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ABSTRACT OF THE DISCLOSURE 
Organic phosphorus compounds of the general formula 

pH, OE 9 oil enor COH CH 

(I) note to CHOF 

in which R is H or C-3 alkyl and X is halogen or OH, 
are useful for flameproofing textiles, especially textiles 
including cellulosic fibres. 

This invention relates to new organic phosphorus com 
pounds, and to the treatment of textile materials there 
with for flameproofing. 

It is known to treat textiles, particularly textile mate 
rials of cellulose containing fibre, with difficultly inflam 
mable materials, which are known collectively as 
"organic phosphorus compounds.' Known materials of 
this type are for example aziridinyl phosphine oxide 
(APO), dialkylphosphonocarboxylalkylolamide, phospho 
ronitrilechloride, tetrahydroxymethylphosphonium chlo 
ride (THPC) as well as reaction products of THPC and 
various nitrogen containing compounds (compare German 
specification 1,045,098). 

Particular difficulties arise in flameproofing textiles of 
mixed fibre goods, e.g., fibre goods of cellulose fibes and 
synthetic fibres such as polyamide or polyester fibres. 
A process for flameproofing fibre goods made from 

mixtures of polyester fibres and cellulose fibres is known 
in which the fibrous material is impregnated with solu 
tions of ammonium salts of bis-hydroxymethylphosphinic 
acid. Such an impregnation is not satisfactory from all 
points of view in practice especially having regard to 
permanency and toxicological harmlessness. 

Finally, a process for improving textile of natural and 
artificial cellulose containing fibres, as well as from mixed 
fibre of cellulose containing fibres and synthetic fibres, 
has been suggested in which the textiles are subjected 
to the combined action of tetrahydroxymethylphospho 
nium salts and halogenated alcohols, aldehydes, amines, 
ketones and/or carboxylic acids or their derivatives or 
non-volatile halogenated hydrocarbons. Optionally, in this 
process there can also be included as well as the flame 
proofing substances compounds containing primary and/ 
or secondary amino groups including their methylol com 
pounds. Polymerisable compounds such as acrylamide 
can also be used, which are reactable with the methylol 
groups of the tetrahydroxymethylphosphonium salt or 
trishydroxymethylphosphine oxide. If desired the treated 
textiles can be subjected to the effect of heat, especially 
in the region of about 40 to 170° C. By the additional 
treatments a water or solvent resistance can be obtained. 
The object of the invention is the provision of a mate 

rial for improving textiles, especially for making them 
flameproof, which in use gives the textiles not only a 
high flame resistance but also a particular permanency of 
the effect of the treatment, wherein the textile properties 
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of the treated goods are retained and their technological 
properties are practically not adversely influenced. 

It has been found that certain organic phosphorus com 
pounds give good permanent treatment effects on textiles 
of natural or artificial cellulose containing fibres, espe 
cially mixed fibre goods of cellulose containing fibres and 
synthetic fibres with a synthetic fibre content up to about 
70%. 
The organic phosphorus compounds according to the 

invention have the general formula 

(HoH 9 3B o- -CHCH-i-N-CHOR 
CEOH ch, X9 

HoHC-F-CH-OH 
Choh (I) 

in which R is hydrogen or an alkyl residue of 1-3 carbon 
atoms and X is halogen, particularly chlorine, or OH, 

In order to increase the permanency and at the same 
time improve the creasing properties of such treatments, 
it can in some cases be of value to use therewith addi 
tional wetting agents such as polymethylolmelamine or 
alkyl ethers thereof. Furthermore it is possible, by using 
as well carboxylic acid modified alkylol compounds of 
melamine, cyclic urea etc., to obtain a permanent flame 
proof and water repellent effect. 
With the treatments provided according to the inven 

tion, according to the type of organic phosphorus com 
pound used and according to the type of fibrous mate 
rial, a loading of 15-30% of treatment agent is necessary 
in order to make the treated textiles flameproof as re 
quired by DIN 53906. 

In the practical use of organic phosphorus compounds 
according to the invention for treating textiles, it is im 
portant that the organic phosphorus compounds are sub 
stantially wetted with respect to the fibrous materials; 
this can suitably take place by condensation at tempera 
tures in the range of 120-180° C., especially 140-160 
C., and suitably also in the presence of a reaction accel 
erator such as o-phosphoric acid, ammonium salts or the 
like. The length of time for the heating depends on vari 
ous factors, inter alia on the type of fibrous material to 
be treated, the temperature used, and the construction 
of the condensation plant or apparatus used. Generally 
good results are achieved with condensation times in the 
region of 1-10 minutes. In some cases it can be necessary 
to extend this time somewhat. 

It can further be desired that the flameproofed textiles 
are treated after condensation with an oxidative agent or 
an oxidising rinsing treatment, in order to remove insuf 
ficiently fixed organic phosphorus compound and to make 
the treated goods wholly non-odorous. 
The invention includes also a process for the manu 

facture of organic phosphorus compounds of the general 
formula 

CHOH O 69 O=b-CHCH-i-N-CHO s 
&H.OH (H, xe 

HOHC-P-CEO 

&HoH (I) 

in which R is hydrogen or alkyl of 1-3 carbon atoms 
and X is halogen, particularly chlorine, which is char 
acterised in that 2 mol. tetrahydroxymethylphosphonium 
salt are recated with 1 mol N-methylolacrylamide at a 
pH value of 4-8, particularly 6-7, and at temperatures 
of 100-140 C., particularly 120-130 C., preferably 
under reduced pressure, e.g. in the range of 10-50 torr. 



3,709,940 
3 

The resulting product can be extracted from the reaction 
mixture without isolation with a 1-3 carbon atom alcohol 
at room temperature or slightly elevated temperature up 
to 50° C. in acid conditions (pH value of 1-5). 
The invention further includes a process for the manu 

facture of organic phosphorus compounds of the general 
formula 

CHOH O 

o-h-CHCH- 8-N-CH.or 
&HoH &H, 

HoH,C-h-CHOH 
bHoH (I) 

in which R is hydrogen or alkyl of 1-3 carbon atoms and 
X is OH, in which tetrahydroxymethylphosphoniumhal 
ide, particularly tetrahydroxymethylphosphoniumchloride 
(THPC) is reacted under such conditions that the entire 
amount of halide ions, particularly chloride ions, are re 
moved from the reaction mixture and replaced by hy 
droxyl ions. 
A useful embodiment of the process according to the 

invention is characterised in that 1 mol tetrahydroxymeth 
ylphosphonium salt, particularly 1 mol THPC, is neutra 
lized in aqueous alcoholic solution with sodium carbonate 
at 20-40' C., the sodium halide, particularly NaCl, sepa 
rated off, the alcohol containing filtrate is reduced under 
vacuum and the viscous solution is reacted with stirring 
and intense cooling with half a mol of N-methylolacryl 
amide added in portions, the reaction being carried out 
under reduced pressure, particularly from 10-50 torr and 
then heated to about 100 C. 

For the manufacture of organic phosphorus compounds 
according to the invention tetrahydroxymethylphospho 
niumchloride or bromide are particularly suitable. 
The invention is subsequently described with reference 

to the following specific examples. 
EXAMPLE 

240 grams of an 80% aqueous solution of THPC (1 
mol) and 50.5 grams N-methylolacrylamide (0.5 mol) 
were stirred together and treated with about 10 grams 
Na2CO3 in portions of 1-2 grams, until a pH value of 
6-7 was obtained. This mixture was then dewatered under 
reduced pressure (20 torr) and slowly increasing tem 
perature and brought to reaction. In this way the tem 
perature of the reaction mix is brought to 125 C. and is 
held at this temperature for about 2 hours. After removal 
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of the by-products formed (essentially NaCl) a water 
soluble condensation product which at this temperature 
was viscous, of the following constitution resulted. 

CHO O 6 

o-h-CH-CH-)-N-CH, O 
&H.OH &H, 

HOH.c- -CIOE 
dioH 

Analysis.--Calcd. (percent): C, 31.29; H, 6.25; O, 
33.37; N, 3.64; P, 16.16; C1, 9.25. Found (percent): C, 
30.80; H, 6.35; O, 32.80; N, 3.60; P, 15.80; C1, 10.60. 

Yield: 180 grams=95% of theoretical. 
This reaction product was diluted with water to a con 

centration of about 80% in order to give the necessary 
handleability in practice. 

EXAMPLE 2 
180 grams of the pure organic phosphorus compound 

manufactured according to Example 1 was converted into 
the corresponding N-methoxymethyl compound by treat 
ment with 100-gram methanol in the presence of 10 ml. 
hydrochloric acid (concentrated) at 22-50 C. for 30 
minutes. After the termination of etherification the reac 
tion mixture was again adjusted to a pH value of 7.0 
with about 5 gram NaCO, the excess methanol was re 

Cie M. wt. 383,5 
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moved under vacuum, and the mixture filtered. A viscous 
water soluble compound of the following constitution 
resulted: 

CEO O 

o-h-CH-CH-C-N-CH, O CN 
&H, OH 

HOHC-h -COH 
& HoH 

Analysis.-Calcd. (percent): C, 33.2; H, 6.54; O, 32.20; 
N, 3.52; P, 15.57; Cl, 8.93. Found (percent): C, 32.7; H, 
6.6; O, 31.1; N, 3.4; P, 15.3; Cl, 10.9. 
The yield amounted to: 170 g.=85% theoretical. 
This reaction product was diluted with water to the 

necessary concentration for practical handleability of 
about 80%. 

C. m. wit,399.5 

EXAMPLE 3 

A web (140-gram/m.2) of a polyester cotton mixed 
fibre yarn (50:50) was treated on the foulard with the 
following bath: 
500 g/l. of an 80% aqueous solution of the reaction 

product of THPC and N-methylolacrylamide (made ac 
cording to Example 1); 
50 g/l. trimethylolmelaminetrimethylether (60% aque 

ous solution); 
50 g./l. orthophosphoric acid (as catalyst); 
30 g/l. polyethylene softening agent. 
After squeezing out to 80% liquid take-up, the web 

was dried and condensed at about 140 C. Finally it was 
subjected at about 60° C. to a weakly alkaline peroxide or 
percarbonate containing wash, rinsed out and dried. 
A material resulted which was loaded to about 30% by 

the treatment agent. 
The so treated web was flameproof according to DIN 

53906 and according to the so-called match test (British 
Standard 2963, method A). The flameproof effect accord 
ing to BIN 53906 still remained also after 30 machine 
washes at 60 C. 
The textile properties of the flameproofed material were 

exceptional, the feel of the goods being practically non 
changed compared to the non-treated goods. The techno 
logical properties were good; the “wash and wear' prop 
erties were substantially improved. 

EXAMPLE 4 
A web (160-gram/m.) of pure cotton was treated on 

the foulard with the following bath: 
500 G./l. an 80% aqueous solution of the reaction 

product of THPC, N-methylolacrylamide and methanol 
(manufactured according to Example 2); 
40 g/l. tetramethylolmelamine; 
10 g./l. monoammonium phosphate (as catalyst); 
30 g./I. polyethylene agent. 
After squeezing out to 90% liquid take-up the fabric 

was dried and condensed at about 160° C. Thereafter it 
was treated at about 60° C. with a weakly alkaline perox 

percarbonate containing afterwash, rinshed and 

A web resulted with a take-up of treatment agent of 
about 25-30%. 
The so-treated web was flameproof (according to DIN 

53906 and match test). The flameproof effect still re 
mained even after 13 machine washes at 90° C. 
The technological properties of the treated material 

were satisfactory; the wash and wear ability was substan 
tially improved. 

EXAMPLE 5 

240 grams of an 80% aqueous solution of THPC (1 
mol) were evaporated under vacuum to about 100% and 
diluted with about 100 ml. methanol, and the methanolic 
solution was neutralized with stirring with about 50...g. 
Sodium carbonate at 22-40 C. The NaCl arising was sep 

75 arated. The methanol containing filtrate was reduced 
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under vacuum at temperatures of 20-50 C, and under 
reduced pressure (10-50 torr). The viscous solution was 
then reacted with 50.5 g. (half mol) N-methylol-acrylam 
ide, the N-methylolacrylamide being introduced in por 
tions (2-5 g.) with striring and intensive cooling at 20 
50 C. Thereafter vacuum was applied, and the tempera 
ture rose within 2% hours to 100° C. A viscous end prod 
uct resulted (about 182 grams) which was diluted with 
about 80 grams water to a 70% solution for better handle 
ability. 

Yield: 260-gram, 70% solution, 2.98% of theory. 
The analysis gave the following values: Calcd. (per 

cent): C, 32.90, H, 6.86; O, 39.40; N, 3.84; P, 17.00. 
Found (percent): C, 33.10; H, 7.10; O, 39.10; N, 3.80; P, 
16.90. 
For the organic compound according to the invention 

in which, in the general Formula 1, X is a hydroxyl ion, 
the following formulae result 

CEOE O e 

on-on-on-one CHOH &H, 
EO on-up &H on 

CEO O 6B 

Hoch-h-CH-CH-E-N-CH,0R 
& HoH ÖH, oHe 

EO CH--CH.oh. 

in which R is hydrogen or alkyl of 1-3 carbon atoms. 
Molecular weight 365. 

EXAMPLE 6 

A web (140-gram/m.?) of a polyester/cotton mixed 
fibre yarn (50:50) was treated on the foulard with the 
following bath: 
500 g./l. of a 70% aqueous solution of the organic 

phosphorus compound made according to Example 5; 
80 g./. trimethylolmelaminetrimethylether (60% aque 

ous solution); 
30 g./l. orthophosphoric acid (as catalyst); 
30 g/l. polyethylene softening agent. 
After squeezing to about 80% liquid take-up, the web 

was dried and condensed at about 140 C. Then it was 
treated at about 30 C, with a weakly alkaline, peroxide 
or percarbonate containing afterwash, rinsed and dried. 
A web resulted loaded to about 30% with the treatment 

agent. 
The so-treated web was flameproof according to DIN 

53906 and according to the so-called match test (British 
Standard 2963, method A). The fameproof effect accord 
ing to DIN 53906 still remained after 30 machine washes 
at 60° C. 
The textile properties of the flameproofed web were 

very good, and the feel of the goods compared to non 
treated goods was practically unchanged. The technologi 
cal properties were good; "wash and wear' was substan 
tially improved. 

EXAMPLE 7 

A web (160-g./m.2) of pure cotton was treated on the 
foulard with the following bath: 

500 g./I. 70% aqueous solution of the organic phos 
phorus compound made according to Example 5; 

80 g/l. tetramethylolmelamine; 
10 g/l. monoammonium phosphate (as catalyst); 
30 g./I. polyethylene softening agent. 
After squeezing out the 90% liquid take-up the web 

was dried and condensed at about 160 C, Thereafter it 
was treated at about 60 C. with a weakly alkaline, per 
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6 
oxide or percarbonate containing afterwash, rinsed and 
dried. . . . . . . . . . . . . . . . 

A web loaded with 25-30% treatment agent resulted. 
The so-treated web was flameproof (according to DIN 

53906 and the match test). The flameproof effect still 
remained after 30 machine washes at 90° C. 
The technological properties of the treated web were 

good; “wash and wear' properties were substantially im 
proved. 
The loss in tear strength was surprisingly small; it 

amounted to only 0-20%. 
While, in the treatment of webs of a mixed polyester/ 

cotton fibre yarn (50:50) with compounds according to 
general Formula 1, in which X=OH, compared to treat 
ment with these webs with compounds of general For 
mula 1 in which X is halogen, particularly chlorine, just 
as good flameproof properties can be obtained, and only 
small variations in the technological properties, in partic 
ular tear strength, in the treatment of webs of cellulose 
containing fibres, and indeed both of natural and regen 
erated cellulose fibres, with compounds of the first noted 
type, very surprising effects are obtained. The loss in tear 
strength when using the organic phosphorus compound 
in which X=OH amounts to 0-20% while in the use of 
the organic compound in which X is halogen on cotton 
Websit is somewhat higher. . 

I claim as my invention: 
1. An organic phosphorus compound of the general 

formula: 

(Hon e o–b-CHCH-C-N-CHOR 
& HoH &H, X9 

HoH,c--CHOH 
&HoH (I) 

in which R is selected from the class consisting of hy 
drogen and alkyl of 1 to 3 carbon atoms, and X is selected 
from the class consisting of halogen and hydroxyl. 

2. An organic phosphorus compound according to 
claim 1 wherein X is chlorine. 

3. In the process for the production of an organic 
phosphorus compound of the general formula: 

(Hoh O 69 
O=P-CH2C-C-N-CHOR 
&Hoh H 

HOHC-P-COH 
HOH 

xe 

(I) 

in which R is selected from the class consisting of hydro 
gen and alkyl of 1 to 3 carbon atoms, and X is halogen, 
the step of reacting 2 mol of tetrahydroxymethylphos 
phonium salt with 1 mol N-methylolacrylamide at a pH 
value of 4 to 8 and at a temperature of 100-140 C. 

4. The process of claim 3 wherein the reaction is 
carried out at a pH value of 6 to 7, a temperature of 
120-130 C, and under reduced pressure. 

5. The process of claim 4 wherein the reduced pressure 
is 10-50 torr, 

6. The process for the production of an organic phos 
phorus compound of the general formula: 

CEO O e 

O--CHCH-i-N-CHOR 
&B,on &H, xe 

HOCH-)-CHOH 
(EOH (I) 

in which R is selected from the class consisting of hydro 
gen and alkyl of 1 to 3 carbon atoms, and X is hydroxy, 
wherein 1 mole tetrahydroxymethyl phosphonium salt 
is neutralised in aqueous alcoholic solution at 20-40 
C. with sodium carbonate, the sodium halide formed is 
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removed, the alcohol-containing filtrate is reduced under . . . . . . No references cited. 
vacuum, and the viscous solution is reacted with 2 mol . . . 
N-methylolacrylamide added in portions, with stirring and LEWIS GOTTS, Primary Examiner 
intense cooling, and is heated under reduced pressure to E. G. LOVE, Assistant Examiner 
about 100°C. . . . . . . . . . . . . . . . . 5 ... . 

7. The process of claim 6 wherein the reduced pres- U.S. C. X.R. 
sure is 10-50 torr. • -: , ... . . . . . . . . . . . . . . 117-136 
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