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1. 

The present invention relates to a new or in 
proved method of flame-proofing combustible 
cellulosic materials that enables them to be. 
washed or laundered in hot aqueous media with 
out losing their flame-proof qualities, and to the 
resulting flame-proofed cellulosic materials. The 
invention also relates to a new reagent for use 
as a flame-proofing component according to the 
aforesaid new or improved method of flame 
proofing combustible cellulosic materials. 
Amongst the cellulosic materials to which the 

invention is especially applicable are textile fab 
rics, for instance woven or pleated fabrics, 
threads, yarns, filaments and fibres, made of cot 
ton, linen, regenerated cellulose, jute, cellulose 
acetate and the like. 
Various proposals have already been made in 

connection with the flame-proofing of combusti 
ble materials but those proposals for the most 
part have suffered from such disadvantages as 
the necessity of having to employ large amounts 
of reagent to ensure effective flame-proofing 
thereby stiffening the materials to an undesirable 
extent, the difficulty experienced in fixing the re 
agent satisfactorily to the comustible materials 
so that it will resist laundering operations, and 
the scarcity or difficulty of production of Some of 
the reagents proposed. 
A process has already been disclosed which 

comprises treating with an acidic-fire-retardant 
as for example phosphoric acid or calcium phytate 
a cellulosic material impregnated with poly 
ethyleneimine. 
An object of the present invention is to provide 

a method of flame-proofing combustible cellu 
losic materials, and a new flame-proofing con 
ponent used in carrying out the method, yielding 
flame-proof products that retain their flame 
proof qualities subsequent to hot water Washing 
and laundering with hot soap solutions in a more 
satisfactory degree than heretofore. 

It has been found that compositions compris 
ing the novel higher acidic orthophosphoric ester 
derivative of dipentaerythritol, presumed to be 
largely dipentaerythritol hexaorthophosphate, 
can be readily anchored to cellulosic materials in 
pregnated with polyethyleneimine to give flame 
proof cellulosic materials which retain their 
flame-proof characteristics subsequent to their 
treatment with soap and water. Washing. 
According to the present invention therefore 

the method of flame-proofing combustible cellu 
losic materials comprises treating the said mate 
rials impregnated with a polyethyleneimine with 
a solution comprising a higher acidic Orthophos 
phoric ester derivative of dipentaerythritol. The flame-proofing component according to 
the present invention for flame-proofing com 
bustible cellulosic materials previously subjected 
to the action of a polyethyleneimine comprises a 
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higher acidic orthophosphoric ester derivative of 
dipentaerythritol. 
A crude higher acidic orthophosphoric ester 

derivative of dipentaerythritol presumed to be 
crude dipentaerythritol hexaorthophosphate was 
prepared from dipentaerythritol, orthophosphoric 
acid and phosphorus pentoxide as follows, the 
quantities being employed being based upon the 
molecular ratio of one part dipentaerythritol, two 
parts of Orthophosphoric acid and two parts phos 
phorus pentoxide in accordance with the follow 
ing equation: 
(IIOCH) C.CHOCH2C(CHOH)3 + 2HPO + 2PO (HOPOCH2)C.CHOCH2C(CH.OPOH)a 
Phosphoric acid (15.7 gr. of 88%) was added 

gradually to phosphorus pentoxide (34.4 gr.) and 
when the mixture was cooled finely ground di 
pentaerythritol (26.6 gr.) was added thereto, the 
whole being well stirred. The mixture was heated 
in an oil bath at 120-140° C. for 20 hours with 
exclusion of moisture and occasional stirring. 
The reaction product thus formed presumably 
the crude dipentaerythritol hexaorthophosphate 
product probably contained phosphoric acid and 
lower orthophosphate derivatives of dipentaeryth 
ritol in addition to the dipentaerythritol hexa 
orthophosphate. 
Comparative experiments were carried out to 

illustrate the differences in behaviour to washing 
with soap and water of cotton cloth in every case 
first treated with an aqueous solution of poly 
ethyleneimine in the manner specified and subse 
quently with aqueous solutions of the resulting 
reaction product presumed to be crude dipenta 
erythritol hexaorthophosphate, and aqueous so 
lution of a mixture of the three reactants upon 
which the heat treatment was omitted, the mix 
ture being immediately dissolved in water and an 
a queous Solution diluted as required of a mixture 
of phosphoric acid and phosphorus pentoxide only 
which were heated together before dissolving in 
war. Solutions of various concentrations were 
SeC. 
Experiments were also carried out to see how 

to improve the handle or feel of the combustible 
cellulosic materials and yet retain the desired 
fireproof qualities after soap and water washing. 
The handle or feel is found to be often im 

proved by cutting down the quantity of poly 
ethyleneimine with which the combustible cellu 
losic materials is impregnated, as for example by 
working with polyethyleneimine solutions of 
strengths lower than 8 to 12%, but to make cer 
tain that in such cases the product remains 
flame-proof after Soap and water washing it is 
often necessary to treat it subsequent to the di 
pentaerythritol hexa-Orthophosphate treatment 
with an acidified aqueous solution of hexamethy 
Oxymethyl melanine or trietheoxymethyl mel 
amine followed by baking at about 100° C. The 
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acidification can be effected for example with uct to treatment with crude dipentaerythritol 
paratoluene sulphonic acid. - hexaorthophosphate prepared by reacting at an 
A piece of cotton cloth (12 sq. in.) was soaked elevated temperature a mixture comprising 1 part 

in 10 ml. of a boiling aqueous solution of poly- dipentaerythritol, 2 parts of orthophosphoric 
ethyleneimine for one hour, wrung out and is acid, and 2 parts of phosphorus pentoxide. 
baked in a steam oven overnight. The cloth was 6. A method for flame-proofing a combustible 
then steeped in 15 ml. of an aqueous solution of cellulosic textile which comprises initially im 
the resulting reaction product presumed to be pregnating said textile with a polyethyleneimine 
crude dipentaerythritol hexaorthophosphate for by soaking said textile in a boiling aqueous solu 
one hour at room temperature, thoroughly rinsed, 10 tion of the polyethyleneimine, steeping the re 
and dried. The time given for each operation Sulting impregnated product for about one hour 
and quantities used were arbitrarily fixed. at room temperature in an aqueous solution con 

Treatment of Cloth Beforty ash- ASEAir After soap and water washing 

5% polyethyleneimine, 10% d. p. h.p.------------------------------------------ Flameproof - Flameproof. Just short of flameproof but 
showed no afterglow. 10% polyethyleneinline, 10% d. p. h.p... ------------------------------------------- do------------ do------- Flameproof. 10% polyethyleneiniile, 10% control liquor.----------------------------------------- do------------ do------- Not flameproof. 

10, polyethyleneiline, 10% phosphoric acid---------------------------------- do------------ do------- Do. 
5 polyethyleneimine, 10%, d. p. h.p. Final treatment with a solution contain------ do------------ do------- Flameproof. ing 2 grains hexamethoxymethylmelamine--005 gran p. toluene sylphonic 
acidiniscc. water (for 12 sq.ins, cloth) followed by baking at 100 C. for 1 hour 

5% polyethyleneimine, 10%d.p.h.p. Final treatment with a solution containing ----- do------------do------- )0. gms. triethoxymethylmelamine -0.05 gm. p. toluene sulphonic acid in 18 cc. 
water (for 12 sq. ins. cloth) followed by baking at 100°C. for 1 hour. 

1 d. p. h.p.-a reaction product presumed to be dipentaerythritol hexa-orthophosphate. 
-solution of unheated mixture of pentaerythritol phospheric acid and phosphorus pentoxide. 2 Solution of heated mixture of phosphoric acid and phosphorus pentoxide. 

Testing of flame-proofness was carried out by taining crude dipentaerythritol hexaorthophos 
holding the cloth in a Bunsen flame for 5 to 10 phate as an essential ingredient, and then rins 
seconds. Some charring always took place, but 30 ing and drying the treated, flame-proofed tex 
if burning was not propagated with any Speed tile, 
in the flame and ceased without afterglow when 7. A flame-proofed cellulosic material impreg 
the cloth was removed from the flame, the cloth nated with dipentaerythritol hexaorthophos 
was recorded as “flame-proof.' If either of phate, Said impregnant being fixed to said ma 
these conditions was not satisfied the Sample was 35 terial by polyethyleneimine. 
recorded as “not flame-proof.' 8. A process for flame-proofing a combustible 
The stability of the flame-proofness to Washing cellulosic material which comprises impregnat 

was tested as follows. The test piece Was stirred ing Said material with polyethyleneimine and 
with 200 ml. Water at 40 to 50° C. for 30 minutes then treating the impregnated product with a 
and dried. Flame-proofness was then tested as 40 Solution containing dipentaerythritol hexaor 
above. The same piece was then stirred with thophosphate as an essential active ingredient. 
200 ml. of 0.25% soap solution at 40 to 50° C. for 9. A process as claimed in claim 8, wherein said 
30 minutes, wrung out, rinsed thoroughly in 3 impregnation is accomplished with an aqueous 
changes of water and dried. The flame-proof- polyethyleneinine solution of 8 to 12% concen 
ness was again tested. 45 tration. 
The results obtained are given in the following 10. A process for flame-proofing a combustible 

table: cellulosic material which comprises impregnat 
We claim: ing said material with a polyethyleneimine, treat 
1. A process for flame-proofing a combustible ing the impregnated product with an aqueous 

cellulosic material which comprises impregnating 50 Solution of dipentaerythritol hexaorthophos 
said material with a polyethyleneimine and then phate, Subsequently treating the product with an 
treating the impregnated product with an aque- acidified aqueous solution of a polyalkoxymethyl 
ous solution of the reaction product resulting melamine and then baking at about 100° C. 
from the interaction of dipentaerythritol, Ortho- ll. A process as claimed in claim 10, wherein 
phosphoric acid, and phosphorus pentoxide. 55 Said polyalkoxymethyl melamine is hexamethoxy 

2. A method for flame-proofing a combustible methyl melamine. 
cellulosic textile which comprises impregnating . 12. A process as claimed in claim 10, wherein 
said textile with a 8-12% polyethyleneimine so- Said polyalkoxymethyl melamine is triethoxy 
lution and then Subjecting the impregnated prod- methyl melamine. 
uct to treatment with an aqueous solution of the ANDREW McLEAN. 
reaction product resulting from the interaction STANLEY FREDERIC MARRIAN. 
of dipentaerythritol, orthophosphoric acid, and 
phosphorus pentoxide. REFERENCES CTED 

3. A method as claimed in claim 2 wherein the The following references are of record in the 
cellulosic material is subsequently treated with 65 file of this patent: 
an acidified aqueous solution of hexamethoxy 
methyl melamine followed by baking at about UNITED STATES PATENTS 
100° C. Number Name Date 

4. A method as claimed in claim 2 wherein the 2,286,726 Gordon ----------- June 16, 1942 
cellulosic material is subsequently treated with 2,368,660 Hockstetter -------- Feb. 6, 1945 
an acidified aqueous solution of triethoxymethyl 70 2,421,218 Pollak -------------- May 27, 1947 
melamine followed by baking at about 100° C. 

5. A method for flame-proofing a combustible OTHER REFERENCES 
cellulosic textile which comprises impregnating Friedrich et al., "Chemical Abstracts,' vol. 25, 
Said textile with a 8-12% polyethyleneimine so- page 1486 (1931), Abstracting original in Ber. lution and then subjecting the impregnated prod- 63B, pages 2681-2690 (1930). 


