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This invention concerns fabric treatment processes, in 
particulai=", ones involving flame retarded fabric. 

Cotton fabrics have been flame retarded by impregnation with 
tetra kis (hydroxymethyl) phosphonium (THP) compounds or 
precondensates thereof followed by curing with heat or ammonia. The 
fabrics have flame retardant properties which are resistant to 
washing. However, their other physical properties, in particular 
crease resistance and shrinkage, are often worse, limiting their use 
as easy care fabrics for use, e.g. in clothing. 

In an attempt to overcome these limitations work was done at 
the Southern Regional Research Center involving treatment of the THP 

cured fabric with a resin followed by heat cure {Rowland and Mason, 
Textile Research Journal 1977 pages 365-71 and 721-8). 

We have now di sc overed a process for obtaining a f1 ame 
retardant fabric having also an improved combination of strength and 
easy care properties. 

The present invention provides a process for the treatment of a 
fabric, which process comprises subjecting a cellulosic fabric, 
which has already been treated in a first. process operation to a 
second process operation, one of said first and second process 
operations being treatment of fabric with tetra kis {hydroxymethyl) 
pho~phonium compound or condensate thereof, followed by curing to a 
polymer, and the other of said first and second process operations 
being impregnation of the fabric with a non self-condensing 
methylolamide having at least two methylol groups, which may 
optionally have been alkylated. and then reaction of the fabric with 
said methylolamide under aqueous acid conditions, e.g. at a pH less 
than 3. 

Preferably the process for the treatment of a fabric is one in 
which a fabric containing a cured polymer derived from a tetra kis 
(hydroxymethyl) phosphonium compound or condensate thereof is 
impregnated with a non self-condensing methylolamide having at least 



-I! 
-2-

t.,.aroups (which may optionally have been alkylated} and the 
z inett
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. acted with the fabric under aqueous acid conditions, 
aiethylolJm1de re 

PH less than 3. 
e.g. at a 

h·s preferred process, the fabric initially carries a cured 
In t l 

1 er The fabric may have been impregnated with an aqueous 
THP po ym • 

. of a THP salt mixed with a nitrogen compound condensable solut1on 
"th such as melamine or methylolated melamine or urea, or therew1 

with a solution of a precondensate of said salt and nitrogen 
compound, or with a solution of THP salt or at least partly 
neutralized THP salt, e.g. THP hydroxide, with or without the 
nitrogen compound, and then the impregnated fabric dried and cured 
by heat and/or ammonia. Preferably the fabric is impregnated with a 
solution of a precondensate of THP salt, e.g. chloride or sulphate 
and urea in a molar ratio of urea to THP of 0.05-0.8:1, e.g. 0.05-
0.6:1, e.g. as described in USP 2983623 or 4078101, and cured with 
ammonia, e.g. as described in USP 4145463, 4068026 or 4494951. After 
the cure, the fabric is usually post treated by oxidizing with 
hydrogen peroxide, rinsing and neut:alizing and· further rinsing. The 
fabric is then dried. The cured fabric usually carries a loading of 
s-2si, e.g. 8-2°' or 14-20i of cured THP polymer (based on the 
weight of untreated fabric), lighter fabrics carrying higher 
loadings than heavier ones. 

The THP cured fabric is impregnated with an aqueous solution of 
a non self-condensing methylolamide having at least 2 methylol 
groups or optionally an alkyl ether thereof. These methylolamides, 
which are also known as "reactant resins11

, essentia11y· do not self­
condense under the conditions of their reaction or cure with the 
cellulose on the fabric. The compounds are us·ually· free of N-H 
groups, except to the small extent to which such groups may be 
present in dissociation products in equilibrium with said compounds. 
These methyl olamides are preferably methylolated cyclic ureas or 
0-alkylated derivatives thereof. Such compounds may be of fonnula-

Z - N (R') - CO - N (R2) - Z -----·-·--·----
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. h each z group represents a CHzOH or CH20R group. wherein R 
·n wh1' -- 2 1 

1 ;-g of 1-6 carbon atoms such as methyl and R' and R , 
·s alk.Y' • • 1 

• d form a divalent aliphatic group which with the 2 nitrogen 
conbl ne 

nd the carbonyl group give a 5, 6 or 7 membered ring. The 
atoms a 

1 nt aliphatic group may be of fonnula -cR3R4-(Yln- cRSR6-, in 
diva e 

. h each of R3, R4, RS and R6 which may be the same or 
whlC 
different represents a hydrogen atom or hydroxyl group or alkoxy 
group, e.g. of 1-6 carbon atoms such as methoxy, n is o, 1 or 2, 
preferably_O or 1, and Y is an oxygen atom, or NR7 group where R7 
is an alkyl group. e.g. of 1-6 carbon atoms such as methyl, or a 
cRSR9 group, where each of RS and R9 which may be the same or 
different represents a hydrogen atom or alkyl group, e.g. of 1-6 
carbon atom such as methyl or hydroxyl group or alkoxy group, e.g. 
of 1-6 carbon atoms such as methoxy with the proviso that 2 or more 
hydroxy or a1koxy groups represented by R3-R6, RS or R9 have to 
be attached to different carbon atoms and that when n is 2, at least 
one group Y is a CR8R9 group. 

Thus the divalent aliphatic group with the free valencies two 
atoms apart, can be of 2-6 carbon atoms, e.g. a l,2-ethylene group -
CHz-CH2 or a -1,2-dihydroxy· ethylene group -CH(OH)-CH(OH}-. The 
divalent aliphatic group with the free valencies three atoms apart 
can be of 3-10 carbon atoms, e.g. a l,3-propylene group optionally 
with at least one hydroxyl or alkyl (e.g. methyl) or methoxy 
substituent, e.g. on the 2 or 3 numbered carbon atom as in the 
groups ~CH2-cR8R9-cHR6-where Ra is.hydrogen or methyl, R9 is 
hydrogen or hydroxyl or methyl and R6 is hydrogen or methyl or 
methoxy. The divalent aliphatic group witn the free valencies three 
atoms apart can also be of 2-6 carbon atoms of fonnu1a -CHR3-o-
CHR5 or -CHR3-NR7-cHR5-where R3 and RS are as defined above 
but are preferably hydrogen atoms. The divalent aliphatic group 
with the free valencies four atoms apart can be of 4-10 carbon 
atoms, e.g. a -1,4-butylene group, optionally with at least one 
hydroxyl or alkyl (e.g. methyl) or methoxy substituent. 

-------··------
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rn another type of methylolated cyclic urea. the groups Rl and 
: above cdllbined represent a tetrava1ent aliphatic group such that 
ieY together with the nitrogen atoms and carbonyl groups of two 
.N-CO-N-Z groups fonn two fused 5, 6 or 7 membered rings. Such 
,travalent groups are usua11y of fonnu1a -cR3-(Y)n-cR5-, where 
"' l I . 
3 RS, Y and n are as defined above. Preferably n is O and the , . 

rOUP is the acetyl enyl group of fo nnu1 a -CH-CH -. 
' t 

Examples of the methylolated cyclic ureas are dimethylol 
thylene urea and especially 1,3,N,N, dimethylol, 4,5 dihydroxy 
·thylene urea, but also, dimethylol propylene urea and its 4 methoxy 
it5 dimethyl and 5 hydroxy analogues and the. 5 oxa and 5-alkyl imi no 

1nalogues of dimethylol propylene urea and tetramethylol acetylene 
Ji urea. 

The fabric containing the cured THP polymer is impregnated with 
an aqueous solution of the methylolamide, e.g. one containing 40-
250g/1 such as 80-180g/1 especially 110-lSOg/1 of methylolamide, at 
an acidic pH, usually of less than 3, e.g. 1-2 or especially less 
than 1. The pH of the solution of methylolamide is usually adjusted· 
with acid, particularly for low temperature curing, e.g. at less 
than· sooc; mineral acids such as hydrochloric or especially 
sulphuric acid are preferred. The larger the amount of added acid 

: the higher the cure rate or the higher the degree of cure; the 
_' impregnation sol ut1on is usually 0.1-10, e.g. 0.5-10, preferably 1-6 
; such as 1-4 or 4-6 N in acid. The solution may contain added soluble 
; salts, e.g. of mono-. di- or tri- valent metals and anions from 
I 
I strong acids, such as chlorides, nitrates and sulphates in amounts 
l 
f of 2-200, e.g. 2-50 or 10-200 g/1, e.g. 10-70 such as about 50 g/1; 

I 
I 

examples of salts ~re those of ammonia, e.g. ammonium chloride, 
alkali metals, alkaline earth metals such as magnesium and zinc and 
aluminium and the salts may increase the cure rate. Amount of zinc 
salts, e.g. zinc nitrate, may be 2-20 ·g/1 and amounts of magnesium 
salts, e.g. magnesium chloride, may be 10-50 g/1. The solution may 

l 

contain a wetting agent such as a nonionic and/or anionic one, in 
amount, e g. of 0.1-5 g/1 of the solution and may also contain an 
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optical brightener, stab.le to the acid conditions, e.g. in amount of 

10_30 g/1 ilF the solution. 

Particularly for high temperature curing, e.g. at above sooc 
' there may be used in the methylolamide aqueous solution those 

soluble salts described above giving acid solutions in water 
especially when the pH of the impregnant solution is to be adjusted 
to 2-6, e.g. 3-6. A water-soluble carboxylic acid. e.g. of 2-6 
carbon atoms and usually 1-3 hydroxyl groups, such as glycollic, 
citric, malic, lactic, tartaric and mandelic acids can be used in 

amounts of e.g. 3-100 g/l, such as 10-70 g/1 as well as or instead 
of the above soluble salt in such processes. 

The fabric is impregnated with the solution and the wet fabric 
usually squeezed to wet pick up of so-12oi, e.g. 60-90i (based on 
the dry weight of the THP cured fabric). Alternatively, the solution 
may be applied by a minimum add-on technique to give a wet pick up 
of only 10-50~. The dry weight pick up of the methylolamide is 
usually 3-2oi, e.g. 6-20i, such as 7-tsi (on the same basis}. The 
fabric may then be cured when it has a moisture content of 6-90% 

such as 30-90~, e.g after the above squeezing, or when it has a 
moisture content of 6-3oi, e.g. the fabric after minimum add-on as 
such or after drying, or the squeezed fabric after partial drying. 

The moisture content of the fabric at the start of the cure can 
be calculated fran the weight of the impregnated fabric at that 
time. the original weight of the fabric and its moisture content 
(obtained from the loss of weight on drying), the concentration of 
solids and water 1n the impregnation solution and the wet pick-up. 

The presence of the aqueous solution on the fabric swells it and 
then in the cure, the fabric reacts with the methylolamide to fonn a 
cured fabric in which the methy1olamide is cured onto the fabric, 
e.g. by bonding to the cellulose, e.g. cross-linking the cellulose, 
and/or bonding to the cured THP polymer. Aqueous medium is present 
on the fabric during and throughout the cure, so that at the end of 

--·----·--·---· 
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' the cure ther~ is a cured fabric impregnated with aqueous medium and 
therefore still swollen. Such a cure can be called a moist or wet 
cure, as distinct from dry cure in which the wet impregnated fabric 
;s dried to remove its moisture and produce a collapsed impregnated 
di')' fabric and then the cure is perfonned on that dry fabric. 

If the moisture content of the fabric at the start of curing is 

6 .. 3oi, the aqueous solution of methylolamide impregnated on the 
fabric is usually at pH 1-3, preferably at pH 1-2 •. The fabric is 

15ua11y al 1 owed to stand at a temperature of less than so0c, e.g. 
io-4ooc and preferably at ambf ent temperatures such as 15-4ooc for 
j .. 50 hr, e.g. 10-30 hr and especially 15-30 hr, while precautions 

1re taken not to allow its moisture content to change outside the 
boVe quoted range, 6-9C>i but preferably 6-30i, e.g by wrapping it 
n a pl as tic sheet. If desired the fabric may be cured at 50-lSOOC 
,r 1 min. to 6 hours, e.g. at 90-1400C for 2-20 mins, though 
!lllperatures of 140-lSOOC may be used, again in all cases with 
1orough precautions taken to maintain the moisture content within 
1e quoted range throughout ~he cure, e.g. with steam cure 1 n a 
1amber, under pressure if necessary, and preferably with saturated 
team. Under these hf gher temperature conditions, the pH of the 
tlution on the fabric may be 2-6, preferably 3-5 for fabrics to be 
tated at e.g. above gooc and 2-3 for those heated at 50-9ooc. The 
tn!, pH and temperature are usually chosen to maximize the cure 
tte but minimize any tendering of the fabric under the acfdi ty time 
~temperature conditions. 
! 

t 
\ If the moisture content of the fabric is 30-90i, e.g. 30-6ot. or 
~75i such as 45-651 at the start of the curing then the pH of the 

ous impregnant solution on the fabric is usually less than 1 and 
fabric is allowed to stand for times and temperatures 

rt1cul arly at less than SOoC) and under condi tf ons otherwise 
in the ranges given for the curing of drier fabric. The 

sture content is maintained in the 6-901 range, e.g. 30-901 
,e, during the cure. If a large amount of acid has been added to 
~1mpregnatfon solution, e.g. to give an acid strength in the bath 
~-10 N, such as 4-6 N. then cure times may be reduced to 1 min to 
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5 nr· such as 0.5 to 4 hr. at ambient temperature such as 
is-4ooc. 

The fabric may be cured without externally applied tension or 
,o111pression. Preferably the impregnated fabric is cured under 
conditions of tension fn at least one of the warp and weft 
directions, e.g. those tensions resulting from externally applied 
forces and/or from internal forces in the fabric. Thus in a 
continuous process f n which impregnated fabric is passed from the 
impregnation bath, preferably through a squeeze roller, and thence 
io a take-up roll er for curing, the fabrf c may be wound onto the 
t~e-up roller under conditions of tensions at least sufficient to 
prevent sagging of the fabric and preferably that tension is 
Jubstantial ly retained in the fabric on the take-up roller during 
:ure; that tension may even increase during cure. The impregnated 
~bric may also be applied to the take-up roller under high tension 
hich is at least maintained during curing, but preferably the 
abric is applied under the minimum tension to prevent sagging. 
referably if the impregnated fabric is not dried, it is advisable 
~ring the cure to take measures to prevent drainage of the liquid 
~rough the roll, e.g. by rotating the roll slowly without 
jgnfficant loss of.moisture; ff desired the fabric may be re-rolled 
I 

p reduce retention of tensions in the fabric. The fabric is also 

I
red usually when free of creases unless a special effect, e.g. 
eating, is required. In a high speed cure process, e.g. with cure 
me less than 30 mi ns. the curing may be done in a steam chamber 

;der conditfons of tension, again preferably under the minimum 
;ns1on to prevent sagging. 
l 

After the curing the fabric is rinsed, neutralized and re­
nsed prior to squeezing and drying. The solids add on in the 
Sin treatment is usually l-6S, especially 2-4S. 

The flame retardant property of the fabric is not usually 
terfally affected by the methylolamfde after-treatment but the 
sy care properties of the fabric are often significantly improved. 



-8-

rhus compared to the THP cured fabric before methylolamide treatment 
the treated..,.abric usually has reduced shrinkage, a higher durable 
press rating~ higher wet crease recovery angle, higher moisture 
regain (equilibrium moisture content) and lower moisture imbibition 
(retained water on centrifuging) and may have improved dry crease 
recovery angle, particularly if the cure of methylolamide is 
perfonned under tension. The degrees of retention of tear strength 
and abrasion resistance in the treated fabric compared to THP fabric 
before the treatment are usually much greater than has been found in 
treated fabrics in which the THP fabric has been treated with 
methylolamide and heat cured and hence the fabrics treated by the 

' process of the invention may have a longer life than the latter 
;nvolving heat cure. 

In a less preferred alternative process, the original fabric 
may be treated with the methylolamide first and reacted, and then 
treated with the THP compound or condensate and cured aftenriards. 
Thus in this process a fabric, which has bee~ reacted with a non 
self-condensing methylolamide having at least 2 methylol groups 
(which may optionally have been alkylated) under aqueous acid 
conditions, e.g. at a pH less than 3, is treated with a tetra kis 
(hydroxymethyl) phosphonium compound or condensate thereo.j_which is 
then cured. 

The nature of the methylolamide and the impregnation solution 
and its pH ·and the impregnation and cure technf que for the fabric 
are essentially the same as for the corresponding methylolamide 
treatment of fabric already carrying a cured THP polymer apart from 
the wet pfck-up of methylolamide impregnated fabric which is usually 
S0-12oi, e.g. 60-11~ (based on the di')' weight of the fabric)t the 
dry weight pick-up of the methy1olamide, which is usually 4-25i, 
e.g. 6-lSi, such as 8-14i, (on the same basis) and the moisture 
content of the fabri~ at the start of the cure which may be 6-Joi, 
but much more preferably is 30-9qi,.e.g. 30-60i, or 45-soi, but 
preferably 60-901, especially 70-901 (based on the original weight 
of the fabric) as such higher initial moisture contents enable the 
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t
reatment to be more effectfve to obtain fabrics with better 

THP 
fire retarda'?Ft properties than those made from fabrics cured with 

h~Jo1amide und~r 6-30% moisture conditions. 
met•v 

compared to the properties of methylolamide wet cured fabric 
the post THP treatment drastically increases the flame retardance 
and may also increase the wet and dry crease recovery angle, 
;ncrease the moisture regain (or equilibrium moisture content after 
conditioning) and decrease the moisture content after centrifuging 
(water imbibition). Compared to fabric containing THP cured polymer, 
the pre methylolamide cured post THP cured fabric usually has 
reduced shrinkage after washing and increased wet and dry crease 
recovery angle. 

Compared to the properties of fabrics from cure with 
: methylolamide before THP treatment, the properties of fabrics from 
; post cure with methylolamide after THP treatment are generally 
; better; in particular the shrinkage of·post cured fabrics is often 

less than with pre cured fabrics. 

In order to reduce the loss in tear strength of the treated 
. fabric compared to THP fabric or original fabric before treatment, 

there may be applied to the fabric having cured THP ·and cured 
rnethylolamide, before or after the final drying step, a softening 
agent in amount of 0.1-SS by weight (based on the weight of the 
fabric); examples of such softening agents are condensation products 
of fat1'Y acids, e.g. of 8-20 carbon atoms and polyamines or 
cyclfzatfon products thereof, each in the fonn of its protonated or 
qua~ernary salts, and also quaternary ammonium salts with 2 fatty 
alfphatic groups, e.g. 8-20 carbon alkyl and 2 short chain alkyl 
groups, e.g. of 1-6 carbons such as methyl. 

We have also discovered that with the THP cured methylolamide 
cured fabric, irrespective of order of treatment, a mechanical 
shrinkage, e.g. mechanical compressive shrinkage Gf the fabric 
sign; ficantly reduces the progressive shrinkage of the fabrics after 

---- ·------------ ·--
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Peat washes. This compressive shrinkage usually involves the 
manY rt -

·ng steps wetting of the fabric with water and/or steam to follow1 ' 
. swollen fabric, adjusting the width of the swollen fabric to 

g1 ve a . . . . 
the desired dimension, compressively shr1nk1ng the fabric, and 
drying the fabric. The compressive shrinkage may be vi a intimate 

t Ct with a stretched elastomeric blanket and maintenance of that con a 
contact while the degree of elongation of blanket is reduced, e.g. 
to zero. Drying may be achieved under restrained conditions, e.g. by 
compressing the moist shrunk fabric between a heated metal cylinder 
and an absorbent fabric belt. Finally the fabric may be plated or 
rolled. An example of such a process is the Sanforized process as 
described in International Textile Bulletin Dyeing/Printing/Finishing 
Z/86 pp 14, 16, 20, 22 and 27. The result of the combination of the 
steps of methylolamide treatment after or before THP treatment, 
followed by the mechanical shrinking is that the difference in 
dimensions, e.g. in the warp direction, between those of the 
finished fabric and those after one wash can be small, e.g. less 
than 2.si or 2i, or very small, e.g. less than ii and that the 
degree of progressive shrinkage thereafter on subsequent washing, 
e.g. 50 times, can be small, e.g. less than si, or especially very 
small, e.g. less than 2 or ii. If the degree of mechanical shrinkage 
put onto the fabric is more than sufficient to compensate for 
shrinkage in one wash of the fabric, the THP and methylolamide cured 
fabric after mechanical shrinkage can extend after one wash by. e.g. 
up to 51 and that degree of extension can remain substantially 
unchanged over the next 50 washes, so that the degree of progressive 
shrfnkage 1s very small. If desired ·the mechanical shrinking 

operation may be performed in the post methylolamide treatment 
process after THP cure and before the methylolamide reaction, 
instead of or as well as after the· latter reaction, or, in the pre 

methy1olamide treatment process, before THP cure and after the 
methylolamide reaction instead of or as well as after the latter 
reaction. The mechanical shrinking operation fs usually perfonned 
after the last cure step, whether methylolamide or THP cure~ and may 
be pertonned between the cure steps. If no mechanical shrinking 
operation is performed the met~lolamide is preferably applied after 

-----·--------- --
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THP as t~ treated fabric obtained tends to have reduced 
the compared to fabrics treated in the reverse order. 
shrinkage 

The fabric usually has a majority of cellulosic fibres and is 
blY 100~ cellulosic as preferably in natural cotton but also 

pref era 
. flax or regenerated fibres, e.g. viscose or cuprammonium 

; n rann e, 
on fibres. The fabric may have been mercerized with aqueous 

ray · t · 1 1 • h · f 
1

. or liquid ammon1a, op iona y w1t amines, a ter or 
alka 1 
preferably before application of the THP and methylolamide compound. 
The cellulose fibres are especially woven but may be knitted. They 
may also be mixed with an amount, e.g. a minority amount, e.g. up to 
SO'l such as 1-50$ of coblendable fibres such as polyester fibres to 
make, e.g. blends of 6_0-aoi cotton with 20-40i polyester. However 
the process is of particular application to substantially completely 
cellulosic fibres especially cotton. The fabric before THP and 
methylolamide treatment may have a weight of 0.05-1.00 kg/m2 such 
as 0.1-1.00 kg/m2, usually 0.15-0.40 kg/m2, and preferably 0.23 to 
o.37 kg/m2; examples of such fabrics are cotton drill fabric or 
sheeting, shirting or curtain fabric. 

The fabric before THP or methyl o·l amide treatment may have been 
dyed, e.g. with vat or azoic dyes, though basic, reactive, direct, 
acid or disperse dyes may also be used. If the fabric is to be dyed 
after THP treatment, reactive dyes are preferred. If the fabric is 
to be dyed before methylolamide treatment, then dyes such as vat and 
azoic ones are preferred. Thus with vat or azoic dyes, the fabric 
is preferably_ dyed, treated with THP canpound and cured and then 
treated with methylolamide and reacted therewith. Alternatively 
with sane shades of vat or azoic dyes it may be better to treat and 
react with methylolamide first then dye, and then treat with THP 
canpound and then cure. 

The treated fabrics with the flame retardant and easy care 
properties may be used fn uniforms, e.g. fQr securi'f3' guards and for 
the fire brigade and for work.wear. Lighter fabrics may be fonned 
into unf fonn shirts for which durable press ratings and easy care 
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perties are particularly important and heavier fabrics. e.g. 
prtoton drill~brics, may be formed into workwear such as overalls 
co 

d trousers for which lack. of shrink.age is particularly important. 
an 

The invention is illustrated in the following Examples in which 

the following test methods were used. In every case the fabric was 

conditioned to 20°C and 6Si Relative Humidity for 24 hours before 

testing. 

1. Crease recovery 

Both dry and wet crease recovery angles were measured compared 

to the untreated fabric using the t()NSANTO WRINKLE RECOVERY TESTER 

"ith a SOOg load and 3 minute load/recovery/times, in the Warp 

direction and creased with the face outwards. 

2. Durable press rating (D. P.) 

For Examples 1-15 the fabric was assessed using the AATCC 
Test Method No. 88 was·h and. wear standards and DP ratings based on 

the smoothness appearance of the fabric compared to standards 1-5 (1 

being the poorest rating}~ while for Examples 16-26 the test method 

was AATCC Test Method 124. 

3. Shrinkage 

Warp and weft shrinkage were measured according to the 

procedure of BS 4923 (1973) after the fabric had been washed 40 

times (for Examples 1-15) or 50 times (for Examples 16-27) {in the 

manner described in DI~ 53920 with soft water). at 93oc. 

4. Strength 

Tensile strength was measured according to BS 2756 and the tear 

strength in the weft direction (according to Elmendorf) were also 
detenn; ned. 
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The f1ame retardancy of the fabric was tested as finished, 

after 12 washes at 93°c and after 40 washes at 93oc (for Examples 

1
_15) or 50 times (for Examples 16-26) (the washing being as in the 

manner described in DIN 53920 with soft water). The test method used 

was according to BS 3119. 

6. Analytical determinations on the fabric 

tP, iN and ppm fonn~1dehyde were determined on the fabric as 

finished. ~P and %N were also determined after 12 and 40 washes 
(for Examples 1-15) or 50 washes (for Examples 16-19) at 93oc. The 

atomic ratio of N :P was calculated. 

7. Abrasion Resistance 

The Accelerotor test was according to AATCC-99-1984 Method A 

and involved abrasion with a 250 mesh emery cloth rotating for 3 min 

at 3000 rpm and detenni nation of the weight 1 os s. 

THP Cured Fabric 

Fabric A 

For use in Examples 1-13, 15 and 27 the THP cured fabric was 

obtained by impregnating 3111 cotton drill fabric of 0.285 kg/mZ 

weight, which had previously been dyed with high visibility orang~ 

azoic dye and not sanforized~ with an aqueous solution at pH 4.5 of 

a precondensate of THP chloride and urea in a molar ratio of 1:0.5 

and an amount in solution equivalent to 25i THP ion to an about soi 
wet pick up, drying the impregnated fabric at 12ooc for 1 minute 

and then curing with.gaseous ammonia in a forced gas anunoniator as 

described in US 4145463. The cured fabric was oxidized with 

hydrogen per~xi d~.. neutra 1 i zed with sodium carbonate so 1 uti on. 

rinsed and dried. 
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. B c, D and E 
~ 

procedure as specified for Fabric A was used for four other 

rne iCS with the following modification; the rinse water 
&abr 

,o:t~11 1 

fabric softener ( 11Alkamine 11 FPS) in amount of 2i by 
1 ded a 

fnC 11 f the THP cured fabric, and each of the THP cured fabrics 

.,,;gtit :nanica11Y compressively shrunk according to the 11Sanforize 11 

tM" me The fabrics were mercerized satin workwear fabric of 0.270 
,.oCeSS• 

P .;. ~eight, previously vat dyed blue {Fabric B), azo red dyed 

t;. ill of 0.346kg/m2 weight (Fabric C), azo red dyed 3113 satin 

llll drf 0 28kg/m2 weight (Fabric D} and 3117 twill fabric of 
drill o • 

, k /m2 weight and optically brightened (Fabric E}. 
o .• 9Z g 

Lengths of the THP cured fabric A were padded to soi wet pick 

up ~ith an impregnation solution containing 250mls/1 of a 45i'. 

iqueous solution of di 1,3-NN-methylol-4,5-dihydroxy ethylene urea 

DfC)HEU (sold under the Trade Mark FIXAPRET CPN) and 50 ml s/l of 98i 

sulphuric acid· to give a pH of less than 1 and an acid concentration 

in the bath of 1.88 N. The wet, paclded fabric with total moisture 

content about 68i (based on the weight of THP cured fabric) was 

~olded carefully and pl aced into a polythene bag which was then 

su1ed and kept under slack conditions (i.e. under no ·applied 

tension} for 22 hours at room temperature to cure. The fabric was 

then ranov~d, washed sequentially with cold water, lOg/1 aqueous 

sod1u• carbonate, an aqueous solution at sooc containing 2g/1 

SOcffU9 carbonate and 2g/1 detergent, hot wa.ter at 6QOC and cold 

· "'ter. The fabric was then dried and then tested in comparison with 

. S•ples of the THP cured fabric (Comp. A). The results were as 
~follows. 

· iiii1iiuinr 
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RESULTS 

I CREASE 
I 1--~~- ~,-~ I ·--- I -- -.. ··1 --

Ex. IRECOV~RY IWARP I DP RATING I TEAR I FLAME RETARDANCY I ANALYTICAL RESULTS 
IANGLEO !SHRINKAGE I I STRENGTH I Average Char I AS FINISHED I AFTER 40 WASHES 
IDRY I WET l(cz;) I I (kg) I Length (mn) I ip I iN I N/P I tP tN N/P 

1 1ao1155 I J.5 I 4-5 I 1.15 I 56 I 2.89 I 3.34 l 2.56 I 2.78 I 3.19 I 2.54 

I I I I I I I I I I I I 
Canp.AI 901 95 I 10.0 ·1 2 I 1.54 I 55 I 3.05 I J.09 I 2.24 I 2.74 I 2.12 I 2.20 

I I I I I I I I I I I I 

The flame retardancy was measured after 40 washes 
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Example 2 -- -
The process of Example 1 was repeated with the following 

modifications; the impregnation solution also contained O.Sg/l of a 
wetting agent, which was a mixture of nonionic and anionic ones sold 
under the mark WAlOO by Brookstone Chemicals Staffordshire, England, 
and after the cure the fabric was washed in cold water, neutralized 
with sodium carbonate solution, rinsed with cold water and the 
fabric dried at ioooc. Squares of the fabric obtained and squares 
of the original THP cured fabric were washed in a washing machine at 
60oc for 10 minutes, then with 3 cold water rinses and the fabric 
spun for 4 minutes at 1000 rev.per.min. The fabric squares were 
then dried with the aid of pegs on a line at room temperature or 
tumble-dried for 15 minutes with a final maximum temperature of 70<>c. 

The fabric squares were tested for Durable press rating 
compared to squares of THP cured fabric (Comp. Example B). The 
result were as follows. 

Fabric 
Example 2 
Comp. 

Example B 

Example 3 

DP Rating 
Line Ory Tumble Dry 

4-5 3-4 

2 2 

For Example 31 the process of Example 1 was repeated with the 
following modifications; the impregnant solution of pH less than 1 
contained 70m1/1 of concentrated (35i) hydrochloric acid (instead of 
the sulphuric acid) to give an acid concentration of 0.82 N and also 
contained 0.5 ml/1 of a wetting agent as in Example 2 and the fabric 
was allowed to cure for 16 hours. The moisture content of the 
fabric at the start of the cure was about 72i (based on the weight 
ofTHP cured fabric). 

---- - ------- -----
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The process of Example 1 was repeated with a range of amounts 
and proportions of the curing agent and added concentrated sulphuric 
acid. In each case the wet pick up from the resin impregnation bath 
was adjusted to be about 80% and the moisture contents of the 
fabrics at the start of cure were about 63-72i (based on the weight 
of the THP cured fabric). The results are as shown below. 

Results 

E.x lmls/l lml s/l !Solids I Warp !Wet Crease !Tear I Abrasion 
lcuringlsulphuric !add onlShrinkagelRecovery !Strength I Resistance 
!agent !acid added! % i after !Angle Warpl (kg} !Accelerator 

I bath I in bath l 40 washes! Degrees I Ii weight 

I I I I I loss 
4 I 200 I 25 2.09 5.0 I 135 I 1.18 I 
5 I I 50 2.62 5.0 I 142 I 1.12 I 
6 I I 75 3.22 4.0 148 1.12 I 
1 I 2so I 25 2.62 5.0 135 1.25 I 
a I · I 50 I 3.43 3.5 155 1.15 I 9.8 

9 I I 75 I 3.42 3.0 152 1.15 I 
10 I 300 I 25 I 2. 77 4.5 137 1.25 I 
11 I I 50 I 3.35 4.0 146 1.15 I 
12 I I 75 I 3.86 4.0 150 1.15 I 
Untreated· I I 10 95 1.54 I 9.2 
i.e. THP I I I 
cured I I I 

.. 

fabric I I I 

All fabrics met the flammability requirements of 853120 
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~ample 8. -
The process of Examples 7-9 was repeated with the amount of 

su1phuric acid added being replaced by lOOmls of concentrated 
hydrochloric acid (about 35% w/w} to give a solution of pH less than 

1 and of acid concentration 1.17 N. The moisture content of the 
fabric at the start of the cure was about 7l~ (based on the weight 
of the THP cured fabric). The treated fabric was tested for its 
abrasion resistance according to the Accelerator test and the weight 
loss found to be 10~6i. The results of the other tests were as 
follows: warp shrinkage 3.Si, wet crease recovery angle isoo, tear 
strength (Elmendorf, weft) 1.10 kg, average FR char length after 40 
washes 68mm. 

Example 14 

The process of Examples 7-9 was repeated with the following 
modifications, THP cured fabric 8, and in the impregnation bath 
140 ml/l cone. sulphuric acid (to give a solution of acid 
concentration 5.25N) with a 3 hour cure time. The moisture content 
of the fabric at the start of cure was about 5~ (based on the 
weight of THP cured fabric}. The results on the treated fabric were 
as follows compared to those on the THP fabric B before treatment. 

I Crease Recovery Tear Strength I FR Char length (mm) 
Ex. I An9·1 e, ·-Wet, Warp o Elmendorf kS· I after 40 wash 

I I 
14 I 150 2.112 I 56 
Comp. I 90 2. 976 . .I 52 

Example 15 

The process of Example 14 was repeated with THP cured fabric A. 
The results on the treated fabric were as follows compared to those 
on the THP fabric A before treatment. 

--·-----··-·-··-·--

11~1Ulii1irr 
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- FR Char length! Abrasion 
iolet Crease 

Tear Strength I {mm} after I Resistance 
Recovery 

0 Elmendorf kg. I 40 wash Accelerator i 
£ x. Artg1e, Warp 

I 

140 1.056 70 11.0 
15 
comp. I 95 1.540 55 9.2 

Examples 16-19 

Lengths of 20m of Fabric A, 30m of Fabric C, 50m of fabric D 
and 30m of Fabric E were sewn together and passed continuously twice 
through a padding solution which contained 3509/l of the aqueous 
solution of OMOHEU used in Example 1, 90g/l of 98% sulphuric acid to 
give a pH of less than 1 and an acid concentration in the solution 
of 1.84 N and 2g/1 of the wetting agent used in Example 2. The 
excess of padding solution was squeezed off the swelled fabrics 
which were then, with moisture contents of about 52-60% {based on 
the weight of THP cured fabrics) and under conditions of minimum 
tension to prevent sagging, passed onto a roll, were wrapped in a 
plastic sheet and the roll rotated slowly at room temperature 
(18oC} for 22 hours to cure the DMDHEU. The wet pick up for each of 
the fabrics was A 72%, C 59i, D 72%, E 70%. Each cured fabric was 
then washed with water, then neutralized and then rewashed with 
water in a jig dyeing machine, followed by a softening step in which 
each of the four fabrics was passed three times through a softening 
bath at 4aoc containing lOg/l of a nonionic fatty ester derivative 
softening agent sold by Crosfield Textile Chemicals as CROSOFT XME. 
The wet fabric was then sucked dry and then dried by heating at 
iso0c in a stenter, to give Treated Fabrics. 

The four fabrics obtained were then tested with results as 
follows comparing the properties of Fabrics A, C, D and E with 
Treated Fabrics A, c, D and E, i.e. before and after the OHOMEU 
treatment. -----------
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-
Shrinkage -

ft Shrinkage were detennined as described above but 
;.:arp and we 

after so washes. 

1 Example !Fabric (i) WarE (%} Weft 

I IA 13.2 6.0 

16 !Treated A 5.5 4.0 

IC 9.9 5.1 

17 !Treated C 4.0 4.3 

ID 8.0 6.3 

18 !Treated D 2.7 4.6 

IE 5.7 7.1 

19 !Treated E 3.6 4.2 

2. Tear Strength in the weft direction according to Elmendorf 

I Exam2le !Fabric Stren9th (k9) I 
I IA 1.94 I 
I 16 !Treated A 1.87 I 
I IC 4.64 I 
I 17 !Treated C 3.46 I 
I ID 2.68 I 

18 !Treated D 1.91 · 1 

IE 1.63 I 
19 !Treated E 1.30 I 

iiiiiiWf 
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rens l
·te strength according to BS 2756 on Treated Fabric and for 

3· d Fabric c only after 50 washes at 93°C (according to DIN 
... reate . 
1 

0 ;th soft water). 
5392 w 

I Example 

l I Fabric 

I IA 

I 16 !Treated A 

I IC 

I 17 !Treated C 

I !Washed C 

I IWa.shed 
17 I Treated C 

ID 
18 !Treated D 

IE 
19 !Treated E 

(Strength Newtons) 
Warp I Weft 
1252 I 690 
1030 I 619 
1237 I 794 
1179 I 609 
1251 I 800 

I 
1183 I 683 
1145 I 740 

913 I 597 

760 I 529 
617 I 406 

4. Flame Retardancy tested as described above after 50 washes 

I Example I Fabric Averase Char Lensth (nm) I 
I l A 52 I 

16 I Treated A 56 I 
1 c 57 I 

17 I Treated C 56 I 
I o 58 I 

18 I Treated D -68 I 
I E 71 

19 I Treated E 79 
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Treated Fabric before and after 50 washes 
1v~ical Results on 

7. 4na-w, DIN 53920 with soft water) 
at 93oc (accordf ng to 

- Before Washing I After Washing 
I Example 

f, p I i N I i p I % N 
l I Fabric 

IA 3.2 I 3.1 I 2.6 2.5 
I 
I 16 !Treated A 3.0 I 3.5 I 2.7 3.1 

IC 2.9 I 2.9 2.3 2.2 

17 !Treated C 2.7 I 3.3 2.6 3.0 

ID 2.3 I 2.1 2.0 1.8 

18 !Treated D 2.2 I 2.6 2.0 2.3 

IE 2.6 2.3 2.4 2.0 

19 I Treated E 2.4 2.7 2.3 2.5 

8. Colour Fastness to lisht 

The fastness to a xenon arc light was measured according to BS 

1006, 1978, B 02. There was no difference between the results for 
Fabrics A, C, D and E canpared to Treated Fabrics A, C, D and E 
respectively. 

9. Handle 

There was no detectable difference between the handles of 
Fabrics A, c. D and E compared to Treated Fabrics A, c. D and E 
respectively. 

10. Mof sture content 

The moisture contents of the Fabrics A,C-E and Treated Fabrics 
A and C-E respectively, each after conditfonf ng for 24 hours at 65i 

RH, were detennf ned by drying the conditioned preweighed fabrics for 
2 hours at 1osoc and then reweighing. The moisture contents of the 
f b . a rics were about o. si less than of the Treated Fabrics. Thus the 
treatment with DHDMEU increased the moisture regain at 65S RH. 

., 
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The Fabrics A and C-E and Treated Fabrics A and C-E were given 
an HLCCl wash in a Servis Quartz machine and the water retained 
after spinning the wet fabrics as 1000 rpm for 4 min was detennined. 
The Treated Fabrics retained less water than the Fabrics the 
treatment with DHDMEU reduced the water imbi bi ti on. 

Examp Jes 20-26 ---
Fabric 

Two lOOm pieces of 3111 loomstate drill cotton fabric of weight 
o.295 kg/m2 were enzymically desized, scoured with alkali and 
oleached with alkaline hydrogen peroxide. Fran the bleached fabric 
of weight 0.27kg/m2 were obtained four 50m lengths which were 
submitted respectively to process operations V, X, Y and z (broad 
aetails of which are given below in which the steps of treatment and 
~re with DHDMEU, treatment and cure with THP compound and 
mechanical compressive shrinking are performed in different 
combinations. 

!Operation v x y z 
I 
!First step IDHDMEU .Cure ITHP Cure fTHP Cure ITHP Cure 
!Second step I I I I Mech. shrink I 
!Third step ITHP Cure I . IDHDMEU Cure IDHDMEU Cure I 
!Fourth steplMech. ShrinklMech. shrinklMech. shr~nklMech. shrink! 

THP Cure Step for Operations V, X, Y and Z 

The fabric was treated as described with respect to Fabric A. 
The wet pick ups were .. about soi for Operation V (based on the weight 
of DHDMEU cured fabric) and lOQi for Operations X, Y and Z (based on 
the weight of the bleached fabric). 
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for Operations V. Y and Z 
!)HOMEU-eu re step -

. as treated in the manner decribed in Examples 16-19 
T~e fabr1c w 

dding solution which contained 3259/l of the aqueous 
"ut with a pa . . 2 
w 1 t'on 90g/1 of 98i sulphuric acid, g/1 of wetting agent 
~ .. JMEU so u , • . 
.,.. . E ple 2 and 189/l of a fluorescent brightening agent stable 
sed in xam 

u . 1 d bv Sandoz as Leucophor BCR 1 iquid. The wet pick ups 
to ac1d so 'J • • 

loo~ for Operation V (based on the weight of bleached fabr1c) 
111ere '° 
and 75~ for Operations Y and Z (based on the weight of THP cured 

. } and the moisture contents of the fabrics at the start of cure 
f abrtc 
were about 60i for Example 20-24 (by weight of THP and fabric) and 

79~ for Example 25 and 26 (expressed by weight.of original fabric}. 

Mechanical Compression Shrinkage 

The fabric was mechanically compressively shrunk on a 
"Sanforizer" classic machine as described in International Textile 
Bulletin Dyeing/ Printing/Finishing 2/86 pp 14,16, 20, 22 and 27 
involving initial steaming, adjustment of width, pressing against a 
stretched rubber blanket which is then allowed to rela~ resulting in 
shrinking of the fabric, followed by drying by compressing the 
fabric between a heated metal cylinder and an absorbent blanket and 
rolling. The degree of shrinkage set on the machine was 5~ for 
Operations V, X, Y and z. 

Optical Brightening 

The optical brightener was put into the fabric as part of the 
DHOMEU impregnation in Operations v~ Y and Z but in the rinse water 
from the THP cure ·in Operation X. 

Results 

The properties of the Treated Fabrics obtained in the fourth 
step of Operations V, Y and z were tested, as were some of the 
properties of the fabric of the last step of Operation X and earlier 
steps of x, y and z. . ________ _ 
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~ t>le of res 
ults below Examples 20-26 and Comparative 

In the a the fabrics obtained according to the 
o-G refer to 

: xa.mPl es 
- . g operations. 
fotl~tn 

- Fabric Summary of Operation 
1:xample 

I Opera ti on 1 stee 
I 3 I y I THP, OHDMEU 

21 
22 I 3 I z I THP. Mech. shrink, DHDMEU 

23 4 t y I THP, DHOMEU, Mech. shrink 

24 4 I z I THP, Mech. Shrink, DHDMEU,I 

I I Mech. Shrink 

25 3 I v I OHOMEU, THP 

26 4 I v I OHOMEU, THP, Mech. Shrink 

!Comp. D 4 I x I THP, Mech. Shrink 

!Comp. E I 1 I x I THP 

!Comp. F 1 - I I Original bleached Fabric 

!Comp. G I 1 I v I DHDMEU only 

1. Shrinka~e 

The warp and weft shrinkage was detennined in the manner 
described in Example 16-19 after 1 and 50 washes. 

I i Shrinkage after given 
I number of wash clcles 

I Example I l I 50 

I 1 War~ I Weft I Warp I Weft l 
( Comp. G I 1.2 I 2.2 I 2.3 I 2.s I 
I Comp. F I - I - I 12.8 I 5.6 I 
l Comp. E I 3.9 I 3.5 I 12.4 I 8.8 I 
l Comp. 0 l 1.0 l 2.8 I 7.3 I 5.9 I 
l 21 I 1.4 l 2.1 I 4.4 l 3.5 I 
I 22 I 1.8 I 2 .2 I 4.7 I 3.3 l 

23 1+2.9 I 1.6 1 +2.3 I 2.1 I 
24 I - I - I +2.3 I 1.8 I 
25 I z.o I 2.4 I 6.3 1 4.0 I 
26 ---·----

1+3.1 l 2.1 I +2.4 I 2.5 I 

I 
I 
I 
I 
I 
I 
I 

11111lii1i1nr 
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·tJ.Ve 
5
;gn, e.g. + 2.3i denotes an extension on washing 

A poS l 
,; a shrinkage. 
- than 
r~tner . 

z. Strength in the weft direction according to Elmendorf 
rear 

3. 

4. 

1£xample Strength (kg} I 
Warp I Weft I 

I 
1comp. o 3.00 I 3.oo I 

I 23 2.20 I 2.20 I 

I 24 2.50 I 2.40 I 

I 26 2.40 2.20 I 

Tensile strength according to BS 2756 

Strength {Newtons) 

I Example Warp I Weft 

I Comp. D 1262 751 

I 23 1010 572 

I 24 1012 575 

I 26 1014 580 

Flame retardancy tested as described above after 50 washes 

I Example 
I Comp. D 

I 23 

I 24 

I 26 

Average Length (11111) 

60 
62 
67 
53 

----------
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Recover:l An9l es 
·rease 

:. ~~----

--- Wet (0) Ory ( 0) 
I Examl'le 

130 90 --I comP· G 
65 90 

1 comp. F 
I C001P· D 

95 70 

I 23 140 100 

24 140 100 

26 135 100 

6. DP rating assessed as specified above after single wash at 95oc 

and drying as in Example 2 

DP Rating 
I Example Line Drl I Tumb1 e Ory l 
I Comp. G 3-3.5 I 3-3.5 I 
I Comp. F 1-2 I 1-2 I 
I Comp. D 2 I 2 I 
I 23 3-3.5 I 3-3.5 I 

·I 24 3-3.5 I 3-3.5 I 
I 26 3 I 3 I 

7. Moisture Contents 

The moisture contents of the fabrics were determined as in 
Examples 16-19, Part 10. The moisture content of the fabrics of 
Examples 23, 24 and 26 were higner than those of Comparative Example 
D by 0.5-li according to oven drying studies. The OHOMEU treatment 
therefore increased the moisture regains at 65\ RH. 
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t
;on of moisture on centrifuging wet fabrics was 

~,,e reten 
' ... xamples 16-19. Part 11. the fabrics tested being that 

ed as 1 n c. 
:est r' pl e ot Examples 23, 24 and 26. The fabrics of Examples 
"' C cr.'IP· r. xam • 
v d 26 retained 22% less moisture than that of Comparative 
23 24 an · 0 The oHOMEU treatment reduced the water imbibi ti on. 
£xample • 

f:amp1e £Z. 

THP cured fabric A was padded with an impregnation solution 
containing 250 mls/l of the 45% DMOHEU solution used in Ex. 1 and 10 

911 of 9ai sulphuric acid, the solution having a pH of about 1.7 and 
being 0.2 N in acid. The padded fabric was squeezed to a 75% wet 
pick-up and then heated in an oven at gooc for 3 minutes to give a 
fabric containing 10% moisture. The fabric was immediately sealed 
in a plastic bag to maintain its moisture content and was allowed to 
stand for 22 hours at room temperature under slack conditions. The 
fabric was then removed and washed as in Ex.l. Finally it was dried 
and then washed 50 times at 93oc. The warp shrinkage after that 
washing was tested and found to be 5%, compared to 10% for the 
similarly washed THP cured Fabric A before the DMDHEU treatment . 

• 



-= f the treatment of a fabric, which process 
A process or 

l. . ting a ce11ulosic fabric, which has already been 
rises subJeC . 

cOlllP • f "rst process operation, to a second process operation, 
ted , n a , 

t~ea 'd first and second process operations being treatment of 
of sa, . 

one . • h tetraki s ( hydroxymethyl) phosphonium compound or 
fabric w1 t 

thereof followed by curing to a polymer, and the other of 
condensate . . . 

. . t and second process operations being impregnation of the 
said f1rs 

. "th a non self-condensing methylolamide having at least two 
fabr1C wi 

101 groups which may optionally have been alkylated,and then 
methY ' 
reaction of the fabric with said methylolamide under aqueous acid 

conditions. 

2• A process according to claim 1 wherein the first process 

operation involves treatment with said phosphonium compound or 

condensate followed by curing with ammonia. 

J. A process according to claim 1, wherein the second process 

operation involves treatment with said phosphonium compound or 

condensate followed by curi~g with ammonia. 

4. A process according to any one of claims 1-3, wherein the 

methylolamide in aqueous solution at pH less than 3 reacts with the 

fabric. 

5. A process according to any one of claims 1-4, wherein the 

methylolamide reacts with the fabric having a moisture content of 

6-901. 

6. A process according to claim 2 wherein the methylolamide in 

aqueous solution reacts with the fabric having a moisture content of 

6-JOI. 

1• A process according to any one of claims 1-5 wherein the 

methylolamide in aqueous solution at a pH less than 1 reacts with 

the fabric having a moisture content of 30-90i. 

' 111\11\ \l\11\ 111\11\1\1 \I \II\ 
* C L M S * 
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a. A process according to claim 7, wherein the methylolamide 
reacts with.-he fabric in an aqueous medium 1-6 N in acid. 

9. A process according to any one of claims 1-8, wherein the 
methylolamide is a methylolated cyclic urea or 0-alkylated 
derivative thereof. 

10. A process according to claim 9, wherein the methylolamide is 
1,3, NN-dimethylol- 4,5- dihydroxyethylene urea. 

11. A process according to any one of claims 1-10, wherein the 

fabric is treated with an aqueous solution of a condensate of a 
tetrakis (hydroxymethyl) phosphonium compound and urea and then 
cured with gaseous ammonia. 

12. A process according to any one of claims 1-11, wherein the 
fabric is made of cotton fibres or a mixture thereof with up to soi 
by weight {of fabric) of polyester fibres. 

13. A process according to any one of claims 1-12 wherein the dry 
weight pick-up of methylolamide on the fabric is 6-20% and of 
polymer from tetrakis (hydroxymethyl} phosphonium canpound or 
condensate is 8-2oi. 

14. A process according to any one of c.laims 1-13, wherein the 
methylolamide is reacted with the fabric, while the fabric is 
maintained under tension in at least one of the weft and warp 

dimensions. 

15. A process according to any one of claim~ 1~14, wherein, after 
the second process operation, the fabric is subjected to mechanical 
compressive shrinkage. 

16. A process according to any one of claims 12-15, wherein cotton 
fibres are treated with an aqueous solution of a condensate of 
tetrakis (hydroxymethyl) phosphonium compound and urea and cured 

\ \11\11\ \\\I\\ Ill\\ \\1\1 \\ \JI\ 
* C L M S 
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with gaseous amJm>nia, and then the fabric obtained is impregnated 
with an aqueous solution of 1,3 NN dimethylol 4,5 di-hydroxyethylene 
urea and is reacted therewith under aqueous conditions of pH less 
than 1 and 1-4 N in acid with a moisture content of the fabric of 
30-90i, followed by mechanical compressive shrinkage of the fabric 
obtained. 

17. A process according to any one of claims 9-15, wherein fn the 
second process operation the methylolamide 1s reacted at 90-1400C 
with the fabric having a moisture content of 6-30'I under aqueous 
conditions of pH 3-5. 

111111111111111111111111111111 
* C L M S * 

1 


