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This invention relates to a catalyst system for the cur— 
ing of fabric which has been treated with aldehydic type 
textile ?nishing agents and also to an improved method 
for imparting durable ?nish effects to fabrics using alde 
hydic type ?nishing agents. 
As used herein the term “aldehydic” type textile ?nish 

ing agents contemplates the use of any of the following 
types of materials as ?nishing agents: 

(a) Free aldehydes per se, 
(b) Materials or compounds, which upon heating, espe 

cially in the presence of acid, liberate free aldehydes, 
(c) Thcrmosetting or thermoreactive aldehyde resins 
which either crosslink with hydroxlated polymers under 
acid conditions to form a water insoluble reaction 
product or which condense or polymerize, in the pres 
ence of acid, to form water insoluble polymers. 

Hereinafter, type (a) and (b) materials will sometimes 
be referred .to as methylenating agents and type (c) mate 
rials will be referred to collectively as aldehyde resins. 

Aldehyde-s and dialdehydes such as formaldehyde, 
glyoxal, acetaldehyde, chloral, benzaldehyde, furfural and 
the like are some of the typical aldehydes which, per se, 
are useful fabric ?nishing agents. 
Some typical compounds which upon heating, either 

alone or in the presence of acids, will release or liberate 
aldehydes, and which are useful as ?nishing agents are: 
the methylol-ketones, para-formaldehyde, trioxane, and 
the like. 
Some typical thermosetting aldehyde resins which are 

useful as fabric ?nishing agents are the methylol ureas, 
the methylated methylol ureas, the methylol melamines, 
the methylated rnethylol melamines, etc. 
Some typical reactive aldehyde resins which are useful 

as fabric ?nishing agents are the lower alkylene methylol 
ureas (e.g., dimethylol ethylene urea, tetramethylol di 
acetylene urea, the methylol triazones, and their methyl 
ated derivatives) and the related compounds having one 
or more hydroxy group substituted for hydrogen atoms 
in the alkylene chain (e.g., dihydroxy dimethylol ethyl 
ene urea). 

All such aldehydic materials, and many other related 
materials, have heretofore been used or proposed for use 
as fabric ?nishing agents for imparting many different 
types of ?nishing effects to all kinds of textile fabrics and 
textile products (of animal, vegetable and synthetic 
origin). All such aldehydic ?nishing agents are useful 
in connection with the present invention, provided they ‘ 
are suf?ciently stable at room temperature and under acid 
pH conditions to enable the material to be applied to the 
fabric co-jointly with the catalyst without precipitating 
insolubilized resins or the like. 

In all processes where aldehydic compounds are em 
ployed as ?nishing agents, the fabric, at some stage after 
the ?nishing agent has been applied to it, is cured by 
heating. The curing is carried out in the presence of a 
catalyst to accelerate the reaction or polymerization. 
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Depending on the type of aldehydic ?nishing agent em~ 
ployed, the curing treatment will either cause the ?nishing 
agent itself or aldehyde released from the ?nishing agent 
to react with the fabric, or in the case of the thermosetting 
aldehyde resins, the cure will cause the resin to primarily 
polymerize to a water insoluble stage although some 
reaction with the fabric may also occur. 

Heretofore many different acidic substances have been 
employed as curing catalysts. However, all such sub 
stances can be generally characterized as falling into two 
distinct categories, (1) acids per se, and (2) “potentially 
acid” substances; the latter being materials which are al 
most neutral or in some cases even alkaline in aqueous 
solution and which, upon heating to temperature above 
about 125° (3., form an acid curing environment by re 
leasing a strongly acidic material. Hereinafter, when I 
employ the term “conventional” catalysts, it is intended 
to cover both the aforementioned types of acidic catalytic 
materials. 
With the straight acid catalysts, the pH of the impreg 

nating bath and that of the cured fabric are approximately 
the same. This however, will depend somewhat on the 
buffering action of the ?nishing agent. With the poten 
tially acid catalysts, the pH of the cured fabric will be 
lower than that of the impregnating bath. . 
The use of conventional catalysts give rise ‘to certain 

objectionable features, not only in the processing opera 
tions but also in the properties of the ?nished fabric. 

Productwise, one of the most signi?cant objections at 
tributed to the use of conventional catalysts is the loss of 
strength due to hydrolysis or acid degradation'of the 
fabric. Strength losses due to hydrolysis to be diifercn' 
tiated from an apparent strength losses'due to “embrittle 
ment” or the loading of the fabric with hardened resins. 
Hydrolysis involves changing the chemical nature of the 
fabric and can be caused by the action of the catalyst. 
The extent of hydrolysis is governed by several factors 
including the type of catalyst, its concentration, and the 
curing conditions (time and temperature) employed. 
Even with the milder acids such as tartaric acid, the 

catalyst concentration is an important factor and must 
be regulated precisely; however, strength losses due to 
hydrolysis can be controlled by carefully curing the fabric 
under relatively mild curing conditions and by employing 
relatively low concentrations of the catalyst (0.25% to 
1% ). However, with the milder acids, it is usually nec 
essary to employ higher temperature cures in order to 
obtain a satisfactory degree of resilience and durability 
in the ?nish effect. It is, therefore, difficult, if not im 
possible, to obtain a desired degree of resilience and dur 
ability without altering the curing conditions or catalyst 
concentration to an extent where objectionable strength 
losses will occur through fabric degradation. 
For a given ?nishing agent, the same factors (catalyst 

type, catalyst concentration, and curing conditions) will 
also in?uence and affect other properties of the finished 
fabric, especially hand, drapeability, resilience, durability 
of the ‘?nish effect, wash and wear properties, etc. There 
is no absolute correlation as to how the various prop 
erties will be in?uenced. Generally speaking, however, 
factors which would tend to increase the resilience or 
durability and wash and wear properties also tend to 
adversely affect the strength—both tear and tensile. It 
is exceedingly di?’icut-lt to achieve a desirable balance 
of properties, i.e., a highly durable and resilient fabric 
with good wash and Wear properties, without unduly 
weakening of the fabric. Conversely, in order to 
strengthen the fabric ‘by minimizing strength losses, the 
various factors must be adjusted in such a way that 
inevitably the resiliency and the wash and wear durability 
of the ?nish are reduced. 
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As previously noted, the hand and drapeability of the 

fabric can also be in?uenced and affected by the afore 
said factors. However, the variations in these properties 
are not of as much signi?cance as strength, ‘resilience, 
durability, and wash and wear properties, since correc 
tive modi?cations can be effected by various after treat 
ments, e.g., the addition of softeners,1passing the fabric 
through button breakers, and the like. 

If a relatively strong conventional acid catalyst such 
as hydrochloric acid is used as the curing agent, the 
catalyst must be used in very small and critical amounts, 
e.g., by applying the catalyst in concentrations which 
will deposit on the fabric less than 0.1;% of the catalyst 
based on the fabric Weight. In such cases, only a slight 
increase in the concentration has a very signi?cant effect, 
and strength losses due to degradation become very 
noticeable. Because the maximum permissible catalyst 
concentration is very low, it is almost impossible, in full 
scale commercial runs, to uniformly distribute the catalyst 
in the critical concentration needed for e?icient curing 
and the end results accordingly are quite unpredictable; 
some portions of the fabric will be highly hydrolyzed 
and the fabric exceedingly weakened. 
With the weaker acids such as succinic acid, in order 

.to fully harden or set the resin or cause the aldehyde 
to react with the fabric so as to enhance the durability, 
resilience, wash and wear, etc., it is necessary to employ 
either very high temperature cures or prolonged heating 
at somewhat lower temperatures. However, in either 
case hydrolysis will occur to an objectionable degree 
{when the “harder” cures are employed. 

Similanly, with some types of aldehydic ?nishing agents, 
especially with methylenating agents such as formalde 
hyde and ketone-aldehyde precondensates the conven 
tional catalysts were totally unsatisfactory eventhough 
extreme efforts were made to regulate the curing condi 
tions. It was practically impossible to obtain uniform 
properties throughout the fabric; some portions would be 
objectionab'ly tendered and in other portions the degrada 
tion would ‘be less perceptible; the resilience, durability 
and other properties will also be found to vary quite 
:unpredictably. Hence, despite the known desirability 
using formaldehyde and other methylenating agents as 
?nishing agents, the di?iculty of effectively controlling 
the process are so great and unpredictable that until the 
advent of my special catalyst system methylenating agents, 
per se, were not used in commercial fabric ?nishing op 
erations. ' ' 

In order to overcome the foregoing objections, it is 
one of the objects of this invention to provide a catalyst 
system and finishing process which is useful in the curing 
of ?nishes imparted by all types of aldehydic ?nishing 
agents, and which will impart a highly desirable balance 
of properties by minimizing strength losses in fabrics 
having high resiliency and high durability. 

It, is another object of this invention to provide a 
catalyst system and ?nishing process which will enable 
certain aldehydic materials to be used as ?nishing agents— 
particularly methylenating agents~which heretofore could 
not be so used effectively. ' 
7 Still anotherobject of the inventionris to provide a 
catalyst system, and ?nishing process which can be used 
in such concentrations so that minor variations thereof, 

‘as inevitably occur in making up the pad bath and in 
applying the catalyst to the fabric, will not signi?cantly 
a?ect the properties of the ?nished fabric. 
An additional object of this invention is to provide a 

catalyst system and ?nishing process which will enable 
aldehydic ?nishing. agents to, be e?iciently-and effectively 
cured under milder curing conditions than can be em 
ployed with conventional catalysts and at the same time 
obtain desirable enhancement of other properties. 

Other objects and advantages of the invention will 
appear from the ensuingdescription and examples. 

According to the invention, the foregoing objectives 
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4 
are achieved by a catalyst’ system comprising an acid 
component and an acid salt component, which com- ' 
ponents, under the heating ‘employed to cure the fabric 
carrying the ?nishing agent, are capable of forming in 
the fabric a residue which imparts to the fabric a lower 
acidity (higher pH) than that'of the acid-acid salt com 
bination prior to heating. 
With respect to the acid component for use in the 

catalyst system of the present invention, it may be an 
organic or inorganic acid or acid anhydride such as 
maleic, tartaric, hydrochloric, phosphoric, citric, itaconic, 
succinic, and the like. I prefer, however, to employ 
polybasic acids, and especially non-volatile organic acids 
having an acidity at least equal to 10.1% citric acid'solu 
tion since catalyst systems prepared therefrom in ac 
COI-ClHHCC'Wlih the present invention will develop the 
desired degree of acidity for ef?cient ?nishing and will 
not, under the ?nishing conditions for treating the fabric, 
develop acidity to a degree which will seriously degrade 

' the fabric being treated. Acids which are weakly acidic 
such as boric acid, are not well suited’ for purposes of 
this invention as they do not permit efficient ?nishing 
within the time and temperature relationship in equip 
ment used for commercial ?nishing. Weak acids which 
are readily volatile under the processing conditions, e.g.', 
formic acid, cannot be eifectively used as they will be 
driven off before a satisfactory cure can be effected. 
‘Other highly desirable characteristics of the acid com 
ponent are that it should be one which with the acid 
salt component, will not form a water insoluble residue 
during the heating to cure the fabric. .In general, the 
useful acids are those which will provide a pH in the 
impregnating bath of from about 1.5 to 5.5. _ 

The preferred acid salts for use in the catalyst system 
of this invention are the metal salts of either organic or 
inorganic acids of the Lewis acid type (i.e., an electron 
acceptor) and especially the polyvalent metal salts of such 
acids. The Lewis acid salts of monovalent metals'with 
polybasic acids can also be used effectively.’ Where White 
goods are to be ?nished, I prefer to employ those‘salts 
of the Lewis acidtype which form substantially colorless 
aqueous solutions. Examples of acid salts which have 
been found to be especially useful are magnesium nitrate, 
strontium nitrate, aluminum chloride, zinc chloride, sodi 
um bisulfate, zirconium oxychloride, aluminum acetate, 
chromium acetate, and the like. 

In general, the useful acid-acid salt combinations are 
those which, when applied to a fabric as a pure aqueous 
solution of the catalyst components and heated to tem 
peratures of about 250 to 300° F., will form in the fabric 
a residue (preferably water soluble residue) which will 
impart to the'fabric'a pH that is at least 2, and preferably 
about 2.3 or more, higher than the pH of the pure aqueous 
solution of the catalyst components. _ 
Where one or more of these preferred acid salts are 

used in combination with the preferred acids, the catalyst 
system will permit'e?icient ?nishing of the fabric so as to 
impart a highly resilient, durable ?nish with good wash 
and wear properties and with a minimized loss in strength. 

catalyst system to the fabric to be treated from the same 
impregnating bath, as only a single operation is thereby 
required. It is also possible to apply the ?nishing agent 
and the individual catalyst componentsin separate opera 
tions and in any desired sequence-such multistep applij 
cations are also well known’ in the art. ’ 

' Where the ?nishing agent and the catalyst system are 
applied to the fabric at about 60% to 70% pick-up, it is 
possible to employ impregnating baths'in which the ?n 
ishing agent can be presentin quantities as great as 35% 
of the total weight of vthe bath, and in quantities as low 
as a fraction of 1%. Generally, whefe the ?nishing agent 
constitutes about 3-12% of the bath weight. and exerts 
only a mild buffering action, the catalyst'syste'rn accord 
ing to'the invention should constitute from 0.5 to 3.0% of 

It is preferred to apply the ?nishing'agent and the ' 

MEL. - . 
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the bath weight, and where it is desired to increase or de 
crease the amount of the ?nishing agent or where the 
?nishing agent is known to exert a strong buffering ac 
tion (e.g., the kctone-aldehyde precondensates), the total 
catalyst weight should be adjusted accordingly. The bath 
can if desired also contain buffers and other conventional 
processing aids or ?nishing materials such as softeners, 
wetting agents, tinting agents, and the like. 
The relative ratio of the acid component to the acid salt 

component can vary over a wide range provided that the 
combination is one which will develop, under the curing 
conditions involved, an acidity which the sui?cient to 
enable the ?nish effect to be ?xed efficiently, and do this 
without objectionably degrading the fabric. To prevent 
objectionable fabric degradation, the combination should 
be one which alone and under the heating conditions in 
volved, will form a residue in fabric which will impart 
thereto a pH which is at least 2 points higher than that of 
the catalyst components in pure aqueous solution. Com 
binations of many different acids with many different 
types of Lewis acid salts in many widely varying ratios 
Will be found to give this inverse pH relationship and the 
following illustrations will serve to show particularly use 
ful combinations which have been found to give an opti 
mum balance of properties when used for curing cel 
lulosic with different aldehydic ?nishing agents and fabrics. 
Where the catalyst system is intended to be used for the 

?nishing of natural cellulose fabric with formaldheyde or 
with aldehyde liberating materials which do not exert 
strong buffering action so as to effect a partial methylena 
tion of the cellulose, I prefer to employ those systems 
which have the acidity characteristics below 200° P. which 
will not appreciably catalyze the methylenation reaction 
and which develop an acid methylenating environment at 
temperature between 200° and 400° F. Catalysts 
having acidity characteristics approximating those formed 
by the combination citric acid (2 pounds), strontium ni 
trate (3 pounds) and magnesium nitrate hexahydrate (4 
pounds) in impregnating baths containing about 3 to 10% 
of the ?nishing agent made up to 100 gal. with water (i.e., 
the total catalyst system is approximately 1% of the 
weight of the bath and is sometimes hereinafter referred 
to as the 2-3-4 catalyst), have been found especially 
useful. 
Where the catalyst system is intended to be used for 

the ?nishing of natural cellulose fabric or regenerated cel 
lulose fabric with aldehyde resins in bath concentrations 
about 3 to 12%, the 2~3~4 catalyst can be effectively used 
and so too can a catalyst formed by the combination of 
citric acid (2 pounds) and magnesium nitrate hexahy 
drate (7 pounds). This is sometimes hereinafter referred 
to as the 2-7 catalyst. 
Where the catalyst system is intended to be used for 

the ?nishing of regenerated cellulose fabric with a moth 
ylenating type aldehydic ?nishing agent, I prefer to em 
ploy those systems which have the acidity characteristics 
approximating those formed by the combination citric 
acid (5 pounds) and magnesium nitrate hexayhdrate (12 
pounds) in an impregnating bath made up to 100 gal. 
with water (i.e., the total catalyst system is approximately 
2% of the weight of the bath and is sometimes herein 
after referred to as the 542 catalyst), have been found 
especially useful. 
Any of the foregoing catalyst systems (i.e., the 2-3-4, 

the 2-7, and the 5-12 catalysts) exhibit rather similar 
acidity characteristics at temperatures ranging from room 
temperature up to where the fabric itself is heated to tem 
peratures as high as 400° F. Curing by infra-red heat 
where the fabric is momentarily exposed to very high 
temperatures, can also be used in conjunction with the 
process and catalyst system of this invention. In such 
cases, the fabric itself does not reach the temperature of 
the heating means. 
When the ?nishing agent is applied from a pad bath to 

give 60 to 70% pick-up, I prefer to employ the catalyst 
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system of this invention in concentrations which constitute 
from about 1/2 to 3% of the bath weight, nevertheless, it is 
possible by varying other factors such as the solution pick 
up or the curing conditions to employ baths in which the 
catalyst constitutes higher or lower percentages of the bath 
weight. However, where the total quantity of catalyst 
applied to the fabric is appreciably in excess of about 10% 
of the fabric weight there is a strong possibility of objec 
tionably degrading the fabric. 
The following examples will serve to illustrate in greater 

detail some of the various features of the invention. 
While the following examples are primarily concerned 
with treating cellulosics to impart an all-over non-mechan 
ical ?nish effect to the fabric, the process and catalyst 
system should not be deemed to be limited thereby. Both 
the method and the catalyst system can be effectively util 
ized in any other type of fabric ?nishing process where it 
is necessary to cure one or more aldehydic ?nishing agents 
which have been applied to the fabric. Such other proc 
esses may involve localized or all-over application of the 
?nishing agent, and if desired, the process may also in 
volve mechanically treating the fabric to alter the shape 
and relative disposition of the yarns—as for example by 
calendering, pleating, ru?iing, and the like. ' 

Example 1 

A pure cotton (‘80 x 80, running 4.00 yds/lb.) was 
padded through an impregnating bath having the follow 
ing formulation: 

Percent bath Weight‘ 
37% formaldehyde ______________________ .. ' 12.5 

Citric acid ____________________________ __ .25 

Strontium nitrate _______________________ __ .38 

Magnesium nitrate hexahydrate ____________ __ 50 

Water _________________________________ __ Balance 

The solution pick-up was adjusted to 60% based on the 
fabric weight. The fabric was dried and thereafter cured 
by heating for 3 minutes at 300° F. The resulting wash 
and Wear ?nish was highly durable and resilient; and 
the strength losses were considerably lower than losses 
previously encountered using formaldehyde as a finishing 
agent, particularly in view of the high durability of the 
Wash and Wear properties. 

Example 2 
Example 1 was repeated but the strontium nitrate was 

replaced with 0.38% (additional) magnesium nitrate. 
The over-all properties of the fabric ?nished in this way 
were of a very high order and only slightly inferior to the 
property balance obtained in Example 1. 

Example 3 

Example 1 was repeated but the formaldehyde was 
replaced with approximately 6% dimethylol ethylene 
urea. Before curing the treated fabric was divided in 
two sections. Gne section was cured at 300° F. for 3 
minutes, and the other section was cured at 240° F. for 
5 minutes. The fabric resilience and wash and Wear 
durability were approximately the same in both sections. 
The fabric cured at 240° was stronger than the fabric 
cured at 300°. 

Example 4 
Example 3 was repeated using the 2-7 catalyst of Ex 

ample 2 instead of the 2-3—4 catalyst. The results were 
generally comparable to those obtained in Example 3. 

Example 5 
Examples 3 and 4 were repeated except that 10% 

methylated methylol melamine was substituted for the 
dimethylol ethylene urea and with very similar results. 
The wash and wear durability and resilience of the fabrics 
cured at 240° were of about the same order as those cured 
at 300°; and the fabrics cured at 240° were somewhat 
stronger. 
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Example 6 

Example 1 wasv repeated except ,thatl9.5% Rhonite 
D-12 (a methylol triazone) was substituted for formal 
dehyde. The cured fabric had an excellent balance of 
properties from the standpoint of strength, resilience and 
wash'and wear durability. ‘ . 

Example 7 
Example 1 was repeated using the following formula 

tion for the pad bath and curing at 240° F. for 5 minutes‘: 

‘ Percent of bath weight 
Ketone-aldehyde precondensate ___________ __ 46 
Citric acid _ _ _ _ _ _ _ _ __ ____ 1 

Strontium nitrate ______ ___________________ __ 1.5 

Magnesium nitrate hexahydrate ___________ __ . 2.0 

Water __________ __' _____________________ __ Balance 

(Because of the buffering action and the high concentra 
tion of the precondensate, the total catalyst concentration 
was increased.) The cured fabric had a good over-all bal; 
ance of properties from the standpoint of strength, resil 
ience and wash and wear durability; and this balance was 
obtained despite the mild curing conditions employed. 

I claim: 
v1. vIn a catalyst system for the heat curing of fabric' 

which has been treated with aldehydic textile ?nishing 
agents wherein the active ingredients of said system con 
sist essentially of an acid component and an acid salt 
component, the improvement characterized in that the 
acid salt component is a polyvalent metal salt of a Lewis 
acid, the acid component is a non-volatile polybasic or 
ganic acid capable of imparting a pH of from 1.5 to 5.5 
to impregnating baths containing from about 0.5 to 3.0% 
by weight of the catalyst and said system being further 
characterized in that the catalyst components will, when 
heated in the presence of a textile, form a residue having 
a pH of at least 2 higher than that of the acid-acid salt 
combination prior'to, heating. ' 

2. The system according to claim 1 wherein the residue 
formed by the acid-acid salt combination is water soluble. 

3. The system according to claim 1 characterized in 
that aqueousrsolution of said salt are substantially color 
less. a 
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. 4. The system according to claim 1 wherein the acid 
component is citric acid. ' ' 

5. The'system according to claim 1 wherein the acid 
salt component is magnesium nitrate. ' 

6. A composition according’ to claim 1 wherein the acid 
component is citric acid and the ‘acid salt component is 
magnesium nitrate. . 

7. A composition according to claim 1 wherein the 
acid component is citric acid and the acid salt component 
is a mixture of magnesium nitrate and strontium nitrate. 

8. A catalyst system whose active ingredients consist 
essentially of a mixture of citric acid and magnesium 
nitrate hexahydrate Where the Weight ratio of the citric 
acid to the magnesium nitrate is 2 to 7. 

9. A catalyst system whose active ingredients consist 
essentially of a mixture of citric acid, strontium nitrate 
and magnesium nitrate hexahydrate where the weight ratio 
of said components are 2-3-4 respectively. 

10. A catalyst system whose active ingredients consist 
essentially of a mixture of citric acid and magnesium 
nitrate Where the weight ratio of the citric acid to the 
magnesium nitrate is 5 to 12. 
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