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This invention relates to a process for dyeing 
basic nitrogenous ?bers such as wool with metal 
lizable dyes and the salts of aluminum, man 
ganese, iron, cobalt, nickel, copper, tin and zir 
conium to produce metallized dyeings on the 
?ber. 
Many dyes having metallizable groups such as 

hydroxyl, carboxyl or amino, or azo dyes having 
salicyclic groups or anthraquinone dyes have been 
metallized with various heavy metals or rather 
polyvalent metals of which chromium is the 
most common. For this reason these colors are 
sometimes referred to as chrome colors. Various 
processes have been used in dyeing metallized 
dyes such as forming the metal complex ?rst 
and then dyeing; dyeing the goods and after 
treating with chromium compounds, the so-called 
top chrome process; and treating the goods with 
chromium compounds ?rst and subsequently 
dyeing, the so-called bottom chrome process. 
These processes were unpopular because they re 
quired an additional step and so there was devel 
oped a process in which the metallization of the 
dye and the dyeing of the goods took place simul 
taneously in the same bath. This is called the 
metachrome process. 
Some difficulty arose because the metachrome 

process depended on the dye penetrating the ?ber 
before it became completely metallized. It was 
found in the past that cationic surface active ' 
agents increased penetration, but unfortunately 
they also reacted with the bath components to 
produce colored scum which resulted in uneven 
dyeings. In our prior Patent No. 2,434.178, there 
is described a metachrome process in which a col- - 
loidized cationic surface active agent was used 
which prevented scum formation and maintained 
any insoluble reaction products with a cationic 
surface active agent well dispersed in the dye 
bath. This process constituted a satisfactory 
solution‘of the major difficulties in metachrome 
dyeing with chromium compounds. 
According to the present invention basic ni 

trogenous ?bers such as wool and silk are dyed 
from a single bath containing a metallizable dye, * '7 
a salt of aluminum, manganese, iron, cobalt, 
nickel, copper, tin and zirconium. and the salt 
of a metal of group 2 of the periodic system hav 
ing an atomic weight less than that of mercury. 
According to the present invention basic ni- ' 

trogenous ?bers such as wool and silk are dyed 
very level and in brilliant colors by subjecting 
the material to the action of a dye bath con 
taining a metallizable dye and a soluble salt of 
the above metals. The colors obtained are en; .. 
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tirely different from those produced by the met 
achrome process in which metallization is ef 
fected with chromium as a metallizing metal. 
While it has been possible as a laboratory 

curiosity to produce metal complexes of metal 
lizable azo dyes with tin or zirconium, this has 
never been practicable nor has it been consid 
ered feasible to dye basic nitrogenous ?bers such 
as wool from a single bath containing metal 
lizable azo dyes and salts of the two metals in 
question. One of the reasons why it was thought 
that such a dyeing procedure would not be 
feasible is that the common salts of tin and to 
a somewhat lesser extent of zirconium, such as 
for example stannous and stannic chloride’ or 
zirconium sulfate, hydrolyze at higher tempera 
tures in aqueous solution and are no longer com 
pletely soluble. ' 
According to the present invention we have 

found that not only are shades of superior bril 
liancy and levelness obtainable by a single bath 
dyeing, but no problem is presented by the fact 
that the salts of tin and zirconium hydrolyze in 
the bath and are no longer completely soluble. 
W e have found that if surface active agents such 
as cationic surface active agents and non-ionic 
surface active agents are present, particularly 
if the cationic surface active agent is colloidized, 
the'products of hydrolysis of the metal salts re 
main in sufficiently fine dispersion so that the ions 
are available for reaction with the metallizable 
groups of the dyes and that in spite of the fact 
that the metallizing salts are not in complete 
solution or at least in complete molecular solu 
tion, shades of great levelness with high pene~ 
tration and high brilliancy may be produced. It 
is not completely known why dispersed, partially 
hydrolyzed salts operate satisfactorily in the pres 
ent invention and it is not intended to limit the 
invention to any theory of action. 'Ifhe smooth 
dyeing under circumstances favoring! hydrolysis 
of the metal salts is, however, a fact land an ad 
vantage of the present invention. 

It is a further advantage of the invention 
that the general dyeing procedure follows ac 
cepted lines in the dyeing of chrome colors by 
the metachrorne process. It is thus unnecessary 
for the dyer to learn new techniques in order to 
obtain the advantages of the new colors made 
possible by the present invention. 
While it is/not essential in all cases that the 

surface active agents be colloidized, we prefer 
to use colloidized cationic surface active agents 
as improved levelness and best results are ob 
tained under these conditions. However, the 
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invention is not limited thereto and suitable un 
colloidized cationic agents, particularly when as 
sociated with non-ionic surface active agents, 
may be used. 
In order to obtain the strongest shades and 

best penetration, we prefer to use another fea 
ture, namely a varying pH in the dye bath. The 
bath at the beginning of the dyeing is preferably 
alkaline with a pH not higher than 9.5 and is 
gradually changed during the dyeing to an acid 

ending up with a distinctly acid pH of about 
5 or less. This results in rapid penetration of the 
dye under the alkaline conditions where metal 
':'.ation is greatly reduced or eliminated followed 
by complete metallization of the uniformly ?xed 
dye on the ?ber when the bath is rendered more 
acid. This feature is an element of the preferred 
modi?cation of the present invention. The 
change of the pH from alkaline to acid may be 
effected by removing alkaline constituents such 
as volatile alkalies; for example; ammonia, or by 
the addition of' acids at later'stages of the dyeing. 
Any suitable acid may be used which does not 
interfere with the dyeing, acetic acid: being par 
ticularly useful although a mineral acid such as 
hydrochloric acid and sulfuric acid' may also be 
employed. 

It is an advantage of the present invention 
that it is usable generally withmost of the metal 
lizable dyes which can be dyed by the meta 
chrome process. However, there is some differ 
ence in readiness with which certain of the dyes 
produce metallized shades‘ by" the present process 
and of course the process is of more interest in 
connection with the dyes which are readily sus 
ceptible to metachrome dyeing; However, it is 
an advantage of the invention that a general 
new class of dyeing is obtainable; 
The invention will be described in greater de 

tail in conjunction with the following speci?c . 
examples which are typical illustrations. The 
parts are by weight. 

Example 1 

A dye bath is prepared as follows: 10 parts of 
a dye having Color Index No. 203, 10 parts of 
ammonium hydroxide, 5 parts of a non-ionic sur 
face active agent prepared by reacting 2‘ mols 
polyethylene oxide (molecular Weight 4000) and 
1 mol of a dimeriaed acid‘ obtained by heat 
treating soya bean acid and distilling off the 
monomeric acid, parts of the condensation 
product of octad'ecylguani'dine bicarbonate and 6 
parts of ethylene oxide, 50 parts of magnesium ‘ 
sulfate, 10 parts of stannic chloride and suf?cient 
water to make up the bath to 40,000 parts. 
The dye is preferably predissolved‘ in boiling 

water before it is added to the bath to make it up 
to final concentration. 500' parts of woolen yarn 
or goods is prewet with water, then‘ entered into 
the dye bath at 120° F. The‘ dye liquor is gradu 
ally brought to the boil during about a half an 
hour with frequent turning of the‘ wool to insure 
uniform dyeing. The boiling and turning are 
then continued for about a half an hour after 
which 10 parts of 28% acetic acid is added. After 
another half hour boiling and turning, 20 parts 
of 28% acetic acid are added and boiling con 
tinued for a third half hour. W001 dyed by this 
procedure has a strong, medium blue shade and 
the ?bers are well penetrated; When the same 
material is dyed with a chromium salt in the 
metachrome process, a bluish black, shade is. Ob 
tained. 
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Example 2 

The procedure of Example 1 is repeated re 
placing the stannic chloride‘ with the same quan 
tity of stannous chloride. A similar strong blue 
shade is obtained. 

Example 3 

The procedure of Example 1 is followed replac 
ing the stannic chloride with an equal weight of 
zirconium sulfate. A bluish red color is obtained 
and the wool ?bers are uniformly penetrated. 

Example 4 

The procedure of Example 3 is repeated ex 
cept that a dye having Color Index No. 652 is 
used. The wool is dyed a brilliant orange instead 
of the bluish red shade which is obtained when 
it is dyed by the ordinary metachrome process 
using chromium as the metallizing metal. 

Example 5 

The procedure of Example 4 is repeated, re 
placing the zirconium‘ sulfate with. the same 
weight of stannous-sulfate. A very bright orange 

is obtained on the wool. 

Example 6 

The procedure of Example 5 is repeated sub 
stituting a dye having Color IndexNo. 343. The 
wool is dyeda bright yellow as contrasted with 
a light tan which is. obtained when the dyeing is 
effected. by the metachrome process using chro 
mium as the metallizing metal. 

Example 7' 

A colleidized cationic. surface active agent is 
prepared by working one part of the condensa 
tion product of octadecylguanidine bicarbonate 
and six parts of ethylene oxide with four parts 
of corn dextrin prepared by dextrinizing corn 
starch: with h, ‘a hleric acid. The working is in 
a dough mixer with su?icient water to give a 
hick plastic magma. After mixing is complete 
the materiah is spread in thin layers‘ inv trays 
and dried in a vacuum oven- followed by grind 
ing and screening through a 1-10 mesh screen. 
The dyeing procedure'of Example 6 is followed, 

but the 71/2 parts of cationic and non-ionic sur 
face active agent is replacedby the same amount 
of the colloidized cationic surface active agent 
described. above. The dyeing proceeds very 
smoothly and the same excellent results are ob 
tained. 

Example 8 

The procedure of Example 5 is repeated sub 
stituting a dye having Color Index No. 202. The 
wool dyed in- this bath has a very bright cherry 
red color instead of the blue black color which is 
obtained with chromium by the metachrome 
process. 

Example 9' 

The procedure of Example 8 is repeated but 
an equal amount of zirconium chloride replaces 
the stannous sulfate. The wool dyed from the 
bath has excellent lavender shade of good depth 
and the ?bers are well penetrated. 

Example 10 

The procedure of Example 9 is repeated replac 
ing the 50 parts of magnesium sulfate with 5 
parts of calcium nitrate and using the dye of 
vExample 4. The same bright orange dyeing re 
sults. 
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Example 11 

The procedure of Example 1 is repeated replac 
ing the magnesium sulfate with an equal weight 
of barium chloride. The results are similar to 
those obtained in Example 1. 

Similar results are obtained when the same 
weight of zinc or cadmium nitrate is used instead 
of barium chloride. When the same weight of: 
zinc chloride is used a somewhat brighter and 
heavier shade is obtained. 

Example 12 

The procedure of Example 1 is repeated ex 
cept the 50 parts of magnesium sulfate are re 
placed by 50 parts of cadmium chloride contain 
ing 21/2 mols of Water of crystallization and the 
10 parts of stannic chloride are replaced with 10 
parts of zirconium sulfate. A dyeing having 
good color value and excellent penetration of 
the ?bers is obtained. 

Example 13 

The procedure of Example 12 is repeated ex 
cept the dyeing is made on nylon. A good strong 
dyeing is obtained. 

Example 14 

The procedure of the preceding example is re 
peated except the dyeing is made on real silk. A 
good color value is obtained. 

Example 15 - 

The procedure of Example 1 is repeated except 
the color has 0.1. #1034. An excellent dyeing is 
obtained. 

Example 16 

100 parts of the condensation product of octa 
decylguanidine bicarbonate and six parts of 
ethylene oxide are colloidized by mixing with 
400 parts of corn dextrin prepared by dextriniz 
ing corn starch with hydrochloric acid, and the 
mixture is worked in a dough mixer with suffi 
cient Water to give a thick plastic magma. After 
the mixing is complete, the material is spread 
in thin layers in trays and dried in a vacuum 
oven followed by grinding and screening through 
a 140 mesh screen. 
A dye bath is prepared using 10 parts of the 

dye having Color Index No. 169 pre-dissolved in f, 
boiling water. 10 parts of 28% aqueous am 
monium hydroxide, 12.5 parts of the colloidized 
cationic agent described above, 50 parts mag 
nesium sulfate containing 7 mols of water of 
crystallization, and 12.5 parts of aluminum sul 
fate containing 18 mols of water of crystalliza 
tion. The volume of the dye bath is made up to 
40,000 parts with water. A control bath is pre 
pared containing 10 parts of dye, 50 parts am 
monium sulfate and 12.5 parts aluminum sulfate. 
The volume of this bath is likewise 40,000 parts. 

500 parts of Wool are pre-wet with water and 
entered into each dye bath at 120° F. The dye 
liquor is gradually brought to the boil in half 
an hour with su?icient turning of the wool to 
insure uniform dyeing. Boiling and turning are 
continued for about half an hour whereupon 10 
parts of 28% acetic acid is added. After another 
half hour’s boiling and turning, 20 parts of 23% 
acetic acid are added and the boiling continued 
to make a total dyeing time of two hours. The 
wool is dyed a bright maroon shade instead of a 
typical violet shade obtained when the metalli~ 
zation is done with chromium in the ordinary 
metachrome process. spectrophotometric read~ 
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ings show that the wool dyed in the bath con 
taining the magnesium sulfate is 20% stronger 
than the control dyeing. ' 

Example 17 

The procedure of Example 16 is repeated but 
the dyestuff is replaced by an equivalent amount 
of the azo dye prepared by coupling beta-naph 
thol-?-sulfonic acid to diazotized 2-amino-4 
nitrophenol. The wool is colored a bright 
maroon shade instead of the brown shade which 
is obtained when the ordinary metachrome 
process is carried out using chromium compounds 
as the metallizing agents. The dyeing made in 
the bath containing the preferred features is 
20% stronger than the control dyeing. 

Example 18 

The procedure of Example 16 is followed, but 
a different dye is used being prepared by ?rst 
coupling the diazo oxide of diazotized 2-amino 
ll-nitrophenol to meta phenylene diamine and 
then coupling diazotized S-amino-naphthalene 
l-sulfonic acid to the monoazo dye. The wool is 
dyed a, rusty brown color and that dyed from 
the bath containing the preferred features is 20% 
stronger than the dyeing from the control bath. 

Example 19 

The procedure of Example 16 is followed, but 
the dye having Color Index No. 1034 is used. The 
wool is dyed a bright orange instead of the dull 
red which results from the ordinary metachrome 
process. 

Example 20 

The procedure of Example 16 is repeated with 
the dye having Color Index No. 292. The wool 
is dyed a brilliant deep blue instead of the green 
which is obtained by the ordinary metachrome 
process. 

Example 21 

Procedure of Example 16 is followed, but in 
_ stead of using the same dye an equivalent amount 

60 

‘ of the dye prepared from diazotized sulfanilic 
acid coupled to orthohydroxybenzoic acid is used. 
The wool is dyed a yellow as in the case of the 
metachrome process but the yellow is much 
brighter. ' 

Example 22 

The procedure of Example 17 is repeated ex 
cept that the 50 parts of magnesium sulfate is 

replaced by ?ve parts of calcium nitrate and parts of aluminum sulfate containing 18 mols 

of water of crystallization is used. The same 
bright maroon shade is obtained, the strength 
being 26% greater in the case of the bath con 
taining calcium nitrate than in the control bath 
in which the salt is omitted. 

Example 23 

The procedure of Example 22 is repeated re 
placing the calcium nitrate with the weight 
of zinc chloride. The strength of dyeing is 30% 
greater than that of the control. 

Example 24 

The procedure of Example 22 is repeated re 
, placing the calcium nitrate with the same weight 
of cadmium nitrate. An increase in strength of 
22% is obtained over that of the control dyeing. 

Example 25 

The procedure ‘of Example 16 is repeated ex 
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cept that the SO‘parts; of. magnesium su?ate: are 
replaced with 50 parts of cadmium chloride con 
taining 21/2 mols of water of‘ crystallization and 
the aluminum sulfate. is replaced by a stoichio 
metrically equivalent amount of aluminum chlo 
ride. An excellent brilliant red shade‘ is obtained 
which has good penetration. in the ?ber. 

Example 26 

The procedure of Example 25' is repeated ex- ‘ 
cept the cadmium nitrate is replaced with barium 
chloride. 

Example 2.7 

The procedure of Example 25 is repeated ex 
cept the dyeing is made on real silk. A beautitul 
bluish-red shade is obtained; 

Example 28 

The procedure of the preceding example is 
repeated except the dyeing is made on nylon. A 
bright red shade is obtained. 

Example 29 

The procedure of Example 16 was followed 
except that‘ a dye having Color Index No. 203 ' 
was used and the aluminum sulfate was replaced 
by 50'parts of manganous sulfate. The wool is 
dyed a dark blue, the- ?bers showing good pene 
tration. 

Example 30 

The dye bath is prepared as follows: 10? parts 
of a dye having Color Index No. 203 predissolved 
in boiling water, 10 parts of 28% aqueous am 
monium hydroxicle_., 5 parts of a non-ionic sur 
face active agent prepared by reacting 2 mols of 
polyethylene oxide (molecular weight 4000) and 
1 mol of the dimeriaed acid obtained by heat 
treating soya bean acid and distilling off the 
monomeric acid, 21/2 parts of the condensation 
product of octadecyl guanidine bicarbonate, and 
6 parts of ethylene oxide, 50 parts of magnesium 
sulfate-containing I8 mols of water of crystal 
lization, 5 parts of cobaltous sulfate, suf?cient 
water being added to bring up the volume of the 
bath to 40,000 parts, 500 parts of woolen yarn 
or piece goods is entered into the dye bath and 
dyed as described in Example 16'. 
A control dyeing is made with the dye bath 

having 10 parts of dyestu? predissolved in boiling 
water, 50 parts of ammonium sulfate and 5 parts 
of cobaltous sulfate. The volume of the bath 
being brought up to 40.000 parts. The dyeing 
procedure in the control bath is carried out as 
described in Example 16.. 
The material dyed in the bath contained mag 

nesium sulfate and ammonia is 45% stronger 
than the control dyeing when measured on a 
recording spectrophotometer. 

Example 31 

The procedure of Example 30 is repeated re 
placing the dyestuif with an equal amount of the 
dye having Color Index No. 98. The dyed shade 
is 55% stronger than that from the control bath. 

Example 32 

The procedure of Example 31 is followed using 
a different dye having Color Index No. 169 and 
the dyed shade is 18% stronger than the control 
dyeing. 

Example 33 

The procedure of Example 32 is followed using 
the dyestuff having Color Index No. 1034. The 
wool is dyed a‘ brilliant blue shade instead of the 

fall 

8 
duller red shade which is; obtained .by the meta— 
chrome process andv the dyed material, is 18% 
stronger than the control dyeing. 

Example 34 

The procedure of Example 33' is repeated but 
10 parts of cobaltous chloride are used in place 
of the cobaltous sulfate. A deep brilliant shade 
of blue is obtained as in the preceding example 
but the strength 01' the dyeing is now 56% greater 
than the control dyeing. 

Example 35 

The procedure of Example 34 is repeated sub 
stituting a dyestu? having Color Index No. 203‘. 
The dyed material is 35% stronger than the con 
trol dyeing. 

Example 36 

The procedure of Example 35. is repeated using 
10 parts of ferric chloridev in place of the co 
baltous chloride. The dyed goods is 42% stronger 
than the control dyeing. 

Example 37 

The procedure of Example 36 is repeated but 
the dyestu? having Color Index No. 98 is sub 
stituted, and 10 parts of nickelous chloride is 
used in place of the ferric chloride. The goods 
dyed are 25% stronger than when dyed by the 
control method. 

Example 38 

The procedure of Example 37 is repeated but 
the 10 parts of nickelous chloride are replaced 
with an equal weight of copper sulfate. The 
dyeing is 18% stronger than the control dyeing. 

Example 39 

The procedure of Example 35 is repeated but 
5 parts of calcium nitrate is used in place of 50 
parts of magnesium sulfate. The color value of 
the dyeing made from the bath containing all of 
the ingredients is 50% stronger than the control 
dyeing. ' 

Elrample 40 

The procedure of Example 39 is repeated re 
placing the calcium nitrate with an equal weight 
of barium chloride. The wool dyed shows a 25% 
increase in strength over the control dyeing. 

Example 41 

The procedure of Example 39 is repeated re— 
placing the calcium nitrate with an equal weight 
of zinc chloride. The wool dyed in this bath is 

s 39% stronger than the control dyeing. 

Easam‘ple 42 

The procedure of Example 39 is repeated sub 
stituting for the calcium nitrate an equal weight 
of cadmium nitrate. The strength of the wool 
dyed is 44% greater than the control dyeing. 

Example 43 

The procedure of Example 30 is repeated ex 
cept 2.5% of the colloidjzed cationic agent de 
scribed in Example 16 is used instead of the 1% 
non-ionic agent and 0.5% of the condensation 
product of octadecyl guanidine bicarbonate and 
ethylene oxide described in Example 38. Good 
color value and excellent penetration of the ?ber 
is obtained. 

Example 44 

A colloidized cationic agent is prepared as in 
Example 16 except that the cationic product con 

75 taining mixed cctyl or stearylpyridinium halides 
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is used in place of the condensation product of 
octadecyl guanidine bicarbonate and ethylene 
oxide. When this colloidized material is used 
with the color of the preceding example by the 
procedure of the preceding example, the sample 
dyed in the presence of the colloidized cationic 
agent has good color value and the ?bers are well 
penetrated. 

Example 45 

A cationic agent consisting of a technical 
mixture of quaternary ammonium :bases _ con 
taining the radicals of C15Hs1 and 0171-135 is col 
loidized by the procedure in Example 16. 2.5% 
of this colloidized material is substituted for the 
non-ionic and cationic surface active agents in 
Example 30 and the dyeing procedure carried 
out as in that example. The material dyed in 
the bath containing the magnesium sulfate, the 
colloidized surface active agents and the ammoni 
um hydroxide showed excellent penetration into 
the individual ?bers. If desired the surface active 
agent in this example may be replaced with an 
equal weight of diethyl amino ethyl stearyl amide 
acetate. 

Example 46 

The procedure of Example 30 is repeated ex 
cept the color of Example 32 is used and the co 
baltous sulfate is replaced by 2% cobaltous chlor 
ide containing 6 molecules of Water of crystal 
lization. Dyeing was made on nylon and a good 
uniform shade was obtained. 

Example 47 

The procedure of the preceding example was 
repeated except the dyeing was made on real silk 
and a satisfactory strength and shade were 
obtained. 
In the claims: 
1. A method of dyeing which comprises sub 

jecting substantially unmetallized basic nitrog 
enous ?bers to the action of a dye bath formed 
by mixing a metallizable dye, a soluble metalliz 
ing salt selected from the salts of aluminum, 
manganese, iron, cobalt, nickel, copper, zirconium 
and tin, a soluble salt of a metal of group II of 
the periodic system having an atomic weight less 
than mercury, a water dispersible cationic sur 
face active agent, water, and su?icient alkali to 
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make the pH of the bath alkaline, but not higher 
than 9.5, and to cause said dye to react with said 
alkaline earth metal salt to form an alkaline 
earth complex of said dye, partially dyeing said 
?bers from said complex, gradually lowering the 
pH of said bath at least to the point where de 
composition of said complex and metallization 
of the dye take place, and completing the dyeing 
at said lowered pH. 

2. A method according to claim 1 in which the 
?nal pH is distinctly acid. 

3. A method according to claim 2 in which the 
metallizable salt is a salt of aluminum. 

4. A method according to claim 3 in which the 
alkaline earth metal salt is magnesium sulfate. 

5. A method according to claim 2 in which the 
metallizable salt is a salt of manganese. 

6. A method according to claim 5 in which the 
alkaline earth metal salt is magnesium sulfate. 

7. A method according to claim 2 in which the 
metallizable salt is a salt of cobalt. 

8. A method according to claim 7 in which the 
alkaline earth metal salt is magnesium sulfate. 

9. A method according to claim 2 in which the 
metallizable salt is a salt of nickel. 

10. A method according to claim 9 in which the 
alkaline each metal salt is magnesium sulfate. 

11. A method according to claim 2 in which the 
metallizable salt is a salt of zirconium. 

12. A method according to claim 11 in which 
the alkaline earth metal salt is magnesium 
sulfate. 
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