be 
mentioned: urea, substituted ureas, thiourea, 
hexamethylene tetramine, the potassium salt of 
ethyl sulfonic acid, potassium or sodium iso 
valerate, the alkali metal salts of the following 
acids: isobutyric acid, phenylacetic acid, benzoic 
acid, o-toluene-carboxylic acid, Salicyclic acid, 
the benzene sulfonic acids, p-toluene Sulfonic 
acid, the benzene sulphinic acids, 1.4-toluene sul 
phinic acid, naphthalene sulfonic acids, anilihe 
sulfonic acids and substitution products thereof, 
naphthylamine sulfonic acids (as for example, 
1-amino naphthalene-3.6.8-trisulfonic acid), 
picolinic acid, hydro aromatic carboxylic or Sul 
fonic acids, and the like. It will be further noted 
that substances which are not, strictly speaking, 
hydrotropic substances but which possess enolyz 
ing properties are included, as for example, 1 
naphthalene sulfonic acid (sodium Salt). 
The invention may be employed in connection 

with vat dyes of all types including those derived 
from anthraquinone, indophenols, various in 
digoid, thioindigoid and indirubin COmpounds, 
etc.; as for example, indanthrones, pyranthrones, 
flavanthrones, dibenzanthrones, isodibenzan 
thrones, perylene quinones, anthanthrones, di 
benzpyrene quinones, anthrimidocarbazols, naph 
thacridones, indigo, thioindigo, indirubin, etc., 
including derivatives thereof, such as their halo 
gen, nitro, sulfur, and/or alkoxy derivatives. The 
term “vat dye compound' is intended to cover 
specifically the vat dye in the insoluble form and 
in the form of the free leuco compound or a solu 
ble metal (or organic ammonium base) salt 
thereof (in the presence of alkaline compounds). 
Ordinarily a vat dye printing paste contains the 
vat dye in the insoluble form. It may also con 
tain the vat dye in the leuco form either alone or 
in addition to the vat dye, as when the vat dye 
is prereduced. 

Examples of vat dyestuffs with which the pres 
ent invention may be employed are such indigoid 
and thioindigoid dyestuffs as the following: 

National Wat Orange R--------------------- Color Index No. 1217 
National Wat Red Violet RH--- Color Index No. 
5,5-dichlor-7,7' dibrom Indigo.-- Color Index No. 
National Brilliant Indigo 4G--- Color Index No. 
National Brilliant Indigo B---- - Color Index No. 
National Brilliant Indigo 4B---------------- Color Index No. 
National Wat Scarlet G-------------------- Color Index No. 
National Wat Brown G (dinaphthylthio 
indigo)--------------------- - - - - - - - - - - - 

National Wat Violet R-- 
National Wat Green G--------------------- 
National Wat Pink (6,6' dichlor-4,4 di methyl-2,2'-bis-thio-naphthen-Indigo)...... ------------------- 
National Wat Pink BC. Color Index No. 210 
National Wat Yellow G. - Color Index No. 1196 
National Wat Yellow R-------------------- Color Index No. 170 
And such anthraquinone vat dyes as the 

following: 
National Carbanthrene Blue RS------ 

Color inder No. 

Color Index No. 1106 
National Carbanthrene Blue 3G - Color Index No. 109 
National Carbanthrene Blue GCD-- - Color Index No. 1113 
National Carbanthrene Yellow G----------- Color Index No. 1118 
National Carbanthrene Golden Orange2RT. Color Index No. 1097 
National Carbanthrene Golden Orange G... Color Index No. 1096 
National Carbanthrene Blue Green FFB--- 9olor Index No. 1173 
National Carbanthrene Violet 2R-...-------. Color Index No. 1104 
National Carbanthrene Dark Blue DR-----. Color Index No. 1099 
National Carbanthrene Flavine GC--------- Color Index No. 1095 
National Carbanthrene Red Wiolet 2RNX. Color Index No. 161 
National Carbanthrene Brilliant Green supra 9olor Index No. 119 
National Carbanthrene Green B------------ Color Index No. 102 
National Carbanthrene Brown AR---------- Color Index No. 1151 
National Carbanthrene Olive R--- Color Index No. 1150 
National Carbanthrene Red BN. Color Index No. 1162 
National Carbanthrene Red AFF- Color Index. No. 133 
National Carbanthrene Black J.---- 
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Furthermore, mixtures of two or more vat dyes 

may be employed, for example when it is desired 
to produce compound shades such as scarlets, 
navy blues, blacks and browns. 
Other assistants may be used together with the 

assistants of the present invention, as their effec 
tiveness is not impaired by the use of any of the 
usual assistants; for example, suitable mono- or 
polyhydric alcohols (f. i., glycerine), hydroxy 
alkyl ethers, alkylol amines, etc. 
The invention is not restricted to any particu 

lar method of applying the vat dyes but includes 
the dyeing of piece goods (cotton, rayon, etc.) by 
the pad-jig process and the printing of piece 
goods by the various printing progesses (includ 
ing discharge printing and color discharge print 
ing as well as ordinary types of vat dye printing), 
in which various methods of applying the padding 
liquor or printing paste are employed. 
The alkyl ester Salts of the present invention 

yield especially beneficial results. Because of 
their non-volatility, there is no danger of their 
evaporation prior to the aging process; hence the 
unifornity of the vat dye printing pastes is re 
tained and a proper drying of the printed mate, 
rial is Secured. While formerly known assistants 
produce little or no improvement in prints of 
light shades, the compounds of the present in 
vention are especially distinguished by the notice 
able increase in printing strength obtainable by 
their use, even with very light shades. The alkyl 
ester SaltS. Of the present invention are particul 
larly valuable in pad-jig dyeing and printing of 
so-called "gray goods' (unbleached cotton fabrics, 
raW regenerated cellulose fabrics and the like) 
With vat dyes, inasmuch as the dyeings and prints 
obtained with the aid of such alkyl ester salts 
have exceedingiy high tinctorial value and ex 
cellent penetration as compared with dyeings and 
prints made in the absence of said alkyl ester 
SaltS. t 

The salts of the acid alkyl esters of the present 
invention are further of particular benefit in 
dyeing and printing with vat dye compositions 
Which contain heavy metal compounds as print 
ing catalysts or "boosters' or reduction accelera 
tors. It has heretofore been suggested to employ 
Compounds of heavy metals (and metalloids) 
which are capable of exhibiting more than one 
Valency, as for example, the salts (halides, sul 
fates, acetates, etc.), oxides or hydroxides of iron, 
copper, tin, zinc, titanium, chromium, nickel, 
nercury, arsenic, etc. for this purpose. Many 
compounds of this type do not exhibit, however, 
the desired catalytic or "boosting' action when 
employed in the usual printing pastes. 
Cordance With the present invention, Such heavy 
metal compounds are employed in conjunction 
With the acid alkyl esters herein described, 
whereby an effective catalytic reducing action on 
the vat dyes is secured. Thus, when the alkyl 
ester salts herein described are employed in con 
nection with heavy metal salts of said type ex 
hibiting catalytic or "boosting' action when 
present, for example, in proportions of about 0.05 
to about 3 per cent by weight of the vat dye print 
ing pastes, an increase in the catalytic or "boost 
ing' action of said heavy metal Salts is obtained. 
Further, when the hereindescribed acid alkyl 
esters are employed in conjunction with heavy 
metal compounds of the said type not exhibiting 
catalytic or "boosting' action in the usual wat 
dyestuff printing pastes, catalytic or 'boosting' 
action is secured. This combined advantageous 
effect may be secured by employing the said heavy 

In ac 

2,067,928 
metal compound in the presence of a soluble salt 
of an acid alkyl ester, for example one of those 
herein described, or by employing the heavy metal 
compound and acid alkyl ester in combination, 
as for example in the form of a Salt of the heavy 
metal with the acid alkyl ester. Of particular 
value in this connection are the salts and other 
compounds containing nickel, cobalt or man 
ganese. 
The following examples, in which the parts are 

by weight, will serve to illustrate the invention. 
TEXTILE PRINTING 

A standard starch-tragacanth thickener is pre 
pared by mixing together and boiling the follow 
ing ingredients, any loss of Water being replaced 
after boiling: 

Parts 
Cornstarch------------------------------- 1. 
British gum ------------------------------ 3 
5% tragacanth solution ------------------- 
Water ----------------------------------- 5 

Eacomple 1 

Part 1-A stock printing thickener is made up by 
mixing 

52 parts of the above standard starch-traga 
canth thickener 

15 parts of potassium carbonate (K2CO3), and 
10 parts of water 

and heating until the potassium carbonate is 
completely dissolved, bringing the resulting paste 
to a temperature of 160 F., and adding 

12 parts of sodium formaldehyde Sulfoxylate, 
and 

11 parts of water. 
Part 2.-- w 

20 parts of National Wat Orange R paste (con 
taining about 13% of dye Solids), 

70 parts of the stock printing thickener of 
Part 1, and 

10 parts of disodium (or dipotassium) glycol 
disulfate 

are thoroughly mixed to insure a paste of uniform 
composition. The resulting vat dye printing 
paste is printed, for example by means of an en 
graved roll, upon a cotton fabric, the printed 
fabric is dried, and then subjected to the aging 
action of air-free, saturated steam at 102° C. for 
3 to 5 minutes. After this aging treatment the 
fabric is rinsed in a stream of cold water and is 
then soaped at boiling temperature in the pres 
ence of air until the dye is fully developed. The 
resulting printed fabric exhibits full penetration 
and a strength of print 15 to 20 per cent greater 
than is obtained by the same printing method 
and printing paste but with the glycol disulfate 
salt omitted. 
The glycol disulfate salt may be prepared, for 

example, by adding 866 parts of chlorsulfonic acid 
to 232 parts of well-stirred ethylene glycol main 
tained at a temperature of about 15° to 30° C.; 
raising the temperature of the mixture to 45 to 
50° C. and maintaining said temperature until the 
sulfation is complete; then cooling the mixture 
to about 15° C. and adding it to a well-stirred 
solution of 400 parts of sodium carbonate (or 
523 parts of potassium carbonate) dissolved in 
1500 parts of water to which 1500 parts of ice 
have been added; and recovering the disodium. 
(or dipotassium) glycol disulfate in the form of a 
dry solid. 
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Prints of lighter shade may be obtained by 

using a printing thickener containing a consid 
erably lower percentage of potassium carbonate 
and Sodium formaldehyde Sulfoxylate, for exami 
ple by reducing the amounts of potassium car 
bonate and sodium formaldehyde sulfoxylate in 
the thickener of this example to about 7% potas 
sium carbonate and 5% sodium formaldehyde 
Sulfoxylate. 

Eacample 2 

20 parts of National Wat Pink FF paste (con 
taining 15% of dye Solids), 

68 parts of the stock printing thickener of Ex 
ample 1, Part 1, and 

12 parts of disodium glycerine monophosphate 
are intimately mixed to form a uniform printing 
paste. When printed and developed as in Ex 
ample 1, the resulting prints are brighter and 
20% stronger than those obtained without the 
addition of the disodium glycerin monophosphate. 

Instead of the disodium glycerinmonophosphate, 
the Sodium salt of glycerin diphosphate may be 
employed. Furthermore, 0.1 to 0.5 part of ferrous 
sulfate (FeSO4.7H2O) or 0.1 to 0.5 part of nickel 
sulfate (NiSO4.7H2O) or 1 part of nickel isobutyl 
borosulfate or of the iron, nickel, cobalt, man 
ganese or chromium salts of glycol mono- (or di-) 
sulfuric acid, glycerin monophosphoric acid, etc., 
may be added per 100 parts of printing paste to 
catalyze the printing action of the vat dye. 

Similar improved results, may be obtained by 
mixing 20 parts of a vat dye powder obtained in 
accordance with Example 5 of copending appli 
cation Serial No. 673,031, filed May 26, 1933 
(which contains disodium glycerin monophos 
phate at a part thereof) with 80 parts of the stock 
printing thickener of Example 1, Part 1, and em 
ploying the resulting paste in the printing process 
of this example. 

Eacample 3. 

Part 1-A printing thickener is prepared by mix 
ing 

52 parts of the above standard starch-traga 
canth thickener, 

17 parts of potassium carbonate, 
14 parts of sodium formaldehyde Sulfoxylate, 
5 parts of glycerin, and 
12 parts of water. 

Part 2-A printing paste is formed by mixing 
68 parts of the printing thickener of Part 

with 
20 parts of National Carbanthrene Blue GCD 

dye paste (containing i7% of dye solids 
and 1% of leukanol) and 

12 parts of a hereindescribed alkyl ester salt 
(for example, the sodium or potassium salt 
of glycerine disulfuric acid). 

When this printing paste is printed upon a textile 
fabric as in Example 1 and the print is dried, aged, 
oxidized, rinsed, soaped and finished in a similar 
manner, prints of increased strength are pro 
duced. - 

Prints of lighter shades may be obtained by 
cutting the printing paste, as given in Part 2 of the 
present example, with a paste for reductions ob 
tained by reducing the quantity of potassium car 
bonate and sodium formaldehyde Sulfoxylate in 
the printing thickener of this example, for ex 
ample, to 8% and 6%, respectively, of the total 
printing thickener. The increased strength over 
prints obtained without the addition of the glyc 

5 
erine disulfate is especially noticeable with such 
lighter shades. 

PAD-JIG DYEING 
Eacample 4 

A padding liquor is prepared containing the 
following ingredients in the following approxi 
mate amounts: 

National Carbanthrene Blue GCD in the 
form of the double paste (Color Index 
No. 1113).--------------------grams. 30 

Disodium (or dipotassium) glycol disul 
fate -------- ----------------- gaS 5 

Gium tragacanth-----------------do---- 3.6 
Gum arabic----------------------do---- 6.8 
Water sufficient to make up volume to ap 
proximately----------------------cc-- 1700 

for example, by mixing the dyestuff paste with 
the glycol disulfate salt, which is preferably emi 
ployed in the form of an aqueous solution, adding 
the gum arabic and gum tragacanth in the form 
of an aqueous solution, bringing the total volume 
up to the Said volume with additional Water, and 
straining the mixture through a cloth of fine 
rinesh. Cotton piece goods are padded or printed 
with the liquor in any suitable manner (for ex 
ample, by passing the cloth between rolls through 
a vessel containing the padding liquor which is 
preferably at a temperature of about 120° F.). 
The padded or printed cloth is then treated on 
the jig in the well-known manner, for example, 
in an alkaline hydro-sulfite bath preferably main 
tained at a temperature of about 140 to 160 F., 
wherein the color rapidly develops, and is then 
finished in any convenient known Way. 
The dyeings thus obtained are of an increased 

brightness and fullness of shade and are better 
penetrated as compared with those obtained by 
the same process but with the employment of a 
padding liquor containing no glycol disulfate salt. 

In this example any one of the acid alkyl ester 
salts hereinbefore referred to, and especially the 
sodium and potassium salts of the said acid alkyl 
sulfates and phosphates may be used instead of 
the glycol disulfate salt. Similar improved dye 
ings may be obtained by replacing the vat dye 
paste and glycol disulfate salt of the present ex 
ample by 30 grams of a vat dye powder produced 
in accordance with the process described in co 
pending application Serial No. 673,031 filed May 
26, 1933, and containing dipotassium glycol disul 
fate as a part thereof. - 
The action of the acid alkyl ester salts as 

penetrating agents and surface tension lowering 
agents may be enhanced by adding to the pad 
ding liquor a small amount of caustic alkali, alkali 
metal carbonate, trisodium phosphate, Sodium 
silicate, etc. For example, 1 to 3 parts of said 
substances may be added to the paste of this 
example. 
As above indicated, the advantageous action 

of the salts of the acid alkyl esters as assistants 
in pad-jig dyeing and printing also may be se 
cured by pretreating the fiber with the salt of 
the acid alkyl ester. The following example illus 
trates such pretreatment. 

Eacamaple 5 
Bleached or unbleached cotton cloth is padded 

with a solution containing, for example, about 5 
to about 30 parts per 1000 parts of water of di 
sodium glycol disulfate or any of the other salts 
of acid alkyl esters herein described, for example 
by passing the cloth through the solution con 
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6 
tained in a padding box equipped with Squeeze 
rolls. Preferably, the padding liquor also con 
tains about 2 to about 5 parts of gum tragacanth 
or other suitable thickener per 1000 parts of 
liquor. The pressure of the squeeze rolls is pref 
erably so regulated that the cloth retains its own 
Weight of the padding liquor. The padded cloth 
is then passed through a hot air drier or over hot 
CanS, is rolled up and is then ready for printing 
or dyeing. The penetration obtained this way is 
Superior, especially for lighter shades. This 
process is particularly suitable for artificial fibers 
of the regenerated cellulose type. If desired, 
alkalies, such as caustic alkalies, alkali metal car 
bonates, trisodium phosphate, etc. may also be 
added to the padding liquor. 
This application is a continuation-in-part of 

application Serial No. 673,031, filed May 26, 1933. 
claim: 

1. In the dyeing of textile fibers by a process 
in which a leuco compound of a vat dye is formed 
in the presence of the fiber by reduction of a wat 
dye compound, the improvement which comprises 
Carrying Out the dyeing with the aid of a soluble 
Salt of an acid alkyl ester containing not more 
than 5 carbon atoms in the alkyl group and de 
rivable from a polybasic inorganic acid and a 
polyhydric alcohol containing not more than 5 
carbon atoms. 

2. In the dyeing of textile fibers of the vege 
table type by a process in which a leuco compound 
of a vat dye is formed in the presence of the fiber 
by reduction of a vat dye, the improvement which 
Comprises carrying out absorption of the leuco 
Compound by the fiber in the presence of a solu 
ble Salt of an acid alkyl ester containing not 
more than 5 carbon atoms in the alkyl group and 
derivable from a polybasic inorganic acid and a 
polyhydric alcohol containing not more than 5 
Carbon atoms. - 

3. In the dyeing of textile fibers of the vege 
table type by a process in which a leuco com 
pound of a vat dye is formed in the presence of 
the fiber by reduction of a vat dye, the improve 
nent which comprises carrying out absorption of 
the leuco compound by the fiber in the presence 
of a soluble salt of an acid alkyl ester containing 
not more than 5 carbon atoms in the alkyl group 
and derivable from a polybasic inorganic acid 
which contains one of the radicals SO2 and PO 
and a polyhydric alcohol which contains not more 
than 5 carbon atoms and not more than 3 hy 
droxyl groups. 

4. In the dyeing of textile fibers of the vege 
table type by a process in which a leuco compound 
of a vat dye is formed in the presence of the fiber 
by reduction of a vat dye, the improvement which 
Comprises carrying out the dyeing in the presence 
of an alkali metal salt of an acid alkyl ester con 
taining not more than 5 carbon atoms and de 
rivable from a polybasic inorganic acid which 
contains one of the radicals SO2 and PO and a 
polyhydric alcohol which contains not more 
than 5 carbon atoms and not more than 3 hy 
droxyl groups. s 

5. In the dyeing of textile fibers of the vege 
table type by a process in which a leuco com 
pound of a vat dye is formed in the presence of 
the fiber by reduction of a vat dye, the improve 
ment which comprises carrying out the dyeing in 
the presence of an organic amine salt of an acid 
alkyl ester containing not more than 5 carbon 
atoms and derivable from a polybasic inorganic 
acid which contains one of the radicals SO and 
PO and a polyhydric alcohol which contains not 

2,067,928 
more than 5 carbon atoms and not more than 3 
hydroxyl groupS. 

6. In the dyeing of textile fibers of the vege 
table type by a process in which a leuco Com 
pound of a vat dye is formed in the presence of 
the fiber by reduction of a vat dye, the improve 
ment which comprises applying to the fiber a vat 
dye composition containing a vat dye in the un 
reduced form and a soluble salt of an acid alkyl 
ester containing not more than 5 carbon atoms 
in the alkyl group, and derivable from a polybasic 
inorganic acid and a polyhydric alcohol contain 
ing not more than 5 carbon atoms and not more 
than 3 hydroxyl groups. 

7. In the dyeing of textile fibers of the vege 
table type by a process in which a leuco compound 
of a vat dye is formed in the presence of the fiber 
by reduction of a vat dye, the improvement which 
comprises applying to the fiber a vat dye compo 
sition containing a vat dye in the unreduced 
form and a soluble salt of an acid alkyl ester hav 
ing the formula HO3SOROX in which R, repre 
sents an aliphatic hydrocarbon radical which con 
tains not more than 5 carbon atoms and X is H 
or SOH. 

8. In the dyeing of textile fibers of the vege 
table type by a process in which a leuco compound 
of a vat dye is formed in the presence of the fiber 
by reduction of a vat dye, the improvement which 
comprises applying to the fiber a vat dye compo 
sition containing a vat dye in the unreduced form 
and a soluble salt of a glycol disulfate containing 
not inore than 5 carbon atoms. 

9. In the dyeing of textile fabrics of the vege 
table type by a printing process, the improve 
ment which comprises applying to the textile fab 
ric a printing paste containing a vat dye con 
pound, an alkali, a reducing agent, a thickener 
and an alkali metal Salt of an acid alkyl ester 
containing not more than 5 carbon atoms and de 
rivable from a polybasic inorganic acid which 
contains one of the radicals SO2 and PO and a 
polyhydric alcohol which contains not more than 
5 carbon atoms and not more than 3 hydroxyl 
groupS. 

10. In the dyeing of textile fabric of the vege 
table type by a printing process, the improvement 
which comprises applying to the textile fabric a. 
printing paste containing a vat dye in the unre 
duced form, a reducing agent, an alkali, and an 
alkali metal salt of a glycol disulfate containing 
not more than 5 carbon atoms. 

11. In the dyeing of textile fabrics of the vege 
table type by a printing process, the improvement 
which comprises applying to the textile fabric a 
printing paste containing a vat dye in the unre 
duced form, a reducing agent, an alkali and di 
potassium glycol disulfate. 

12. In the dyeing of textile fibers of the vege 
table type by the pad-jig process, the improve 
ment which comprises padding the textile fiber 
With a padding liquor containing a vat dye in the 
unreduced form and a soluble salt of an acid alkyl 
ester containing not more than 5 carbon atoms in 
the alkyl group and derivable from a polybasic 
inorganic acid which contains One of the radicals 
SO2 and PO and a polyhydric alcohol which con 
tains not more than 5 carbon atoms and not more 
than 3 hydroxyl groups. 

13. In the dyeing of textile fabric of the vege 
table type by the pad-jig process, the improve 
Inent which comprises padding the textile fabric 
With a padding liquor containing a vat dye in the 
unreduced form and a soluble salt of an acid alkyl 
ester having the formula HO3SOROX in which R. 
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represents an aliphatic hydrocarbon radical 
which contains not more than 5 carbon atoms 
and X is H or SO3H. 

14. In the dyeing of textile fibers of the vege 
table type by a process in which a leuco compound 
of a vat dye is formed in the presence of the fiber 
by reduction of a vat dye compound, the improve 
ment which comprises treating the fiber to be dyed 
with a Solution of a salt of an acid alkyl ester con 
taining not more than 5 carbon atoms in the alkyl 
group and derivable from a polybasic inorganic 
acid and a polyhydric alcohol containing not 
more than 5 carbon atoms, and Subjecting the 
treated fiber to the dyeing process. 

15. In the dyeing of textile fibers of the vege 
table type by a process in which a leuco compound 
of a vat dye is formed in the presence of the fiber 
by reduction of a vat dye compound, the improve 
ment which comprises treating the fiber to be 
dyed with a solution of a salt of an acid alkyl 
ester containing not more than 5 carbon atoms in 
the alkyl group and derivable from a polybasic in 
organic acid which contains one of the radicals 
SO2 and PO and a polyhydric alcohol which con 
tains not more than 5 carbon atoms and not more 
than 3 hydroxyl groups, and subjecting the treat 
ed fiber to the dyeing process. 

16. In the dyeing of textile fibers of the vege 
table type by a process in which a leuco compound 
of a vat dye is formed in the presence of the fiber 
by reduction of a vat dye compound, the improve 
ment which comprises treating the fiber to be dyed 
with a solution of an alkali metal salt of a glycol 
disulfate containing not more than 5 Carbon 
atoms, and subjecting the treated fiber to the 
dyeing process. 

17. A vat dye paste for use in the dyeing of tex 
tile fibers, comprising a vat dye in the unreduced 
form, a thickener, water and a soluble Salt of an 
acid alkyl ester containing not more than 5 car 
bon atoms in the alkyl group and derivable from 
a polybasic inorganic acid and a polyhydric al 
cohol containing not more than 5 carbon atoms. 

18. A vat dye paste for use in the dyeing of tex 
tile fibers comprising a vat dye in the unreduced 
form, a thickener, water and a soluble Salt of an 
acid alkyl ester containing not more than 5 car 
bon atoms in the alkyl group and derivable from 
a polybasic inorganic acid which contains one of 
the radicals SO2 and PO and a polyhydric alco 
hol which contains not more than 5 carbon atoms 
and not more than 3 hydroxyl groups. 

19. A vat dye paste for use in the dyeing of tex 
tile fibers comprising a vat dye in the unreduced 
form, a thickener, water and an alkali metal Salt 
of a glycol disulfate containing not more than 5 
carbon atoms. 

20. A vat dye paste for use in the dyeing of tex 
tile fibers comprising a vat dye in the unreduced 
form, a thickener, water and dipotassium glycol 
disulfate. 

21. In the dyeing of textile fibers by a process 
in which a leuco compound of a vat dye is formed . 
in the presence of the fiber by reduction of a vat 
dye compound, the improvement which comprises 
carrying out the dyeing with the aid of a COm 
pound of a heavy metal capable of exhibiting more 
than one valency and a soluble salt of an acid 
alkyl ester containing not more than 5 carbon 

7 
atoms in the alkyl group and derivable from a 
polybasic inorganic acid and a polyhydric alco 
hol containing not more than 5 carbon atoms. 

22. In the dyeing of textile fibers by a process 
in which a leuco compound of a vat dye is formed 
in the presence of the fiber by reduction of a va, 
dye compound, the improvement which comprises 
Carrying out the dyeing with the aid of a salt of 
one of the metals nickel, cobalt and manganese, 
and a soluble Salt of an acid alkyl ester contain 
ing not more than 5 carbon atoms in the alkyl 
group and derivable from a polybasic inorganic 
acid and a polyhydric alcohol containing not more 
than 5 carbon atoms. 

23. In the dyeing of textile fibers of the vege 
table type by a process in which a leuco compound 
of a vat dye is formed in the presence of the fiber 
by reduction of a vat dye, the improvement which 
Comprises applying to the fiber a vat dye composi 
tion containing a vat dye in the unreduced form 
and a soluble salt of an acid alkyl ester contain 
ing not more than 5 carbon atoms in the alkyl 
group, and derivable from a polybasic inorganic 
acid and a polyhydric alcohol containing not more 
than 5 carbon atoms and not more than 3 hy 
droxyl groups, and a salt of a heavy metal capable 
of exhibiting more than one valency. 

24. In the dyeing of textile fibers by a process 
in which a leuco compound of a vat dye is formed 
in the presence of the fiber by reduction of a vat 
dye compound, the improvement which comprises 
Carrying out the dyeing with the aid of a com 
pound of a heavy metal capable of exhibiting 
more than one valency and of a soluble Salt of an 
acid alkyl ester containing not more than 5 car 
bon atoms in the alkyl group and derivable from 
a polybasic inorganic acid which contains one of 
the radicals SO2 and PO and a polyhydric alcohol 
which contains not more than 5 carbon atoms and 
not more than 3 hydroxyl groups, 

25. In the dyeing of textile fabrics by a print 
ing process, the improvement which comprises 
applying to the textile fabric a printing paste con 
taining a vat dye in the unreduced form, an alkali, 
a reducing agent, a thickener, an alkali metal salt 
of an acid sulfate of a polyhydric alcohol con 
taining not more than 5 carbon atoms, and a sul 
fate of a heavy metal capable of exhibiting more 
than one valency. 

26. In the dyeing of textile fabrics by a print 
ing process, the improvement which comprises 
applying to the textile fabric a printing paste 
containing a vat dye in the unreduced form, a salt 
of one of the metals nickel, cobalt and manganese, 
and an alkali metal Salt of an acid alkyl ester 
containing not more than 5 carbon atoms and 
derivable from a polybasic inorganic acid which 
contains one of the radicals SO2 and PO and a 
polyhydric alcohol which contains not more than 
5 carbon atoms and not more than 3 hydroxyl 
grOllpS. 

27. In the dyeing of textile fabrics by a print 
ing process, the improvement which comprises 
applying to the textile fabric a printing paste 
containing a vat dye in the unreduced form, a 
salt of one of the metals nickel, cobalt and man 
ganese, and an alkali metal salt of a glycol disul 
fate containing not more than 5 carbon atoms. 

JEAN G. KERN. 
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