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FABRI C TREATMENT Thi s invention concerns fabric treatnent procegse d. \
~ particular, ones involving flame retarded fabric. Cotton fabrics hav ok

ftame retarded by inpregnation with tetra kis (hydroxynethyl) phoéﬁﬁ%nium

(THP) conpounds or precondensates ther ppéssf/gkéomed by curing with heat or
ammoni a. The fabrics have flanme retardant—proeperties which are resistant to

washi ng.
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easy c!re properties. The present invention provides a process for the

treatment of a fabric, which process conprises subjecting a cellulosic 5;'
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 treatnent of fabric with tetra kis (hydroxymethyl) phosphoni um
conpound or condensate thereof, followed by curing to a polyner, and the

ot her of said first and second process operations being inpregnation of the
fabric with a non sedf-condensi ng net hyl ol am de having at | east two

met hyl ol groups, which may optionally have been al kyl ated, and then
reaction of the fabric with said nethyl ol am de under aqueous acid
conditions, e.g. at a pHless than 3, rably the process for the
treatment of a fabric is one in mhidﬁ§gé§ggric cont ai ning a cured pol yner
derived froma tetra kis (hydroxymethyl) phosphoni um conmpound or condensate
thereof is

Flame retardant cellulosic fabrics having reduced shrinkage are
obtained by treatment of fabric with a tetrakis hydroxymethy)
phosphonium compound or condensate and then curing with ammonia,
followed by treatment involving reaction of the fabric with a non
self-condensing methylolamide under aqueous acid conditions. The
order of treatment can also be reversed.
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inpregnatéggzrth a non sel f-condensi ng net hyl ol am de, havi ng at | east
met hyl ol groups (Wi ch may optionally have been al kyf, ;! ced
nét htl ol am de reacted with the fabric under agueous # , €e.g. é§
at a pHless than 3. In this preferred prpcess, the f y
carries a cured THP polyner. The fabric may have been inpregnated with an
aqueous solution of a THP salt m xed with a nitrogen conpound condensabl e
therewith such 3§;§8ineEhtionOEcABRrAY| £dbat €Ot rdakRetitNBredesyb€a,in0r With a
solution of a precondensate of.said.salt _and nit en conmpound, or with a
sol ution of PeRiSHII 0PN INXALY "@aﬂsﬂf he rrdﬁpiéagg’ﬁ‘l-lP salt, e.g. THP
hydr oxi de, with or w thout the nitrogen conpound, and then the inpregnated
fabric dried andcRbEE U iShai delh ATHR Gt rBLELS ARALGRRG AR EC 1 S
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, 1imiting 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 discovered a process for obtaining a flame
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 operétion to a
second process operation, one of said first and second process
operations being treatment of fabric with tetra kis (hydroxymethyl)
phosphonium 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, whiéh 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



L]

sol ution of pordensate of THP salt, e.g. chloride or sul phate and urea

in anolar r @0 of urea to THP of 0.05-0.8:1, e.g. 0.05- 0.6:1, e.qg. as
descri bed i n¥USP 2983623 or 4078101, and cured with ammonia, e.g. as
described in USP 4145463, 4068026 or 4434951. After the cure, the fabric is
usual Iy post treated by oxidizing with hydrogen peroxide, rinsing and
neutralizing and further rinsing. The fabric is then dried. The cured

fabri cI usual l'y carrlbzipa I&% ﬁ fo Bt 2&ta 12. mveSb&}P/mmyIEﬁeQD%ﬁftmlred
THP R
ying hi %2?*?";@&9&&@%@%& PHHGE Bhee" sl A o RS

carrying hig
i npr egnat ed MmN % ayeQueng&oBution of a non sel f-condensing nethyl ol am de

havi ng at | east QF hyl'ol groups or optionally an al kyl ether thereof.

These nethylolanldes whi ch are al so known as "reactant resins"

essentially do ,Tﬁgl brefeonetcpsecessdetne fabeindnitiandy ofanries ra cuned i on or
u

cure with thTeHPde Lo S RabiE haPTave HEYh FRIRGHAGR A fh dRUahlseulr oo Of
solution of a THP salt mixed with a nitrogen compound condensable
therewith such as melamine or methylolated melamine or urea, or
with a solutfon of a precondensate of said salt and nitrogen
compound, OF 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 neutraIizing and further rinsing. The
fabric is then dried. The cured fabric usually carries a loading of
8-25%, e.g. 8-20% or 14-20% 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
a2 non self-condensing methylolamide having at least 2 methylol
groups or optionally an alkyl ether thereof. These methylolamides,
which are also known as “reactant resins", essentially do not self-
condense under the conditions of their reaction or cure with the
cellulose on the fabric. The compounds are usually 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 methylolamides are preferably methylolated cyclic ureas or
0-alkylated derivatives thereof. Such compounds may be of formula

Z-N(R')-C0-N(R2) -1
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groups, e pec0 the smal |l extent to which such groups may be present in
dizssoci at products in equilibriumw th said conpounds. These

met hyl ol a#¥ des are preferably nethylolated cyclic ureas or 0-al kyl ated
derivatives thereof. Such conpounds may.-Hie of formula Z - N(R) - CO- N
(R2) - Z -3- which each z group represents a [err] or [err] group,
wherein Rin alkyl e.g. of 1-6 carbon atons such-as nethyl and R and R2

and the. car bahic0r B BiGSU D e & 7 TaRer St RO e e
al i phatic groupuyay . o#f #Ggrﬁ}lrg rreartlpfns Slﬁrgﬁ %imgﬁ}‘yeaéﬁdd{] RBER »and [err]
whi ch may be'% Ee 3 OFFFmOd divaTenteat iphagiesgnoug whileh dwichethezomi trogendr oxy!|
group or aIknﬂ%?L"and the carbonyl group give a 5, 6 or 7 membered ring. The

::jjlent aliphatic group may be of formula -CR3R4-(Y),- CR5RE-, in

Jhich each of r3, R4, RS and R® which may be the same or

different represents a hydrogen atom or hydroxyl group or alkoxy

group, €9 of 1-6 carbon atoms such as methoxy, n is 0, 1 or 2,

preferab1y.0 or 1, and Y is an oxygen atom, or NR7 group where R/

j5 an alkyl group, e.g. of 1-6 carbon atoms such as methyl, or a

CRBRY group, where each of R® and RY 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 alkoxy groups represented by'R3-R5, R8 or RY have to

be attached to different carbon atoms and that when n is 2, at least

one group Y is a CRERI group.

Thus the divalent aliphatic group with the free valencies two
atoms apart, can be of 2-6 carbon atoms, e.g. a 1,2-ethylene group -
CHp-CHp 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 1,3-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 -CHo-CR8RI-CHRE-where R® is hydrogen or methyl, RI is
hydrogen or hydroxyl or methyl and RE is hydrogen or methyl or
methoxy. The divalent aliphatic group with the free valencies three
atoms apart can also be of 2-6 carbon atoms of formula -CHR3-0-
CHRS or -CHR3-NR7-CHRS-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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group, e.g. of 1-6 carbon atons such as nethoxy, nis 0, 1 or 2, preferably
Q,or 1, and Y is an oxygen atom or [err] group where R7 is an al kyl group,
e.g. of 1-6 carbon atons such as nmethyl, or a CR8R9 group, where each of
[err] and [err] which nay be the sane or4-d|fferent represents a hydrogen
atomor al kyl group, e.g. of 1-6 carbon atom such as nethyl or hydroxyl
group or al koxy grou e.g. O _ 1-6 carbon atons such as nmethoxy with the
proviso that 2 &P nge’ﬁfg%x‘g/f Fethyledried cyapic uEPRc 38Rt HWUDY ﬁi’SaR@ R8 or
RO have to be. glv@ciomdined depfevenbla Qaltbmmh@r@wﬁﬁlﬂntch?#ouwgﬁhmthat2 at

| east one group Y. i Thus the divalent a atic group with
the free val elﬂ)(:ltgget?‘\ﬁg %Eghgd’dg?"g ‘ﬂ?—f 6?92‘:36' oy b@ﬁmg‘l g
1, 2-et hyl ene groth-Z- g6biEbsCHarmrtwe ﬂﬂseﬂ- 8l Fﬁydlrokyneabébddeﬁmg;r OUSlJch

- CH CH | th
at oﬁnsg_i)aparg cﬁé”r?vﬁ)]eé}‘g’f Qg&%egg? ?SHW@ of %&ldﬁ)awr%h @r”o%l gnvﬁl enC| =s e
opt i onal Iy wit i 5atY 1apdsn areeatydefoned abbv%.-l k?re(%‘ag]y met fyd )andrtheet hoxy

roup is the acetylenyl group of formula -"H CH -.

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
;,5 dimethyl and 5 hydroxy analogues and the.5 oxa and 5-alkylimino
inalogues of dimethylol propylene urea and tetramethylol acetylene

{i 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 110-180g/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 509C; mineral acids such as hydrochloric or especially
sulphuric acid are preferred. The larger the amount of added acid
fthe higher the cure rate or the higher the degree of cure; the
fimpregnation solution is usually 0.1-10, e.g. 0.5-10, preferably 1-6
jsuch 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
| strong acids, such as chlorides, nitrates and sulphates in amounts
| of 2-200, e.g. 2-50 or 10-200 g/1, e.g. 10-70 such as about 50 g/1;
i examples of salts are those of ammonia, e.g. ammonium chloride,
[ alkali metals, alkaline earth metals such as magnesjum and zinc and
i aluminium and the salts may increase the cure rate. Amount of zinc
f 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
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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substitueht, e.g. on the 2 or 3 nunbered carbon atomas in the groups

- .:CH2- CR8R9- CHR6-where R8 is hydrogen or nmethyl, RO is hydrogen or hydroxyl
or nethyl and R6 is hydrogen or nethyl or methoxy. The divalent aliphatic
group with the free valencies three atomr$-apart can also be of 2-6 carbon
atons of fornula -CHR3-0- CHR5 or GPBNW(M%\mHe[Hr]aM[eH]am
as defined above but_ are refeng ¥ drogen atons. The divalent aliphatic
group with tdeidaleRrigiteniti-ests 9t ih8saCihrondizions 6f g4-in0amsanbaoaf at ons,
e.g. a -1, 4-1 Wo/ lg gn@gtmlpgomptomnal ly with at | east one hydroxyl or alkyl
(e.g. methyl?) or nethoxy substi tuent .- -4- I n another type of

nmet hyl ol ated cyclic urea, the groups [err] and R2 above conbi ned represent
a tetraval ent aIPiaptlia:mﬂerbr dap Bighhtenperature curing, e.g. at above 500,

there may be used in the methylolamide agueous 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/1, 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 50-120%, e.g. 60-90% {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 3-20%, e.g. 6-20%, such as 7-15% {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 6-30%, 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 from the weight of the impregnated fabric at that
time, the original wéight of the fabric and its moisture content
(obtained from the loss of weight on drying), the concentration of
solids and water in 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 form a
cured fabric in which the methylolamide is cured onto the fabric,
e.g. by bonding to the cellulose, e.g. cross-Tinking the cellulose,
and/or bonding to the cypred THP polymer. Aqueous medium is present
on the fabric during and throughout the cure, so that at the end of
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t hey togéfher with the nitrogen atons and carbonyl groups of two Z-N-CO-N-Z
groups formtwo fused 5 6 or 7 menbered rings. Such t ahis3het 188 BeLRAMRAS A ©

usual ly of fornula -[err]- (Y)[err]-, where R3, R5, Y a I ned
above. Preferably nis O and the group is the acetyl enyl “ | a
-CH CH Exanpl es of the nethyl ol ated Cgélic ureas are di I ne
urea and especially 1,3, NN, dinethylol, 4,5 di hydroxy ethyl ene urea, but
al so, dinethyl ol epe._ ur nd its 4 nmethoxy,5,5 di j 5
v oxy and SR tRaE orb curBEFRRte onar fyTacet g ca el S m g

t hyl o
{)Lopyl engt -eforansitildt seeidieny| Guchcetourenzandbe wradded Bh@of sborcwebont ai ni ng
e cure

ot hyl of ase, o0 i gt TP AP REEE A LesP n A ¥ e PP H S peci al 1y
110- 1809/ 15 afiedetayiedpyeids, mekstane anddpeo ysdiapsest impregnateth 3, e. g
1-2 or esgethdrgx drRB thém Ahe leurEN®s Rid b nidi o OtHat! @Fy FhbAFANYI Ol am de is
usual ly a Fu e
If the moisture content of the fabric at the start of curing is

§-30%, the aqueous solution of methylolamide impregnated on the

fabric is usually at pH 1-3, preferably at pH 1-2, The fabric is

sually allowed to stand at a temperature of less than 500C, e.g.

[0-400C and preferably at ambient temperatures such as 15-400C for

i-50 hr, e.g. 10-30 hr and especially 15-30 hr, while precautions

re taken not to allow its moisture content to change outside the

pove quoted range, 6-90% but preferably 6-30%, e.g by wrapping it

n a plastic sheet. If desired the fabric may be cured at 50-180°C

sr 1 min. to 6 hours, e.g. at 90-1400C for 2-20 mins, though

mperatures of 140-1800C may be used, again in all cases with

jorough precautions taken to maintain the moisture content within

je quoted range throughout ;he éure, e.g. with steam cure in a

amber, under pressure if necessary, and preferably with saturated

team. Under these higher temperature conditions, the pH of the

ﬂution on the fabric may be 2-6, preferably 3-5 for fabrics to be

jited at e.g. above 900C and 2-3 for those heated at 50-909C. The

hn, pH and temperature are usually chosen to maximize the cure

te but minimize any tendering of the fabric under the acidity time
M temperature conditions.

If the moisture content of the fabric is 30-90%, e.g. 30-60% or
}75% such as 45-65% at the start of the curing then the pH of the
ous impregnant soclution on the fabric is usually less than 1 and
} fabric is allowed to stand for times and temperatures

rticularly at less than 50°C)} and under conditions otherwise

in the ranges given for the curing of drier fabric. The

sture content is maintained in the 6-90% range, e.g. 30-90%

Ge, during the cure. If a large amount of acid has been added to
%impregnation solution, e.g. to give an acid strength in the bath
3-10 N, such as 4-6 N, then cure times may be reduced to 1 min to
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with acid,r particularly for |ow tenperature curing, e.g, et HESRerd KepRced00C,

m; ner al aC|ds such as hydrochloric or especially sulphu

preferred. The larger the ampbunt of added acid the hi gh “mm!ﬁiﬂ e or
t he higher the degree of cure; the inpgegnation solutio . 1-10,
e.g. 0.5-10, preferably 1-6 such as 1-4 or 4-6 Nin acid. The solutlon may
contain added soluble salts, e.g. of nono-, di- or tri- valent netals and
ani ons froghet SYAY 3k Pel® tosdchr.aat cinibienticemperatune esuchnds sul phat es i n
amount s of 34@@0 e.m. 2-50 or 10-200 9/1, e.g. 10-70 such as about 50 g/l;
exanpl es of’’salts are those of ammoni a, e.g. ammonium chl oride, alkali
netals, alkaline earth nmetals such as magnesi um and zi nc and al um ni um and

the salts may Thacfabage rﬁdjﬁ bé%tﬂ-eﬂa&ﬁho]@mbr@él 1% ﬂﬂl)ﬁ@litﬁens%ﬁl .orZi nc
Chi or | de, " oBPRRETSID. SEreierSb Ve ol A aA T TEUHEaT 5 YRR AINRG agent Such
as a noni opjpdi thons @f sensioncimne, 1éastaoneintf, the garpfard. et g/ | of. the
sol ution a?i?ecrﬁgnﬁa,l 309 SARo8L "teAlions resulting from externally applied
forces and/or from internal forces in the fabric. Thus in a
continuous process in which impregnated fabric is passed from the
impregnation bath, preferably through a squeeze roller, and thence
to a take-up roller for curing, the fabric may be wound onto the
take-up roller under conditions of tensions at least sufficient to
prevent sagging of the fabric and preferably that tension is
wbstantially retained in the fabric on the take-up roller duri ng
wre; that tension may even increase during cure. The impregnated
abric 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
yring the cure to take measures to prevent drainage of the liquid
jrough the roll, e.g. by rotating the roll slowly without
;ggnificant Toss of moisture; if desired the fabric may be re-rolled
Preduce retention of tensions in the fabric. The fabric is also
red usually when free of creases unless a special effect, e.g.
eating, 1s required. In a high speed cure process, e.g. with cure
me less than 30 mins. the curing may be done 1n a steam chamber
’ylder conditions of tension, again preferably under the minimum
Brsion to prevent sagging.

After the curing the fabric is rinsed, neutralized and re-
sed prior to squeezing and drying. The solids add on in the
Sin treatment is usually 1-63, especially 2-4%.

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

[
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optical brfightener, stable to the acid conditions, e.g. in anount of 10-30
g/d of the solution. Particularly for high tenperature curing, e.g. at
above 50[érr]C, there may be used in the nmethyl ol am de aqueous sol ution
those sol ubl e salts described above givigg acid solutions in water
especially when the pH of the inpregnant solution is to be adjusted to 2-6,
e.g. 3-6. A water-soluble carboxylic acid. e.g. of 2-6 carbon atons and

usually 1-3 Jhwsiwxgdregrwme THPC Bur&d FhiyEld béﬁorecinétriyammdec;rémnéhc,
tartaric an

b 0 /I, h
artar e and TGy, 00 08 et TR R8T Enn MY v
processes. Thesst BbEing, i i ghepregnatreasenretoveing mmtmmhandncmseunet fabr|c

usual l'y squeregaqq (s AUk mdR 18Fe 23nieP afid FrowBP ML PASHE Bt ion
{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
pefore 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 1onger'1ife than the latter
involving 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 afterwards.
Thus in this process a fabric, which has been 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
(hydroxymethy1l} phosphonium compound or condensate thereof which is
then cured.

The nature of the methylolamide and the impregnation solution
and 1ts pH and the impregnation and cure technique 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 pick-up of methylolamide impregnated fabric which is usually
50-120%, e.g. 60-110% (based on the dry weight of the fabric), the
dry weight pick-up of the methylolamide, which is usually 4-25%,
e.g. 6-18%, such as 8-14%, (on the same basis) and the moisture
content of the fabric at the start of the cure which may be 6-30%,
but much more preferably is 30-9Q%,.e.g. 30-60%, or 45-80%, but
preferably 60-90%, especially 70-90% (based on the original weight
of the fabric) as such higher initial moisture contents enable the
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the dry weig@ht of the THP cured fabric). Alternatively, the solution may be
applied byga m ni num add-on technique to give a wet pick up of only 10-50%
The dry weifght pick up of the nethylolamde is usually 3-20% e.g. 6-20%
such as 7-15% (on the sane basis). The fgabric may then be cured when it has
a noi sture content of 6-90% such as 30-90% e.g after the above squeezi ng,
or when it has a noisture content of 6-30% e.g. the fabric after m ni num
add-on as such QLataéhertodbyimogre effecheves guesadnf dbirics aﬁtbrbmétl al

dryi ng. The b |stur§aﬁogh§ ’?tq%f]t{]‘:%”f?g"&:ﬁg?‘%}cf ?pg? sftaB‘F{ %hq[e cyre can be

cal cul ated fgemretis i'¢ a ' the
ori gi nal P{yy@lfamwﬁa unger 63 a%dnmssummnmrrteoosmt ent (obt ained fromthe
| oss of wei d% on drying), the concentration of solids and water in the

i npregnation solution and the wet pick-up. The presence of the aqueous

sol ution on thecémpare¢ tenehe Propertigstofemethy odamider wet tqysed ofigdric r eact s
\éwuﬁ 2 dt Qﬁt gezm% g;:gmhrteetmtnuaawesw 3REFSasked WY Fhakd P PRIl anide is
and may also increase the wet and dry crease recovery angle,
1,,(;rease the moisture regain (or equilibrium moisture content after
conditioning) and decrease the moisture content after centrifuging

(water imbibi tion). Compared to fabric containing THP cured polymer,
the pre methylotamide 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
methylolamide, before or after the final drying step, a softening
agent in amount of 0.1-5% by weight (based on the weight of the
fabric); examples of such softening agents are condensation products
of fatty acids, e.g. of 8-20 carbon atoms and polyamines or .
cyclization products thereof, each in the form of its protonated or
quaternary salts, and also quaternary ammonium salts with 2 fatty
dliphatic 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 of the fabric
significantly reduces the progressive shrinkage of the fabrics after
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e.g. by ding to the cellulose, e.g. cross-linking the cellul ose, and/or
bondi ng t8 the cured THP pol yner. Aqueous nmediumis present on the fabric
during arfd throughout the cure, so that at the end of -6- the cure there
is a cured fabric inpregnated with aquegus nedi um and therefore stil

swol  en. Such a cure can be called a nbist or wet cure, as distinct from
dry cure in which the wet inpregnated fabric is dried to renove its

noi sture and producg | Pppeonpitsesnatshei B agel afid1ay ainlb ot hed the cure
is perforrredanmnr“tpﬁﬁ@?ﬁ%agric. o i b 170F the fabric at

the start of,gewiinggstiess 6-we5%)ng t‘?«gl&ﬁzggﬁg'pcgglgg'{ie"aﬁg‘g;ae“rr&%ﬁ%?'&rﬁ%e
Fabr i s ustiald oo R e o e o s et o 6r ol Leas Chan S0Lert] ¢
e.g. the des¥red dimension, co%pge?stivgl} es'ﬁ?%?%n‘é Ené fal:?iscs, %H&‘ '

drying the fabric. The compressive shrinkage may be via intimate

contact with a stretched elastomeric blanket and maintenance of that

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 Sanfqrized process as
described in International Textile Bulletin Dyeing/Printing/Finishing
2/86 pp 14, 16, 20, 22 and 27. The result of the combination of the
steps of methylo] amide 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 2.5% or 2%, or very small, e.g. less than 1% and that the
degree of progressive shrinkage thereafter on subse_quent washing,
e.g. 50 times, can be small, e.g. less than 5%, or especially very
small, e.g. less than 2 or 1%. 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 5% and that degree of extension can remain substantially
unchanged over the next 50 washes, so that the degree of progressive
shrinkage s 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
methylolamide treatment process, before THP cure and after the
methylolamide reaction instead of or as well as after the latter
reaction. The mechanical shrinking operation is usually performed
after the last cure step, whether methylolamide or THP cure, and may
be performed between the cure steps. If no mechanical shrinking
operation is performed the methylolamide is preferably applied after
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10- 400 'pFe;‘ erably at anbient tenperatures such as I&Q&HMeeékéﬁcdar

e.g. 1050 hr and especially 15-30 hr, while precautlons

allow i ¥s noisture content to change out si de the above qu MMEW%“‘ 0%
but preferably 6-30% e.g by wappi ngllt in a plastic she t he
fabric may be cured at 50-1800C for 1I''mn. to 6 hours, e.g. at 90-1400C for

2-20 mns, though terrperatures of 140-1800C nay be used again in all cases
wi th thorough precayt | FRAAEBr oBRAHeA § PerditHa3k YayEQRT eNt Wi thin the

guot ed ran? hll?roﬂ cure . 0. steam cure 1 nh a chanber, under

pressure if ne yare&lnﬁopfraéqusaﬁl'?awdt F\"sfdleuré‘feé‘ées‘!@&m Under these

hi gher terrp@'r‘ lf re condltlons the pH of the solution on the fabric may be

2-6, preferably 3-5 for f s to be ve 900C.,and 2-3 for

t hose heat ed aﬁheS&bSid)f s CcY ﬁé & mﬂ%"”&"l ehé&r‘dgr"ﬁtg resrand ds,) |y

chosen to maxi qby; c@umae'lusdteai)tprefnnubﬂyzm aaturtadnclettongbwd albe fabric
tl

under the amfgL . Flax or RegdRPRELAFbRe0BYS L \7080se or cuprammonium
in "n fibres. The fabric may have been mercerized with aqueous
rayo

1i or liquid ammonia, optionally with amines, after or
alk; rably before application of the THP and methylolamide compound.
Th: 2e11ulose 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
50% such as 1-50% of coblendable fibres such as polyester fibres to
nake, e.g. blends of 60-80% cotton with 20-40% polyester. However
the process is of part1cu1ar application to substantially completely
cellulosic fibres especially cotton. The fabric before THP and
nethylolamide treatment may have a weight of 0.05-1.00 kg/m such
as 0.1-1.00 kg/m2, usually 0.15-0.40 kg/m?, and preferably 0.23 to
0.37 kg/m?; examples of such fabrics are cotton drill fabric or
sheeting, shirting or curtain fabric.

The fabric before THP or methylolamide 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 compound and cured and then
treated with methyloiamide and reacted therewith. Alternatively
with some shades of vat or azoic dyes it may be better to treat and

react with methylolamide first then dye, and then treat with THP
compound and then cure.

The treated fabrics with the flame retardant and easy care
Properties may be used in uniforms, e.g. for security guards and for
:‘he fire brigade and for workwear. Lighter fabrics may be formed
Into uniform shirts for which durable press ratings and easy care
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ture content of the fabric is 30 90% e.g. 30-60% or 40-75% such
oat the start of the curing then the pH of the aqueous i npregnant
on the fabric is usually less than 1 and the fabric is allowed to
r times and tenperatures (part2€ularly at |ess than 500C) and under
conditipns otherwi se within the ranges given for the curing of drier
fabric.f The noisture content is naintained in the 6-90%range, e.g. 30-90%
range, Huri pgerthes @ne cparticyl ardy ginpembent aof heaviendabpiesm Bddled to the
i npregnati &n solktioRabrGcd, hay B VR rMBd aGitd WrkeBek uch dhevbadihsof 3-10
such as 4- &R then gure t,lms]s gra% b§ reduced to |.m.n to This |n3 t he
r epl acenentygstreeters or, which, Tack o, sheigkage; Is pappicularbygmpartantsmer at ure
such as

The invention is illustrated in the following Examples in which

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

conditioned to 200C and 65% Relative Humidity for 24 hours before
testing:

. Crease recovery

Both dry and wet crease recovery angles were measured compared
to the untreated fabric using the MONSANTO WRINKLE RECOVERY TESTER
«ith a 500g load and 3 minute load/recovery/times, in the Warp
girection and creased with the face outwards.

2. Durable pre§s rating (D.P.)

For Examples 1-15 the fabric was assessed using the AATCC
Test Method No. 88 wash 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 Exampies 16-26 the test method
" was MATCC Test Method 124,

3. Shri nkage

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 DIN 53920 with soft water). at 93°C.

4. Strength

Tensile strength was measured according to BS 2756 and the tear
Strength in the weft direction (according to Elmendorf)} were also
determi ned.
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forces infthe fabric.

roll er,

retai ned i n_ t he Thaxtf! e gretargancyk
even incriease du
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curing, gut prof ef

~a£K¥qur described in DIN 53920 with soft water). The test method used

prevent ;

T

wasaccording to BS 3119.

6. Analytical determinations on the fabric

%P, %N and ppm formaldehyde were determined on the fabric as
finished. %P and ZN were also determined after 12 and 40 washes
(for Examples 1-15) or 50 washes (for Examples 16-19) at 930C. 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 ¢loth rotating for 3 min
at 3000 rpm and determination of the weight loss.

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/mé
weight, which had previously been dyed with high visibility orange
azoic dye and not sanforized, with an aqueous solution at pH 4.5 of
a precondensate of THP chloride and urea in @ molar ratio of 1:0.5
and an amount in solution equivalent to 25% THP ion to an about 80%
wet pick up, drying the impregnated fabric at 1209C for 1 minute
and then curing with .gaseous ammonia in a forced gas ammoniator as
described in US 4145463. The cured fabric was oxidized with
hydrogen peroxide, neutralized with sodium carbonate solution,
rinsed and dried. o

heet Has Been Replaced
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The fabric may be cured wi thout externally applied tension or
Preferably the inpregnated fabric is cured under conditions of
at | east one of the warp and weft directions, e.g. those
esulting fromexternally apptid forces and/or frominterna
Thus in a continuous process in which inpregnated
fabric i s§gpassed fromthe inpregnation bath, preferably through a squeeze
d t heprsmet Retandakey up roller for curing,
onto the jtak&-up 7ol [®r under conditions of tensions at |east sufficient to
prevent dgagging of the fabric and PreferabLy that tension is substantially.
et (her BAbrde was tastedupe;Fimhshed.ensi on may

{2 Rasked @t I hAwrarteater vhales atngecal fir braniliekied to
ast mai ntained during

| d hi, gh ' [ t |le
of églnfr’e“{eﬁe ( ?%fb%%g"?‘l?@ga\gg'}zl%gdk ?ﬂ?gg? S‘TG’W@ B8 19 e on to

the fabric may be wound



g®c i npregnated fabric is not dried, it is advisable during
the cure to gKke neasures to prevent drainage of the liquid through the
roll, e.g. | rotating the roll slowy without significant |oss of

moi sture: if#desired the fabric may bdére-rolled to reduce retention of
tensions inithe fabric. The fabric is also cured usually when free of
creases unless a special effect, e.g. pleating, is required. In a high
speed cure process,. g, ure time less than 30 mns. the curing may
be done in a sté anber under conditions of tension, again preferably

under the m ninumtension to _prey r r fabrlc
I's rinsed, neutr I rzaecﬂuaﬂd“r ége?fﬁgéd ong?)tP o s%egégﬁgggn@ug Bt‘rﬁe.
solids add on iA" thS { G5tm theefaliori ng sodifidattyons ahe réswpecwmelry 2- 4% The

flame retardant p‘ﬁ erty of fra 0 u epd a)yl y affected
by the net hyfozf;%m gdabiite?l ft%ggrf éeg'tik@nnﬁ r}%gawaal'c"gmmtrrogzertyl es of the
of

Preferably i

fabric are of | gpithpcartedyfabmicovand each of the THP cured fabrics
hamca1 1y compressively shrunk according to the "Sanforize®
The fabrics were mercerized satin workwear fabric of 0.270
proces® nt, previously vat dyed blue {Fabric B), azo red dyed
5% H:? of 0. 346kg/m? weight (Fabric C), azo red dyed 3113 satin
“”dof 0.28kg/m weight (Fabric D} and 3117 twill fabric of
an

.gxg/nC weight and optically brightened {Fabric E).
0..

fumle s

rengths of the THP cured fabric A were padded to 80% wet pick
yp with an impregnation solution containing 250mls/1 of a 45%
aques solution of di 1,3-NN-methylol-4,5-dihydroxy ethylene urea
pOHEU (sold under the Trade Mark FIXAPRET CPN) and 50 mls/1 of 98%
sulpturic acid to give a pH of less than 1 and an acid concentration
{n the bath of 1.88 N. The wet, padded fabric with total moisture
content about 68% (based on the weight of THP cured fabric) was
folded carefully and placed into a polythene bag which was then
;ened and kept under slack conditions (i.e. under no -applied
tension) for 22 hours at room temperature to cure. The fabric was
then removed, washed sequentially with cold water, 10g/1 aqueous
sodium carbonate, an aqueous solution at 509C containing 2g1
sodfus carbonate and 2g/1 detergent, hot water at 609C and cold
-water. The fabric was then dried and then tested in comparison with

Saples of the THP cured fabric (Comp. A). The results were as
- follows,
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Dat e: hus conpared to the THP cured fabric before nethyl ol am de
treat the treatedfabric usually has reduced shrinkage, a higher durable -
press rfting, higher wet crease recovery angle, higher noisture regain

(equil i®rium nmoi sture content) and | ower noisture inbibition (retained
water on centrifuging) and may have inproved dry crease recovery angle,
particularly if thdg cure off S&pfhyl hRani dle is performed under tension. The
degrees of retentign of t§¥m2353en;bh apd abrasion resistance in the
treated fabric condared te THP—f abl+€ B¢fore the treatnment are usually nuch
greater than has bgen fou&g éngrehp\ed fabrics in which the THP fabric has
been treated with rethyl orgrRg and heat cured and hence the fabrics
treated by the prodess of &fhef Lhvepilonjmay have a longer life than the
latter it © -«
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I nvol vi ng heat cure. In a less preferred alternative process, the original
fabric y be treated with the nethylolamde first and reacted, and then
treated with the THP conpound or condensate and cured afterwards. Thus in
this protess a fabric, which has been-r@acted with a non sel f-condensi ng
met hyl ol am de having at |east 2 nethylol groups (which may optionally have
been al kyl ated) under aqueous acid conditions, e.g. at a pHless than 3, is
treated w tEl;hm@Téa ra kis (hydroxymet hyl) phosphoni um conpound or condensate
t hereof whirthi 1s thes cured. The nature of the nethylol anide and the

I npregnation solution and its pH and the inpregnation and cure technique
for the fabricThe grecesmiof Exappl ecl waserepsated wilte ther feklpwhog ng

Mol P onptAIEEROTEL L, thingy S SEA G, ko comatiird, SO0 B e
usual | y 50+dt09g aseqt, adich 0% BaBiedund athaoaianigesnthanignichendsalseie), the

ynder the mark WA100 by Brookstone Chemicals Staffordshire, England,

and after the cure the fabric was washed in cold water, neutralized

«ith sodium carbonate solution, rinsed with cold water and the

fabric dried at 1000C, Squares of the fabric obtained and squares

of the original THP cured fabric were washed in a washing machine at

§00C 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.

! DP Rating
Fabric | Line Dry Tumble Dry
Example 2 | 4.5 3-4
Comp. |
; Example B | 2 2
. Example 3
H

For Example 3, the process of Example 1 was repeated with the
following modifications; the impregnant solution of pH less than 1
contained 70m1/1 of concentrated (35%) hydrochloric acid {instead of
the sulphuric acid) to give an acid concentration of 0.82 N and also
contained 0.5 m1/1 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 72% (based on the weight
of THP cured fabric).

WU A R AL e B T WA VI @108 35 m e mnt s« n g e o
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dry meig!t pi ck-up of the nethyl ol am de, which is usually 4-25% e.qg.
6-18% such as 8-14% (on the sane basis) and the noisture content of the
fabric at the start of the cure which may be 6-30% but nuch nore
preferably is 30-90%.e.g. 30-60% or 48-80% but preferably 60-90%
especially 70-90% (based on the original weight O the fabric) as such

hi gher initial noisture contents enable the -9- THP treatnent to be nore
effective to ﬂpﬁgJMJﬂabrics with better fire retardat properties than those
made from f Cumed Wi th met hyl ol am de under 6-30% noi sture conditions.

Conpared to the properties of nethylolamde wet cured fabric the post THP
treat nent drastiiheaprtocesncofefzampliehd wasamepeatiedrwichnice eangenefy ambgmts ncrease

the wet andan%ralro%reﬁ%‘ﬁsr@PQ‘ﬁ@ré’uﬁ'ﬁgl?gent and added concentrated sulphuric
acid. In each case the wet pick up from the resin impregnation bath
4as adjusted to be about 80% and the moisture contents of the
fabrics at the start of cure were about 63-72% (based on the weight
of the THP cured fabric). The results are as shown below.

Results

E;r]m15/1 Imis/1 [Solidsiwarp IWet Crease|Tear |Abrasion
|curinglsulphuric |add oniShrinkagelRecovery |Strength|Resistance
lagent lacid added] % % after [Angle Warpl (kg) |Accelerator

|[bath |in bath | |40 washes| Degrees | |% weight
| | | | | | [1oss
4 | 200 | 25 12.091 5.0 | 135 [ 1.18 |
5 | | 50 | 2.62 | 5.0 | 142 [ 1.12 |
6 | | 75 | 3.22 | 4.0 | 148 | 1.12 |
7125 | 25 | 2.62 1 5.0 | 135 | 1.25 |
81 - | 50 | 3.43 ] 3.5 | 155 | 1.15 | 9.8
9 | | 75 | 3.42 | 3.0 | 152 { 1.15 |
10 | 300 | 25 |2.77 1 4.5 | 137 | 1.25 |
11| | 50 | 3.35 | 4.0 | 146 | 1.15 |
12 | j 75 13.86| 4.0 | 150 | 1.15 |
Untreated | - | | 10 | 95 | 1.54 | 9.2
i.e. THP | | ] | | |
cured | l l l l | -
fabric | ] | | ] |

ANl fabrics met the f]ammabflity requirements of BS3120

-
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I ncrease the noisture regain (or equilibriumnoisture content after
conditioning) and decrease the noisture content after centrifuging (water
i mbi bition). Conpared to fabric containigg THP cured polymer, the pre
met hyl ol am de cured post THP cured fabftT usually has reduced shri nkage
after washing and increased wet and dry crease recovery angle. Conpared to
the properties of fabrics fromcure with nethyl ol am de before THP
treatnent, tdigmple rties of fabrics from post cure with nethyl ol am de
after THP t ment s e generally better, in particular the shrinkage of

POSL o 0Ur e 800122 o BePId B9 B B aa L B B BRE el e O0% °

;atl;:i c (ﬁr or.j % Hytc faabdlacdgbéfhmegt?r&pdaaﬁtby 100mls orh;crobeermm:ctedad to tpen I
drying step. b ot ds iy & 390% BAIGR B o |60 ShE | 1L
wei ght of tResnd of acid concentrat1on 17 N The movsture content of the

fabric at the start of the cure was about 71% (based on the weight

of the THP cured fabric). The treated fabric was tested for its

abrasion resistance according to the Accelerotor test and the weight

loss found to be 10.6%. The results of the other tests were as

follows: warp shrinkage 3.5%, wet crease recovery angle 1500, tear

strength (Elmendorf, weft) 1.10 kg, average FR char length éfter 40

washes 68mm.

Example 14

The process of Examples 7-9 was repeated with the following
modi fications, THP cured fabric B, and in the impregnation bath
140 m1/1 conc. 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 57% (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.

FR Char length (mm)
after 40 wash

Tear Strength
Elmendorf kg.

| Crease Recovery |

Ex. | Angle, -Wet, Warp © |
| |
|

I

56
52

14 | 150
Comp. | 90

2.112

|
l
|
|
2.976 |

Example 15

The process of Example 14 was repeated with THP cured fabric A.
The resuits on the treated fabric were as follows compared to those
on the THP fabric A before treatment.
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eess- of such softening agents are condensation products of
fatty aci®” e.g. of 8-20 carbon atons and pol yam nes or cyclization
product s ¥hereof, each in the formof its protonated or quaternary salts,
and al so "quaternary anmoniumsalts withyg-fatty aliphatic groups, e.g. 8-20
carbon al kyl and 2 short chain al kyl groups, e.g. of 1-6 carbons such as
nmet hyl . We have al so discovered that with the THP cured nethyl ol am de Cured
fabric, irrespective of order of treatnment, a nmechani cal shrinkage, e.g.

mechani cal ngE;EE§L¥£—ShLLnkagCFU[ The Tanr nyTl T reduces the
progressive ge cekasee flbrics after PR C?Bg Mgpé{% ¥bshes. This

fabric);

conpr essi ve shri Ekggﬁ? 8§}yal |y j mear\Sasengenlf Qrmbwifter st ebsResm/stanaeg of the
fabric with wate ste
ey, | Angle, Warp 8" E9mendort kg-: 40 wash : Accelerotor %
- ]
|
s 1 140 | 1056 | 70 | 11.0
| 95 I 1.540 | 55 ] 9.2
Comp-1

Examples 16-13

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 350g/1 of the aqueous
solution of DMDHEU used in Example 1, 90g/1 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
(180C) for 22 hours to cure the DMDHEU. The wet pick up for each of
the fabrics was A 72%, C 59%, 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 409C containing 10g/1 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
1509C 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 DHDMEU
treatment.

———
-
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'"*%”Ehfhéfing the width of the swollen fabric to the

give a s p—
desired S| on, conpressively shrinking the fabric, and drying the
fabric Pric conpressive shrinkage may be via intimate contact with a
stretche&'el astoneric bl anket and mai ntgrgance of that contact while the

degree of elongation of blanket is reduced, e.g. to zero. Drying may be
achi eved under restrained conditions, e.g. by conpressing the noist shrunk
fabric between a heated netal cylinder and an absorbent fabric belt.
Finally the fabric mey be plated or rolled. An exanple of such a process is
t he Sanforized Préeeskegas described in International Textile Bulletin
Dyelng/Prlntlh Shing 2/86 pp 14, 16, 20, 22 and 27. The result of the

conbi nation of the st ep V{Féjtngﬁi Vi ardedetteeninednas afeseribed Bedver byt HP
treat nent, followedpﬁw t hanlcal shrinking is that the difference in

dlnen5|ons isp #aResvarp direction, between those of the finished
fabric and tHﬁée after one wash can be small, e.g. less than 2. 5% or 2% or
very small, e.g. less than 1% and that the

]——7 mple |Fabric | (%) Warp | (%) Weft |

I’—’ (A | 13.2 | 6.0 |

! 16 |Treated A | 5.5 | 4.0 |

| Ic | 9.9 | 5.1 |

| 17 |TreatedC | 4.0 I 4.3 |

[ {D | 8.0 | 6.3 |

| 18 [TreatedD | 2.7 | 4.6 |

[ IE | 5.7 | 7.1 |

I 19 |Treated E | 3.6 | 4.2 |

2. Tear Strength in the weft direction according to Elmendorf

Example |Fabric Strength (kg)|

l |

| A | 1.9 |

| 16 |Treated A I 1.87 |

| IC | 4.64 I

| 17 |TreatedC |  3.46 |

| b | 2.68 |

| 18 |Treated D | 1,91 | _
{ IE | 1.63 |

| 19 iTreated E I 1.30 !
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degree o
tines, c
than 2 or
nore tha
the THP

%

smal |,

:

operation nay aeehERJ

after THP cur

as after the?

as wel |

cure, and nmay

4'

as after
usual Iy perfornme

atter

e.

g. less than 5%
| f the degree of nechani cal

dsY1e18thengs
| _ka el

up to 5% and
HPERT R SonlS

mechani ca

tz%E t%ggg

shri nkage can

ree of extensiaon can
gatedspabnigt ardidopegr ee
1yedfte?n®d lwashés dasp3®d (abeoryeadiagy SBN shri nking
ned In.the post nethyl ol am de treatnent process
gnﬁtbes‘o(ﬁﬁe"‘attﬁé)ﬁet hyl ol anmi de reacti on,
reaction,

essi ve shrinkage thereafter on subsequent washing,
or especially very small

shrinkage put onto the fabric is
ufficient to conpensate for -8Brinkage in one wash of the fabric,
d nethyl ol am de cured fabric after
extend after one wash by, e.g.

remai n substanti a@
of progressi e s

I nstead of or as well
or, in the pre nethyl ol am de treatnent
process, before THP cure and after the nethyl ol am de reaction instead of or
' i et operation is
| anlde or THP

d[t ;E&@"Iethe last cute step, (Steetghh Nettopsd

| [Fabric | Warp | weft |
T A l 1252 | 6% |
| 16 |Treated A | . 1030 l 619 |
'S Ic | 1237 | 794 |
| 17 |Treated C | 1179 | 609 |
| IWashed C | 1251 I 800 l
I |Washed | | |
l 17 | Treated C | 1183 | 683 |
| {D | 1145 | 740 |
| 18 |Treated D | 913 | 597 [
| IE l 760 | 529 |
i 19 |Treated E | 617 | 406 |

Flame Retardancy tested as described above after 50 washes

Example | Fabric

Average Char Length (mm) |

l |

I | A l 52 l
| 16 | Treated A | 56 |
| R N | 57 |
| 17 | TreatedC | 56 |
I | D | 58 !
| 18 | TreatedD | .68 l
| | E l 77 |
i 19 | Treated £ | 79 |

-

—
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o I f no nmechani cal shrinking operation
f;ffe'nethylolanlde S preferably applied after THP as the
treated T c obtained tends to have reduced shrinkage conpared to fabrics
treated @ the reverse order. The fabriggusually has a majority of
cellulosic fibres and is preferably 100% cellulosic as preferably in
natural cotton but also in rame, flax or regenerated Mm%rgsr 5;%’ Vi scose
or cuprammoni um rayon fi bg 41t 5hen frabated AR G20 B Eef FE&T POeR shiesh
aqueous al kalsi, orndixgifd bﬂ' 5§ B56 YAkh! yofti witent nes, after or
preferably befqﬁecappbOGHPBdW the THP and nethylolan1de conpound The

be perfo o o

is perfo

cel lul ose fillfes are especi al | y_woven but wrﬂaashg: r\..li tted—Tirey ..Ey al so boe
g‘xgngMetngaglneaWCé‘ém% cﬂ Zsmggﬁ;leg%/gefg‘vlabr ez Ko | 3P | %15;190‘ as 1-50%

—:f ,A 3.2 | 3.1 1 26 | 2.5 |

| 16 |Treated A | 3.0 | 3.5 | 2.7 | 3.1 |

’r Ic | 2.9 1 2.9 [ 2.3 | 2.2 |

I 17 IfreatedC | 2.7 1 3.3 | 2.6 | 3.0 |

T |D 1 2.3 | 2.1 | 2.0 | 1.8 |

| 18 |TreatedD | 2.2 | 2.6 | 2.0 | 2.3 |

| [E | 2.6 | 2.3 | 2.4 | 2.0 |

} 19 |Treated £ | 2.4 | 2.7 | 2.3 | 2.5 |

g. Colour Fastness to 1ight

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 compared to Treated Fabrics A, C, D and E

respectively.
8. Handle

There was no detectab]é di fference between the handles of
Fabrics A, C, D and E compared to Treated Fabrics A, C, D and E

respecti vely.

10. Moisture content

The moisture contents of the Fabrics A,C-E and Treated Fabrics
A and C-E respectively, each after conditioning for 24 hours at 65%
RH, were determined by drying the conditioned preweighed fabrics for
2 hours at 1050¢C and then reweighing. The moisture contents of the
fabrics were about 0.5% less than of the Treated Fabrics. Thus the
treatment with DHDMEU increased the moisture regain at 65% RH.
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‘ends of 60-80% cotton with 20-40% pol yester. However the

process ifF of particular application to substantially conpletely cellulosic

fibres especially cotton. The fabric before THP and net hyl ol am de treat nment
may have #a wei ght of 0.05-1.00 kg/nferr] such as 0.1-1.00 kg/nerr],

usual | y . 15- 0. 40 kg/mferr], and prefe2&bly 0.23 to 0.37 kg/nferr];
exanpl es of such fabrics are cotton drill fabric or sheeting, shirting or
curtain fabric. The.,fabric before THP or nethyl ol am de treatnent may have
been dyed, g“gﬂiﬁﬂLﬂﬂsgﬂﬁﬁﬂﬂazoic dyes, though basic, reactive, direct,
acid or disperse dyes may also be used. |If the fabric is to be dyed after

THP treatnent, _re ' y referred. _ If. the fabric is ta be dyed
bef ore net hyl oITéﬁﬁ?&e’w S‘egt ﬁ@%?’gt ﬁ'é%tf&%%edsﬁe‘?f‘&é Saa["%aéﬁfé'f“cmdﬁgs are
preferred. %]I'nhmscwvtalshvm dofenvici Quahtesmadhieef e itbe ivatpr efetadbéd dyed,
treated with TH d e reeat A .9l am de and
react ed t hesfdtli ??1 K] ?gfrl%a??\ge“l\aypgm% %Qs%dréea g%'gcég gsm\\e{la%&oﬁggﬁ@‘egyes i t
may be bettge Treatadehabri¢g retained less water than the Fabrics the

treatment with DHDMEU reduced the water imbibition.

gxamples 20-26

Fabric

Two 100m pieces of 3111 loomstate drill cotton fabric of weight
0.295 kg/m2 were enzymically desized, scoured with alkali and
pleached with alkaline hydrogen peroxide. From the bleached fabric
of weight 0.27kg/m2 were obtained four 50m lengths which were
wbmitted respectively to process operations V, X, Y and Z (broad
fetails of which are given below in which the steps of treatment and
wre with DHOMEU, treatment and cure with THP compound and
mechanical compressive shrinking are performed in different
combinations. '

[Operation | v | X ] Y | z |
l I | l | l
IFirst step [DHDMEU Cure [THP Cure ITHP Cure ITHP Cure !
[Second step| | - l - [Mech. shrink]
IThird step [THP Cure I -.  |DHDMEU Cure |DHOMEU Cure |
IFourth step|Mech, Shrink|Mech. shrink|Mech. shrink|Mech. shrink|

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

IR o e -

The fabric was treated as described with respect to Fabric A.
The wet pick ups were about 80% for Operation V (based on the weight
of DHOMEU cured fabric) and 100% for Operations X, Y and Z (based on
the weight of the bleached fabric).
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P¥TT de first then dye, and then treat with THP conpound

react w ¥y Lok
pthe treated fabrics Mﬁth the flane retardant and easy care

and t hen

properti ¥Ry be used in uniforns, for security guards and for the
fire bri geee and for workwear. nghter %ﬁbrlcs may be formed into uniform
shirts f@ which durable press ratings™and easy care roperties are
partlcularly | nportant and heavier fabrics, e.g. cotton drill fabrics, my

be formed into workwear such as oier%hk§npq thHﬁeiS for which lack of
shrinkage is par}imgieur Sit is illustrated in the
fol |l owi ng Exanpl ich the follow ng test nethods were used. In every
case the fabric was congl‘}al og‘eecﬁtgg #Pltreé raAnan ddeepibddeli atd xafptbyriigity for
24 hours- before tK!Sfahf%d1ng solution which contained 325g9/1 of the agueous
syt with Z:on 90g/1 of 98% sulphuric acid, 29/1 of wetting agent
oot S:1um 1e,2 and 18g/1 of a fluorescent brightening agent stable
used 17 x?dpuy sandoz as Leucophor BCR liquid. The wet pick ups
€0 ac;goiofcr Operation vy (based on the weight of bleached fabric)
we2375n for Operations Y and Z (based on the weight of THP cured
fabric) and the moisture contents of the fabrics at the start of cure
were about 60% for Example 20-24 (by weight of THP and fabric) and

792 for Example 25 and 26 (expressed by weight. of original fabric).

Mechanical Compression Shrinkage

The fabric was mechanically compressively shrunk on a
nsanforizer" classic machine as described in International Textile
Bulletin Dyeing/ Printing/Finishing 2/86 pp 14,16, 20, 22 and 27
invelving initial steaming, adjustment of width, pressing against a
stretched rubber blanket which is then allowed to relax 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 ¥, X, Y and Z.

Optical Brightening

The optical brightenef.was put into the fabric as part of the
OHOMEY impregnation in Operations ¥, 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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ﬁdry and wet crease recovery angles were neasured

1. i Y

conpar ed i ated fabric using the MONSANTO WRI NKLE RECOVERY TESTER
with ab o | and 3 minute | oad/recovery/tines, in the Warp direction
and crea@® with the face outwards. 2. _Jaurable press rating (D.P.) For

Exanpl es¥-15 the fabric was assessed using the AATCC Test Method No. 88
wash and wear standards and DP ratings based on the snpot hness appearance
of the fabric conpared to s;an@& s beiow Exammiasg2@?6 podlesparativag), while

for Exanpl es 16- 26 thér§abksP 0 Jeatcdiifn@tkol2de 3. Shrinkage
Warp and weft shr?| n%qgeemﬁreo r?ﬁﬁs‘gﬁbm@ acco?g?eng t% theepr‘%geﬁure of BS 4923

(1973) aftert £ 1498185307 | C been washed 40 times (for Exanples 1-15) or 50
tinmes (for Exgmphieg °PET i in the manner described in DIN 53920 with soft
water). at 93[err]C :

——" Fabric | Summary of Operation |

if xamp’le

step | Operation | |

|
'——-E;‘——; 3 | Y | THP, DHDMEU |
: 2 13 11 | THP, Mech. shrink, DHDMEU |
|23 | 4 | Y | THP, DHDMEU, Mech. shrink |
| 24 | 4 | yA | THP, Mech. Shrink, DHDMEU, |
, i | | Mech. Shrink |
L2 103 1V | DHOMEU, THP i
| 26 [ 4 | Y | DHDMEU, THP, Mech. Shrink |}
Comp. 0 | 4 I X | THP, Mech. Shrink |
iComp. € | 1 1 X | THP |
lcomp. F 1 - | = [ Original bleached Fabric |
IComp. 6 | 1 1 4 | DHDMEU only |

1. Shrinkage

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

I | % Shrinkage after given
| | number of wash cycles
]
|

Example | 1 ] 50

{
[
I
.| Warp | Weft | Warp | Weft |
{Comp. 6 [1.2 [2.2 [ 2.3]2.5 |
lComp. F | - | - |12.815.6 |
P Comp. E |39 |35 |12.4]8.8 |
7.315.9 1|
!

|

i

I

;

|

[ Comp. D |1.0 | 2.8 |

o2t 1.4 [2.1 | 4.4 3.5

22 1.8 2.2 | 4.713.3

P23 +2.9 1.6 | +2.3] 2.1

24 I - | - | +4.3]1.8

I 25 120 [2.4 | 6.3] 4.0

26 [43.1 1 2.1 | +2.4 | 2.5 o
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4. Stré
St rengt

'Yﬁﬁsf?ength was measured according to BS 2756 and the tear l

e weft direction (according to El nendorf) were al so determi
ned. I Fl arme Retardancy The flane retardancy of the fabric was tested
as fini g@ed, after 12 washes at 930C 2gd after 40 washes at 930C (for

Exanpl e¥1-15) or 50 tinmes (for Exanples 16-26) (the washing being as in

t he manrier described in DIN 53920 with soft water). The test nethod used
was according to BS 3119, ,@ .4nal gt iz dendtdscan axtlenoian on washifngbric 9,
%N and ppnlforn?bgghyﬂbs r’e deternlned on the fabric as

o na shrinkage.
fatﬁ
strength in the weft direction according to Elmendorf
Tear |
TExample | Strength (kg}l
’ | Warp | Weft |
Tcow.® | 3.0013.00
| 23 | 2.20 | 2.20 |
| 24 | 2.50 | 2.40 |
| 26 I 2.40 | 2.20 |
ammm——— )

3. Tensile strength according to BS 2756

I Strength (Newtons)

| [
| Example | Warp | Weft |
Comp. D | 1262 | 751 |
| 23 ] 1010 | 572 |
| 24 | 1012 | 575 |
| 26 | I 580 |

1014

4. Flame retardancy tested as described above after 50 washes

Average Length (mm)

| Example } |
| Comp. D | 60 l
| 23 [ 62 [
I 24 | 67 |
| 26 | 53 |

—_—

This Sheet Has Been R,

T



finisheo g8t were al so determned after 12 and 40 washes (for

Exanpl es gr-or 50 washes (for Exanples 16-19) at 93[err]C. The atomc
rati o of ¥ was cal cul ated. 7. Abrasion Resistance The Accel erotor test
was accorgng to AATCC-99-1984 Met hod A28ad invol ved abrasion with a 250
mesh emer® cloth rotating for 3 mn at 3000 rpm and determ nati on of the
wei ght 1 oss. THP Cured Fabric Fabric A For use in Exanples 1-13, 15 and 27
the THP cured fabiééﬁﬁégﬁﬁg%g%mgggby i npregnating 3111 cotton drill fabric
of 0.285 kg/n2 wer ad previously been dyed with high visibility
orange azoic dye and not sanforized, wth an aqueous solution at pH 4.5 of
a precondensate of THP chl oride and urea in a polar ratio of 1:0.5 and an

amount in sol uti valentydo 26% Thiyi m t an about 80% wet pick up,
dryi ng the inprgghal l o ZOOFTTTN‘EE‘WIPute

. G
: E;“:' F | 65 | 90 |
| Comp. D | 85 ] 70 |
! 23 | 140 | 100 |
l 24 | - 140 | 100 |
| 26 | 135 [ 100 |

omm———

. DP rating assessed as specified above after single wash at 959C
and drying as in Example 2

| | DP Rating I
{ Example [ Line Dry | Tumble Dryl
| Comp. G | 3-3.5 | 3-3.5 |-
| Comp. F | 1-2 | 1-2 |
| Comp. D | 2 l 2 !
| 23 | 3-3.5 | 3-3.5 |
1 24 { 3-3.5 | 3-3.5 |
| 26 | 3 | 3 ]

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 higher than those of Comparative Example
D by 0.5-1% according to oven drying studies. The DHDMEU treatment
therefore {ncreased the moisture regains at 65% RH.
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s *J?“gaseous amonia in a forced gas anmoni ator as

B%-41145463. The cured fabric was oxidi zed with hydrogen
WJUtrallzed with sodium carbonate solution, rinsed and dri ed.
gFdure as specified for Fabric,A was used for four other fabrics
with the# ol | owi ng nodification; the rinse water included a fabric softener
("Al kam ne" FPS) in anmount of 2@6by of the THP cured fabric, and each of
the THP cured fabrics then nechanlcally conpressively shr unk according to

t he "Sanforlze" The fb €9 er e nerceri zed satin workwear fabric of 0.270
process. weight = Tously vat dyed blue (Fabric B), azo red dyed 3111
drill of 0. 346kg/n{§rr] - ieioghto k@S ioh Eantrazegimgcvely b A3 wgat i n
the I
he - Examples 16-19. Part 11. the fabrics tested being that
.ested as - cample O gxamples 23, 24 and 26. The fabrics of Examples
- T
;:Pand 26 retained 22% less moisture than that of Comparative
23.

EU treatment reduced the water imbibition.
cxample p. The DHOM

txample 27

7Hp cured Fabric A was padded with an impregnation solution
containing 250 mis/1 of the 45% DMDHEU solution used in €x. 1 and 10
g/1 of 98% sulphuric acid, the solution having a pH of about 1.7 and
seing 0.2 N in acid. The padded fabric was squeezed to a 75% wet
pick-up and then heated in an oven at 909%C 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.1, Finally it was dried
and then washed 50 times at 93°C. 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.
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AT *é'r"‘r']"wei ght (Fabric D) and 3117 twill fabric of drill
gront and optically bright enedmsfsakfiigs gednr &Epl e 1 Lengths of

fabric A were padded to 80% an i npregnation
Fcont ai ni ng 250mM s/ 1 of a 45% aque HE M&L f di
1, 3- NN-Eet hyl ol - 4, 5-di hydroxy et hyl ene ure under the Trade

Mar k FI XAPRET CPN) and 50 m s/| of 98% sul phuric acid to give a pH of |ess
than 1 and amid@td concentration in the bath of 1.88 N. The wet, padded

fabric with fotal mosture CO”E?Pétm%IHQUéf @8%altigsewhich pruzesei ght of THP
cured fabric) wag pffgdaiedfct!'af'é? ul é’gand p% %ced [ rﬁt ohg‘ Qo%ﬁj‘,gggebe%g whi ch
was then sealbed and ;ﬁ%p&cﬂihdeﬁ’ cel BHesEo A ond CF. 35 hder? Mo appl i ed
t ensi on) for c@@riiser’s ?i[" [LOpF3deS BPsper tifan,t bo cursecorkth@rocdssi cpevadionen

a

renoved, was geduén 399 W th cal |
car bonat e, agﬁgéﬁggw f$n$tutar“é)rfeﬁ?"é%('jgc%%strlggf';\%t%ﬁigo%lfﬁgcﬁeéghﬂ%%gnat e and
0

2g/1 det er geffte © {, Waberaka {yacoxyme thyl }g phosphonium compound or
fapric Wi thereof followed by curing to a polymer, and the other of
conden?ate nd second process operations being impregnation of the
Said.ﬂr?:haa non self-condensing methylolamide having at least two
fabn;: ;”groups» which may optionally have been alkylated,and then
::zizn of the fabric with said methylolamide under aqueous acid

conditions.

2. A process according to claim 1 wherein the first process
operation jnvolves treatment with said phosphonium compound or
condensate followed by curing with ammonia.

3. A process according to claim 1, wherein the second process
operation i nvolves treatment with said phosphonium compound or
condensate followed by curing 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
6-90%.

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

aqueous solution reacts with the fabric having a moisture content of
6-30%.

1. A process according to any one of claims 1-5 wherein the
Tethylolamide in aqueous solution at a pH less than 1 reacts with
the fabric havi ng a moisture content of 30-90%.

L



e fabric was then dried and then 4 aduhdB REdason wi th sanpl es
HP cured fabric (Conp. A). The resuq HENE I | ows. [ er

-16- Exqnple 2 The process of Exanple 1 was the foll ow ng
nmodi ficatigng; the inpregnation solution aI Sg/I of a wetting
agent, which was a m xture of nonionic and ani oni c ones sold under the mark
WA100 by Brookstone Chem cals Staffordshire, England,

8. A process according to claim 7, wherein the methylolamide

reacts with she 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 O-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 wmade of cotton fibres or a mixture thereof with up to 50%
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 compound or
condensate is 8-20%.

14, A process according to any one of claims 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 claims 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

L



and a!er the cure the fabric was washed in cold water, neutralized with
sodi um carbonate solution, rinsed with cold water and the fabric dried at
100[err]C. Squares of the fabric obtained and squares of the original THP
cured fabric were washed in a washing nachine at 60[err]C for 10 m nutes,
then wi 8h.3 cold water rinses and the fabric spun for 4 mnutes at 1000
rev.per mn. The fabric squares were then dried with the aid of pegs on a
line at roomtenperature or tunble-dried for 15 mnutes with a final
maxi munwi thrgeseeus anpgniagoand then fther Fabriguabtad nedrics timptegdated Dur abl e
ress r C d f faabr le B). The
Press 1 3iiMancaRangdsding sionres, P NT ey Poh U3BTaf h%f&%tﬁmm DT
Dry ExaHptd apd is reacted ghgrewith under aquegus, qgmpmqgsaqfﬂpé( Bess 2
2

than 1 and 1-4 N in acid with a moisture content of the fabric of
30-90%, followed by mechanical compressive shrinkage of the fabric
obtained. C

17. A process according to any one of claims 9-15, wherein in the
second process operation the methylolamide is reacted at 90-1400C
with the fabric having a moisture content of 6-30% under aqueous
conditions of pH 3-5.
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Exanpl e 3 For Exanple 3, the process of Exanple 1 was—tet e
fol l ow ng nodi fications; the inpregnant solution éf 5:; >

.contai ned 70m /1 of concentrated (35% hydrochlooriic c] CRNGE n%t do’f fohpaged ..
sul phuric acid) to give an acid concentration of “N- ana al §5ed ot 'ai prgd a8
0.5 m/l of a wetting agent as in Exanple 2 and t eMIabf‘lc was a1|ovxed ?t’»’élﬁed .....
cure for 16 hours. The noisture content ,of the falr

cure was about 72% (based on the weight 'O THP cufed fabric). - 17 - The
tests on the properties of the f@Oiifc WaEAREEEP" PDATE OFMRECEIPTL ST
conpared with those on the THP cured TEBTTéﬂ?%Bﬁp. EXxanpte=C—Fte-resutts

were as fol | ows” (¥ easenRe6P\C8hYerN8Of 1€ RRGEERML processes, in
particulér, 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 discovered a process for obtaining a flame
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 operétion to a
second process operation, one of sajd first and second process
operations being treatment of fabric with tetra kis (hydroxymethyl)
phosphonium 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
This is the replacement sheat
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| WET | DRY Exanpl e | Warp  Veft

warp \Weft Conp. C 1 95 85 91 89 3
139 131 1 92 88 Shrinkage (% Exanple | Warp
weft Comp. C 8 2.5 3 4

0.5 Flame Retardancy (According to BS 3119) Exanple
AVERAGE CHAR LENGTH (MM | AS FINI SHED,.| AFTER 12 WASHES AFTER 40 WASHES
70 69

Comp. C 1 1 53 3
70 1 70 I 54 Anal ytical -

oups (which may optionally have been alkylated) and the
r . Dy
2 petny ol :e reacted with the fabric under aqueous acid conditions,

metny1o1ami

. at a ph less than 3.
e. ¥

In this preferred process, the fabric initial1¥ carries a cured
THP polymer- The fabric may have been.1mpregnated with an aqueous
solution of a THP salt mixed with a nitrogen compound condensable
therewith such as melamine or methylolated melamine or urea, or
with a solution of a precondensate of said salt and nitrogen
compound, OF with a solution of THP salt or at least partly
heutralized 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 neutyalizing and further rinsing. The
fabric is then dried. The cured fabric usually carries a loading of
8-25%, e.g. 8-20% or 14-20% of cured THP polymer (based on the
weight of untreated fabric), 1ighter 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 resins”, essentially do not self-
condense under the conditions of their reaction or cure with the
cellulose on the fabric. The compounds are usually 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 methylolamides are preferably methylolated cyclic ureas or
O-alkylated derivatives thereof. Such compounds may be of formula

Z-N(R'Y-CO-N({R2) -1
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| | Exanple | | AFTER
I AFTER AS FI NI SHED 1 12 WASHES 40 WASHES % &N

|HCHO ppm % IN 9% Conp C 3.07 13.22 1300 12. 87
2.80 12.741 2.72 3 2.91 3.50 320 12. 75 3.15
2.70 3.13 -18- Exanples 4-12 The grocess of Exanple | was repeated
with a range of anpunts and proportions 8f the curing agent and added
concentrated sul phuric acid. In each case the wet pick up fromthe resin

. . . 0 :

O o o anerd SroBUrA BEntE L AR DS MRS o1t
of 1-6 carbon atoms such as methyl and R' and R2, :

combined form a divalent aliphatic group which with the 2 nitrogen

atons and the carbonyl group give a 5, 6 or 7 membered ring. The

divalent aliphatic group may be of formula -CR3R4-(Y)n- CRSRS-, in

4hich each of rR3, R4, R® and RS which may be the same or

di fferent represents a hydrogen atom or hydroxyl group or alkoxy

group, €.9: of 1-6 carbon atoms such as methoxy, n is 0, 1 or 2,

preferab1y_o or 1, and Y is an oxygen atom, or NR7 group where R7

js an alkyl group, e.g. of 1-6 carbon atoms such as methyl, or a

cR8RY group, where each of R8 and R9 which may be the same or

di fferent 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 alkoxy groups represented by R3-R6, R8 or RS have to

be attached to different carbon atoms and that when n is 2, at least

one group ¥ is a cRr8RS group.

is a]kﬂ, e.g-

Thus the divalent aliphatic group with the free valencies two
atoms apart, can be of 2-6 carbon atoms, e.g. a 1,2-ethylene group -
CHp-CHz 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 1,3-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-CHR5-where R8 is hydrogen or methyl, R 1is
hydrogen or hydroxyl or methyl and RE is hydrogen or methyl or
methoxy. The divalent aliphatic group'with the free valencies three
atoms apart can also be of 2-6 carbon atoms of formula -CHR3-0-
CHRS or -CHR3-NR7-CHRS-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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of fhe THP cured fabric). The results are as shown bel ow. Results -19-
Exanpl e 13 The process of Exanples 7-9 was repeated with the anount of

sul phuric acid added bei ng replaced by 100m s of concentrated hydrochloric
acid (about 35%ww to give a solution of pHless than 1 and of acid
concentration 1.17 N. The noisture content of the fabric at the start of
the cure was about 71% (based on the weaght of the THP cured fabric) The
treated fabric was tested for its abrasion resistance according to the
Accel erotor test and the weight |oss found to be 10.6% The results of the
ot her tests werla asothel| puwe: ofvarethgholiatkdgryc3i &%reapt ther gasmpsr &Eomary angl e
1500, tear a2 above combined represent a tetravalent aliphatic group such that
they together with the nitrogen atoms and carbonyl groups of two
Z-N-CO-N-Z groups form two fused 5, 6 or 7 membered rings. Such
tetravalent groups are usually of formula "R3 (Y)n-CR5 , where

R3, RO, Y and n are as defined above. Preferably n is 0 and the

group is the acetylenyl group of formula -?H-?H -.

Examples of the methylolated cyclic ureas are dimethylol
ethylene urea and especially 1,3,N,N, dimethylol, 4,5 dihydroxy
ethylene urea, but also, dimethylol propylene urea and its 4 methoxy
5,5 dimethyl and 5 hydroxy analogues and the. 5 oxa and 5-alkylimino
ana]ogues of dimethylol propylene urea and tetramethylol acetylene
di 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 110-180g/1 of methylolamide, at
an acidic pH} ueﬁa+4y\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 509C; 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 solution 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
strong acids, such as chlorides, nitrates and sulphates in amounts
of 2-200, e.g. 2-50 or 10-200 g/1, e.g. 10-70 such as about 50 g¢/1;
examples of salts are 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 ziné
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
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

This is the replacement sheat

‘Date: ¢35 FER 1997



strength (El nendorf, weft) 1.10 kg, average FR char length after 40 washes
68nm Exanpl e 14 The process of Exanples 7-9 was repeated with the
foll owi ng nodifications, THP cured fabric B, and in the inpregnation bath
140 nl /1 conc. sul phuric acid (to give a solution of acid concentration
5.25N) with a 3 hour cure tinme. The noi-S8ture content of the fabric at the
start of cure was about 57% (based on the weight of THP cured fabric). The
results on the treated fabric were as follows conpared to those on the THP
fabric B befqiealt betahtener, stahleade Yecauid yonditiompar. st enaudunt of FR Char

l ength (mm E§o g/1 dghe soMtiontarp O El mendorf kg. after 40
wash | 14 10- 150 2.112 56 Conp.
90 2.976 : 52 Exanpl e 15

particularly for high temperature curing, e.g. at above 509C,
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/1, 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 50-120%, e.g. 60-90% (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 3-20%, e.g. 6-20%, such as 7-15% (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 6-30%, 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 from 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 in 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 form a
cured fabric in which the methylolamide is cured onto the fabric,
e.g. by bonding to the cellulose, e.g. cross-linking the cellulose,
and/or bonding to the cyred THP polymer. Aqueous medium is present
on the fabric during ang throughout the cure, so that at the end of

This is the replacement sheat

Date: 25 FEe mgy



The'process of Exanple 14 was repeated with THP cured fabric A The results
on the treated fabric were as follows conpared to those on the THP fabric A

before treatnent. -20- Wt Crease I FR Char | engthl
Abrasi on | Recovery Tear Strength (mm) after Resi st ance
EX. | Angle, Warp O El mrendorf kg.1 48 wash Accel erotor % 15
140 1. 056 70 11.0 95

1. 540 55 9.2 Exanples 16-19 Lengths of 20m of

Fabric A 308 @eFeHareCi Ca 8H¥B¢OFatAR! tfpriegAii 3R hafi@dusi fedi uteard sewn
e hehiForerstd D B sich SCclrs cui bech1Ed Hhoigt B! RN o
cure, as distinct from dry cure in which the wet impregnated fabric
is dried to remove its moisture and produce a collapsed impregnated

dry fabric and then the cure is performed on that dry fabric.

If the moisture content of the fabric at the start of curing is
6-30%, the aqueous solution of methylolamide impregnated on the
fabric is usually at pH 1-3, preferably at pH 1-2, The fabric is
usually allowed to stand at a temperature of less than 50°C, e.gq.
10-400C and preferably at ambient temperatures such as 15-400C for
5-50 hr, e.g. 10-30 hr and especially 15-30 hr, while precautions
are taken not to allow its moisture content to change outside the
above quoted range, 6-90% but preferably 6-30%, e.g by wrapping it
in a plastic sheet, If desired the fabric may be cured at 50-1800C
for 1 min. to 6 hours, e.g. at 90-140°0C for 2-20 mins, though
temperatures of 140-1800C may be used, again in all cases with
thorough precautions taken to maintain the moisture content within
the quoted range throughout the cure, e.g. with steam cure in a
chamber, under pressure if necessary, and preferably with saturated
steam. Under these higher temperature conditions, the pH of the
solution on the fabric may be 2-6, preferably 3-5 for fabrics to be
heated at e.g. above 900C and 2-3 for those heated at 50-90°C. The
time, pH and temperature are usually chosen to maximize the cure
rate but minimize any tendering of the fabric under the acidity time
and temperature conditions.

If the moisture content of the fabric is 30 90%, e.g. 30-60% or
40-75% such as 45-65% at the start of the curing then the pH of the
aqueous impregnant solution on the fabric is usually less than 1 and
the fabric is allowed to stand for times and temperatures
{particularly at less than 50°C) and under conditions otherwise
within the ranges given for the curing of drier fabric. The
moisture content is maintained in the 6-90% range, <.g. 30-90%
range, during the cure. If a large amount of acid has been added to
the impregnation solution, e.g. to give an acid strength in the bath

of 3-10 * such as 4-6 N, then cure times may be reduced to 1 min to
This is the replacement sheel
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solution of DVDHEU used in Exanple 1, 90gl of 98% sul phuric acid to give a

.pH of

| ess than 1 and an acid concentration in the solution of 1.84 N and

2g/ 1 of the wetting agent used in Exanple 2. The excess of paddi ng sol ution
was squeezed off the swelled fabrics which were then, with noisture
contents of about 52-60% (based on the weight of THP cured fabrics) and
under conditions of mininumtension to-brevent saggi ng, passed onto a roll,
were wapped in a plastic sheet and the roll rotated slowy at room
tenperature (18[err]C) for 22 hours to cure the DVDHEU. The wet pick up for
each of thé lrabslds asal. SAtT2hre Soambient2demperaguse sHeh ured fabric was

t hen washegswigop, wat er, then neutralized and then rewashed with water in a
jig dyeing nachine, followed by a softening step in which each of the four
fabrics was passed three tinmes through a softening bath at 400C cont ai ni ng

109/ |

of a noniThRai fabré tnay elsé @ur el ndithdl tv exsafradly rgpphiehttesoich by

O LRGP, IR TeghlEed By ElFA iy o sucked

conditions of tension in 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 in which impregnated fabric is passed from the
impregnation bath, preferably through a squeeze roller, and thence
to a take-up roller for curing, the fabric may be wound onto the
take-up roller under conditions of tensions at least sufficient to
prevent sagging of the fabric and preferably that tension is
substantially retained in the fabric on the take-up roller during
cure; that tension may even increase during cure. The impregnated
fabric may also be applied to the take-up roller under high tension
which is at least maintained during curing, but preferably the
fabric is applied under the minimum tension to prevent sagging.
Preferably if the impregnated fabric is not dried, it is advisable
during the cure to take measures to prevent drainage of the liquid
through the roll, e.g. by rotating the roll sTowly «ithout
significant loss of moisture; if desired the fabric may be re-rolled
to reduce retention of tensions in the fabric. The fabric is also
cured usually when free of creases unltess a special effect, e.g.
pleating, is required. In a high speed cure process, e.g. with cure

time less than 30 mins. the curing may be done in a steam chamber

under conditions of tension, again preferably under the minimum
tension to prevent sagging.

After the curing the fabric is rinsed, neutralized and re-
rinsed prior to squeezing and drying. The sclids add on in the
resin treatment is usually 1-6%, especially 2-4%.

The flame retardant property of the fabric is not usually
materially affected by the methylolamide after-treatment but the
easy care properties of the fabric are often significantly improved.
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150terr]C in a stenter, to give Treated Fabrics. The four fabrics obtained
were then tested with results as follows conparing the properties of
Fabrics A, C, Dand Ewith Treated Fabrics A, C, D and E, i.e. before and

after the DHDVEU treatnment. 1. Shrinkage Warp and weft shrinkage were
determ ned as descri bed above but after 50 washes. Exanple Fabric
(%) Varp (% Veft 1A -8- 13. 2 6.0

16 Treated A 5.5 4.0 IC . 9

1 5.1 %hZJS C&"-EEP@& etg &e THP cured _faAb'ch before methy]olamiée ?treatme'nt
the treated fabric usually has reduced shrinkage, a higher durable
press rating, higher wet crease recovery angle, higher moisture
regain (equiliSrium 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
perfonnea under tension. The degrees of retention of tear strength
and abrasion resistance in the treated fabric compared to THP fabric
pefore 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 1onger'life than the latter
involving 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 afterwards.
Thus in this process a fabric, which has been reacted with a non
self-condensing methylolamide having at least 2 me;hy?o] 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 thereof which is
‘then cured.

The nature of the methylolamide and the 1m§regnation solution
and its pH and the impregnation and cure technique 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 pick-up of methylolamide impregnated fabric which is usually
50-120%, e.g. 60-110% (based on the dry weight of the fabric), the
dry weight pick-up of the methylolamide, which is usually 4-25%,
e.g. 6-18%, such as 8-14%, (on the same basis) and the moisture
content of the fabric at the start of the cure which may be 6-30%,
but much more preferably is 30-90%,.e.g. 30-60%, or 45-80%, but
preferably 60-90%, especially 70-90% (based on the original weight
of the fabric) as such higher initial moisture contents enable the
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ID 8.0 6.3 | 1 18 ITreated D

2.7 4.6 |E 5.7 I 7.1 1 19

Treated E 3.6 4.2 2. Tear Strength in the

weft direction according to El mendorf | Exanple |Fabric | Strength

(kg) IA 1.94 | 1? | Treated A 1 1.87 |

I C 4. 64 [ I | Tr eat edC | 3. 46
| D 2.68 18 | Treated D 1.91
| E

I

'1. 30 1 e ¢reatment to be more effdcBi¥e' to obbain FibPRICHi fh better 1
rire retardamt properties than those made from fabrics cured with
met,,y]olamide under 6-30% moisture conditions.

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,

jncrease 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 methylotamide 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
methytolamide before THP treatment, the properties of fabrics from
post cure with methylolamide after THP treatment are generally
petter; 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
methylolamide, before or after the final drying step, a softening
agent in amount of 0.1-5% by weight {based on the weight of the
fabric); examples of such softening agents are condensation products
of fatty acids, e.g. of 8-20 carbon atoms and polyamines or )
tyclization products thereof, each in the form of its protonated or
quaternary salts, and also quaternary ammonium salts with 2 fatty
tliphatic 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 di scovered that with the THP cured methylolamide
Cured fabric, irrespective of order of treatment, a mechanical
shrinkage, e.g. mechanical compressive shrinkage of the fabric
Significantly reduces the progressive shrinkage of the fabrics after
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-22- tensile strength according to BS 2756 on Treated Fabric and for
treated FaDric C only after 50 washes at 930C (according to DIN 53920 with

soft water). Exanple | (Strength Newt ons) | Fabric
War p I Veft | A 1252 690 16

| Treated A | 1030 619 1C 1237

794 | 17 Treated C 1 160 609

| Washed C | 1251 800 | Washed | 17
Treated C 1183 . 683 I . I :

1145 pany repeat7agshes. Thhg SQPRFSSIVE shrinkage 51‘5’9]5' 1nvo]xes the 597 .

following steps, wetting ?f t?e fabric‘with water and/or steam’to
give swallen fabric, adaust1ng the w1d?h ?f the swo]lfn fabric to
the desired dimension, compressively shrinking the fabric, and
drying the fabric. The compressive shrinkage may be via intimate
contact with a stretched elastomeric blanket and maintenance of that
contact while the degree of elongation of blanket is reduced, e.g.
to zero. Drying may be achieved under restrained conditions, e.g. by
coﬁpressing 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
2/86 op 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 2.5% or 2%, or very small, e.g. less than 1% and that the
degree of progressive'shrinkagé thereafter on subsequent washing,
e.g. 50 times, can be small, e.g. less than 5%, or especially very
small, e.g. less than 2 or 1%. 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 5% and that degree of extension can remain substantially
. unchanged over the next 50 washes, so that the degree of progressive
shrinkage is very small. If desired -the mechanical shrinking
operation may be performed in the post methylolamide treatment
process after THP cure and before the methylolamide reactidn,
instead of or as well as after the latter reaction, or, in the pre
methylolamide treatment process, before THP cure and after the
methylolamide reaction instead of or as well as after the latter
reaction. The mechanica) shrinking operation is usually performed
::t::r:::ml:s: ::re step, whether methylolamide or THP cure, and may
peration o €ween the cure steps. If no mechanical shrinking
performed the methylolamide is preferably applied after

This is the replacement sheat

Date: 75 FER 997



I

617
after
I A
56 |
56 |
68 |
79

| E 760 529 | 19 | Treated E
406 | 4. Flane Retardancy tested as described above
50 washes | Exanple | Fabric I Average Char Length (nm
52 I 1 16 Treated A
C 57 1 17 | Treated C
| D | -11- 58 | 18 ITreated D 1
E I 77 | 19; |ITreated E

I - 23 - .
THP a5 the treated fabric obtained tends to have reduce
the -

: kage conpared to fabrics treated in the reverse order.
shrln

The fabric usually has a majority of cellulosic fibres and is
ply 100% cellulosic as preferably in natural cotton but also
.. ramie, flax or regenerated fib_res, e.g. viscose or cuprammonium
inr fibres. The fabric may have been mercerized with aqueous

:i:?i or liquid ammonia, optionally with amines, after or
preferably pefore 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
50% such as 1-50% of coblendable fibres such as polyester fibres to
make, e.g. blends of §0-80% cotton with 20-40% polyester. However
the process is of particular application to substantially completely
cellulosic fibres especially cotton. The fabric before THP and
nethylolamide treatment may have a weight of 0.05-1.00 kg/m such

as 0.1-1.00 kg/m?, usually 0.15-0.40 kg/m2, and preferably 0.23 to
0.37 kg/m; examples of such fabrics are cotton drill fabric or
sheeting, shirting or curtain fabric.

prefera

The fabric before THP or methylolamide treatment may have béen
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 compound and cured and then
treated with methylolamide and reacted therewith. Alternatively
with some shades of vat or azoic dyes it may be better to treat and

react with methylolamide first then dye, and then treat with THP
campound and then cyre.

Tht.e treated fabrics with the flame retardant and easy care
;:;op:rtles may be used in uniforms, e.g. for security guards and for
e .
ire brigade and for workwear. Lighter fabrics may be formed

into 3 .
| _ uniform shipts for which durable press ratings and easy care
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5. Crease Recovery Angl es Exanple | Fabric wet ( 0)

Bry ( 0) 1A 100 1 90 16 | Treated A
145 105 IC 95 130 17

| Treated C 1 , 145 135 D 95
1 95 18 Treated D 45 110 I E

I 95 110 19 T'Teated E 1 145

130 6. DP rating assessed as specified above on fabrics after single wash

at 95 C and
DPRatlng I
| A

3-3.5

dryi @%s%r% l’@agé?émla?bz 1mk:oﬁ&<aqﬁp%ﬁd heE)\rner Fabrics, &9 o

rope’
p ¢ton drill fabrios, may be formed dn%o yorkwqag' such -p,seggfeé'@'l]as 1

%trousﬁr@ for whichl tack of shrinkage is particularly important.

The invention is illustrated in the following Examples in which
the following test methods were used. In every case the fabric was
Conditioned to 200C and 65% Relative Humidity for 24 hours before

testi ng.

1 " Crease recovery

arm———

Both dry and wet crease recovery angles were measured compared
to the untreated fabric using the MONSANTO WRINKLE RECOVERY TESTER
with 8 500g 1oad 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 wash 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 AMTCC 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
mnner described in DIN 53920 with soft water). at 93°C.

4. Strength '

Tensile strength was measured according to BS 2756 and the tear
Strength in the weft direction {according to Elmendorf) were also
determi ned.

ny

.

1

This is the replacement sheet

25 FEB 1987

Date:



C 1 2 2 17 | Treated C 1

I
3-3.5 3-3.5 11 | D I 2.
2-3 18 [ Treated O 1 3-3.5 3.5-4.0 | | E
1-2 1 21 19 Treated E 3 1
3-3.5 1 -24- Results on Treated Fabric before and after 50 washes
at 930C (according to DIN 53920 with sdfd+ water) Before Washing Af ter
Washing | Fabric | % I %N | W N 3.2 3.1
2.6 2.5 16 ITrgatedA 3.0 3.5 . 2.7 13.1

- flame_Retardancy

The flame retardancy of the fabric was tested as finished,
afterlz washes at 939C and after 40 washes at 939C (for Examples
.15) or 50 times (for Examples 16-26) (the washing being as in the

. ganner’ described in DIN 53920 with soft water). The test method used
Jas according to BS 3119.

g, Analytical determinations on the fabric

%P, %N and ppm formaldehyde 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 93°C. 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 determination of the weight loss.

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/m2
weight, which had previously been dyed with high visibility orange
azoic dye and not sanforized, with an aqueous solution at pH 4.5 of
2 precondensate of THP chloride and urea in a molar ratio of 1:0.5
and an amount in solution equivalent to 25% THP ion to an about 80%
wet pick up, drying the impregnated fabric at 1200C for 1 minute
‘and then curing with.gaseous ammonia in a forced gas ammoniator as
described in US 4145463. The cured fabric was oxidized with
hydrogen peroxide, neutralized with sodium carbonate solution,

rinsed and dried.
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| C’ 2.9 2.9 2.3 2.2 17 Treated C 2.7 | 3.3
2.6 | 3.01D 2.3 2.1 1 2.0 11.8 18 Treated D 2.2
126 2.0 2.3 E 2.6 12.3 124 2.0 1 19
Treated E | 2.4 2.7 2.3 1 2.5 8. Colour Fastness to light The

fastness to a xenon arc |ight was neasured according to BS 1006, 1978, B
02. There was no difference between the results for Fabrics A, C, D and E
conpared to Treated Fabrics A, C, D anttE respectively. 9. Handle There
was no detectable difference between the handles of Fabrics Al C, D and E

conpared to Treated Fabri Bsaﬁbt‘i EC, D and E respectively. 10. Moisture

cont ent W
rocedure as specified for Fabric A was used for four other
i :brfcs with the following modification; the rinse water
3
cotton , fapric softener ("Alkamine" FPS) in amount of 2% by
gnclv®® ¢ THP cured fabric, and each of the THP cured fabrics

of th
igt nanically compressively shrunk according to the “Sanforize"

ghen mEC Tne fabrics were mercerized satin workwear fabric of 0.270
e ht, previously vat dyed blue (Fabric B), azo red dyed

kg ? we;? o:’ 0.346kg/m2 weight (Fabric C), azo red dyed 3113 satin

:ii:}d:; o.28k9/mz weight (Fabric D) and 3117 twill fabric of

0 *921:9/1“2 weight and optically brightened (Fabric E).

fumlel

tengths of the THP cured fabric A were padded to 80% wet pick
yp with an impregnation solution containing 250mis/1 of a 45%
aquecus solution of di 1,3-NN-methylol-4,5-dihydroxy ethylene urea
poHEU (sold under the Trade Mark FIXAPRET CPN) and 50 mls/1 of 98%
sulphuric acid to give a pH of less than 1 and an acid concentration
in the bath of 1.88 N. The wet, padded fabric with total moisture
content about 68% (based on the weight of THP cured fabric) was
folded carefully and placed into a polythene bag which was then
sealed and kept under slack conditions (i.e. under no-applied
tension) for 22 hours at room temperature to cure. The fabric was
then removed, washed sequentially with cold water, 10g/1 agueous
sodfum carbonate, an aqueous solution at 50°C containing 2g/1
‘'sodium carbonate and 2g/1 detergent, hot water at 609C and cold
wWter. The fabric was then dried and then tested in comparison with

:&::les of the THP cured fabric (Comp. A). The results were as
ollows,

Thic is the replacement sheat
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The noi sture contents of the Fabrics A CE and Treated Fabrics A and CGE
respectively, each after conditioning for 24 hours at 65% RH, were

determ ned by drying the conditioned prewei ghed fabrics for 2 hours at
105[err] C and then rewei ghing. The noisture contents of the fabrics were
about 0.5% 1 ess than of the Treated Fabrics. Thus the treatnment w th DHDVEU
increased the noisture regain at 65%RKs _ -25- 11 Water Inhibition The

Fabrics A and G E and Treated Fabrics A and CE were given an HLCO wash in
a Servis Quartz nmachine and the wiaberuqret aNned after spinning the wet
fabrics as 1000 rpmfor 4|mn wag daternihed. [The Treated Fabrics retained
| ess water than the Fabri¢s the £fegtment|w t+h| DHDVEU reduced the water
i mbi bi tion. ol = & N
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Exanpl es 20-26 Fabric Two 100m pi eces of 3111 |oonstate drill cotton fabric
of weight 0.295 kg/nferr] were enzym cally desized, scoured with alkali and
bl eached with al kal i ne hydrogen peroxi de. Fromthe bl eached fabric of

wei ght 0. 27kg/ nferr] were obtained four 50m | engths which were submtted
respectively to process operations V, X, Y and Z (broad details of which
are given below in which the steps of tiigatnent and cure w th DHDVEU
treatment and cure with THP conpound and nechani cal conpressive shrinking

are perfornmed.in different conbinations. [OQperation . Vv I X
I Y gxample 2 Z |1 I I )

| First step"ﬁﬁ U Cure THP Cure THP Cure | THP Cure | Second-
step Mech. shrink Third step THP
Cur e | The procqsg*gﬁﬂgyaumﬁ331|E}{)vggpgxﬂdew1th the following

modifications; the impregnation solution also contained 0.5¢/1 of a
wetting agent, which was a mixture of nonionic and anionic ones sold
ynder the mark WA100 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 100°C. Squares of the fabric obtained and squares
of the original THP cured fabric were washed in a washing machine at
609C 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.

| DP Rating
Fabric | Line Dry Tumble Dry
Example 2 | 4-5 3-4
Comp. |
Example B | 2 2
Example 3

For Example 3, the process of Example 1 was repeated with the
following modifications; the impregnant solution of pH less than 1
contained 70ml1/1 of concentrated (35%) hydrochloric acid (instead of
the sulphuric acid) to give an acid concentration of 0.82 N and also
contained 0.5 m1/1 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 72% (based on the weight
of THP cured fabric). ’
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Fourth stepl Mech. Shrink Mech. shrink Mech. shrink Mech. shrink THP Cure
Step for Qperations V, X, Y and Z The fabric was treated as described with
respect to Fabric A The wet pick ups were about 80% for Operation V (based
on the weight O DHDMEU cured fabric) and 100% for QOperations X, Y and Z
(based on the weight of the bleached fabric). -26- [err] Step for
Qperations V, Y and Z The fabric was t_r\tla\ﬁed I n the manner decribed in
Exanpl es 16-19 with a paddi ng sol ution ch contained 325g/1 of the
aqueous [err] S(t)ltution [err] of 98% sul phuric acid, 2g/l of wetting agent
used i n Exanght testssndhel S0pettiesfot the ffdbre® wes GRAdrmbd bridhthe Fisiie 84

aci d sol d B§P Sssrfaic 4Gomre Gxopleay). B@Rshl'lsq:?das ibhe wet pi ck ﬁ“S“: b3 oh She -

Crease Recovery Angles {Degrees})

f WET [ ORY
Example } l
[ Warp Weft | MWarp Weft
Comp. C | 95 85 [ 91 89
3 |- 139 131} 92 88
Shrinkage (%}
Example l
' I Warp Weft
Comp. C f 8. 2.5
3 | 4 0.5

Flame Retardancy {According to BS 3119)

[
Example | AVERAGE CHAR LENGTH (MM)
| AS FINISHED | AFTER 12 WASHES { AFTER 40 WASHES
Comp. C | 70 ] 69 | 53
3 | 70 ] 70 ] 54
Analytical
| | | ,
Example | | AFTER | AFTER
| "AS FINISHED | 12 WASHES | 40 WASHES
| %P | 3N | HCHO ppm | %P 1 3N | %P | N
Comp C | 3.07 | 3.22 | 300 | 2.87 | 2.80 | 2.74 | 2.72
3 | 2.91 | 3.50 ] 320 ] 2.75 3.15 | 2.70 | 3.13
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were 100% for operation V (based on the weight of bleached fabric) and 75%
for Operations Y and Z (based on the weight of THP cured fabric) and the
noi sture contents of the fabrics at the start of cure were about 60% f or
Exanpl e 20-24 (by weight of THP and fabric) and 79% for Exanple 25 and 26
(expressed by weight of original fabric). Mechanical Conpression Shrinkage
The fabric was nechanically conpressivel§-shrunk on a "Sanforizer" classic
machi ne as described in International Textile Bulletin Dyeing/
Printing/Finishing 2/86 pp 14,16, 20, 22 and 27 involving initial steam ng,
adj ust nent og aip1dsM-18ressi ng agai nst a stretched rubber bl anket which is.
then all owe rela¥x resulting in shrinking of the fabric, foll owed by "
drying by conpressing the fabric between a heated netal cylinder and an
absor bent bl ankdaheangcess lafngxampie HowserepfatedWitkayarange Anapeuntsachi ne

was 5% f or qg§r§¥555¥ﬁioNE of tNe&iHikg ddehtCald BH4GESAEMRrated sulphuric
acid. In each case the wet pick up from the resin impregnation bath
«as adjusted to be about 80% and the moisture contents of the
fabrics at the start of cure were about 63-72% (based on the weight
of -the THP cured fabric}. The results are as shown below.

Results
Ex Imis/1 [mls/] [Solids|Warp |Wet Crease|Tear |Abrasion

lcuringl sulphuric jadd oniShrinkagelRecovery |StrengthlResistance
lagent lacid added]l % [% after [|Angle Warp| (kg) lAccelerator

fpath |in bath | 140 washes| Degrees | [% weight
[ [ | | | | |Toss
4 | 200 | 25 j2.091 5.0 |} 135 | 1.18 |
51 | 5 |262] 5.0-.1 142 | 112 |
6 1 | 75 [ 3.22 1 4.0 | 148 | 1.12 |
7125 | 25 | 2.62 1 5.0 | 135 | 1.25 |}
8- | 50 | 3.43 1| 3.5 | 155 ] 1.1 | 9.8
9 | | 75 | 3.42 | 3.0 | 152 | 1.15 |
10 | 300 | 25 | 2.77 1 4.5 | 137 [ 1.25 |
11 | ! 50 | 3351 40 | 146 | 1..15 |
12 | | 75 | 3.86 1| 4.0 | 150 I 1.15 |
Untreated | - | | 10 | g5 | 1.54 | 9.2
e, THP | I [ | I l
cured | | | | | ]
fabric | | | | [ [

Al fabrics met the flammability requirements of BS3120
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The optical brightener.was put into the fabric as part of the DHDVEU
tnpregnation in Operations V, Y and Z but in the rinse water fromthe 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 sone of
the properties of the fabric of the |ast step of Operation X and earlier

steps of X, Y and Z. -27- the-Tabl el8f results bel ow Exanpl es 20-26and
Conparative Exanples D-Grefer to the fabrics obtained according to the
foll owi ng operations. Exanple fabric I » Sunmary of

Oper ati on g&ﬂﬂﬂili

The process of Examples 7-9 was repeated with the amount of
sulphuric acid added being replaced by 100mis of concentrated
hydrOch1oric 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 71% (based on ;he weight
of the THP cured fabric). The treated fabric was tested for its
abrasion resistance according to the Accelerotor test and the weight
loss found to be 10.6%. The results of the other tests were as
follows: warp shrinkage 3.5%, wet crease recovery angle 1500, tear
strength (Elmendorf, weft) 1.10 kg, average FR char length éfter 40

washes 68mm.

Example 14

The process of Examples 7-9 was repeated with the following
modifications, THP cured fabric B, and in the impregnation bath
140 m1/1 conc. 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 57% (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.

FR Char length (mm)
after 40 wash

| Crease Recoveﬁy
Ex. | Angle, Wet, Warp ©

| Tear Strength
i
| 1
I
i

Eimendorf kg.

56
52

2.112
2.976

14 | 150

|
|
]
_ |
Comp. | 90 I

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.
| This is the replacement sheet
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Step Qperation | 21 3 Y | THP, DHDVEU 22 3

. | THP, Mech. shrink, DHDMEU 23 4 THP
DHDMVEU, Mech. shrink | 24 4 z THP, Mech. Shri nk,
DHOVEUI Mech. Shrink 25 3 \% DHDVEU, THP 1 26 14~
\% DHDVEU, THP, Mech. Shrink | Conp, 14 X THP,
Mech. Shrink Conp. E 1 1 | X -20-1 THP Comp. F | - I
Origi nal bl eached Fabric Conp. G 1 Vv | DHDMEU only
| 1. Shrinkage The warp and weft shrinkage was determned in the manner
described in Exanple 16-19 after 1 and 50 washes. | Shrinkage after

I ven I ;
g | Wet Crease | | FR ?har length| Abr?s1on
| Recovery | Tear Strengthl (mm) after | Resistance
¢ | Angle, Warp ° ! Elmendorf kg.| 40 wash | Accelerotor %
=——’—-r"’ 1 | l
5| 140 | 1.056 | 70 1110
l 95 } 1.540 | 55 | 9.2
comp-l

Exemples 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 350g/1 of the aqueous
solution of DMDHEU used in Example 1, 90g/1 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
pla;tfc sheet and the roll rotated slowly at room temperature
(180C) for 22 hours to cure the DMDHEU. The wet pick up for each of
the fabrics was A 72%, C 59%, 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 409C containing 10g/1 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
150°C 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 DHOMEU
treatment.
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| nunber of wash cycl es Exanple I 1 50
t Warp Weft Conmp. G 1.2 12.2 2.3 12.5 1 |Conp I
15.6 | Comp. E 3.9 13.5 12.4 8.8 Conp. D 1.0 1 2.8
1 21 11.4 12.1 4.4 3.5 22 1.8 2.2 147133
1+2.9 11.6 +2.3 12.1 24 - - +2.3 1.8 11
.0 2.4 6.3 4.0 -28-.21-

1. Shrinkagé

after 50 washes.

t shrinkage were determined as described above but

ngkample |Fabric | {%) Warp | (%) weft |
| A | 13.2 | 6.0 |
| 16 ITreated A | 5.5 | 4.0 |
| ic | 5.9 I 5.1 |
{17 [Treated C [ 4.0 [ 4.3 |
i {D [ 8.0 l 6.3 |
| 18 |Treated D | 2.7 | 4.6 |
| IE I 5.7 I 7.1 |
] 19 |Treated £ | 3.6 [ 4.2 |

2. Tear Strength in the weft direction according to Elmendorf

Example [Fabric Strength {(kg)l

| ]

I 1A I 1.94 |
| 16 |Treated A | 1.87 |
| IC | 4.64 |
| 17 |TreatedC |  3.46 |
I . I } 2.68 i
| 18  |Treated D | 1.91 |
| IE | 1.63 |
| 19  |Treated E | 1.30 f
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positive sign
Tear strength in the weft direction according to El nendorf

e.

g. + 2.3%denotes an extension on washing rather than a

1262

3.00 3.001 23
2.40

751 23

shri nkage.

Exanpl e Strength (kg) Warp Weft Conp. O

1 2.20 1 2.20 24 1 2.50 1 2.40 1 26

2.20 1 3. Tensile strength according to BS 2756 Strength (Newtons) |
Exanpl e War p weft Comp. D -22<

1010 572 24 1012 %75 26

rreated
53920 W

4.

1 1014 1 580

-

censile Strength according to BS 2756 on Treated Fabric and for
C only after 50 washes at 93°C (according to DIN

Fapric

jth soft water).
]—E;;;b1e l l (Strength Newtons) |
, |Fabric | Warp ] Weft |
T 1A l 1252 [ 690 |
| 16 ITreated A | . 1030 | 619 |
'S Ic l 1237 | 794 |
| 17 |Treated C | 1179 | 609 i
| washed C | 1251 f 800 l
i {Washed | | |
| 17 | Treated C | 1183 | 683 |
] {D i 1145 } 740 i
| 18 |Treated D | 913 I 597 |
| IE i 760 | 529 ]
| 19  [Treated E | 617 | 406 |

Flame Retardancy tested as described above after 50 washes

Example | Fabric

Average Char Length {mm)|

l |

| [ A | 52 |
I 16 | Treated A | 56 |
| I | 57 |
| 17 | TreatedC | - 56 3
| | D | 58 1
| 18 | Treated D | 68 |
| | E | 77 |
| 19 | Treated E | 79 I
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4. Flane ret ardancy tested as descri bed above after 50 washes | Exanple

1| Average Length (mm Conp. D 60 23 1 62 24
67 26 53 -29- craeReco ery Angl es ~~ le I Wt (0)
Dy (0) i~ G1 130 1 90 6. DP rating assessed as specified above
after single wash at 950C and drying as in Exanple 2 DP Rating

- 23 -

5. Crease Recovery Angles

[ Example |Fabric | wet (8) | Ory (9) |
! A | 100 f 90 ]
| 16 {Treated A | 145 { 105 |
i Ic l 95 ] 130 |
[ 17 ITreated C | 145 s
I {D | 95 ] 95 [
| 18  [Treated D | 145 ] 110 |
| 13 [ 95 | 110 l
| 19 |Treated £ | 145 | 130 |

g. DP rating assessed as specified above on fabrics after single wash at 95 °C and drying as in Example

| Example | { DP Rating j
| IFabric | Line Dry Tumble Dry |
! IA | 2 I 2-3 I
| 16 |Treated A | 3-3.5 | 3-3.5 {
| ic | 2 | 2 ]
| 177 [Treated C | 3-3.5 | 3-3.5 |
I iD ] - 2 ! 2-3 !
[ 18 |Treated 0 | 3-3.5 | 3.5-4.0 |
; IE | 1-2 ! 2 |
[ 19  iTreated £ | 3 | 3-3.5 |

~ Tins s the ieplacement sheet
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Exampl e Line Dry Tunble Dry |1 Conp. G 3-3.5 3-3.5
| Conmp. F 1 1-2 1 1-2 Conmp. D 2 2 2
" 3-3.5 1 3-3.5 24 1 3-3.5 3-3.5 26 1 3

3 7. Misture Contents The noi sture contents of the fabrics were determ ned
as in Exanples 16-19, Part 10. The noisture content of the fabrics of
Exanpl es 23, 24 and 26 were higher than lhose of- Conparative Exanple D by
0.5-1 according to oven drying studi es2*The DHDMVEU treatnent therefore

i ncreased the noisture regains at 65% RH. .

' ted Fabric before and after 50 washes

3

1¢s on Trea

su
7. Analygical Re 5 DIN 53920 with soft water)

at 930C (according t

Before Washing After Washing

—_— I l
| Example :Fabric : =7 1 2N | %P I 2N 1
-:—-— A 3.2 | 3.1 | 2.6 | 2.5 |
| 16 |Treated A | 3.0 | 3.5 | 2.7 | 3.1 |
s c t2s 129 231 22|
{ 17 |TreatedC | 2.7 I 3.3 | 2.6 | 3.0 |
| D } 2.3 | 2.1 | 2.0 | 1.8 |
| 18 |Treatedd | 2.2 | 2.6 | 2.0 | 2.3 |
[ |E { 2.6 | 2.3 | 2.4 | 2.0 |
| 19 |Treated £ | 2.4 | 2.7 | 2.3 | 2.5 |

g. Colour Fastness to light

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 compared to Treated Fabrics A, C, D and E

respectively.
9. Handle

There was no detectab]é di fference between the handles of
Fabrics A, C, D and E compared to Treated Fabrics A, C, D and E
respectively.

10. Moisture content

The moisture contents of the Fabrics A,C-E and Treated Fabrics
A and C-E respectively, each after conditioning for 24 hours at 65%
RH, were determined by drying the conditioned preweighed fabrics for
2 hours at 1059C and then reweighing. The moisture contents of the
fabrics were about 0.5% less than of the Treated Fabrics. Thus the
treatment with DHOMEU increased the moisture regain at 65% RH.
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-30- Water Inbibition 8. The retention of noisture on centrifuging wet
fabrics was tested as in Exanples 16-19. Part 11. the fabrics tested being
that of Conp. Exanple D, Exanples 23, 24 and 26. The fabrics of Exanples
23, 24 and 26 retained 22% | ess noisture than that of Conparative 23.24 and
26 D. The DHOMVEU treatnment reduced the water inbibition. Exanple 27 THP
cured Fabric A was padded with an inpreguati on solution containing 250

m s/l of the 45% DVDHEU sol ution used in Ex. 1 and 10 g/l of 98% sul phuric
acid, the solution having a pH of about 1.7 and being-0.2 Nin acid. The
padded fabriﬁ_must L a 75% wet pick-up and then heated in an oven
at 90[err]C¥for 3 mnutes to give a fabric containing 10% noi sture. The’

fabric was innedia%el . sealed in_a plastic ba% to maintain its noisture
content and wasTRf eQﬁﬁfstg and C-E and Treated Fabrics A and C-E were given

an HLCCL wash in a Servis Quartz machine and the water retained
sfter spinning the wet fabrics as 1000 rpm for 4 min was determined.
e Treated Fabrics retained less water than the Fabrics the
yreatment with DHOMEU reduced the water imbibition.

ExamE] es 20-26

Fabric

Two 100m pieces of 3111 loomstate drill cotton fabric of weight
0.295 kg/m2 were enzymically desized, scoured with alkali and
pleached with alkaline hydrogen peroxide. From the bleached fabric
of weight 0.27kg/m? were obtained four 50m lengths which were
wbmitted respectively to process operations V, X, Y and Z {broad
fetails of which are given below in which the steps of treatment and
are with DHDMEU, treatment and cure with THP compound and
mechanical compressive shrinking are performed in different
combinations. )

[Operation | v | X | Y | Z |
I | { [ [ {
.IFirst step IDHOMEU Cure [THP Cure THP Cure |THP Cure |
[Second step! | ! - ! - [Mech. shrink}
Third step |THP Cure | -.  |DHDMEU Cure IDHDMEU Cure |
|Fourth steplMech. Shrink |Mech. shrink|Mech. shrink |Mech. 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 80% for Operation ¥ (based on the weight
of DHOMEU cured fabric) and 100% for Operations X, Y and Z (based on
the weight of the bleached fabric).
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stand for 22 hours at room tenperature under slack conditions. The fabric
.was then renoved and washed as in Ex.I. Finally it was dried and then
washed 50 times at 93[err]C. The warp shrinkage after that washi ng was
tested and found to be 5% conpared to 10%for the simlarly washed THP
cured Fabric A before the DVDHEU treatnment. - 31 - Cains A process for
the treatnment of a fabric, which procegé-1. conpri ses subjecting a
cellulosic fabric, which has already been treated in a first process
operation, to a second process operatLon,‘Png of iaid first and second
process operations Fgeém $tepaforeGpe AtIOAR Y WLt et raki s (hydr oxynet hyl)
phosphoni um co tondensate thereof followed by curing to a polyner,
and the- other-o! fabric was treated 10 the manner decribed in Examples 16-19
3 .
T:: a padding solution which contained 3259/1 of the aqueous

Sut *: Slution 90g/1 of 98% sulphuric acid, 2g/1 of wetting agent

- 3 s . .

pHOME 2 and 18g/1 of a fluorescent brightening agent stable

gsed in Example . .

id sold by Sandoz as Leucophor BCR liquid. The wet pick ups
to §c100% for Operation ¥ (based on the weight of bleached fabric)
::;e75% for Operations Y and Z {based on the weight of THP cured
fabric) and the moisture contents of the fabrics at the start of cure
vere about 60% for Example 20-24 (by weight of THP and fabric) and

792 for Example 25 and 26 (expressed by weight. of original fabric).

Mechanical Compression Shrinkage

The fabric was mechanically compressively shrunk on a
nganforizer” 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 relax 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 brightene%;was put into the fabric as part of the
DHDMEU 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
s .
tep of Operations V, Y and Z were tested, as were some of the

ro
Properties of the fabric of the last step of Operation X and earlier
Steps of X, Y and z.
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said first and second process operations being inpregnation of the fabric
W th a non sel f-condensing nethyl ol am de having at |east two nethyl ol
groups, which nay optionally have been al kyl at ed, and then reaction of the
fabric with said nethylolam de under aqueous acid conditions. 2. A process
according to claiml1 wherein the first process operation involves treatnent
with said phosphoni um conpound or conde?&ate followed by curing with

A process according to claim1, wherein the second process

operation involves treatnent mv:gh?ws%lp‘d#gééggpeg:g 1 nggtpooglg%aéggdgpsatg

1fbardpecs mb&qmmﬂjscsmd]mgotn ahepH | ess than 3
process according to any one of clains 1-4,

anmoni a. 3.

foll owed by curing
clains 1-3, wherét

reacts with Lh

wherein the ﬁe

of

____________

ﬁm%ﬁe met

fa@bpitc refer
Qyﬂﬁlﬁﬁydaoneacts with the fabric having a noisture content

oy

Fabric

I Summary of Operation |

step | Operation | |

i

| |
T n 13 1Y | THP, OHOMEU |
{22 |3 l Z | THP, Mech. shrink, DHDMEU |
| 23 L4 Y | THP, DHDMEU, Mech. shrink |
| s 18 11 | THP, Mech. Shrink, DHOMEU, |
, | I [ Mech. Shrink |
|25 13 1V | DHDMEU, THP I
1 26 | 4 | Y | DHDMEU, THP, Mech. Shrink |
iComp. 0 | 4 | X | THP, Mech. Shrink |
Icomp. E 1 1 | X | THP |
Icomp. F | - I = | Original bleached Fabric |
[Comp. G | 1 | y | DHDMEU only |

1. Shrinkage

The warp and weft shrinkage was determined in the manner

. described in Examp]e 16-19 after 1 and 50 washes.

| % Shrinkage after given
|__number of wash cycles

!
!
Example | 1 | 50 |
| Warp [ Weft | Warp | Weft |
| Comp. 6 | 1,2 J2.2 | 2.3]2.5 |
[ Comp. F | - | - ]12.81]5.6 |
1 Comp. £ 139 |3.5 |12.4]8.38 |
I'Comp. D 11,0 |2.8 | 7.3({5.9 |
I a [ 1.4 {21 | 4.4 3.5 |
P22 l1.8 12,2 | 4.7]13.3 |
[ 23 #2.9 | 1.6 | +2.3 ] 2.1 |
: ;: b= 1 - | +2.311.8 |
B 120 1 2.4 | 6.3}4.0 |
— 143.1 12,1 | +2.4 2.5 | This is the reptacement sheet
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6-90% 6. A process according to claim2 wherein the nethylolamde in
aqueous solution reacts with the fabric having a noisture content of 6
-30% 7. A process according to any one of clains 1-5 wherein the

met hYl ol am de in aqueous solution at a pH less than 1 reacts with the
fabric having a noisture content of 30-90% - 32 - 8. A process
according to claim?7, wherein the nethyl ol am de reacts with-the fabric in
an aqueous nmedium 1-6 N in acid. 9. A‘%ﬁbcess according to any one of
clainms 1-8, wherein the nethylolamde is a nethylolated cyclic urea or

-al kyl lerivativ her eof . . \
O-al kyl ated derivative -t,,eesi(gaf? e.g. + 2.3% denotes an extension on washing
'tL ? .
q A pos? : .
53 er than @ shrinkage.
ratn

. strength in the weft direction according to Elmendorf
a

2. Te
'W | Strength {(kg)l
P ] Warp | Weft |
Comp- 0| 3.00 | 3.00 |
| 23 | 2.20 | 2.20 |
| 26 I 2.50 | 2.40 |

o 26 | 2.40 | 2.20 |
I

3. Tensile strength according to BS 2756

| Strength (Newtons)

| l
| Example | Warp | Weft I
| Comp. D | 1262 | 751 |
{23 - .| 1010 | s72 |
I 24 | 1012 I 575 |
| 26 | 1014 | 580 l

4. Flame retardancy tested as described above after 50 washes

| Example | Average Length (mm) |
| Comp. D l 60 l
| 23 | 62 |
i 24 | 67 |
j 26 | 53 |
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10. A process according to claim9, wherein the nethylolamde is 1,3,

NN- di et hyl ol - 4, 5- di hydroxyet hyl ene urea. 11. A process according to any
one of clainms 1-10, wherein the fabric is treated with an aqueous sol ution
of a condensate of a tetrakis (hydroxynethyl) phosphoni um conpound and urea
and then cured with gaseous amonia. 12. A process according to any one of
clainms 1-11, wherein the fabric is made of cotton fibres or a m xture
thereof with up to 50% by wei ght (of faﬁ%ﬂ?ﬁ of polyester fibres. - 13. A
process according to any one of clains 1-12 wherein the dry wei ght pick-up
of nmethylalanide on the fabric is 6-20% and of polynmer fromtetrakis )
(hydr oxynet hyl ) phosap B¢ aver. d or condensate is 8-20% 14. A process
according to any clainms 1-13, wherein the nethylolanm de is reacted
with the fabric, while the fabric is maintained under tension in at | east
one of the weft and war

| Wet (°) {Dry (0 |

l'% 10 1 9% |
{campe F | 65 | 90 |

| Comp- D { 95 | 70 |
| 23 | 140 | 100 |
| 24 [ - 140 I 100 |-
| 2 | 135 | 100 |
J -

6. 0P rating assessed as specified above after single wash at §50C
and drying as in Example 2

DP Rating |

I |

| Example | Line Dry | Tumble Dry|
| Comp. G | 3-3.5 | 3-3.5 | .
| Comp. F | 1-2 | 1-2 i

| Comp. D | 2 | 2 |
i 23 | 3-3.5 [ 3-3.5 |
| 24 | 3-3.5 | 3-3.5 |

| 26 i 3 ] 3 |

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 higher than those of Comparative Example
B by 0.5-1% according to oven drying studies. The DHDMEU treatment
therefore increased the moisture regains at 65% RH.
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di nensions. 15. A process according to any one of clains 1-14, wherein,
after the second process operation, the fabric is subjected to nmechani cal
conpressi ve shrinkage. 16. A process according to any one of clains 12-15,
wherein cotton fibres are treated with an agueous solution of a condensate
of tetrakis (hydroxymethyl) phosphoni um conmpound and urea and cured - 33
- Wth gaseous ammoni a, and then the fabric obtained is inpregnated with an
aqueous sol ution of 1,3 NN dinethylol 43& di-hydroxyethylene urea and is
reacted therewi th under aqueous conditions of pHless than 1 and 1-4 Nin
acid wth a noisture content of the fabric of 30-90, foll owed by nmechani cal

conpressi ve shrinkage of the fabric
water pmpibit190
n of moisture on centrifuging wet fabrics was

. tentio .
The r® 16-19. Part 11. the fabrics tested being that

og as in Examples )
zest example D, gxamples 23, 24 and 26. The fabrics of Examples
of Comp- 6 retained 22% less moisture than that of Comparative

53, 24 and 2 e
he DHOMEU treatment reduced the water imbibition.

£xample D. T

fxample 27

THP cured Fabric A was padded with an impregnation soltution
containing 250 mis/1 of the 45% DMDHEU solutfon used in Ex. 1 and 10
g/1 of 98% sulphuric acid, the solution having a pH of about 1.7 and
peing 0.2 N in acid. The padded fabric was squeezed to a 75% wet
pick-up and then heated in an oven at 909C 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.1. Finally it was dried
and then washed 50 times at 93°C. 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.

This is the replacement sheet

Date: 2 5 FEB w .



obtained. 17. A process according to any one of clainms 9-15, wherein in the
second process operation the nethylolam de is reacted at 90-140[err]C with
the fabric having a noisture content of 6-30% under aqueous conditions of

pH 3-5

- 31 -

ess for the treatment of a fabric, which process
A proc bjecting a cellulosic fabric, which has already been
su st process operation, to a second process operation,
+ and second process operations being treatment of
kis {hydroxymethyl)} phosphonium compound or

sate thereof followed by curing to a polymer, and the other-of
co?:e:irst and second process operations being impregnation of the
::;ric with a non self-condensing methylolamide having at least two
ethylol groups, which may optionally have been alkylated, and then

reaction of the fabric with said methylolamide under aqueous acid

1.

comprises
yreated in 2 fir

one of said firs
fapric with tetra

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.

3. A process according to claim 1, wherein the second process
operation involves treatment with said phosphonium compound or
condensate followed by curing 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
6-90%.

. A process according to claim 2 wherein the methylolamide in

aqqeous solution reacts with the fabric having a moisture content of
6‘30%1

T.oa process according to any one of claims 1-5 wherein the
::UWIOlamide in aqueous solution at a pH less than 1 reacts with

¢ fabric havin i - ;
... ooric having a moi sture content of 30-90%. This is the replacement sheet
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- 32 -

8. A process according to claim 7, wherein the methylolamide
reacts with-the 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 O-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 50%
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 tetrak1s (hydroxymethy]) phosphonium compound or
condensate is 8-20%.

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

16. A process according to any one of.élaims 12-15, wherein cotton
fibres are treated with an aqueous solution of a condensate of

_ tetrakis (hydroxymethy]) phosphonium compound and urea and cured
This is the ’eptacemant sheot
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- 33 -

with gaseous ammonia, 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

30-90%, followed by mechanical compressive shrinkage of the fabric
" obtained. ;

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

ABSTRACT

Flame retardant cellulosic fabrics having reduced shrinkage are
obtained by treatment of fabric with a tetrakis hydroxymethy1
phosphonium compound or condensate and then curing with ammonia,
followed by treatment involving reaction of the fabric with a non
self-condensing methylolamide under aqueous acid conditions. The
order of treatment can also be reversed.
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