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The present invention relates to a method for the 
application of vat dyestuffs in the dyeing and printing 
of polyolefins. 
More particularly, the present invention relates to a 

method for dyeing and printing of vat dyestuffs on a 
polyolefin, which method comprises: 

(a) Impregnating a polyolefin with either a solution 
of a vat dyestuff in leuco form or a dispersion of a vat 
dyestuff; 

(b) Thermally treating the impregnated polyolefin; 
... (c) Where a vat dyestuff dispersion is used, then sub 
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20 
jecting the thus thermally treated, impregnated polyolefin 
to reducing conditions to reduce the dyestuff to the leuco 
form; and (d) Subjecting the impregnated polyolefin to oxidation 
while contemporaneously soaping such polyolefin with a 
soap solution at its boiling temperature. 
The present invention also relates to the polyolefin ma 

terials dyed according to the above mentioned method. 
It is well known that articles made from synthetic ma 

terial. obtained by the polymerization of hydrocarbons 
containing no polar groups, e.g., ethylene, propylene, 
methylpentene-1, etc., are most difficult to dye by the 
dyestuffs and methods conventionally employed because 
of their lack of affinity for such dyestuffs. 
Such incompatibility to dyeing and the unsatisfactory 

results obtained have led to three attempted solutions to 
the problem: 

(1) Dyeing in mass, using pigments of the synthetic 
material before shaping or spinning; this has definite dis 
advantages because it is necessary that the semi-finished 
material be produced in the final dye; 

(2) A previous partial modification of the material, 
comprising adding, during the shaping and spinning oper 
ation, dyeable substances to the polymer which permits 
the dyeing of the shaped articles; this technique is dis 
advantageous in that it is comparatively expensive, yet 
the final product may not completely be homogeneous. 

(3) Substantial modification of either the entire ma 
terial during the preparation of the polymer, or its surface 
after it has been shaped, comprising introducing into the 
polymer molecule atoms other than C and H, or intro 
ducing functional groups different from the paraffinic 
groups (contemplating also the formation of copolymers), 
in order to render the material dyeable; this technique 
has the drawback that the modification of the polymer 
molecule may lead to a change of the characteristics of 
the product. 
The present invention goes beyond the solutions de 

scribed in foregoing items (1), (2) and (3), since it 
relates: only to non-modified polymers, and to the non 
modified polymer portions in the physical or mechanical 
mixtures together with other materials. 
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Particularly as regards polypropylene, a very high in 
compatibility has been shown with respect to dyeing car 
ried out using conventional dyestuffs and dyeing methods. 

Results having a practical interest, although very re 
stricted, have been hitherto obtained by the application 
of vat dyestuffs in dyeing. 
The application of vat dyestuffs on textile materials 

made up of polyolefins, particularly polypropylene, may 
be carried out for instance according to the following 
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method: Reduction of the dyestuff in a main vat bath 
using the sodium salt of the sulforicinoleic acid, sodium 
hydroxide and sodium hydrosulfite in those amounts and 
under those conditions generally used for cotton dyeing; 
preparation of the bath and dyeing using the required 
amounts of main vat bath, water, and the conventional 
additional amounts of sodium hydroxide and sodium 
hydrosulfite required; beginning the dyeing at about 150 
C. and gradually adding ammonium acetate up to a total 
concentration of above 9 g/l. over a period of 15 to 20 
minutes; gradually heating at about 45° C. and carrying , 
on the dyeing at this temperature for about 30-40 min 
utes while maintaining the pH at between 9.5 and 10 and 
seeing that an excess of sodium hydrosulfite is always 
present; rinsing the material with cold water; soaping for 
20-30 minutes at the boiling temperature using a solution 
containing 2 g/l. of an anionic detergent and between 
1 and 2 cc. of 30% hydrogen peroxide; rinsing; and dry 
ing the material. 

Dyes suggested for use in the above process include 
1,2,5,6 - diphenyl - dithiazol - anthraquinone; dibromo - 
anthranthrone; isoviolanthrone; 4,4'-dimethyl - 6,6'- 
dichloro - thioindigo; 5,7,5',7' - tetrabromo - thioindigo; 
4,4' - dibenzamido - anthraquinon-4,1',10,1'-diimido - 
anthranthrone; dibromo-dimethoxy-dibenzanthrone; 1,1, 
4,5 - dibenzoyl - diamino - diantrimide; 2,3,3,2'- tri 
anthraquinoyl-1,4,1'-diimide; product of the alkaline 
condensation of 1,3,1',9-diimidoanthraquinonebenzan 
throne (having respectively the following Color Indexes, 
C.I. 67300, 59105, 60010, 73360, 73065, 65225, 59830, 
69015, 70800, 69.525). 
The dyeing process involves a penetration of the dye 

stuffs in the reduced state followed by fixation in the 
oxidized state of the dyestuffs in the surface pores of the 
material. - 

By dyeing according to this method and using appro 
priate concentrations of each of the above mentioned dye 
stuffs, materials are obtained having a very bright shade 
but with an intensity not greater than those which are 
A2 of the standard ECE intensity scale. It is clear that 
such a limitation of the dyeing capabilities severely limits 
the possible sales potential and marketing of the material. 
Further, the fastness to rubbing of the dyed materials thus 
obtained is very low, so that such dyed materials and 
articles are not suitable for use in home furnishings. 
Moreover the fastness to organic solvents is so low that 
drywashing of the colored material is impossible without 
completely affecting the dyeings. These drawbacks clearly 
adversely affect the marketing potential of the materials 
dyed by this technique. 
There has now surprisingly been found a method by 

which it is possible to dye polyolefin materials using vat 
dyestuffs, whereby the dye product exhibits an intensity 
1/1 in the ECE standard scale. 
... This method comprises: 

(a) Impregnating a polyolefin with either a solution 
of a vat dyestuff in leuco form or a dispersion of a vat 
dyestuff; 

(b) Thermally treating the impregnated polyolefin; 
(c) Where a vat dyestuff dispersion is used, then sub 

jecting the thus thermally treated, impregnated polyolefin 
to reducing conditions to reduce the dyestuff to the leuco 
form; and - - 

(d) Subjecting the impregnated polyolefin to oxidation 
while contemporaneously soaping such polyolefin with a 
soap solution at its boiling temperature. 

In accordance with one embodiment of this invention, 
a vat dyestuff in leuco form is applied to the polyolefin 
material, followed by a heat treatment and a subsequent 
reoxidation of the dyestuffs while on the material. 

--- 
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More particularly, this embodiment of the dyeing. 
method of the present invention is characterized by the 
following successive steps: - - - 

(a) Impregnation of the polyolefinic material with; a , 
solution of the vat dyestuff in the leuco form, generally 5. 
in the presence of additives; 

(b) Heat treatment at about 125 C.; - 
(c) Oxidation in an oxidizing bath, preferably using 

hydrogen peroxide, while contemporaneously soaping the . 
polyolefin with a soap solution at its boiling temperature. 10 
Dyeing according to this embodiment is desirably car 

ried out as follows: 
Reduction of the dyestuffs in a main vat bath using 

NaOH and sodium hydrosulfite: in such amounts and 
conditions as are generally employed for dyeing cotton; 5: 
preparation of an impregnating bath by the addition of 
appropirate additives, e.g., those which facilitate the dye 
stuff penetration and levelling (e.g., diethyl tartrate) 
and also anionic dispersing agents (e.g., the sodium salt 
of the ligninsulfonic acid); dilution with water containing:20 
sodium hydroxide and sodium hydrosulfite to obtain the 
desired dyeing intensity; eventual thickening by means 
of conventional thickening agents; impregnation of the 
polyolefin material at from about 10°-60° C.; treatment 

- 4 - 

centration of 2 g/l.) and one to two cc. per liter of 30% 
hydrogen peroxide; rinsing and drying of the material. 

In accordance with eithers of the foregoing embodi 
ments, suitable dyestuffs include anthraquinone, indigo, 
thioindigo, carbazole, benzathrone, anthranthrone, and . . . 
the like, either in their simple form, or substituted, or . . . 
condensed with one another. . . . . . . 
By the method of this invention, it is possible to obtain : articles made from polyolefins, particularly polypropy-, * * 

lene, which are dyed at 1/1 intensity of the Standard ECE. 
scale. This is made; possible by the simultaneous use of: 
high temperatures, dispersing agents, and additives, and, 
in one embodiment, dyestuffs consisting of particles of 
tiny size. The foregoing results in a remarkable pene 
tration of the dyestuff into the material to be dyed. . . 
The advantages of the present invention as compared 

to be known dyeing methods are the following: a widen 
ing of the range of vat dyestuffs which are usable with 
polyolefins, and in particular on polypropylene; a re 
markable increase in the intensities which may be ob 
tained; fastnesses for the dyed articles which are at least. 
equalito and are generally higher than those of articles 

: dyed according to previously known methods; in particu 
lar, resistances to rubbing at 1/12 intensities are higher 

in a hot airioven at 120-125° C. for a period of time vary- 25 than those of articles dyed at 1/12 intensities according ing from about 1 minute to 10 minutes; rinsing of the 
material with cold water; and simutaneously oxidizing 
and soaping using a solution at its boiling temperature for 
from about 20-30 minutes, which solution: contains an 
anionic detergent, for instance, the sodium salt of oleyl- 30. 
methyl-turinic acid (conc. -2 g/l.) or the sodium salt: 
of oleic acid (conc. 2 g/l.) along with 1 to 2 cc. per . 
liter of 30% hydrogen peroxide; rinsing and drying of 
the thus dyed material. 

In accordance with another embodiment of the persent 35 
invention, vat dyestuffs in the dispersed state are applied ; 
to polyolefin material, such dyestuffs are then reduced to . 
the leuco form and thereafter are reoxidized while; on the 
material. 
More particularly, this embodiment is characterized by 40 

the following successive steps: 
(a) Impregnation of the polyolefin material. with 

dispersion of vat dyestuffs, desirably in the presence of 
additives; 

(b) Thermal treatment at about 125° C.; 45: 
(c) Reduction of the dyestuff on the polyolefin mate-'. 

rial in a reducing bath; and 
(d). Oxidation in an oxidizing bath, preferably with 

hydrogen peroxide with contemporaneous soaping treat 
ment at the boiling temperature of the soap solution. 

Preferably, this embodiment is carried out as follows: 
Preparation of an impregnating bath by the use of the 

suitable amounts of water, vat dyestuffs (in the form of 
a paste or fine powder having particle sizes lower than 
about: 1 micron) and anionic: dispersing agents (for in- 55 
stance the sodium salt of ligninsulfonic acid or the sodium 
salt of the naphthalene-sulfonic acid, or the sodium salt 
of the dinaphthylmethane-disulfonic acid); addition of 
appropriate additives e.g., diethyl tarfrate, to facilitate. 
the aid of conventional thickening agents; impregnation 
of the polyolefin material at from about 50-60° C.; treat 
ment in a hot air oven at 120-125° C. for a period of times 
varying from about 1 minute to 10 minutes; reduction 
of the dyestuff on the material in an aqueous bath con- 65. 
taining sodium hydroxide and sodium hydrosulfite' while 
keeping the pH between 9.5 and 10 by gradual additions 
of ammonium acetate; this reduction occurring while thes: 
temperature is maintained at from about 50-60°. C., and 70 
during a period of time of about 30 minutes; rinsing with 
cold water; soaping for 20-30 minutes with a solution at A. 
its boiling temperature, this solution containing an anionic 
detergent (for instance, the sodium salt of oleyl-methyl 

to previously known methods. - . . . ": 
The dyestuffs, utilized in the examples hereinafter have: 

been found to be particularly suitable. However, other, 
vat dyestuffs may also be employed according to the 
method of the invention. ...'. . . . 
The present invention is also directed to polyolefini 

materials, in particular polypropylene materials (such as: 
fibers, films and other manufactured articles) which have 
been dyed according to the method of this invention. 
... By comparing the results of the dyeing obtained accord 
ing to the method of the present invention with those ob 
tainable according to the known methods, the advantages: 
attained by the method of the present invention are clear. 

Further, the method of this invention may be applied 
to molded articles. The variation to be effected for this 
use resides in a suitable: regulation of the viscosity of 
the leuco-alkaline solution of the vat dyestuffs by thicken-i. ing agents. . . 

The: following examples will further illustrate the in 
vention. Examples 1-23 illustrate that embodiment of . 
the invention wherein the dyestuff is applied as a solution 
and is in leuco form. - 

- EXAMPLE 1. - . . 

A sample of polypropylene fiberis impregnated (in a 
Foulard tapparatus) in an aqueous bath, at 60°. C., con 
taining 25 g/l. of brilliant green Romatrene FFB (C.I. 
59825) reduced to leuco-alkaline compound with 42. 
g/l. of a 36 Bé.:NaOH, 15 g/l. sodium hydrosulfite and 
25 g/l of the sodium salt of dinaphthyl-methane disulfonic acid. 
The impregnated material is treated for 6 minutes; in 

a continuous polymerization reaction heated by hot air. 
to 120-125 C., rinsed in cold water, soaped for 30 min-: 

dyestuff penetration and levelling; eventual thickening by 60'utes with a solution at its boiling point, which solution 
contains the sodium salt of oleyl-methyltaurinic acid and 
an oxidizing agent, namely, 30% hydrogen peroxide 
(concentration=2 cc./l.), rinsed, and dried. 
The fiber is dyed green with "good uniformity and a . 

1/1 intensity according to the ECE Standard scales. Its 
exhibits good general fastness and fastness to natural 
lights of at least one point on 8 higher than that for a . . . 
dyeing obtained on the same fiber, using the same dye-... 
stug reduced in a bath at 50° C. and a pH 9.5-10. 

EXAMPLE 2. 
This example is similar to Example 1, however, there. 

is added to the impregnating bath a suitable amount of 
additives to facilitate the penetration and the levelling, taurinic acid O the sodium salt of oleic acid at a con- -75 namely, 25 g/l. of diethyl tartrate, and also thickening 
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agents compatible with the bath, namely, Nafka rubber 
(concentrations 10 g/l.). 
The fiber is dyed green and has the same characteristics 

as that obtained in Example 1. It has, however, even a 
... higher uniformity, a higher purity, and a brighter shade. 

EXAMPLES 3-17 

By operating as described in Example 1, using the dye 
stuffs reported in Table 1; results and advantages simil 
to those mentioned in Example 1 are obtained. 

Table 1 

Example Dyestuff Color Index Shade 
Number 

3----------Tomantrene yellow GCN------- C.I. 67300--- Yellow. 
4--------- d;yellow Romantrene C.I. 59105--- Do. 
5--------- Brilliant pink Romantreme FR. C.I. 73360--- Pink. 
6--------- Bryant violet Romantrene C.E. 60010--- Violet. 
7--------- Bromöindigo 2BD-------------- C.I. 73065. Blue. 
8--------- Blant green Romantrene C.I, 59830--- Green, 
9--------- Brown Romantrene FR-------- C.I. 69015... Brown. 
0-------- Brown Romantrene IFBR- C.I. 70800- Do. 
1. Olive Ronantrene FT-- C.I. 69525. Olive. 
2 Yellow Romantrene F3R C.E. 70805. Yellow. 
3 Olive Romantrene FR C.I. 69005--- Olive, 
14-------. Blue Romantrene FRS--- C.I. 69800. Blue. 
l6-------- Blue Romantrene FGD. C.I. 69810--- Do, 
16---...-- Blue Romantrelle FBC.-------- C.I. 69825. Do. 

C.I. 598.00. Bluema 17-------- Dark blue Romantrene FBO--- 

EXAMPLE 18 
By operating as described in Example 2 using each of 

the dyestuffs reported in Table 1, results are obtained which 
are similar to those reported in Example 2. 

EXAMPLE 19 

By operating as described in each of Examples 1 and 3 
to 17, but using samples of compact polypropylene and 
polyethylene sheets, similar results to those reported for 
Example 1 were obtained. , 

EXAMPLE 2.0 
By operating as described in each of Examples 2 and 

18, but using samples of compact polypropylene sheet, 
results similar to those reported for Example 2 were ob 
tained. 

EXAMPLE 2. 

On a fabric of polypropylene fiber a printing is made, 
: using a paste prepared as described in Example 2, but 
using a higher amount of thickening agent (for instance 
5-10 g/100 cc.). . 
The printed material thus obtained is finished as de 

scribed in Example 1. Good printing results were ob 
tained, as shown by good penetration, uniformity, and 
fastness and other characteristics similar to those for the 
articles dyed as described in Example 2. 

EXAMPLE 22 
By proceeding according to the method described in Ex 

ample 21, using each of the dyestuffs reported in Table 
1, results similar to those specified in Example 21 were 
obtained. 

EXAMPLE.23 

By proceeding as described in Example 22, but using 
a sample of compact polypropylene sheet, results similar 
to those described in Example 22 are obtained. 
The following examples illustrate that embodiment o 

the present invention wherein the dyestuff is used as a 
dispersion. 

EXAMPLE 24 

A sample of polypropylene fiber is impregnated (using 
a Foulard apparatus) in an aqueous bath at 50-60 C. 
containing a dispersion of 25 g/l. of solid Brilliant green 
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6 
Romantrene (C.I. 59825) having a particle size less than 
1 micron, dispersed into the bath with 25 g/l. of an ani 
onic dispersing agent (the sodium salt of the dinaphthyl 
methane-disulfonic acid). 
The impregnated material is treated for 1 to 10 minutes 

in a suitable apparatus (a continuous polymerization reac 
tor heated by hot air at 120-125 C.), with an aqueous 
bath containing sodium hydroxide and sodium hydrosul 
fite, at 50-60 C., keeping the pH between 9.5 and 10 by 
gradual addition of ammonium acetate, until the reduc 
tion of the vat dyestuff has been effected, is rinsed with 
cold water, soaped for 20-30 minutes with a solution at 
its boiling temperature, this solution containing the sodi 
um salt of oleyl-methyl-taurinic acid and a suitable oxi 
dizing agent (1-2 cc./I. of 30% hydrogen peroxide) 
rinsed, and dried. 
The fiber is dyed green with a good uniformity at an 

intensity of 1/1 according to the standard ECE scale, 
and shows good general fastness and a fastness to natural 
light of at least one point on 8 higher than that when 
dyeing the same fiber using the same dyestuff reduced in . 
a bath at 50 and pH 9.5-10. 

EXAMPLE 2.5 

This example is similar to Example 24, but there was 
added to the impregnating bath suitable amounts of addi 
tives, to facilitate penetration and levelling of the dyestuff, 
e.g., from 2-70 g./l. of diethyl tartrate, and thickening 
agents compatible with the bath, e.g., Nafka rubber, 5-30 
g/l. In this instance, 36 g/l. of diethyl tartrate was used, 
along with 18 g/l. of Nafka rubber. The fiber is dyed 
green and shows similar characteristics to those obtained 
by working according to the method described in Exam 
ple 24, however with a higher uniformity, a higher purity, 
and brighter shade. 

EXAMPLES 26-35 

By operating as described in Example 24, using each 
of the dyestuffs reported in Table 2, results and advan 
tages similar to those described in Example 24 are ob 
tained: 

Table 2 

Example Dyestuff Color Index Shado 
Number 

26-------- Yellow Romantrene GCN- C.I. 67300. Yellow. 
Blit green Romantrene C.I. 69830. Green. 
Brown Romantrene FR-....... C.I. 69015. Brown. 
Brown Romantrene IFBR C.I. 70800--- DO, 

- Yellow Roman trene F3R C.I., 70805. Yellow, 
Olive Ronant rene FR--- C.I. 69005 Olive, 

- Blue Romantrcne FRS.-- - C.I. 69800. Blue. 
Blue Romantrene FC D-...----- C.I. 69810... Do. 
Blue Romantrenle FBC--------- C.I. 69825. Do, 

86-------- Dark blue Roman tree FBO. C.I. 59300. Do. 

EXAMPLE 36 

By operating as described in Example 25, but using 
each of the dyestuffs reported in Table 2, results similar 
to those of Example 25 are obtained. 

EXAMPLE 37 
By operating according to each of Examples 24-36, 

using each of the dyestuffs of Table 2 on a sample of a 
compact polypropylene sheet and polyethylene sheet, re 
sults are obtained which are similar to those reported for 
the respective examples. 

EXAMPLE 38 

On a polypropylene fabric a printing is performed using 
a paste prepared according to Example 25, but using high 
er amounts of thickening agent) 5 to 30 g/100 cc.). 
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The material thus printed, is treated for 6 minutes at 
120-125 C., cooled and impregnated in a Foulard ap 
paratus with an alkaline solution of a thickened reducing 
agent (10 g. of starch as thickening agent, 15 g. sul 
phoxylate formaldehyde, 15 g. potassium carbonate, 60 
g. water), treated for 6 minutes at a temperature not high 
er than 125 C., rinsed, soaped at the boiling temperature, 
rinsed again and dried. 

Printing fabric is obtained which has a good degree of 
penetration, uniformity, and which has a fastness similar, 
to those of the articles dyed in Example. 25. 

EXAMPLE 38 

O : 

8 : 
temporaneously oxidizing said dyestuff to thereby 
oxidize the dyestuff directly, while it is on the poly 
propylene material. S. 

3. The method of claim 1 wherein the oxidizing is ef 
fected using a hydrogen peroxide solutions having a 
volume concentration of about 30% hydrogen peroxide. 

4. The method of claim 1 wherein the vat dyestuff is 
selected from the group consisting of anthraquinone dye 
stuffs; indigo dyestuffs, thioindigo dyestuffs, carbazole. 
dyestuffs, benzanethrone dyestuffs, and anthranthrone: 
dyestuffs.. 

By operating as described in Example 37, using the dye 
stuffs reported in Table 2, similar results are obtained. 

EXAMPLE 39 
.5, 

By operating as described in Example 37, but using the 
dyestuffs reported in Table 2 on a sample of a compact 
polypropylene sheet, similar results are obtained. 20 

Variations, can of course be made without departing 
from the spirit of this invention. 

Having, thus described the invention, what is desired 
to be secured and claimed by Letters Patent is: 

1. A method for the dyeing and printing of a vat dye 
stuff on a shaped article of polypropylene, this method 
comprising: . 

(a) impregnating said polypropylene with a treating 

:25 

material selected from the group consisting of a solu 
...tion of a vat dyestuff in alkaline leuco form and a 

dispersion of a vat dyestuff, - 
30 

... (b) removing the impregnated polypropylene from . 
said treating material and heating said impregnated . 
polypropylene at a temperature of from about 120 
to 125° C., 

(c) where a dispersion of a vat dyestuff is used in said 
35 

impregnating step. (a), reducing the dyestuff present 
in the heat treated, impregnated polypropylene to the 
alkaline leuco form, and 

(d) soaping said impregnated polypropylene with a 
soap solution at its boiling temperature while con 
temporaneously oxidizing said dyestuff. 

40 

2. A method for dyeing and printing of vat dyestuffs: 
on polypropylene a shaped article of material compris 
ing: 

(a) impregnating the polypropylenes material with a . 
solution of a vat dyestuff in alkaline leuco form, 

(b) removing the impregnated polypropylene from 
said treating material and heat treating the impreg 
nated polypropylene material at a temperature of 
from about 120 to 125 C., and 

50 

(c) soaping said impregnated polypropylene with a . 
soap solution at its boiling temperature while con 

45. 

5. A shaped article: of polypropylene dyed according 
to the method of claim2. 

6. The method of claim 2 wherein said impregnation 
of said polypropylene with a vat dyestuff in leuco form 
is carried out in the presence of an additive selected from 
the group consisting of the sodium salt of ligninsulfonic 
acid, the sodium salt of naphthalene sulfonic; acid, the 
sodium salt of dinaphthylmethane-disulfonic acid, and 
diethyl tartrate. - 

7. A method for: dyeing and printing of vat dyestuffin 
the dispersed state on a shaped article of polypropylene 
comprising: 

(a) impregnating the polypropylene, material with a 
dispersion of a vat dyestuff, 

(b) removing the impregnated, polypropylene. from 
said treating material and heat treating the impreg 
nated polypropylene material at a temperature of . 
from about 120 to 125°C., . . . 

(c) reducing the dyestuff to the alkaline leuco form 
while on the polypropylene material, and 

(d) oxidizing the dyestuff and contemporaneously, 
soaping the impregnated polypropylene using a soap 
solution at its boiling temperature. . . 

8. A shaped, article of polypropylene dyed according: 
to the method of claim 7. 

9. The method of claim 7 whereins said impregnation 
of said polypropylene with a vat dyestuffin leuco form. 
is carried out in the presence of an additive selected from 
the group consisting of the sodium salt of ligninsulfonic, 
acid, the sodium salt of naphthalene sulfonic acid, the 
sodium salt of dinaphthylmethane-disulfonic acid, and 
diethyl tartrate. 
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