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. 3,265,463 
CGN'I‘INUOUS METHOD 0F IMPARTING WET AND 
DRY CREASE RESISTANCE T0 CELLULOSIC 
MATERIALS THROUGH 
FORMALDEHYDE ‘ . 

Richard P. Barber, Mooresville, N.C., and John D. 
‘ Turner, Killeen, Tex., assignors to Burlington In 
dustries, Inc., Greensboro, N.C., a corporation of 
Delaware 

Filed Nov. 17, 1961, Ser. No. 153,021 
10 Claims. (Cl.v 8--116.4) 

The present invention relates to a continuous method 
for treating cellulosic fabrics with formaldehyde. 
The treatment of cellulosic materials with formalde 

hyde has been known for well over one hundred years. 
Formaldehyde due to its cross-linking of cellulosic chains 
results in a significant increase in wet and dry wrinkle 
resistance. However, in order to obtain wrinkle resistant 
properties by such treatment other physical properties of 
the cellulosic fabric such as tensile strength, elongation 
and abrasion resistance are adversely affected to a signifi~ 
cant extent. For example, the'tensile strength can be 
reduced as much as 50% to 65% or greater. 

Accordingly, it is_ar1 object of the present invention to 
enhance the wrinkle resistance of cellulose by the use of 
formaldehyde without significantly altering the other 
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physical properties such as tensile strength, abrasion re- ’ 
`sistance, elongation, hand and appearance. 

Another object is to control the amount of cross-link 
ing within cellulosic materials that have been treated with v 
formaldehyde.. 
A further object is to treat cellulosic fabrics which have 

been subjected to formaldehyde in such a fashion that 
pleats or creases can be placed in the fabrics after the 
fabrics have been made into wearing apparel. 
An additional object is to treat fabrics containing cellu 

lose fibers in such a fashion that Wash and Wear fabrics 
can be achieved without the use of a resin. 
Yet another object is to improve the wrinkle recovery 

properties of cellulosic fabrics without seriously affect 
ing other physical properties such as tensile strength, abra 
sion resistance, hand and appearance. y 
A still further object is to eliminate the post curing 

. operation with formaldehyde treated fabrics containing 
cellulosic fibers and thereby greatly enhancing the dimen 
sional stability of the treated fabrics while the tensile 
strength and abrasion resistance are not changed signifi 
cantly. 

Yet another lobject is to permanently stabilize cellulosic 
fabrics that have been treated with formaldehyde. 
An additional object is to dimensionally stabilize form 

aldehyde treated cellulosic fabrics which are mechani 
cally embossed. The embossing can be done prior or 
subsequent to the formaldehyde treatment. 

Still further objects and the entire scope of applicability 
of the present invention will become apparent from the 
detailed description given hereinafter; it should be under 
stood, however, that the detailed description and specific 
examples, while indicating preferred embodiments of the 
invention, are given by way of illustration only, since 
various changes and modifications within the spirit and 
scope of the invention will become apparent to those 
skilled in the art from this detailed description. 

It has now been found that these objects can be at 
tained by utilizing the procedures discussed hereinafter. 
Basically these procedures include two chemical reactions. 
The first is reacting formaldehyde with cellulose in the 
wet state to give acetal cross-links and hemiacetal groups. 
The second is the cross-linking reaction of these hemiace 
tal groups by the addition of a latent catalyst and curing. 
During the first reaction the wet crease recovery and the 
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2 
dimensional stability of the fabric are enhanced. During 
the second step there is a substantial increase in both wet 
and dry wrinkle recovery. By appropriate modification 
of the process as set forth below cellulosic fabrics can be n 
pleated or creased after the fabrics have been made into 

In the drawings: ~ . ' 

FIGURE l is a schematic diagram of one method of 
continuous operation according to the invention; 
FIGURE 2 is a schematic diagram of a different con~ 

tinuous operation according to the invention; and 
FIGURE 3 is a schematic diagram of a third type of 

continuous operation. 
The properties imparted by the processes of the pres 

ent invention such as wrinkle resistance, dimensional sta 
bility and pleating after the fabric has been made into 
apparel are all permanently imbedded into the fabric. 
Thus, these properties have proven stable up to eleven 
sanforized washings. 
As previously set forth the present invention enables 

the union of cellulose with formaldehyde to enhance the 
wrinkle resistance properties and dimensional stability 
without significantly altering the other physical proper 
tics such as the tensile strength, abrasion resistance, hand 
and appearance. The present invention employs a meth 
od of controlling the amount of cross-linking within cel 
lulosic materials in a fashion to minimize the loss in 
tensile strength and reduction in abrasion caused by ex' 
cessive cross-linking. » 
As the cellulosic fabric there can be employed cotton, 

linen, hemp, juice, ramie, sisal, rayons, e.g., regenerated 
cellulose (both viscose and 'cuprammouium), cellulose 
acetate, cellulose acetate-propionate, cellulose acetate 
butyrate and ethyl cellulose and mixture of such cellulosic 
fabrics with each other or other fabrics, e.g., nylon, ' 
acrylonitrile fibers or polyester (Daeron) fabrics. The 
invention is particularly applicable to the treatment of 
cotton fabric material such as cotton cloth. 
The cellulosic material in a wet state goes into either 

a dehydrating medium or an anhydrous medium contain 
ing formaldehyde. Either the formaldehyde containing 
medium or the original wetting solution can contain an 
acid. The result of this treatment is to significantly en 
hance the wet wrinkle properties of the cellulosic mate 
rial with a minimum amount of strength degradation. 
During the course of the wet ystage reaction wet wrinkle 
recovery is increased with no significant increase in dryA 
wrinkle recovery. Under the 'reaction conditions used 
herein formaldehyde reacts and is present in three forms; 
namely as acetai linkages, hemiacetal groups and free 
formaldehyde. The actual .linkages are formed in those 
regions where the cellulosic chains are in close proximity 
to each other. The hemiacetals .are potential cross-link 
ers but because of the swollen condition of the cellulosic 
chains 4the distance 'between vthe reactive groups is too 
great to permit the hemiacetal groups to cross link. >Also 
there is present in the fabric unreacted amounts of form 
aldehyde. 

If this fabric containing -the acetals, hemiacetals and> 
free formaldehyde is washed, for example in cold water, 
the free and some of the hemiacetal formaldehyde is re 
moved. The hemiacetal formaldehyde remaining can 
then be cross-linked if the fabric is treated with a latent 
catalyst, e.g., magnesium chloride, dried and cured. In 
the drying operation the distance between the cellulosic 
chains are reduced sufficiently to enable the hemiacetal 
groups to cross-link. When the fabric is cured or heated 
up to about 300° F. (149°C.) or more the latent cata~ 
lyst is activated and a secondaryreaction and/ or the con 
version of the hemiacetal to the acetal is accomplished. 
At this point the dry wrinkle recovery of the fabric is 
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markedly increased and there is an increase in wet wrinkle 
recovery. . 

If it is desired to put permanent pleats or creases in 
cellulosic fabrics which have been made up into apparel 
the cellulosic fabrics are padded with an >aqueous solu 

` ltion of an acid, e.g., hydrochloric acid, reacted in a re 
actor containing a dehydrated or anhydrous medium with 
formaldehyde, washed in cold water to remove excess 
formaldehyde and dehydrating material, dried, latent cata 

v lyst, e-.g. magnesium chloride, applied and the product 
dried at a low temperature, e.g. 20 to 100° C. After the 
fabric has been fashioned into an apparel, the fabric can 
be creased or pleated with a hot iron. These pleats or 
creases are permanent. In addition to the formation of 
permanent pleats and crease, the fabric itself will have 
a significant incre-ase in dry wrinkle properties. 

In this procedure the secondary step or final cross 
linkingV of the hemiacetals is made after the fabric has 
been fashioned into its final form. Cross-linking in this 
state gives the fabric a memory so that after washing and 
drying this memory brings the fabric to the position it had 
when the final reaction or cross-linking of the hemiacetals 
was made. 
According to the present invention the cellulosic fab 

rics are first treated with a relatively dilute aqueous sys 
Í tem of acid or water alone and substantially immediately 
thereafter treating the cellulosic fabric with a formalde 
hyde solution of substantially lower water content. The 

` amount of water retained by the fabric in this step should 
be between 10 and 100%, preferably 60-70%, by weight 
of the fabric. The formaldehyde content of the formal 
dehyde solution is usually 5-10%, but can be lower, e.g. 

. 3%, or higher, e.g. 15% or 20%. 
As the acid there can be used an aqueous solution of 

a strong acid or the salt of a weak-base with a strong 
' acid, e.g. phosphoric acid, hydrochloric acid, hydrobromic 
acid, sulfuric acid, trichloroacetic acid, formic acid, tolu 
ene sulfonic acid, ammonium chloride and ammonium 
sulfate. The acid strength can vary from moderate con 
centrations,'e.g. 20% to as low as 0.01%, but preferably 
is between 0.5 and 6%. The preferred acid is hydro 
chloric acid. ' - 

After the treatment with the formaldehyde solution the 
fabrics are'washed in cold water and then dried. Either 

i after the cold wash or the drying operation a latent cata 
. lyst, e.g. magnesium chloride, is padded onto the fabric. 

' The fabric is thendried and postcured. 
Unless otherwise indicated all parts and percentages 

are by Weight. , 

There are three basic methods for carrying out the 
present invention. 

« METHOD 1 

The cellulosic fabric to be treated is padded, e.g. to a 
‘ 60 or 70% weight pick up of an aqueous solution con 
taining an acid of the type set forth supra, e.g. a mineral 

 acid such as hydrochloric acid or sulfuric acid or a strong 
, org “.nic acid such as chloroacetic acid. The acid concen 
‘tration can be varied between ¿0.01% and 20% as pre 
viously set forth. The -acid treated fabric is then reacted 
in a dehydrating or anhydrous medium containing 3 to 
20%, preferably 5 to 10%, of formaldehyde by weight. 
Thus the formaldehyde can be dissolved in an anhydrous 
solution of glacial acetic acid containing traces of acetic 
anhydride. 

In place of glacial acetic acid there can be used a 
y highlydehydrating medium such as an aqueous solution 
containing 40 to 70% of calcium chloride hexahydrate 

~ (equivalent to.20 to 35% anhydrous calcium chloride) 
and the 5 to 10% of formaldehyde Áby weight. 
y fabric after being treated in this manner is then washed 

The 

with cold water and dried. After drying 0.5 to 6%, pref 
erably 2 to 4%, by weight of the fabric of a latent cata 
lyst is applied to the surface of the fabric. Suitable 
latent catalysts include magnesium chloride, zinc nitrate, 
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4 
amine hydrochlorides, e.g. aniline hydrochloride, ethyl 
amine hydrochloride, ethylene diamine hydrochloride and 
other latent catalysts known to be suitable for curing mela 
mine-formaldehyde or urea-formaldehyde resins. 
The fabric is then dried and cured. This procedure is 

illustrated in FIGURE 1 wherein cotton cloth 10 is con 
tinuously passed substantially instantaneously through 
aqueous Ihydrochloric or other acid in tank 1 where the 
cloth picks up 60-70% by Weight of the solution. The 
cloth then is passed through the formaldehyde reactor 2 
containing formaldehyde dissolved in glacial acetic acid 
having traces of acetic anhydride (or alternatively a form 
aldehyde solution in 60% aqueous calcium chloride hexa 
hydrate). The cloth is then washed with cold water in 
washing operation 3 and dried in drier 4 at a temperature 
below 150° C. Upon drying a latent catalyst,e.g. mag 
nesium chloride, is applied to the surface of the fabric 
in padder 5. The fabric is dried in drier 6, at a tempera 
ture below 150° C., cured at a temperature of at least 
150° C. in curing oven 7, washedin washing operation 8 
and passed through sanforizer 9. 

Tables 1 and 2 show the results obtained when utilizing 
method 1 in the manner shown in FIGURE 1. ` 

InvTable 1 in step I the cotton fabric was padded with 
3% aqueous hydrochloric acid at room temperature to a 
60% wet pickup and almost-instantaneously thereafter 
was reacted in a solution containing 7% formaldehyde 
and 60% calcium chloride hexahydrate for 16 seconds 
at 50° C. After reaction with formaldehyde, the fabric 
was washed in cold water and dried at 110° C. for sev 
eral minutes. 

In step II (the secondary reaction) the dried fabric was 
padded with 2% aqueous magnesium chloride, dried at 
300° F. for 1.5 minutes and then cured at 350° F._for 
1.5 minutes. 

TABLE 1 

After Step I After Step II 

Tensile Strength, p.s.i. Warp. ; ...... -_ 
Tensile Strength, p.s.i. Filling. _ ___.- 
Flex Abrasion: 

53 

Grease Resistance Dry (Monsanto)._-. 
After 5 Sanforizcd Washes (Monsanto). 
Grease Resistance Wet (Monsanto).... 
After 5 Sanforized Washes (Monsanto) _ 
Tear, Warp/Filling __________________ -_ 
shrinkage: 

Initial _____________ c. 

Aitor 5 Sanforlzed Washes 
After 10 Sautet-ized Washes_.__ ._ 

Formaldehyde Content, I’Acrcent-,--._ 0. 

ggg; ammessi.” 
CN N N 

It will be noted that there is a considerable increase in 
formaldehyde content as a result of the post curing. 
Table 1 shows the effect of post curing on the physical 
properties of cotton fabrics that have been treated with 
formaldehyde in the wet state. 

Table 2 shows the effect of the two step formaldehyde 
process on the wrinkle recovery and tensile strength of 
cotton fabrics. 

In Table 2 in step I the dry cotton fabric was padded 
with aqueous hydrochloric acid at room temperature to 
a 60% wet pickup. In sample 1 the acid was of 1% con 
centration and in sample 2 the acid was of 3% concentra 
tion. Then the samples were reacted in an aqueous solu 
tion containing 5% formaldehyde, 1% hydrochloric acid 
and 70% calcium chloride -hexahydrate for 30 seconds at 
50° C. 

In step II the treated fabric was washed in cold Water 
for 5 minutes, dried and padded through an aqueous so 
lution containing y2% magnesium chloride. The fabric 
was dried for 1.5 minutes 'at 300° F. and cured for 1.5 
minutes at 350° F. 
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METHOD 2 
The cellulosic fabric to be treated is padded to a 10 to 

100%, preferably 60 to 70%, weight pickup of a water 
solution containing a wetting agent, preferably in an 
amount of 0.1-l%. While anionic and cationic wetting 
agents can be employed the preferred wetting agents are 
nonionic in character. 

Typical examples of nonionic wetting agents are Ialkyl 
aryl polyether alcohols such as Triton 155, a p-isooctyl 
phenol condensed with 10 ethylene oxide units, Arlacel C 
(sor'bitan sesquioleate), Brij 35 (polyethylene glycol 
lauryl ether), Ethofats (polyethylene esters of fatty acids 
or rosin acids, e.g., Ethofat 3, 7, 11, 13, 15 and 19), 
Ethomids, e.g., Ethomid 8, 10, 12 and 14, Igepal CA 
(alkylphenyl polyethylene glycol ether), Myri (polyethyl 
ene :glycol stearato), Ninol 1281 (fatty acid ethanolam 
ide), Nonionic 218 (tertiary dodecyl polyethylene gly 
col thioether), Pluronics (condensation products of ethyl 
ene oxide and propylene oxide having molecular weights 
of 400 to 4000), Span 20 (sorbitan monol'aurate), Span - 
40 _(‘sorbitan monopalmitate), Span 60 (sorbitan mono 
stearate), Span 8O (sorbitan monooleate), Sterox CD 
(polyethylene glycol ester of tall oil acids), Triton X-100 
(p-octylphenyl polyethylene glycol ether), Tween 20 
(tris polyoxyethylene sorbitan monolaurate) >and Tweens 
40, v60 and 80 (the palmitates, stearates and oleates corre 
sponding to the laurate of Tween 20). > 

There can also be employed vanionic surface active 
agents such as alkyl and aryl sulfates and sulfonates, e.g., 
sodium alkyl benzene sulfonates having 10 Ito 18 carbon 
atoms, sodium ‘lauryl sulfate, Aerosol OT (sodium salt of 
dioctyl sul'focuccinate), sodium oleyl isothionate, sodium 
N-methyl-N-oleyl laurate, sodium salt of propylated naph 
thalene sulfonic acid, sodium salt of sulfonated mono 
glyceride of cocoanut fatty acids, Areskap 100 (sodium 
salt of butylphenylphenol sulfonic acid), sodium lignin 
sulfonate, sodium dodecyl benzene sulfonate, sodium 
tetradecyl sulfate and sodium dihexyl sulfosuccinate. As 
cationic surface active agents there can be vused lauryl 
trimethyl ammonium chloride, cetyl pyridinium chloride 
and >`:ootadecyl trimethyl ammonium chloride. 

'Ilhen the wet fabric is reacted in a dehydrating solution 
containing, for example 5 to 20% of formaldehyde to 
gether with 0.01 to 20%, .preferably 0.5 to 6% of an acid 
of the type previously set forth, e.g. a mineral acid such 
as hydrochloric or sulfuric or a strong organic acid such 
as chloroacetic acid. The dehydrating solution can be 
either a 50 to 70% aqueous calcium chloride hexahydrate 
solution or glacial acetic acid. 
The reaction time is dependent on both the tempera 

ture and concentration of the acid catalysts in the re 
actor and can be controlled in conventionalv manner. 
After the fabric leaves the reactor it is washed with cold 
water. The washing system for the calcium chloride 
medium can contain a small amount of a sequestering 
agent along with soda ash or other water soluble alkali, 
e.g., sodium hydroxide or potassium carbonate, to neutral 
any excess acid from the reactor. Plain water also can 
be used for the washing system. After Washing'the fab 
ric is dried. Then a solution of 2 to 4% of a latent 
catalyst, e.g. magnesium chloride, is padded onto the fab 
ric either in the wet or dry state. The fabric is then 
dried and cured. 
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TABLE 2 

After Step I After Step II 

Sample _ I 
_ Tensile, DW R~WXF WWR-WXF Tensile, DWR-WXF WW R--WXF 

p.s.i. (F) ' .p.s.i. (F) 

1 ________________ _- 36 2.65x2.55 ' 3.48x3.3 36 '3.0x3.0 3.511.3.4 
»_ 2 ________________ __ 32 2.72 x 2. 85 3. 32 x 3. 32 34 3. 1 x 3. 1 3. 5.x'3. 5 

The term DW-R signifies dry wrinkle resistance, the term WWR signifies wet wrinkle resistance, WXF 
denotes warp X filler and F denotes filler. 

The process is basically that illustrated in FIGURE 1 
except that a wetting agent is .present in tank 1 and the 
acid is introduced in the formaldehyde >reactor 2 rather 
than previously. 

Table 3 shows the effect .of this two step formalde 
hyde process on the physical properties of cotton fabrics. 
The fabric was first padded with water containing 1% 
of Triton 155 (higher alkylphenyl monoether of poly 
ethylene glycol) to a 6070% pickup. fIt was then're 
acted for 17 :seconds at .50° C. in .an aqueous solution 
containing 3% >hydrochloric acid, .10% formaldehyde and 
70% calcium chloride hexa‘hydrate. ‘The fabric was 
washed in cold water and .dried at 110° lC. Then the 
fabric was padded through an aqueous solution of 3% 
Amagnesium chloride, dried at y300° F. for about 1%. 
minutes and ycured at 350° F. for ll/z minutes. 

I The cotton fabric >employed ¿had fa tensile strength of 
41 p.s.i. in the filling and 2.35 .dry lcrease angle (.dry 
wrinkle recovery) prior to the >finishing treatment de 
scribed supra. 

TABLE 3 

`Fabric with After 10 
treatment sanforlzed 

Washlngs 

Tensile strength, p.s.l. (filling) __________ _. 26 ____________ -_ 
Abrasion resistance (filling) _____________ __ 550 ............ ._ 

Dry wrinkle recovery (filling) ___. -_ 3. 47 3. 55 
Wet wrinkle recovery (filling) ......... _s 3. 45 3. 44 
Stabilization (percent shrinkage) ____ __» _. l 036x 0.28 '0.56 x 0.36 

l Warp x filling. 

`METHOD '3 
The cellulosic fabrics or yfabrics containing >cellulosic 

fibers are treated with a small `amount, e.‘g. 0.5 to 8%, 
of a starch, e.g. corn, rice, potato, ftapioca or Wheat starch, 
or one of the curable ycrease-proofing resins. These in 
clude the urea-aldehyde, Ve.g., urea-formaldehyde resin, 
dimethylolurea, dimethyl `ether of urea-formaldehyde 
resin, aminotriazine-aldehyde resins, eg., melamine 
formaldehyde resins including alkylated melamine-form 
aldehyde, trimethylol melamine, .methylated trimethylol 

formaldehyde resin, cyclic ethylene urea-formaldehyde, 
e.g., dimethylol ethylene urea, umn-'formaldehyde resins, 
c_g., dimethylol uron, Aerotex 23 (a Atriazine-fornlalde 
hyde resin believed to -be a melamine-formaldehyde type 
resin), Rohm and Haas Resin IN-L17 (aitriazone-formal 
dehyde resin, e.g., :dimethylol lethyl triazone), Dextraset 
l48 (a uren-formaldehyde resin), ‘Eponite 100 (believed 
to be a butadiene diepoxide). Othervpolyepoxides can 
be used including bisphenol-A ep'ichlorhydrin, 1,4-bis 
(2,3-epioxyprop'oxy) benzene, ̀ ‘L3-«bis =(2,3-epoxypropoxy) 
octane, ethylene glycol diglycidyl ether .as well as any f 
of the other pol-yepoxides »set »forth in Schroeder et al.. 
Patent `2,774,691. Other ycrease-,proofing agents such as 
those set forth in “Textile Industries,” `October 1959, 
pages 116-127, can also be zused. The 4fabrics are then 
treated lby either ythe first or second method described 
above or by acombination of both. The wrinkle resistant 
properties are .greatly enhanced. This .procedure is illus 
trated in FIGURE 2 and Tables 4, 5, 6 and 7. 
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TABLE 4 

After Step I After Step II 
S l Hgillnä (itl am e e 

p action (min.) Tensile, DWR WW R Tensile, DWR WW R 
' p.s.t. (W and F) (W and F) p.s.i. (W and F) (W and F) 

(lining) (F) 

l 30 2.8x3.18 3.5x3.5 28 3.42x3.5 3.74x3.0 
2 25 2.08x3~28 36x34 22 3.7x3.89 3.75x3.73 
3 24 3.22x3.3 3.6x3.ß 23 3.6x3.7 3.71x3.67 

As shown in FIGURE 2 cotton cloth 11 containing 
resin or starch is continuously unrolled from roll 12 
and passed through aqueous hydrochloric or other acid 15 

Table 5 is similar to Table 4 and the procedure is 
identical except the formaldehyde employed was 5% 
formaldehyde in anhydrous glacial acetic acid. 

TABLE 5 

After Step I Alter Step II 
. Time oi 
Sample HCHO Re 

action (min.) Tensile, DWR WWR Tensile, DWR WWR 
>p.s.i. (F) (W and F) (W and F) p.s.i. (F) (W and F) (W and F) 

l 29 33x32 34x34 32 3.6x3.6 3.7x3.5 
2 32 31x30 3.5x3.3 26 3.8x3.7 3.7x3.6 
3 31 32x33 3.6136 26 3.9x3.7 3.8x3.7 

in tank’13 where the cloth picks up 60-70% by weight 
The cloth then is passed through the 

formaldehyde reactor 14 containing formaldehyde dis 
solved in 40-70%'aqueous calcium chloride hexahydrate 
(or dissolved in glacial acetic acid). The-cloth is then 

¿ washed »in cold water in washing operation 15 and dried 
in'drier 1,6 at a temperature not over 150° C. Upon 
drying a latent catalyst, e.g., magnesium chloride is ap 

i plied to the surface of the fabric in padder 17. The 

In Table 6 the cotton fabric was treated with 1% aque» 
ous hydrochloric acid to a wet pickup of 60% and then 

30 treated with 5% formaldehyde in an anhydrous solution 
of acetic acid containing-10% calcium chloride in step I. 
Then the fabric was washed for 5 minutes in cold Water, 
dried below 150° C., and padded through an aqueous 
solution containing 2% magnesium chloride and 2% of 

35 B-IS (an acrylic ester copolymer). The fabric was then 
dried below 150° C. and cured at 350‘l F. 

TABLE 6 
l 

Alter Step I After Step II Time of 
Sample ECHO Re- i 

action (mln.) Tensile, ‘ DWR  WWR Tensile, DWR WWP. 
p.S.i. (F) (F und W) (F and W) p.s.i. (F) (W and (W and F) 

1 .37 aisxao aha7 œY avxae aexar 
2 36 3.2x3.2 3.4x3.4 2U 3.7x3.6 3.6x3.0 
3 '36 3.1x3.0 3.3x3~3 28 3.0x3.7 3.6x3~7 

fabric is dried in drier 13 at a temperature below 150° 
f C., cured at a temperature of at least 150° C., prefer 
ably at least 160° C. in curing oven 19, washed in wash 

, ing operation 20 and passed through sanforizer 21. 
The effects ofthe two step formaldehyde process on the 

wrinkle resistance and tensile properties of cotton fabric 
4pretreated with a thermosetting resin are show-n in Table 
4. The fabric was pretreated with 8% Aerotex 23, then 

> padded with 1% aqueous hydrochloric acid to a 60-70% 
pickup and' reacted with formaldehyde in step I. Then 
the> treated fabrics were washed in cold water for 5 min-` 
utes, treated with~2% aqueous magnesium chloride, dried 
at 300° F. for 11/2 minutes and cured at 350“ F. for 11/2 
minutes in step II. , l 

50 
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In Table 7 the cotton fabrics. were pretreated as indi 
cated with 4 or 8% of Aerotex 23. The dry resin treated 
fabrics were then padded as indicated with l, 2 or 3% 
aqueous hydrochloric acid t-o a 60% wet pickup prior 
to formaldehyde reaction. The reaction medium con 
tained 5% aqueous formaldehyde, 1% hydrochloric acid 
and 70% calcium chloride hexahydrate and the reaction 
was carried out at 50° C. for 30 seconds in step I. 

In step II the treated fabrics were then washed in cold 
water for 5 minutes, dried below V150" C. and padded 
through a solution containing 2% magnesium chloride. 
The fabric was dried for ll/i minutes at 300° F. and 
cured for 1% minutes at 350° F. ' 

TABLE 7 

After Step I Alter Step II Percent Percent 
Sample Resin ~ Initial 

Acid Tensile, DWR WWR Tensile, DWR WWR 
p.s.l. (F) (W and F) (W and F) p.s.i. (F) (W und F) (W and F) 

8 1 33 3.4x3.4 34x34 28 30x34 3.5x3.4 
4 l 29 2.9x2.8 3.5x3.4 32 34x33 34x34 
8 2 33 8.2x3.3 33x38 B1 3.7x3.7 8.71134 
4 2 80 33x32 35x35 341 36x35 8.7x3.5 
8 3 31 3.Ux3.3 3.5x3.4 3i)Y 3.6x3..5 3.7x3.4 
4 3 2t) 33x32 3.6x3.5 27 3.5x3.3 35x35 
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If it is desired to change other chemical and/or phys 
ical properties or fabrics containing cellulosic liber treated 
by the methods described above, conventional textile fin 
ishing chemicals or auxiliaries can be added to the latent 
catalyst prior. todrying and post curing. For example 
hand builders, softeners, water repellents, water proof 
ing agents, oil repellents, fungicides, mildew resistant 
chemicals and tire proofing agents can be added. 

If a slight amount of tension is applied to either the 
warp .or filling yarns the loss in tensile strength can be 
further minimized as shown in Table 8. 

In Table 8 tension of about 10-25 p.s.i. was applied in 
the warp direction in runs I and III and in the filling di 

In runs I and Il the cotton 
fabrics were padded with water to a 6070% pickup and 
reacted in` an aqueous solution containing 18% formalde 
hyde,v 3% hydrochloric acid and 60% calcium chloride 
hexahydrate. For sample 1 the reaction time was 1min 
ute and for sample. 2 lthe reaction time was 5 minutes. 
For both samples, the reaction temperature was 32° C. 

In runs III and IV the cotton fabrics were padded with 
water to a 60-70% pickup and reacted in an aqueous so 
lution containing 18% formaldehyde, 5% hydrochloric 
acid and 60% calcium chloride hexahydrate. For sam 
ple 3 .the reaction time was 21/2 minutes, for sample 4 the 
reaction `time was 1 minute and for sample 5 the :reaction 
time was 4 minutes. The reaction temperature for sam 
ples 3, 4 and 5 was 50° C. 

TABLE 8 

Tensile Wet Wrinkle 
Sample Run  Strength Recovery 
' p.s.i. W and F W and F 

1 46x35 3. 351:3. 32 
1 40 x 28 3. 55 x 3. 42 
2 45x38 3.4Bx3.5 
2 38 x 29 3. 62x 3. 52 
3 34x21 347113.42 
3 38x27 3.47x3.52 
3 36x21 3.59x3.53 
4 35 x 24 3. 53 x 3. 6 
4 36x29 3.4 :18.47 
4 32x25 3. 52:13. 55 

lf it 'is desired to only increase either the wet wrinkle 
recoveryv and the dimensional stability or -both then the 
procedure is that described in FIGURE 3 omitting the 
latent catalyst pad. 

If-it is desired to pleat or >crease fabrics after they have 
been made up into apparel the procedure is that described 
in FIGURE 3. Thus the cotton cloth 22 is continuously 

 padded through aqueous acid in tank l25 and then passes 
into formaldehyde reactor 24, through washing voperation 
2S, drier 26, sanforizer 27 and finally latent catalyst pad 
28. The materials employed as well as the proportions 
and conditions for these operations are those which have 
been, previously set forth for the catalyst padding solu 
tion, formaldehyde reactor, latent catalyst, etc. The 
latent catalyst in the procedure set forth -in FIGURE 3 is 
added to the finished fabric. The fabric is then dried at 
a low temperature and packaged for shipment. 

In methods 1 and 2 if a washing step utilizing hot 
soapy water is introduced subsequent to the treatment 
with the latent catalyst but prior to the drying or curing 
in order to eliminate the secondary reaction, the fabrics 
are permanently stabilized without seriously affecting the 
other physical properties of the treated fabrics such as 
abrasion, tensile strength, hand and appearance. Thus 
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10 
in the process described in connection with Table v1 the ' 
fabric can be treated with hot,'90° C., soapy water after 
adding the 2% magnesium chloride and prior to the dry 
ing step. By this procedure ̀ permanent dimensional sta 
bility is obtained. ' 
As previously indicated the cellulosic fabric, e.g., the 

cotton cloth prepared according to the process described 
in connection with Table 1 is 'mechanically embossed 
after the addition ofthe magnesium chloride latent cat 
alyst and prior to the drying andrcuring the fabric will be 
dimensionally stabilized with the embossed print im 
bedded into the wet fabric. Y 
The embossing process can -be I:employed with any of 

methods 1, 2 and 3. 
We claim: 
1. A process for improving the wash and wear proper 

ties `of a cellulosic fabric comprising treating ‘the fabric 
with an aqueous medium until the >fabrïic contains 
lll-100% of its own weight of water; substantially im 
mediately thereafter passing the `wet fabric into a de 
hydrating solution selected from 'the «group consisting of 
(a) aqueous calcium chloride >solution-containing kat least 
3% ̀ formaldehyde and (tb) anhydrous acetic acid contain 
ing at least 3% formaldehyde whereby the formaldehyde 
reacts with said fabric; washing ̀ the thus treated fabric 
with water to remove free formaldehyde; applying to the 
fabric from‘0.5 to >6% by weight, based on the dry Weight 
of said fabric, of a latent catalyst forcuring formaldehyde 
resins; drying the fabric at .a temperature below 150° C. 
and then curing lby heating at atemperature above 150° C. 

2. A process according to claim 1 wherein the fabric 
is a cotton fabric and the catalyst is magnesium chloride. 

3. A process according to claim `1 wherein the de 
hydrating solution is an aqueous solution containing at 
least 20% calcium chloride. 

4. A process according to claim 1 wherein the aqueous 
medium contains a mineral acid. 

5. A process according to claim 1 wherein the aqueous 
medium contains a wetting 4agent for said fabric and the 
dehydrating solution contains 4a mineral sacid. ` p . 

6. A process according to claim 1 wherein the cellulose 
fabi-:ic employed is one which vhas been pretreated with a 
member ofthe group consisting of cellulose crease-proof 
ing resins and starch. ` 

7. A process according to claim 6 wherein the cellulose 
fabric is one which has `been Apretreated with a crease 
proofing resin. 

8. A process according to claim 1 vwherein the fabric 
is kept taut in the vwarp direction during the treatment. 

9. A process according to claim 1 wherein the fabric 
is kept taut .in the ñlling direction during the treatment. 

10. A cellulosic fabric treated according to claim 1. 
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