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[5 7] ABSTRACT 

A process for decreasing the ?ammability of textiles 
comprising a cellulosi'c fiber component and prefera 
bly a nitrogen-free thermoplastic ?ber component 
which comprises treating the cellulosic ?ber compo 
nent with a condensate or a physical admixture of an 
allylurea and a phosphine/formaldehyde condensate 
such as a tetrakis (hydroxymethyl)-phosphonium salt 
to introduce a_11y1 groups into the cellulosic compo 
nent, and subsequently halogenating, preferably bro 
minating, the allyl groups thus introduced. 

15 Claims, No Drawings 
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FLAME RETARDANT FINISH FOR 
POLYESTER/COTTON BLENDS 

The present invention pertains to a process for de 
creasing the ?ammability of textile materials, and more 
particularly of textiles comprising cellulosic ?bers pref 
erably in conjunction with nitrogen-free thermoplastic 
?bers such as polyesters or polyole?ns. 
The problem of textile ?ammability has been of inter 

est for many years, and many approaches have been 
proposed to the solution of this problem. Many pro 
cesses are known for decreasing the ?ammability of 
textile materials, and some among these have attained 
commercial importance. However, known processes 
are generally effective only for those textile materials 
or fabrics made entirely from one type of ?ber —- in 
most instances cellulose. For example, treatment with 
organophosphorus compounds is known to decrease 
the ?ammability of cellulosic textiles, and insolubi 
lization of appropriate phosphorus-containing reagents 
in or on cellulosic textiles can impart ?ame-retardant 
properties that withstand a great number of launder 
ings, dry cleanings, or other cleaning procedures. 

In view of the recent commercial importance at 
tained by fabrics made from blend yarns, and particu 
larly of polyester/cellulose fabrics, consideration has 
also been given to processes intended to decrease their 
?ammability. The problem of imparting ?ame 
retardant properties to textile materials containing 
more than one ?ber, and more speci?cally polyester 
and cellulose ?bers (in blends or mixtures) has proved 
to be of enormous complexity. When ?ame-retardant 
chemicals known to be effective on cellulosic ?bers are 
added to such fabrics, the ?ammability of the treated 
material is generally not decreased. In fact, the treated 
fabric in some instances bums more readily than the 
untreated one because, after ignition, molten polyester 
continues to burn in and around the cellulosic ?bers 
(even though these have been rendered non 
combustible by the ?ame-retardant treatment) instead 
of dripping away from the ?ame, and the entire struc 
ture is consumed. Several investigators have docu 
mented these observations (e.g., W. Kruse and K. Fi 
lipp, Melliand Textilber, 49, 203 (1968); and W. 
Kruse, Melliand Textilber, 50, 460 (1969)) and various 
interpretations have been proposed for the observed 
phenomena. It has been postulated that ?ame 
retardant polyester/cellulose can be obtained only 
when appropriate ?ame-retardant chemicals are pres 
ent in or on both ?bers (e.g., G. C. Tesoro & C. H. 
Meiser, Tex. Res. 1., 40, 430 ( i970); and P. Linden, S. 
B. Sello, H. S. Skovronek, Proceedings Annual Meeting 
l.C.F.F., New York, Dec. 1970) and that it would not 
be possible to obtain ?ame-retardant polyester/cel 
lulose fabrics of adequate performance by modifying 
the cellulose with ?ame-retardant chemicals while 
leaving the polyester component essentially un 
changed. Attempts to treat fabrics with chemicals or 
combinations of chemicals that could be insolubilized 
in or on both ?bers have led to unsatisfactory results, 
primarily because the chemical inertness of polyester 
necessitates the use of high concentrations of reagents 
in chemical systems which form polymeric coatings on 
?ber surfaces, which coatings inevitably impair the 
?exibility, aesthetic properties, and hand of the treated 
textiles. Accordingly, there is a great need in the indus 
try for processes to decrease the ?ammability of po 
lyester/cellulose fabrics, and more generally of fabrics 
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2 
made from cellulosic ?ber in conjunction with non 
nitrogenous thermoplastic ?ber. 
Copending application Ser. No. 140,256, ?led May 

4, 1971 by Guiliana C. Tesoro, and now abandoned, 
describes the unexpected discovery that it is possible to 
impart ?ame-retardant properties to polyester/cel 
lulose fabrics by processes modifying the cellulosic 
?ber component while leaving the polyester compo 
nent essentially unchanged. The modi?cation of the 
cellulosic component is carried out by (a) treatment 
with a reagent containing unsaturation, and (b), in a 
subsequent step, halogenation (preferably bromina 
tion) of the unsaturated groups introduced. The re 
agent containing unsaturation may also contain, in the 
same molecule, elements known to have ?ame retar 
dant effectiveness in cellulosic polymers such as phos 
phorus (phosphine, phosphonate, phosphonium, etc.) 
and, optionally, nitrogen (amide, amine, etc.). On the 
other hand, the incorporation of such “?ame-retarding 
elements” can be carried out as a subsequent step (c). 
When halogen is introduced into the cellulosic compo 
nent as shown in the process of said earlier application, 
the amount of additional ?ame-retarding compound 
(e.g. organophosphorus) needed is lower, and its effect 
on fabric properties is reduced. The overall result is to 
obtain a polyester/cellulose textile in which the cellu 
lose contains compounds of halogen (bromine), phos 
phorus, and (optionally) nitrogen in such amounts as to 
cause the ?ammability of the textile to be signi?cantly 
decreased without substantial. impairment of other 
properties. The extent of decrease in ?ammability will 
depend on the amounts of ?ame-retardant chemicals 
present in the cellulose, on the ratios of ?ame-retarding 
elements introduced, and also on the percentage of cel 
lulose present in thepolyester/cellulose substrate and 

' available for modi?cation. In many situations, it is pos 
sible to obtain self-extinguishing polyester/cellulose 
fabrics- or fabrics which pass a severe ?ammability 
test (Vertical Test — AATCC—34~1969) with amounts 
of insolubilized ?ame-retardants comparable to the 
amounts needed to attain self-extinguishing behavior 
on 100 percent cellulosic fabrics. The object of the 
present invention is thus to provide novel processes by 
which the ?ammability of both 100 percent cellulosic 
and blended cellulosic textiles, such as polyester/cel- , 
lulose and polyole?n/cellulose textiles, can be de 
creased, the effect being durable to laundering, dry 
cleaning, and other conditions of use. 

It is a further object of the present invention to de 
crease the ?ammability of blended cellulosic and par 
ticularly of polyester/cellulose textiles by introducing 
the ?ame-retardant chemicals solely or primarily into 
the cellulose component, leaving the polyester or other 
?ber essentially unchanged. . 
The objects of the invention can be attained by treat 

ing 100 percent cellulosic, blended cellulosic or partic 
ularly polyester/cellulose fabric with an allylurea, e.g. 
allyl-, diallyl-, and/or triallylureas combined either 
chemically or in physical admixture with a phosphinel 
formaldehyde condensate, optimally a tetrakis( hydrox 
y-methyl)phosphonium chloride or phosphate, option 
ally further ?xing the reagents by curing with ammonia, 
and thereafter brominating the product at the allyl 
groups. 
The processes of the present invention can be used 

to obtain ?ame-retardant textiles suitable for many end 
uses (apparel, furnishings, industrial, military. etc.). 
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The following types of substrates are among those suit 
able for practicing the process of the invention: 

a. Woven, knitted, or nonwoven fabrics made from 
100 percent cotton or from blended yarns, particu 
larly of polyester/cotton, in which the cotton con 
tent is at least 20 percent; 

b. Fabrics made from blended yarns containing poly 
ester and regenerated cellulose (rayon, modi?ed 
rayon) in which the regenerated cellulose content 
is at least 20 percent; 

0. Woven fabrics made from 100 percent cellulose 
yarns (cotton or regenerated cellulose) in the warp 
or ?lling direction, and 100 percent polyester, or 
polyester/cellulose blend yarns in the other direc 
tion; 

d. Knitted fabrics made from plied yarns in which cel 
lulose yarns are combined with polyester ?laments. 

Generally speaking the cellulose content of the sub 
strate should be at least 20 percent and preferably 35 
percent or more in order for the process to be effective. 
The allylureas suitable for carrying out the process of 

the invention comprise compounds having the formula 

where X and X’ may be hydrogen or an ally], or lower 
alkyl, e.g. methyl, or ethyl radical, or where the two 
groups taken together may constitute an ethylene or 
substituted ethylene group 

--CH—CH-—, 

1% ll 
where R and R’ are hydrogen, or lower alkyl, e.g. 

methyl or ethyl; i.e., 

/ \ 
CH¢=CHCH¢~N NH 

_ R- H H-R’ ‘II 

The preferred urea is allylurea itself, 

0 

Cl-lgCHCHzgNH-il-NH; III 

Other suitable ureas include N,N-diallyl'urea, N,N’ 
diallylurea, triallylurea, N-allyl-N-methylurea, N-allyl 
N'-methylurea, N-allyl-N'-ethylurea, N-allyl 
ethyleneurea, and the like. 
The phosphine/formaldehyde condensates useful in 

the process of this invention comprise tetrakis(hydrox 
ymethyl )~phosphonium tetrakis( hydroxymethyl ) 
phosphonium tetrakis(hydroxymethyl)- salts such as 
the chloride, bromide, iodide, sulfate, acid sulfate, acid 
phosphate, and diacid phosphate, or mixtures thereof; 
tris(hydroxymethyl)phosphine; tris(hydroxymethyl) 
phosphine oxide; and other like derivatives. The pre 
ferred condensate is tetrakis(hydroxymethyDphos 
phium chloride, referred to hereinafter as THPC. 
The allylureas and the phosphine/formaldehyde con 

densates may be reacted with cellulosic ?bers either in 
the form of mixtures with each other or as essentially 
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1:1 precondensates. A preferred combination is the 1:1 
precondensate of allylurea made with an equimolar or 
a slightly greater than equimolar proportion of THPC, 
the structure of which condensate is believed to be pre 
dominantly 

Precondensates of this general type, but derived from 
urea and lacking the essential allyl groups of our inven 
tion, are described in U. S. Pat. No. 2,983,623, as is 
also the process for ?xing the precondensate to cotton 
with an ammonia cure, an optional additional step in 
the process of our invention. 
The methods and conditions employed for obtaining 

the ?ame-retardant textiles of the present invention de 
pend, in part, on the substrate and chemical system em 
ployed, and on the level of performance required. Cel 
lulose/polyester fabrics, believed to be the substrates 
most bene?tted by the invention, may be treated with 
a variety of allylureas and phosphine/formaldehyde 
condensates, these latter being either physically mixed 
or chemically precondensed, by padding from aqueous 
solutions, drying, curing in the presence or absence of 
ammonia, and optionally washing to remove constitu 
ents not ?rmly ?xed to the substrate fabric. Drying and 
curing conditions can be widely varied depending on 
the textile and treating agents analyzed. However, dry 
ing conditions of 90°—l00°C. for l-lO minutes and cur‘ 
ing at l50°-275°C. for 2-10 minutes can be given as il 
lustrative. 
Although either or both may preferably be used 

under certain conditions, it is not believed that the am 
monia cure or the use of a precondensate is always es 
sential. One fact which has emerged is that unless a pre 
condensate is formed, the bath life of the mixture of an 
allylurea and a phosphine/formaldehyde condensate 
may be rather short. The course of the invention also 
seems to be adversely affected by excessively acidic 
conditions in certain formulations, precipitation from 
the treating solutions for instance having been ob 
served at times if the pH was lower than about 5. Addi 
tion of alkali to near neutrality overcomes this ten 
dency when it is observed. Excessively alkaline condi 
tions are also generally to be avoided because they are 
known to cause decomposition of THPC and related 
salts. One skilled in the art will be able to adapt these 
variables of reaction conditions to speci?c combina 
tions by simple experimentation within the scope of the 
invention. 
Catalysts are not believed necessary in the invention, 

but neither is their use meant to be excluded from the 
scope. 
The reagents added to cellulose during the padding/ 

cure phase serve as a means for durable incorporation 
of nitrogen and phosphorus into the fabric, meanwhile 
providing a site for later addition of bromine to the car 
bon-carbon double bond of the allyl group. Using the 
precondensate of THPC and allylurea (Formula IV) as 
an example, one may postulate initial attachment 
through an ether-like linkage_t_o_cellulose as follows; 

L 
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The pendant allyl groups in the cellulose ether are 
then halogenated by treatment with a solution of ele 
mental halogen under mild conditions. Bromine is the 
preferred halogen for a number of reasons: it is an ef 
fective ?ame¢retardant element, it reacts rapidly with 
the unsaturated groups, and it does not attack, discolor 
or impair the cellulosic component in the substrate. 
The bromine may be dissolved in water or in an inert 
organic solvent. The concentration of bromine, the 
time and temperature of the bromination reaction, and 
the medium employed are not critical and may be de 
termined in each case by appropriate experiments. 
A surprising feature of this invention is the fact that, 

as shown in the examples, it provides products which 
pass the strenuous vertical ?ammability test, AATCC 
34-1969, at comparatively low levels of P, N, and Br 
content. 
One of the major advantages of the process of the in 

vention is that covalently-bound bromine is introduced 
readily and uniformly throughout the modi?ed cellu 
lose ?bers. This cannot be done by employing bromi 
nated reagents for the cellulose modi?cation, since lim 
itations in the solubility and penetration of such bromi 
nated reagents generally result in the reagent being 
concentrated on ?ber surfaces, with consequent unsat 
isfactory efficiency, and poor durability of the treat 
ment in laundering, in cleaning, and in use. 
The evaluation of the ?ammability of treated textiles 

is conveniently and accurately carried out by the “Lim 
iting Oxygen lndex (LOI) Method” as described in sev 
eral recent publications (e.g., lsaacs - .1. Fire & Flam 
mability, 1, 36-47 (1970)). The higher the U31, the 
lower the ?ammability. LOl values above .240—.260 
are believed to re?ect self-extinguishing behavior in 
vertical ?ammability tests such as AATCC 34-1969 
and are thus indicative of satisfactory ?ame-retardant 
properties in use. 
Except when otherwise indicated, test fabrics were 

100 percent cotton sheeting, 3.75 oz/yd2, 95 X 84 
count, and 50/50 polyester/cotton sheeting, 3.68 oz/yd2 
, 96 X 88 count. Samples for treatment were usually 
about l7 X 20 inches. 
The durability of ?ame-retardant properties to laun 

dering or other cleaning procedure is easily evaluated 
by exposing the treated textiles to appropriate washing 
or cleaning procedures and checking the L01 after ex 
posure. Analytical determination of halogen and of 
other elements introduced in the cellulose modi?cation 
can also be used to establish that the desired ?ame 
retarding elements are ?rmly bound to the cellulose 
molecules, and retained after exposure to laundering 
and other conditions. 
The following examples are illustrative of the inven 

tion described: 
EXAMPLE 1 

N,N-diallylurea was prepared for use in Example 4. 
A solution of 49.4 g (0.51 mole) of diallylamine, 70 g 
(0.5l mole) of phenyl carbamate, and 500 ml of ben 
zene was re?uxed for 20 hours. The solution was 
stripped on a rotary evaporator, and the residue was 
taken up again in benzene. The solution was washed 
three times with l00-ml portions of 15 percent NaOH, 
dried overnight over sodium sulfate, ?ltered, and again 
stripped on the evaporator, leaving 41 g, 56 percent 
yield, of N,N-diallylurea, melting 63°-65°C. 
Analysis: 

Calc’d: C 60.00, H 8.57, N 20.00 percent 
Found: C 60.04, H 8.65, N 20.81 percent 
The NMR spectrum supported the desiredistigicture, k 
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6 
and no impurity bands were observed. 

EXAMPLE 2 
N,N'-diallylurea was prepared for use in Example 5. 

To a solution of 171 g (3.0 moles) of allylamine, 303.6 
g (3.0 moles) of triethylamine, and one liter of benzene 
in a three-liter ?ask was added, dropwise and below 
30°C., 234.9 g (1.5 moles) of phenyl chloroformate. 
After 30 minutes more of stirring, the precipitated 
amine hydrochloride was ?ltered off, and the ?ltrate 
was re?uxed for 24 hours. When its infrared spectrum 
indicated that reaction was incomplete, the mixture 
was treated with another 57 g (1 mole) of allylamine 
and re?uxed 17 hours longer, at which point the spec~ 
trum indicated complete reaction. The solution was 
washed three times with 400-ml portions of 15 percent 
sodium hydroxide, dried over sodium sulfate, ?ltered, 
and stripped on the rotary evaporator. The residue 
weighed 196 g, 93.3 percent yield, melting 93°-94°C. 
Analysis: 

Calc’d: C 60.00, H 8.57, N 20.00 percent 
Found: C 59.62, H 8.46, N 20.34 percent 

EXAMPLE 3 
An aqueous 80 percent solution of THPC (223 g, 

0.94 mole) was stirred into 75 g, 0.75 mole, of allylurea 
(Aldrich Chemical Company) in 180 ml of water, and 
the mixture was re?uxed for one hour and cooled. 
NMR analysis indicated that conversion of the allylurea 
to its 1:1 Tl-IPC precondensate had been essentially 
quantitative, the excess Tl-lPC remaining unreacted. 

EXAMPLE 4 
Re?uxing, as in Example 3, a solution of 74.5 g of 

80% THPC, 35 g of the N,N-diallylurea of Example 1, 
and 60 g of water yielded a solution whose NMR analy 
sis indicated substantially quantitative conversion to 
the 1:1 THPC-N,N-diallylurea precondensate. 

EXAMPLE 5 
Re?uxing, as in Example 3, a solution of 298 g of 

80% THPC, 137 g of the N,N' -diallylurea of Example 
2, and 240 g of water yielded a solution whose NMR 
analysis indicated only about a 55 percent conversion 
to the desired l:l THPC-N,N' -diallylurea preconden 
sate, the remainder of the solution appearing to be un 
reacted starting materials. ' 

EXAMPLE 6 - - 

A 200-g portion of the allylure'a-THPC preconden 
sate of Example 3 was diluted with 134 ml of water and 
the solution was used as a pad bath for samples of 100 
percent cotton and 50/50 polyester/cotton sheeting. 
The samples, 16.5 X 20 inches, initial weight deter 
mined after overnight conditioning at 65 percent rela 
tive humidity, were padded twice at 30 psi roll pressure 
to wet pickups of about 70 percent, dried four minutes 
at 93°C., wrapped on stainless steel cylinders and ex 
posed to gaseous ammonia for 10 minutes, and then 
soaked in 10 percent aqueous ammonia for 10 minutes. 
After this the samples were washed in one liter of water 
containing 5 g of soap and 2 g of 30% H202, ?rst at 
40°-50°C. for 10 minutes, then in fresh peroxide and 
soap solution at 90°-95°C. for 10 minutes longer, 
rinsed in hot water, dried two minutes at 120°C., and 
finally conditioned overnight at 65% RH. before ?nal 
weighing, analysis, and testing. Portions of each sample 
were padded with water, soaked for 30 minutes in 350 
g of chloroform containing a large excess of bromine, 
rinsed in cold water, washed for 12 minutes with water 
containing 0.001% detergent in a home washing ma 

shine S¢1_°n_“warm»’7 ausbledtisstssd conditisns? 
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TABLE 2 

Treatment of 100% Cotton and 50/50 Polyester/Cotton Sheeting with THPC—N,N-diallylurea 
Precondensate, Ammonia, and Bromine 

Before bromination After bromination 

Vertical 
Percent Percent Percent Percent char 

Fabric add-on P N LOI Br LOI length 

100% cotton ........................... _. 12. 94 0. 94 l. 67 .216 3. 52 .240 4. 3” 
o ................ . . . . 13. 28 O. 98 1.68 .216 2. 81 .240 5. 0” 

50150polyester/cotton.... __ 14.18 0.83 l. X .216 2.51 .231 8.3" 
Do . _ _ . . . . . . . . . . _ . _ . . . . . . _ . _ _ _ _ . . . . .. 14.07 1.58 1. 74 .210 3.58 .235 8.3" 

overnight as before. Results of treatment and testing of 
these samples‘are?givgnjnil‘able I. 

TABLE 1 

Treatment of 100% Cotton and 50/50 Polyester/Cotton Sheeting with 
'I‘HPC-Allylurea Precondensate, Ammonia, and Bromine 

Alter bromina 

15 

the entire sequence of treatments, following the proce 
dure detailed in Example 6, are shown in Table 2. 
In each run bromination has produced a marked in 
crease in ?ame-retardance, as shown by both L0! and 
a measurable char length in the vertical ?ame test. 

EXAMPLE 8 
Before bromination tion A l V 

F b . P?irgent Perm}; L01 Percvgt L01 20 A 200-g portion of the N,N’-diallylurea-THPC con 
3 "c a *m r densate of Example 5 was diluted with 63 ml of water, 

1°°%D%°?°n ------------ - 22 ~52?‘ g- g; g8}; and the solution was used in the sequence of treatments 
50/50 Demeter/56115111.‘: I I 14.}1Z of 100% cotton and 50/50 polyester/cotton detailed in 

............. .. . . 0 . . . . 

D°"" 13 Example 6. Results are shown in Table 3. 

TABLE 3 

Treatment of 100% Cotton and 50/50 Polyester/Cotton Sheeting with THPC-N ,N-diallylurea 
Preeondensate, Ammonia, and Bromine 

Before broniination Alter bromination 

Vertical 
Percent Percent Percent Percent char 

Fabric add-on l’ r LOI length 

10. 0 .218 2. 65 .247 6.1” 
11.5 .223 3.50 .254 3.6” 
11.3 . 220 3. 41 .269 4.9" 
11.0 . .213 3.40 .256 4.7" 
11.8 . .216 4.11 .243 4.2" 
11.5 .218 4.03 .243 4.0" 
12. 1 .218 4.13 240 4. 2" 
13. 2 .220 4. 30 .249 4. 2" 

These results show unusually high LOI values in the 
brominated samples. By way of contrast, Pyrovatex C? 
on 100 percent cotton reaches an LOI of only around 
0.260 in single applications and can be forced as high 
as 0.300 only by expensive multiple applications. On 
50/50 polyester/cotton the contrast is even more 
marked, for here experience has shown that the maxi 
mum LOl achievable with Pyrovatex CP is around 
0.230-.235, this being below the limit desired for 
highly ?ame-resistant fabrics. Pyrovatex CP is a related 
and well-known N-hydroxymethyl compound of the 
structure (Cl-[3O)2P(O)CH2CH2CONHCH2OH, much 
used in the art of fabric ?ame-retardance. 

EXAMPLE 7 

To the N,N-diallylurea-THPC precondensate of Ex 
ample 4 was added 54 g of water, and this solution was 
padded onto and reacted with samples of 100 percent 
cotton and 50/50 polyester/cotton sheeting. Resillts of 

45 

55 

Despite the analytical evidence, in Example 5, that 
the precondensation may not have proceeded to com~ 
pletion, bromination of the fabrics treated with the re 
action mixture produced a marked increase in ?ame 
retardance. Also, both here and in Example 7 it is be 
lieved remarkable that the samples passed the vertical 
test at such low levels of P, N, and Br. 

EXAMPLE 9 

In an experiment similar to but differing in both com 
position and absence of ammonia cure from that of Ex 
ample 6, a pad bath was prepared containing 25% 
THPC (solids), 13 percent allylurea, and 5% Na2HPO4, 
adjusted to pH 6. Samples of 50/50 polyester/cotton 
sheeting were padded, dried, cured, treated with perox 
ide, laundered, brominated, and again washed, all as in 
the earlier example. All but portions of the samples for 
analysis were then laundered 10 more times. The re~ 
sults are shown in Tale 4. 

TABLE 4 

Laundering Tests on 50/50 Polyester/Cotton Treated with Bu?ered THPC and Allylurea, Followed by Oxidation and Bromination 

After oxidation Alter bromination After 10 launderings 
Percent 
weight Percent Percent Percent Percent Percent Percent 
gain N P LOI Vert. N P LOI P N LOI Vert. 

18.8 _______________ _ . 2. 20 2. 34 . 234 6.9” 2. 06 2. 13 . 292 2. 0l 2. 00 .256 3. 0 
19.0 _______________ __ 2.13 2. 30 . 234 9.2” 2. 01 2. 08 . 294 1. 94 1. 91 . 256 3. 0 
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These results how unusually high LOI measurements 
after bromination, virtually complete retention of phos 
phorus and nitrogen throughout the operations, and an 
unusual capacity for passing the vertical test after laun 
dering. The fall of the LOI after 10 launderings still 
leaves it at a relatively high level, this fall being appar 
ently the result of a partial loss of bromine. 

EXAMPLE 10 
In this example the ammonia cure was omitted, the 

allylurea and the phosphine/formaldehyde condensate 
were not precondensed, and a condensate known com 
mercially as “Pyroset TKP,” a product of the American 
Cyanamid Company, was substituted for THPC. The 
exact formula for Pyroset TKP has not been published, 
but analysis indicates it to contain tetrakis(hydroxyme 
thyl)phosphonium cations and P04“, HPO4"2, and/or 
HJ’O," anions. The product is sold as an aqueous so 
lution containing approximately 70 percent solids. 
A pad bath was made up from 30 parts of Pyroset 

TKP, 15 parts of allylurea, 0.1 part of nonylphenox 
ypolyethyleneoxyethanol detergent, and 55 parts of 
water. The solution was padded twice onto 17 X 
20-inch pieces of 50/50 polyester/cotton and 100 per 
cent cotton sheeting at 30 psi roll pressure, dried four 
minutes at 93°C., cured three minutes at 175°C., and 
laundered in the washing machine as in Example 6. 
Half of the samples were then padded twice with 10% 
H20, at 30 psi and again laundered. The samples, after 
separation of appropriate segments for analysis, were 
then padded with water, brominated in chloroform, 
and laundered, as in Example 6. Analysis and testing of 
the samples gave the results shown in Table 5. 

TABLE 5 

15 
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10 
group consisting of tetrakis 
phosphonium hydroxide, a tetrakis (hydroxymet'hyly 
phosphonium salt, tris(hydroxymethyl)phosphine and 
tris(hydroxymethyl)phosphine oxide whereby allyl 
groups are introduced into said cellulosic fibers, and 
subsequently halogenating the allyl groups thus intro 
duced, said treatment involving the use of a solution 
which contains a member of the group consisting of (a) 
a condensate produced by reacting the allyl urea with 
an equimolar or slightly greater than equimolar propor 
tion of the phosphine/formaldehyde condensate and 
(b) a solution containing a physical admixture of the 
allyl urea and the phosphine/formaldehyde condensate 
wherein the respective materials are present in equimo 
lar proportion or the phosphine/formaldehyde conden 
sate is present in slightly greater than equimolar pro 
portion. 

2. The process of claim 1 wherein the allylurea and 
phosphine/formaldehyde condensate are used together 
in physical admixture. 

3. The process of claim 1 wherein the allylurea and 
phosphine/formaldehyde condensate are used together 
in precondensate form. 

4. The process of claim 1 wherein the allylurea is al 
lylurea itself. . 

5. The process of claim 1 wherein the allylurea is 
N,N-diallylurea, N,N’-diallylurea, triallylurea, N-allyl 
N-methylurea, N-allyl~N'-methylurea, N-allyl-N' 
ethylurea or N-all'ylethyleneurea. 

6. The process of claim 1 wherein the phosphine/for 
maldehyde condensate is tetrakis(hydroxymethyl) 
phosphonium chloride. 

Treatment of 100% Cotton and 50/50 Polyester/Cotton Sheeting with Pyroset TKP and 
Allylurea, Followed by Brominatlon 

Before brominatlon After brominatlon 

Percent. Percent Percent Percent 
Fabric add-on 1’ Br L01 

100% cotton: 
Unoxidized ............. . . 17. 0 1. 72 . 242 ________ _ _ 0. 54 .273 

Oxidized ................ ._ 17.0 1.83 .240 1. 55 3.90 .273 
50/50 polyester/cotton: 

Unoxidized _____________ . _ 14.6 1. 53 .223 1. 43 l. 59 . 242 
Oxidized ................ _ _ 14. 6 1. 51 . 220 1. 27 1. 30 . 236 

45 
The results, although rather scattered, show marked 

increases in flame-retardance as the result of addition 
of Pyroset TKP, allylurea, and bromine. 

It will be recognized that various other modi?cations 
may be made in the invention in addition to those de 
scribed above. Hence, the scope of the invention is lim 
ited only by the following claims wherein: 
What is claimed is: 
l. A process for decreasing the ?ammability of a tex 

tile comprising cellulosic ?ber which comprises treat 
ing the textile with an allylurea of the formula 

where X and X’ are hydrogen, an allyl or lower alkyl 
or, taken together, constitute the group’ 

I 

where R and R’ are hydrogen or lower alkyl and a 
phosphine/formaldehyde condensate selected from the 

50 

55 

60 

65 

7. The process of claim 1 wherein the textile is 
treated with a 1:1 precondensate of allylurea and tetra 
kis(hydroxymethyl)phosphonium chloride. 

8. The process of claim 1 wherein the textile com 
prises a cellulosic/polyester blend. 

9. The process of claim 1 wherein the textile com 
prises a blend of cellulosic fiber and a different nitro 
gen-free thermoplastic ?ber. 1 

10. The process of claim 1 wherein the halogenating 
is brominating. 

11. The process of claim 1 wherein the textile is 
treated with the allylurea and phosphine/formaldehyde 
condensate by padding with an aqueous solution con 
taining the allylurea and the condensate, followed by 
drying and curing. 

12. The process of claim 11 wherein curing is carried 
out in the presence of ammonia. 

13. The process of claim 11 wherein the textile is 
washed after curing. 

14. The process of claim 11 wherein the aqueous so 
lution has a pH of at least about 5. 

15. The textile obtained by the process of claim 1. 
it 1b Iii ‘it * _ N _ 

(hydrqxymemyly ‘ 
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