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This invention relates to the production of shaped arti 
cles of polyvinyl alcohol having improved dyeability. 
The invention is especially concerned with the produc 
tion of polyvinyl alcohol ?laments having improved dye 
ing properties. 

Polyvinyl alcohol shaped articles such as ?laments and 
?lms are produced by known methods. Usually such 
shaped articles show undesirable sensitivity to water, es 
pecially hot water. In order to improve the properties 
of shaped articles such as ?laments, the articles are usu 
ally subjected to a heat treatment at temperatures in the 
range of 200—250° C. followed by acetalization as with 
formaldehyde. 

Polyvinyl alcohol shaped articles treated as above have 
inferior dyeing characteristics. Both heat treatment and 
subsequent acetalization have a deleterious effect on dye 
ability of the shaped articles. 

It is an object of this invention to provide a method for 
the production of shaped articles of polyvinyl alcohol 
characterized by improved dyeing properties. 

It is a further object of the invention to produce poly 
vinyl alcohol ?laments of improved dyeability. 

‘Other objects will be apparent from the following de 
scription of the invention. ' 

In carrying out the present invention, polyvinyl alcohol 
shaped articles are oxidized to convert some of the hy 
droxyl groups to carbonyl groups. After oxidation, the 
oxidized article is reacted with ammonia or a primary or 
secondary amine and with hydrogen cyanide or an inor 
ganic cyanide salt. Through this combination of treat 
ing steps, basic nitrogen groups are introduced into the 
polyvinyl alcohol shaped article, and the thusly treated 
shaped article has greatly improved dyeing properties. 

Polyvinyl alcohol shaped articles which are treated in 
accordance with this invention are prepared by known 
methods. By shaped articles are meant ?laments, ?lms, 

An especially preferred method for 
preparing ?laments which are to be treated in accord 
ance with this invention is described in Tomonari et al. 
application Serial No. 336,166, ?led February 10, 1953. 
Other methods can be employed. 
The polyvinyl alcohol shaped article is ?rst treated in 

the process of this invention to oxidize some of the hy 
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2. 
acid salts, and hydrogen peroxide together with per 
vanadic acid, and the like. 

It is generally preferred to carry out the oxidation by 
immersing the polyvinyl alcohol shaped article in an 
aqueous solution of the oxidizing agent. However, the 
oxidation can be carried out in organic solvent solutions 
of oxidizing agent or using gaseous oxidizing agents. 
The oxidation can be carried out at normal or elevated 
temperatures, e.g. 0—100° C., for times ranging from a 
few minutes to several hours. 

It is necessary in accordance with the invention to oxi 
dize su?icient of the polyvinyl alcohol hydroxyl groups 
so that after subsequent amine and cyanide treatment 
the shaped article has good dyeing characteristics. Gen 
erally oxidation of about 0.1 to 20% of the hydroxyl 
groups and usually about 0.2 to 10% is preferred. 

After oxidation, the shaped polyvinyl alcohol arti 
cle is reacted with ammonia or a primary or secondary 
amine and with hydrogen cyanide or a cyanide ‘salt. The 
reaction is believed to proceed as follows: ‘ 

Besides ammonia, examples of primary and secondary 
amines which can be used include methyl amine, ethyl 
amine, Z-ethyl hexylamine, laurylamine, cyclohexyl 
amine, benzylamine, ethanol amine, glycine, alanine, glu 
tamic acid, w-amino caproic acid, taurine, dimethyl 
amine, diethyl amine, lauryl methyl amine, piperidine, 
diethanol amine, morpohline, and’ sarcosine, as well as 
diamines and polyamines such as ethylene diamine, tetra 
methylene diamine, hexamethylene diamine, piperazine, 
triethylene tetramine, polyethylene polyamine, poly 
ethylene imine, and the like. Salts of ammonia and the 
amines such ‘as hydrochloric acid, sulfuric acid, phos 
phoric acid, hypophosphoric acid, acid sul?te, alkali car; 
bonate, formic acid and acetic acid salts can be used. 

Cyanides which are used include hydrogen cyanide and 
alkali or alkaline earth metal salts thereof such as sodium 
cyanide, potassium cyanide, calcium cyanide, and the 
like. 
The reaction of the oxidized polyvinyl alcohol shaped 

article with amine and cyanide is preferably carried out 
by immersing the shaped article in an aqueous solution 
or a water-alcohol solution containing 1—50% by Weight 

_ of a mixture of 
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droxyl groups to carbonyl groups. The oxidation can be - 
before or after other treating steps such as heat treatment 
or acetalization. Suitable oxidizing agents include hypo 
chlorous acid, chlorous acid, alkali metal chlorites and 
hypochlorites, calcium chlorites and hypochlorites (in 
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eluding bleaching powders), nitric acid, hyponitric acid, ’ 
parmanganic acid, hydrogen peroxide, acetic acid, ozone, 
bromine, ammonium persulfate, tertiary butyl hydroper 
oxide, lithium per'benzoate, benzyl peroxide, N-bromo 
succinimide, N-chloro-succinimide, and the like. Light 
or ultra violet radiation can be employed alone or with 
the oxidizing agents. In addition to the above agents, 
agents which oxidize the 1,2-glycol linkages with the 
formation of aldehyde groups including periodic acid or 
salts thereof including alkali metal salts and tetra acetic 
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(a) An amine or ammonia together with a molar equiv-, 
alent or less of hydrogen cyanide, or 

(b) A salt of ammonia or an amine together with a 
molar equivalent amount of a cyanide salt, or 

(c) A salt of ammonia or an amine together with a 
molar equivalent amount of a cyanide salt, and excess ame 
monia or amine. 

Reaction times of several minutes to many hours, usu 
ally about 5 minutes to 2 hours at temperature of 0—100° 
0., ‘usually 20-70" C., are employed. The oxidized shaped 
articles need not be reacted simultaneously with the 
amine and cyanide. Alternatively, the oxidized article 
can be separately reacted with amine and cyanide in either 
order. Vapor phase reactions of the oxidized polyvinyl 
alcohol article with the arnine and cyanide can be em 
ployed. _ Y 

The treated polyvinyl alcohol shaped articles can be 
subjected to known treating steps such as heat treatment 
and acetalization to further improve properties thereof. 
These treating steps can be carried out before or after the 
various process steps of this invention. 
The shaped polyvinyl alcohol articles produced by this 

invention have greatly improved dyeing characteristics. 
These articles are readily dyed to a deep color with both 
acid type dyes and direct dyestuffs. The basic nitrogen 
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groups introduced into the shaped article are highly stable 
against acid, alkali and hot water. 

Dyeability of ?laments produced by this invention is 
greatly superior to that of cotton ?bers with direct dyes. 
With acidic dyes and mordant dyes, the dyeability is 
comparable with that of wool ?bers. Both the amino 
and cyano radicals introduced by the instant process are 
believed to contribute to the improved product dyeability. 
The polyvinyl alcohol articles treated by the present 

process are preferably composed substantially completely 
of polyvinyl alcohol. However, copolymers of vinyl al 
cohol with up to about 20% of other compounds such as 
ethylene, maleic anhydride, and the like can be used. 
The following examples illustrate the invention: 

EXAMPLE 1 

Polyvinyl alcohol ?laments were prepared by wet spin 
ning. The ?laments were heat treated for 3 seconds at 
235° C. 

Portion 1 of the ?laments was treated for 1 hour at 
60° C. in an aqueous solution containing by weight 0.5% 
N-bromosuccinimide, 0.23% pyridine, and 15% sodium 
sulfate. 

Portion 2 of the ?laments was treated for 1 hour at 
60° C. in an aqueous solution containing by weight 2% 
hydrogen peroxide and 15% sodium sulfate. 

Portion 3 of the ?laments was not oxidized. 
Portions l and 2 each were treated for 30 minutes at 

60° C. in an aqueous solution containing by weight 2% 
ethylene diamine monohydrochloric acid salt and 1% 
sodium cyanide. 

Portions l, 2 and 3 were formalized for 1 hour at 70° 
C. in an aqueous solution containing by weight 5% form 
aldehyde, 15% sulfuric acid, and 15% sodium sulfate. 
The following table shows the results obtained: 

Table 1 

Portion No ....................................... __ 1 2 3 

Weight percent nitrogen after treatment with amine 
and cyanide ____________________________________ __ 0.41 0.45 ____ __ 

M01 percent amino groups after treatment with 
amino and cyanide _____________________________ _. 0.42 0. 47 ____ __ 

Shrinkage in boiling water after aeetalization, per 
eeut__ ___ 4.10 5.50 0 20 

Dry tenacity alter acetalizntion, grams/denier _____ -_ 3. 50 2. 00 3 70 
Absorption of direct dyostuif after aeetalization, 
percentl ........................................ __ 100 100 2.10 

1 Dyed 1 hour at 70° C. in aqueous bath containing Nippon Fast Vio 
let BB in amount of 2% by weight of ?lament. 

These results show the improvement in dyeing proper 
ties of ?laments treated by the invention. Filament 
strength decreased only slightly through practice of the 
invention. 

EXAMPLE 2 

Polyvinyl alcohol ?lm was formed -by known tech 
niques. The ?lm was treated for 1 hour at 50° C. in an 
aqueous solution containing by weight 20% persulfuric 
acid and 20% sodium sulfate under tension. Then the 
?lm was treated under tension for 2 hours at 50° C. in 
a solution containing by weight 5% ammonia, 0.5 % cy 
anide and 20% sodium sulfate. Subsequently, the ?lm 
under tension was heat treated 30 minutes at 160° C. in 
steam at 4 kg./cm.2 gauge pressure. 
When dyed at room temperature using 5% by weight 

of the ?lm of tartarizine, or acid dyestutf, a brightly yel 
low-dyed ?lm was obtained. 

EXAMPLE 3 

Polyvinyl alcohol ?laments were prepared by wet spin 
ning. The ?laments were hot stretched 100% at 235° C. 
in 2 seconds, and further heat treated for 2 seconds at 235 ° 
C. The ?laments were divided into 2 portions, B and C. 

Portion B of the ?laments was further treated for 1 
hour at 10° C. in an aqueous solution containing by 
weight 0.5% sodium hypochlorite, 0.5 % sulfuric acid 
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4 
and 15% sodium sulfate. The oxidized portion B ?la 
ments were then treated for 1 hour at 70° C. in an aqueous 
solution containing by weight 1% ethylenediamine, 0.83% 
sodium cyanide and 1.73% sodium acid sul?te. The 
thusly treated portion B ?laments contained 0.65% by 
weight nitrogen. 

Both portions B and C of the ?laments were treated 
for 1 hour at 70° C. in an aqueous solution containing 
by weight 5% formaldehyde, 15 % sulfuric acid and 15 % 
sodium sulfate. 

Portion B ?laments had high water resistance (3.5% 
shrinkage after 30 minutes in 100° C. water), dry ten 
acity of 4.1 grams/ denier, ‘and excellent dyeability for acid 
dyestu?. At 80° C. the ?laments absorbed all the dye 
stuff Acid Brilliant Scarlet 3R from an aqueous bath con~ 
taining 2% of the dyestuff based on the ?lament weight. 

Portion C of the ?laments had a dry tenacity of 5.0 
grams/denier and absorbed no dye under the above dye~ 
ing conditions. 

EXAMPLE 4 

Polyvinyl alcohol ?laments were prepared by wet spin 
ning. These ?laments were heat treated and formalized 
by reaction with formaldehyde. 
The acetalized ?laments were treated for 2 hours at 

70° C. in an aqueous chlorite salt solution containing 3 
grams/liter e?ective chlorine. The ?laments were then 
treated for 1 hour at 50° C. in a solution containing 22 
grams/ liter chloric acid. 
The oxidized ?laments were treated with amine and 

cyanide as described in Example 3. 
The resulting ?laments were dyed for 1 hour at 80° C. 

using acid or direct dyestuffs as described in Examples 1 
and 3. Dyed color was much deeper when compared 
to similarly prepared and dyed polyvinyl alcohol ?laments 
not treated by the invention. Strength of ?laments pre 
pared by the invention was about 30% lower than such 
similarly prepared ?laments. 
We claim: 
1. The method of improving the dyeability of shaped 

polyvinyl alcohol articles which comprises forming a poly 
vinyl alcohol shaped article, oxidizing said shaped article 
with an oxidizing agent until 01-20% of the hydroxyl 
groups of said polyvinyl alcohol shaped article are con 
verted to carbonyl radicals, and reacting the partially 
oxidized shaped article at a temperature of from 0-100° 
C. with a mixture consisting of approximately equal molar 
equivalents of a compound selected from the group con 
sisting of ammonia, a primary amine, a secondary amine 
and salts thereof, and of a compound selected from the 
group consisting of hydrogen cyanide, alkali metal 
cyanides and alkaline earth metal cyanides thereby to 
produce a shaped polyvinyl alcohol article having im 
proved dyeability. 

2. The method of improving the dyeability of a poly 
vinyl alcohol ?lament which comprises forming a poly 
vinyl alcohol ?lament, oxidizing said ?lament with an 
oxidizing agent until 01-20% of the hydroxyl groups 
of said polyvinyl alcohol ?lament are converted to car 
bonyl radicals, and reacting the partially oxidized ?la~ 
ment at a temperature of from 0—l00° C. with a mixture 
consisting of approximately equal molar equivalents of a 
compound selected from the group consisting of ammonia, 
a primary amine, a secondary amine and salts thereof, 
and of a compound selected from the group consisting of 
hydrogen cyanide, alkali metal cyanides, and alkaline 
earth metal cyanides thereby to produce a polyvinyl 
alcohol ?lament having improved dyeability. 

3. A polyvinyl alcohol shaped article prepared by the 
method of claim 1. 

4. A polyvinyl alcohol ?lament prepared by the method 
of claim 2. 

5. The method of improving the dyeability of shaped 
polyvinyl alcohol articles which comprises forming a 
polyvinyl alcohol shaped article, oxidizing said shaped 
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article with an oxidizing agent until 0.1-20% of the hy 
droxyl groups of said polyvinyl alcohol shaped article 
are converted to carbonyl radicals, and reacting the par 
tially oxidized shaped article at a temperature of from 
0~l00° C. with a compound selected from the group con 
sisting of ammonia, a primary amine, a secondary amine 
and salts thereof, and with a compound selected from the 
group consisting of hydrogen cyanide, alkali metal 
cyanides and alkaline earth metal cyanides thereby to pro 
duce a shaped polyvinyl alcohol article having improved 
dyeability, said compounds being present in amounts suf 
?cient to give said article a nitrogen content of at least 
about 0.4% by weight. 

6. The method of improving the dyeability of a poly 
vinyl alcohol ?lament Which comprises forming a poly 
vinyl alcohol ?lament, oxidizing said ?lament with an 
oxidizing agent until 0.l—20% of the hydroxyl groups of 
said polyvinyl alcohol ?lament are converted to carbonyl 
radicals and reacting the partially oxidized ?lament at a 
temperature of from 0—100° C. with a compound selected 
from the group consisting of ammonia, a primary amine, 
a secondary amine and salts thereof, and with a compound 
selected from the group consisting of hydrogen cyanide, 
alkali metal cyanides, and alkaline earth metal cyanides 
thereby to produce a polyvinyl alcohol ?lament having 
improved dyeability, said compounds being present in 
amounts su?icient to give said ?lament a nitrogen content 
of at least about 0.4% by weight. 

7. The method of improving the dyeability of shaped 
polyvinyl alcohol articles Which comprises forming a poly 
vinyl alcohol shaped article, ‘oxidizing said shaped article 
with an oxidizing agent until 0.140% of the hydroxyl 
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groups of said polyvinyl alcohol shaped article are con 
verted to carbonyl radicals, and reacting the partially 
oxidized shaped article at a temperature of from 0—l00° 
C. with a mixture consisting of a compound selected from 
the group consisting of ammonia, a primary ‘amine, a sec 
ondary amine and salts thereof, and of a compound se 
lected from the group consisting of hydrogen cyanide, al 
kali metal cyanides and alkaline earth metal cyanides 
thereby to produce a shaped polyvinyl alcohol article hav 
ing improved dyeability, said mixture of compounds being 
present in solution in a concentration of l to 50% by 
weight. 

‘8. The method of improving the dyeability of a poly 
vinyl alcohol ?lament which comprises forming a poly 
vinyl alcohol ?lament, oxidizing said ?lament with an 
oxidizing agent until (Lil-20% of the hydroxyl groups of 
said polyvinyl alcohol ?lament are converted to carbonyl 
radicals and reacting the partially oxidized ?lament at a 
temperature of from 0-l100° C. with a mixture consisting 
of a compound selected from the group consisting of am 
monia, a primary amine, a secondary amine and salts 
thereof, and of a compound selected from the group con 
sisting of hydrogen cyanide, alkali metal cyanides, and 
alkaline earth metal cyanides thereby to produce a poly 
vinyl alcohol ?lament having improved dyeability, said 
mixture of compounds being present in solution in a con 
centration of 1 to 50% by weight. 
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