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Foreword 

To provide the combat soldier with tie maximum degree of protection 
during exposure to thermal—type weapons, /he Quartermaster Corps has been 
investigating means of making cotton faonc flame resistant. This report 
summarizes laboratory work aimed at determining whether certain new com¬ 
pounds might be effective as flame retardants. The recent introduction 
and widespread use of silicon compounds in a variety of items from 
transistors to water repellents warranted an investigation of their possible 
use as flame retardants. The results indicate limited usefulness of these 
compounds as flame retardants, 'fowever, in view of the interest by the 
chemical industry in this type of compound, this exploratory work is being 
published as a guide and background material for other laboratories # 
investigating these compounds 
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ABSTRACT 

Part I. Th« preparation and «on« of the properties of mono-, bis-, and tris- 
dibromopropyl esters of phosphoric acid have been described. The aJBioiiua 
salts of aono- and bis-(dibroaopropjl) phosphoric acid apparently fum polymers 
with trime thy lolms lamine having definite phospharus-to-bromine ratios Wiich 
change after curing on cotton cloth. 

These polymers have been foraed on cotton fabric by application of the 
mon oner 8 to confer excellent flam#' and glow-resistance properties to the cloth. 
Cloth treated with these compounds will withstand solvent extraction and from 
6 to 9 severe launderings. Crease-resistance is also imparted to the cloth 
and changes in hand, tear resistance, and other physical properties are jf 
the sane order as those obtained when trimethylol-melamine is used alone, as 
in commercial crease-proofing and dimensional stability treatments. 

The tris (dibroeujpropyl) ester of phosphoric acid was applied by two 
methods in conjunction with tzimethylolmelaadne. One method consisted of ap¬ 
plying the ester in organic solvent solution, followed by treatment with 
tri methyl olas lamine; the other method involved making an emulsion of the ester 
with trl ethanolaadne oleate and mixing the emulsion with a solution of tri¬ 
ms thy lolme lamine prior to its application to cloth. 

Cloth treated by either of these latter methods is flams and glow resistant 
and will withstand about 9 launderings but not organic solvent extraction. 
Hand and tear strength are not materially affected by these treatments. 

Part II. Several silicon compounds, potentially capable of making durable 
finiohes, were investigated as flame retardants for cotton. The compounds 
studied included polysiloxanee, acetoxysilanes, and silyloxy-phosphorus 
polymers. None was effective enough to be s practical flame retardant for 
cotton fabrics. Compared to «^dating durable finishes, the add-ons required 
for flame resistance were excessive. 

iv 



P»rt I 

THE USE OP DIERQMOPROPYL PHOSPHATES AS FLAKE 
RETARDANTS FOR OOTTON 

1. Introduction 

The research described in this report w^s perforned as part of an 
intens!re program for the development of new and inprored, Launder¬ 
reais tant treatments for imparting fiase resistance to military-type 
cotton fabrics. The process described here was developed and patented^1' 

part of this program and gave cotton fabrics itiich were flame-resistant 
and moderately resistant to lamdering. However, other processes resulting 
from the program of this Laboratory showed so much greater promise that it 
was necessary to shift emphasis of work to provide sufficient pexsonnel to 
develop them. Two of these processes, known as the BAP and THPC treatments, 
are now in pilot-plant and semi-comercial development. (2-7) 

Among the investigations which were curtailed was one which involved 
the use of dibromopropyl esters of phosphoric acid. Althou^i the treat¬ 
ment is described in the patent mentioned above, the present publication 
supplies further details of the preparation of the esters and their ap¬ 
plication to cotton fabrics. Because of the curtailment mentioned above, 
complete studies have not been carried out on the polymers formed. However, 
the information given nay prevent duplication of effort and the compounds 
describe! may be of value to other workers in the field* 

2. Background 

The flame resistance of cotton has been a research problem for several 
decades and successful treatments have fallen into two classifications: 
durable and non-dtrable.W Clothing materials which are laundered fre¬ 
quently and tentage and tarpaulin fabrics which are exposed to rain require 
treatments of the durable type. Several methods of treatment to obtain 
durable flame resistance have been developed; most of them have one or 
more disadvantages which make them unsuitable for severe use. 

An ideal treatment would impart to cotton the ability to resist flame 
and after-glow without impairing the other valuable properties of cotton 
as a textile material, e.g., breaking strength, tearing strength, elongation, 
abrasion resistance and hand or feel. Such a treatment also must be easily- 
applied with existing textile machinery, preferably from aqueous solution 
or emulsion, and must not be excessively costly. 



One oí the «ore successful dursble treatments was developed by Walter 
et al.v9) lhe treatment, which consists of the application of partially 
polymerized and bronlnated triallyl phosphate to cloth, fives excellent 
flame resistance and glow resistance without damaging the physical proper¬ 
ties of cotton. However, the process is of limited practicability because 
of: (a) the cost of the reagents used, (b) the number of steps involved in 
the partial polymerisation and broad.nation of the triallyl phosphate, and 
(c) the potential hasards and precautions required in using an organic 
solvent fur applying the compound. 

Because of the excellent flame resistance obtained with brominated 
Iolytriallyl phosphate on cotton, a search was made for less expensive 
compounds of a similar ch mai cal nature but which could be applied from 
aqueous solution or emulsion. Three such compounds were investigated: the 
mono-, di-, and tri-esters of 2,3 dibromopropanol am phosphoric acid. The 
first two compounds are simply prepared from 2,3rdibromopropanol and phoa- 
pborus pentoxide or phosphorus oxychloride ♦nd.the latter compound 
is prepared by the bromination of triallyl phosphate.^12^ These esters 
would be less expensive than partially polymerised, brominated triallyl 
phosphate and obviate some of the hazards involved in the application to 
fabrics. 

It was found that the ammonium salts of the mono- and di-esters are 
water soluble and that a stable emulsion of the tri-ester could be prepared. 
The mono- and di-esters were applied to cotton with amino resine particular¬ 
ly trine thy lolme lamine. As will be described below, excellent flame resis¬ 
tance ard glow resistance which is durable to dry-cleaning and will withstand 
from 6 to 9 Army Mobile Laundsrings ^3) may be obtained by this method. 

Walter and Hornstein describe the preparation of tris-(dibromo- 
propyl) phosphate ani its application in benzene solution to cloth. However, 
cloth treated in this manner will not withstand laundering, ttien the tri¬ 
ester is applied in conjunction with a resinous binder such ae trinethylol- 
melandne, the combination will remain on the cloth throutfi at least 9 severe 
launderings. Furthermore, the trimethylolmelamine apparently also con¬ 
tributes to the flame resistance. 

3. Experimental and Results 

a. Preparation of phosphates 

(1) Preparation of mono- and bi8-(dibromopropyl) phosphoric acids. 
Mono- and bis-(dibroraopropyl) phosphoric acids were easily prepared from 
2,3 dibromopropanol and phosphorus pentoxide. The 2,3 dibromopropanol was 
obtained by adding an excess of bromine to allyl alcohol in chloroform end 
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washing ths product with wator to rwisT« anj unrsactsd alljrl alcohol 
and browins. A practicallj purs product in alaost thsorstical yield 
was obtained. 

Four nolss (872 g.) of the 2,3 dibroaopropanol, dissolred in an 
equal weight of bensene, was added gradually and with cooling to 1 aole 
(142 g.) of phosphorus pentoxlde. The mixture was shaken until the 
psntoKide went into solution, and was allowed to stand with intermittent 
shaking for 3 hours. The benxene was evaporated and the product ex¬ 
tracted with water to dissolve the » ono-dibroeiopropyl phosphoric acid. 
(A small amount of additional material, presumably bis-((Übroew>propyl) 
phosphoric acid, also dissolved.) The water was removed by aseotropic 
distillation in bentene and the ben tens evaporated. The product was 
dissolved in a minimum amount of chloroform, and carbon tetrachloride 
was added to the cloud point. Crystals of mono-(dibrcmopropyl) phos¬ 
phoric add formsd which were filtered off and then dried under vacuum. 
The crystals were flat plates which melted at 84° C. (uncorr.) and had 
a neutral equivalent of 296 (theoretical, 298). Yield was 338.7 grams. 

The residue remaining after the water extraction of mono- ( di bromo- 
pro pyl) phosphoric acid wts neutralised with 10$ potassium hydroxide 
which dissolved the bis-(dibromopropyl) phosphoric acid. A small 
residue of unreacted 2,3 (Übroaopropanol settled out. The solution was 
decanted and excess hydrochloric acid added to precipitate the bis- 
(dibromopropyl) phosphoric acid. After separation, the product was 
dried under vacuus to a thick brown >/rup. Yield of the di-ester was 
561.8 g. The total yield of both products was 88.8$ of theory, of which 
37.6$ was mono-(cübromopropy1) phosphoric acid and 62.4$ was bis-(dibramo- 
propyl) phosphoric acid. 

It was sham that in coranercial practice it would not be necessary 
to separate and purify tríese compounds, since they perform almost equally 
well as flame retardant compounds. 

• 

(2) Preparation of trl8-(dibromoEropyl) phosphate. The tris- 
(dibromopropyl) phosphate was prepared similarly to the method of Walter 
and Hornstein (1*) by adding 6 moles of bromine in chloroform, slowly and 
with stirring, to 1 isole of triallyl phosphate in chloroform at 0° to 5° C. 
After the addition was completed, the chloroform vías distilled off on a 
steam bath. Approximr.tely the theoretical yield was obtained. 

This ester was a yellow oil, soluble in organic solvents but practi¬ 
cally insoluble in water. 

\ 
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b. Application to Cotton Cloth 

(1) Application of 3>ono-(dibrouoDropyl) phosphoric acl<i. The 
mono-«8ter, which is strongly acidic, was converted to th« a «ñoñiurn salt 
prior to its application to cotton cloth as a flame retardant agent, rlesloom 
HPf »diich corresponds approximately to a trimethylolmelamine, was used as a 

binding agent. 

When a solution of the ammonium salt of mono-(dibromopropyl) phosphoric 
acid was added to a solution of trimethylolme lamine and wanne o, .ormalde- 
hyde was svolred and precipitation occurred at about 80 to 90° C. A 
relatively insoluble polymeric material was formed which had a bromine-to- 
phosphoru. ratio of about 5.2 to 1 which is the same as the ratio in the 
ester. The ratio vkiried somewhat, from i».5 to 6.0, in a series of polymers 
formed from mono-(dibi*omopropyl) phosphoric acid and trimethylolme lamine 
in weight ratios of from 40 to 1:7. Analyses are shown in Table I. 

TABLE I. ANALYSES OF POLYMERIC MATERIAL OBTAINED FROM HONO-(DIEROMOPROPYL) 
PHOSPHORIC ACID AND KETHYLOUÍELAMINE. 

Ratio ester/ 
.no o ny i oime 1 ami n e 

resin_ 

40 

1:1 

3:4 

1:2 

1:3 

1:4 

1:5 

1:6 

1:7 

N 
-m 

380 

37.3 

39.1 

38.8 

40.6 

a.4 
42.2 

42.6 

42.9 

13.3 

14.9 

12.7 

13.3 

10.9 

9.0 

7.9 

7.5 

6.6 

P 
ITT 
2.6 

2.9 

2.6 

2.7 

2.4 

1.5 

1.6 

1.4 

1.2 

Ratio 
Br/P_N/Br 

5.1 

5.1 

4.9 

4.9 

4.5 

6.0 

4.9 

5.4 

5.5 

2.9 

2.5 

1.5 

2.9 

3.7 

4.6 

5.3 

5.7 

6.5 

* The mention of trade products and firms does not imply their endorsement 
over similar products or firms not msntioned. 
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Solutions of 30t conc«itration, in thes« sane ratlos« wer« applied to 
12 in. squares of 0.2 ot. cotton twill« by padding to about 75t wet add-on« 
drying at 60° C. for 10 uin.« and curing at 150° C. for 6 win. After the 
treatment« the samples wer* laundered and analysed and tested. The bronine- 
to-phosphorus ratios varied frost abev«. 1.4 to 3*0 Indicating a loes of about 
half of the bromine as compared with the ratios of Table I. 

Add-on and char lengths obtained on these samples are listed in Table 
II. After one laundering« resin retentions were poor on treatment with 
solution ratios (ester/methylolmelamine) up to about lt3; however, good 
flame resistance and glow resistance, determined by the standard vertical 
test, was obtained with only 9.2$ resin on the cloth. 

TABLE II. APPLICATION OF MONO-(DIBROMOPHOPYL) PHOSPHORIC ACID AND KETHTLOL- 
MELAÎ'.INE TO COTTON CLOTH. 

Ratio 
ester/swthylol- Cured Laundered 
melamine resin Add-on Add-on -nr-m— 

Retention 
• after 

Lamnderlng 
H) 

4*3 

111 

3*4 

lt2 

1:3 

1:4 

1:5 

1:6 

1:7 

1:8 

1:10 

19.8 

19.3 

18.8 

17.4 

16.9 

16.5 

16.4 

16.3 

16.1 

16.2 

16.0 

5.4 

6.9 

9.2 

9.2 

13.6 

13.0 

12.3 

12.6 

12.8 

15.2 

15.3 

27.3 

35.8 

48.9 

52.9 

80.5 

78.8 

75.0 

77.3 

79.5 

93.8 

95.6 

* Vertical Flame Test after one laundering, 
^ Burned to end. 

Br/P 

B.I.*» 

9.0 

4.1 

4.4 

4.2 

4.6 

4.0 

4.5 

4.0 

4.0 

4.0 

1.4 

2.0 

2.2 

3.0 

2.8 

2.5 

3.1 

2.5 

2.6 

3.8 

3.8 
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TVe char obtained *h«n the treated cloth Is exr«»ed to a fl^ae is stronp 
.ind bulky and has hi-h heat-insulatln« properties ^ich would protect under¬ 
lying material against the heat of a flame. Also, the thickness of -he char 
would tend to exclude the air and thus retard flame propagation to the inner 

layers. 

Toar strength reductions and changes in hand were of the sane order as 
those obtained when equivalent anounts of methylolmelamine resin alone are 
used, as, for example, in Greaseproofing. Jhat is, the loss . 
35 to 60* of tte original tear strengths. Losses are not considered excessive 
when fren 10 to 12* add-on is obtained. Crease-resistance is also obtained 
with the flame-re tardant formula ti on. Recovery angles of from U0 to 
were obtained as compared with an angle of 53 for the untreated fabrics. 

(2) Application of bis-(dibromopropyl) phosphorlc_acl4' The di- 
ester is insoluble in water. However, the soluble ammonium salt ^ 
with trimsthylolmelamine in aqueous solutia fer its application to cotton 

cloth. 

The reacUon of the ammonium salt of bis-(dibrc«opropyl) phosphoric 
acid and trimethylolmelaaine also results in the formation of a polymeric 
material. Heating a solution of the two compounds gives a polymer with a 
bromine-to-phosphorus ratio of about 7.5 to 1. The di-ester has a theoretical 
bromine-phosphorus ratio of 10.3 to 1. The lower figure for p®a<*io" , 
product indicate* a loss of one of the bromine atoms. When cloth is treated 
with a mixture of the two compounds and is cured, ratios varying from A.9* 
to 7.2:1 are obtained, indicating further loss of bromine. Analyses of the 
polymeric reaction products from solutions containing the components in ratios 
of from 4:3 to 1:3 are shown in Table III. They may be compared with similar 
data for the polymers of mono-ester and trimethylolmelamine. 

TABLE III. POLYMERIC MATERIAL OBTAINED FROM BIS-(DIBROMOPROPYL) PHOSPHORIC 
ACID AND KETHYL01MELAMINE. 

Ratio 
ester/methylol- 
melamine resin N nr 

4:3 

1:1 

3:4 

1:2 

1:3 

40.2 13.1 1.8 

35.9 18.0 2.3 

3B.8 14.5 1.9 

40.2 12.6 1.8 

a.6 10.9 1.4 

Ratio 
3r/P 

7.3 

7.8 

7.6 

7.0 

7.8 

Ratio 
N/P 

22.3 

15.6 

20.4 

22.3 

29.7 
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When Uw ■■—ni ‘ir ««It of blo-((tibrowoprop7l) phoepèorl« Mid má 
trimethjlolaalwftlM ia ratio« of 40 to It 10 «ara applied ta alatli, good 
flaaa roalataoooa (ladloatod bj char-longth) «aro obtalnod ¡Atk táO ratio 
of 3t4| liaría al nt aaooata of trloothjlolwol awjao did aot doeroooo aif» 
nlflcantlj tío floM rollo tono« (Tibio !?)• 

TABU IV. APPUCAnON OP BIS-(DIERCMOPBCPTL) PH08PSXUC ACID AMD MRVTLOL- 
HKLAKHVS TO COTTON CLOTH 

Ratio Retention 
ootor/Wthjlol- Cxtrod Laundered after 
nolwalno fTrtn Add-cn Add-on Lai 

4*3 

Itl 

3*4 

lt2 

1*3 

1*4 

1*5 

1*6 

1*7 

ltd 

1*9 

1:10 

16. a 

u.i 

16.1 

16.0 

15.5 

16.1 

16.2 

16.3 

15.« 

16.3 

16.1 

16.2 

m 

7.1 

7.9 

9.3 

11.3 

U.O 

14. a 

u.a 

15.3 

15.0 

15. a 

15.3 

15.3 

42.3 

49 el 

57.6 

70.6 

77.4 

n.f 
91.4 

93.9 

94.9 

96.9 

95.0 

94.4 

* Vertical flame teat after one laundering, 
** HE - burned to «id. 

4.6 
o 

4.2 

4.2 

3.2 

4.2 

4.8 

4.5 

5.1 

4.3 

5.0 

4.9 

5.7 

5.9 

6.5 

6.9 

6.2 

6.8 

7.1 

6.9 

6.6 

7*2 

6.2 

Launder-fastness, ae indicated by resin retention, «as obtained begin¬ 
ning at the ratio of 1:4. Other properties ouch as croas^raoiotanoo, 
hand, and tearing strength, «ere the same as observed «Ith trsatwsht «1th 
the mono-ester* 
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The effect of ▼erjin« the curing ti*e end temperature mas observed 
(Table V). Teo sets of smsples were padded with a 30Í solution of the 
di-ester and trimethjrlolmelamine in a ratio of 1:2. Curing was for from 
3 to 8 minutes at 130° or 150° C. All of the sajóles cured at the lower 
temperature burned, whereas samples cured at 150” C. were fias» resistant. 
The latter samples contained more bromine and had higher resin retentions 
on laundering» Adequate curing was judged to be obtained on heating for 
6 minutes at 150° C. 

TABLE V. EFFECT OF TIME AND TBiPERATURE OF CUR TIC OF BIS-(DIIROMOPROPYL) 
PHOSPHORIC ACID AND MBTHTLQLMELAMINE ON COTTON CLOTH. 

Cured Lavsider ed 
Time Add-on Add-on 
tStj nrr cit 

3 37,7 9.7 

4 17.2 9.7 

5 17.0 10.0 

6 16.8 10.1 

7 17.1 10.5 

8 16.7 10.5 

3 16.5 12.0 

4 16.3 11.9 

5 16.3 12.0 

6 15.9 12.1 

7 15.9 12.0 

8 16.1 12.4 

* Vertical flame test after 
BE • Burned to end. 

Retention 
After 

Laundering 

130° C. Cure 

54.3 

56.4 

58.8 

60.1 

61.4 

62.9 

1¾)0 C. Cure 

72.7 

73.0 

73.6 

76.1 

75.5 

77.0 

one laundering 

Char Length* 
rïîûi 

BE** 

BE** 

BE»* 

BE** 

BE** 

BE** 

5.3 

4.2 

4.6 

4.3 

4.3 

4.0 

Br 

■w 

0.17 

0.16 

0.17 

0.24 

0.30 

0.37 

0.66 

0.83 

0.99 

0.99 

0.79 

0.92 



(3) Application of t crude mixture of mono- and dl-ostera. 

The similar results obtained on the application of the mono- 
and di-esters to cotton cloth indicated that it mi#it be poesible to apply a 
mixture of the two esters to cloth and still obtain satisfactory results. 
This would eliminate the necessity of separating and purifying the compounds 
and could cut the cost of the treatment considerably. 

The feasibility of using such a mixture was confirmed by the following 
experiment. A crude mixture of the mono- and di-ester, neutralised with 
ammonium hydroxide, was used with 3 parts of trime thy lolmelamine to make a 
solution of 30$ concentration. This was padded to a 75l wet add-on on 8.2 oz. 
cotton twill, and dried and cured as before. Results were similar to thooe 
obtained with the individual esters: char-length, 4.5 li.; add-on, 12.U%; 
bromine/phosphorua ratio, 4.5 to 1. 

(4) Application of tris-Cdibromopropyl) phosphate. As pre¬ 
viously mentioned, the tri-^ster is practically insoluble in w iter but is 
soluble in a number of organic solvents. Therefore, alternative methods of 
application of the ester and trimethylolmelamine were used. In one, the 
ester was dissolved in alcohol, padded onto the cloth, dried at 60° C. and 
then treated with aqueous trimethylolmelamine solution and dried and cured 
in the usual manner. The ratio of ester to raethylol resin was varied from 
1:1 to 3:1 by weight. Concentration of the reagents was kept at 30% total 
in each case. Table VI shows the results of such treatment.. This treatment, 

TABLE VI. APPLICATION OF ALCOHOLIC TRIS-(DIBROMOPROPYL) PHOSPHATE TO COTTON 
FOLLOWED BY TREATMENT WITH METHYLOLMELAMINE. 

Ratio 
ester/methylol- Cured Laundered 
melamine resin Add-on Add-on 

TZY 
20.3 

20.2 

21.3 

22.6 

23.9 

7*7 

13.4 

16.6 

17.3 

18.5 

19.4 

Retenti cxi 
After 

Laundering 
7*7 

Char Length* J-engT rSr 
1:1 

1.5:1 

2:1 

2.5:1 

3:1 

66 

82 

81 

82 

81 

3.9 

3.9 

3.9 

3.9 

3.9 

* Vertical flame test after pne laundering. 
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Involving an organic »oIront and raquiring too step« in application, was 
considered impractical frosi a textile finishing viewpoint. 

Accordingly, the second method was tried: an emulsion of the tri-ester 
was prepared, using ethanolaaine and oleic ¿cid. The emulsion was applied to 
cloth with trinethylolmelamine in ratios of from 1:1 to 3:1 with total con¬ 
centration of reactants maintained at 302. The samples were dried at 60 C., 
curei t !50° C., ard laundered, yielding the results listed in Table /11. 

TABLE VII. APPLICATION OF TRIS-(DIEROMGPROPYL) PHOSPHATE Eî'ULSION AJ'D 
CLMELAMINE TO COTTON CLOTH 

Ratio 
ester/methylol- Cured 
melamine resin Add-on 

Launder sd 
Add-on 
-U)- 

Retention 
Aft *r 

Laundering 
It) 

Char Len ength* 
(in.) 

2.2 

3.L 

3.9 

3.8 

4.9 

1:1 

1.5:1 

2:1 

2.5:3 

3:1 

24.2 

23.3 

25.2 

22.6 

23.8 

19.2 

18.8 

20.8 

18.1 

18.9 

79 

81 

90 

80 

79 

* Vertical flame test after one laundering. 

There was no poivrier formation with the tri-ester and trimethylol- 
melamine. Thus it is assumed that the ester remains on cloth by virtue of 
its relative insolubility and the binding action of the tri me thy lolme lamine 

polymer. 

Samples treated with the tri-ester and methylol resin had considerably 
better tearing strength and hand than those treated with the mono- and di¬ 
ester and resin. 

4. T¿«indwrability and extraction of treated samples. 

a. Uundera^Tlity. Treated samples were tested for launder- . » 
fastness by a modification oi the Army Standard Mobile Laundering Test.v 
Laundering was identical with the standard method with respect to concen¬ 
tration of detergent, number of rinses, etc., except that a table top 
agitator-type washer was used instead of a washwheel. Consequently, samples 
were probably washed more severely than with the standard procedure. 

- 
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Sar.ple* treated vrlt.vi the r.ono- and dl-esters, and the tri-ester by the 
two .t*thods of treatment, were laundered for 1 and 6 cycles by the standard 
method and gave the results shown in Table VIII. Tests on other samples 
have indicated that good flame resistance may be retained through 9 laundry 
cycles. However, after 12 cycles all the samples burned. 

TABLE VIII. LAUNDER ABILITY OF COTTON CLOTH TREATED WITH THE DIBROMOPRCPYL 
ESTERS OF PHOSPHORIC ACID AND METHYLOLKELAMINE. 

Treatment 
Cured Number of 
Add-on Launderings 
“TO— 

Mono ester/raethylolnelaniine 23.9 
1:3 23.* 

Di-ester/methylolmelamine 25.1 
1:3 24.0 

Tri-ester/methylolmelamine 22.6 
2:1 (emulsion) 23.0 

Tri-ester/methylolmelamine 22.6 
2.5:1 (solution) 22.6 

1 
6 

1 
6 

1 
6 

1 
6 

Retention 
After 

Laundering 

74 
65 

85 
71 

80 
60 

82 
57 

Char 
Length* 
(in.) 

4.9 
5.2 

3.9 
4.6 

3.8 
4.3 

3.9 
4.9 

* Vertical flame test after laundering, 

b. Extraction. The effect of organic solvent extraction on 
samples treated with the uhree esters was investigated. Treated cloth 
samples were extracted with ethanol in a Soxhlet extractor for 3, 6, and 
12 passes of the solvent (Table IX). The mono- and di-ester treated 
samples lost very little weight and none of their flame resistance. Sam¬ 
ples treated with the tri-ester, however, lost from 75 to 80¾ of the 
original add-on and were consequently no longer flame resistant. This 
would tend to indicate that the mono- and di-ester treatment would probably 
be resistant to ordinär' dry-cleaning while the tri-ester would not. 
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TABLE IX. ALCOHOL EXTRACTION OF XTTCN CLOW TREATED W1W THE ESTWS OF 
DI BROMO PROP TL PHOSPHORIC ACID AND KETOTLOLKELAMI fE 

Treatagnt 
Cured 

Add-on 
-1ÏT 

No. of 
Extractlona 

Retention 
after 

attraction —nr— 
Char 

Length* 
TO 

Mono-ester/methyloLnelandne 
1:3 

Di -ester/methyloLnelamine 
1:3 

i/i -ester/methyloLnelamine 
2:1 

23.2 
23.6 
23.2 

23.6 
24.3 
24.3 

23.* 
23.6 
24.1 

3 
6 

12 

3 
6 

12 

3 
6 

12 

96 
93 
89 

95 
91 
85 

26 
23 
21 

3.9 
3.4 
3.4 

3.5 
36 
3.1 

BE** 
BE** 
BE** 

* Vertical flame test after alcohol extraction. 
** BE s Burned to end. 

5. Cunntary and Conclusions. 

The dibromopropyl esters of phosphoric acid have been shown to be 
applicable for imparting flame resistance and glow resistance to cotton 
textiles when used with a resin-former such as trimethylolmelamine, cloth 
¡ray be treated with these flame-retarding compounds on existing textile 
machinery which is used for crease proofing treatments. We treated cloth has 
essentially the same properties as cloth treated with creaseproofing resins 
but, in addition, is flame resistant and glow resistant. When a flame is 
brought in contact with the treated cloth, a thick, strong char is formed 
which has good insulating properties and would protect underlying materials. 

Trimethylolmelamifte combines with dianmonium mono-(dibromopropyl) phos¬ 
phate to produce a polymeric material which has a bromine-to-phosphorus 
ratio of about 5.2 to 1. When a solution cf the a-unonium salt of the mono- 
ester is nixed with a solution of trimethylolmelamine and applied to cloth 
with subsequent drying and curing, the bromine-to-phosphorus ratio dropped, 
indicating loss of about half of the bromine. 

Reaction of the water soluble aranonium salt of bis-(dibromopropyl) 
phosphoric acid with trimethylolmelamine results in a polymeric material 
which has a bromine-to-phosphorus ratio of about 7.5 to 1, Apparently one 
atom of bromine is loct from each molecule of the ester, since its bromine- 
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to-phosphoru* r«tlo 1« 10.3 to 1. Wh«n a «ixtur« of th« dl-«ater tnd 
trl»ethjrlolaela«ine is applied to cloth, th«T« la further loea of bro«ina 
\a the ratio drope to 1..9-7.2 to 1. 

Mono- and bis-(<übrae»propyl) phoephoric add aay be attractiee for 
the treatment of flasie-reaiatant cotton cloth because: (1) a aixture of the 
mono- and di-eater la easily prepared from lihroaopropanol and phosphonia 
pentoxide, (2) the two eaters function equally as wall in optianaa ratios ef 
fro« 1:3 to 1:7 with tri me thy lolme lamine, (3) the treatment «ay be applied 
to cloth on existing textile machinery. 

The tri-eater, trie-(dibromopropyl) phosphate does not fore a polymer 
with trimethylolamlemine. Cloth treated with this ester wmld not be fast 
to dry-cleaning, but it gives products with greater tearing strength and 
softer hand than cloth treated with the other two asters. This treatment 
does not seem to have the possibilities of the other treat««!ts. 
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Part li 

AN INVESTIGATION CF SILICON COMPOUNDS 
FLAME RETARDANTS FDR COTTON FABRICS 

AS 

1. Introduction 

Although at least one silicon compound has been used in a flam« 
retardant finish for cotton fabrics, to suppress after-glow in a commer¬ 
cial flame-retardant composition '^5, no information could be found on 
the overall value of silicon compounds as flame retardants for cotton. 
Some preliminary work at the Southern Regional Research Laboratory 
indicated that bromoalkyl acetoxysilanes were effective flame retardants 
although of poor durability. Following these initial experiments, it 
was decided to investigate more fully the possibility of using silicon 
compounds as durable flame retardants for cotton fabrics. 

For this purpoee the flane retardancy of a number of silicon com¬ 
pounds, which were either polymeric or potentially capable of reaction with 
cellulose were tested. These two classes of compounds were the only ones 
considered likely to have the resistance to laundering that is necessary 
in a durable finishing agent for cotton. All the compounds tested contained 
bromine, which has been shown to assist the flane-retardant action of other 
elements or groups.'’»^ 

% 

The polymeric silicon oompounds investigated were of the siloxane 
type, where silicon is bonded between oxygen atoms in the polymeric chain. 
Polymers consisting of an organic chain with silicon side groups were 
not investigated, since the unsaturated monomers were found to polymerize 
only poorly under the conditions tried. 

The results obtained with the silicon compounds investigated were 
disappointing since add-on required was excessive and the cost of reagents 
would be high. It was felt that the ax pendi ture of further effort would 
be uneconomical, particularly in view of the development of a number °^fc) 

more promising treatments at the Southern Regional Research Laboratory.' 
The present report, therefore, is necessarily less complete than is 
desirable from an academic viewpoint, but the information presented may be 
useful in preventing repetition of the work done and may serve as a basis 
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'nr ot**r ptuiles in th* l(irt*ti«4Uan of oiliwon pol/nrr». 

2. ftc snesnUl 

4. Pr»ivtr4tion of 4 Konaagric arocoal^l ¿ilur.4 

In >rd«r to ;r<?fArr 4 polysiloxane cortxiring relitir«!/ stable 
brocun« stoas, it w*s ^¢€384^ to synthosize » broaoalkyl chlorosilan« for 
4 ■onoaeric, starting -i4t«ri4l. Preferr.tly, tho beta—carbon atoa in th« 
tlkyl pro«»? ^ unbroainated, sine» the activity of halogen atoas in 
this pcsitior. rt) would aa>e the asteria s difficult to apply to cotton 
fabrics withou» «xteraive .egradation, a.ki would aako the fabric finish very 
sensitive to noisture. 

The addition of bromofor» to vinyl trirhloroailane by free radical 
initiation would produce l,3,3-tribroaoprop> 1 tri chlo rosi Lane w> >diich has 
i highly troainated alkyl group of the desired structure. This coapound 
was synthesized by the following procedure. 

To I50 g. broaofor« in a round-bottom flask, equipped with reflux 
condenser and protected frota raoisture with a drying tube, 24 g. of vinyl 
trichlorosilAne and 2 g. benzoyl peroxide were added. The mixture was heated 
at 100° C for 2 hours. A reaction of moderate vigor occurred spontaneously, 
with refluxing which subsided in 10 to 15 minutes, and the reaction proceeded 
quietly for the rest of the 2-hour period. An additional 2 g. peroxide, added 
if ter the 2-hour reaction period with an additionaj. hour at 100 C. increased 
the yield of crude adduct as high as 77X, whereas the 2-hour reaction period 
ulone gave 65 to 70< yields. The crude product was obtained by distilling 
the excess bromoform at 30 to 4O sir. pressura« Recovered broetoform was used 
in subsequent preparations. 

The crude product is distillable under vacuum; a 3*^ of theoretical 
yield af distilled product was collected at 100-1101 at 3 Analysis of 
the distilled product showed: 

Found 

X Silicon 

6.09 

% Chlcrine 

22,96 

% Bromine 

59.93 

Calculated for 

C3H4Br3SiC13 
6.78 25.67 57.87 

The high bromine content and low silicon and chlorine contents indicate 
that the product is still contaminated with about 10* bromoform, possibly 
due to formation of an azeotrope. 
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A a ir.f 1« of th« distillod ;rrduct wa? h/drolyz^d by \dditior to 
-»ter durir.¿ vir rous stirring. The poly.ii 1 cucane for-ed was filtered off 
ind Iri-i in a vacuum oven. When s-friciertly dry, it was ground to a 
powder v.d dried tc constant weight under vacuuic. Analysis of this 
folysil xane showed: silicon and ? ,2l>% broedne. This is an atomic 
ratio of broadne-to-silicon close to 3» as calculated for a siloxano from 
tribromo propyl trichlorosilane. 

A similar hydrolysis of the residue left in the still pot after 
distillation of the silane /ave a product that analyzed: 12.41Í silicon 
and 51 • 70JL bromine. This is an atomic ratio of bror.ine-to-silicon slightly 
less than 1.5. T^e residue, then, is a telomer of bromoform and vinyl 
trichlorosilane consisting mainly of a product with two silane units: 

CH3r - 3H^CH(Si:iJ -Br 
2 2 3 2 

The distilled tribromopropyl trichlorosilane, containing the small 
amount of bromoform, was used throughout this investigation as the silicon- 
containing starting material. The bromoform s! ould be inert in all the 
reactions performed. 

b. Treatment of Fabric with Polysiloxanes 

The preparation of a bromine-containing pclysiloxane for treatment 
of cotton fabric was accomplished in the following manner. Tribromopropyl 
trichlorosilane was added slowly to excess ethanol. The resulting solution 
was heated to 90°C, whereupon hydr ¿en chloride was expelled. Toluene was 
added, and the solution vigorously stirred with an equal volume of water. 
The toluene layer was separated and used for impregnation of the fabric 
samples. By proper dilution of this solution, a range of add-on on the 
fabric was obtained. 

The cotton fabric used throughout this investigation was khaki-dyed 
3 oz. twill of the type used for military garments. The treatment of the 
fabric consisted in impregnation of samples, about 1-foot square, with 
the solution by passing the wet samples through squeeze rolls. Two dips and 
two nips were used. Toluene was ad lowed to evaporate from the samples at 
room temperature. Some of the samples were soaked in a 2$ ammonium hydroxide 
solution after the above treatment, tc further polymerize the siloxane, and 
then dried at 110°C before testing. 

The methods used for testing the flame resistance of the treated fabric 
were the Vertical Flame Test (°) and the "matchMtest#(9) ifte latter test 
consists in suspending, in a draft-free space, a strip of fabric, 1/4 inch 
by 10 inches, and igniting the lower end with a match flame for about 6 
seconds. If no flame persists after removal of the match, the flame resis¬ 
tance is classed as "excellent". If a flame persists only briefly, it is 
classed as "good". If the flame lasts long enought to char not more than 
5 inches of the strip, it is classed as "fair". If more than 5 inches is 
charred, it is classed as "poor". If the strip is charred completely, it 
is classed as "fails". This test is considerably more rigorous than the 
Vertical Flame Test. 
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lïie results from the testing of the fabric samples treated with the 
poiysiloxanes are sh wr. in Table 1. Ch«.ical analysis of some of the 
samples was performed to confirm the silicon and bromine content of the 
fabric. The tabulated results show that an add-on of about 35Í is required 
to give enough flame resistance to the * 02. twill to have a measurable char 
length in the Vertical Flame Test. Even at these add-ons, results in the 
Match Test are no better than ’’fair". The analytical values support the 
conclusions from measurement of weight adi-ons regarding the high silicon 
ind bromine contents that are required for flame resistance. 

TABLE I - FLA’E-RESISTANCE OF COTTON FAEKIC TREATED WITH POiliSILOXANES 

Weight 
Add-on 

Flame Resistance 
Vertical Match 

Flame Test Test Silicon Content 
(uiTjr - Œ5 

Air Dried Only 

U 

32 

24 

17 

4*7 

BEL** 

BEL** 

BEL** 

poor 

fails 

fails 

fail* 

2.80 

1.75 

Bromine Content —w— 
16.4 

10.8 

36 

31 

21 

15 

Azanoria Washed 

6.3 fair 2.36 

BEL** fails 2.08 

BEL** fails 

BEL** fails 

13.1 

11.2 

* Length of char. 
** BEL = Burned entire length, greater than 10 inches. 

In order to raise the silicon content and lower tho braaine-to-silicon 
ratio in the p^lysiloxane, a copolymer was prepared by hydrolysis of a 
mixture of diethyldichlorosilane and tribromopropyl trichlcrosilane. A 
solution of 0.1 molt each of diethyldichlorosilane and tribromopropyl 
trichlorosilane. in 200 nCL. dioxane was prepared. Water, 0.5 mole, was added 
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•nd the solution evaporated to dryness. The residue «es rediesolved in 
dioxane, and the solution in evaporated to rosove the nydrogen chloride, 
dedissolving the residue in uioxane fonsed the treating solution for the 
fabric. The fabric saaiples were impregnated as before, rinsed in water, 
and oven dried before testify. 

Results from the testing of these ssmplee are tabulated in Table 13 • 
No higher that 19¾ add-on was obtained. At this add-on, no flame resis¬ 
tance was observed althou^i the fabric contained 1.63¾ silicon. 

TABLE II - FLAME RESISTANCE OF FA ITU C TREATED WITH COPOLTXHUC 3IL0XAJC 

Flame Resistance 
Wsight Vertical Match 
Add-on Flame Test Test 
Tir .Tin. 5* - 

19 BEL«* fails 

14 BEL** fails 

* Inches of Char. 
** BEL s Burned antire length. 

c. Acctoaar Silanes 

The tribromopropyl trlchlorosllane was converted tc the acetoxy 
silane, where the chlorine atoms are partially or entirely replaced by 
acetoxy groups. These compounds are essentially mixed anhydrides of a 
silicic acid and acetic acid. They are capable of reacting with the 
cellulosic hydroxyl groupa to form a silyl ester of cellulose and a 
relatively weak acid, acetic acid. This latter property prevents ths 
extensive degradation that would occur on an attempt to treat cotton 
directly with the trichlcrosilane. 

Conversion of the trichlcrosilane to the acetoxy silane was accomplished 
by the procedure of Schuyten, Weaver, and Reid.”®' In a 500 ml. gas 
washing bottle, equipped with a porous glass plate near the bottom, was 
placed a suspension of AO g. anhydrous sodium acetate in 200 ml. dry toluene. 
Tribromopropyl trichlorosilane, 54.5 g., diluted with 50 ml. toluene, was 
added dropwlse with continuous stirring. The speed of addition was so 
regulated as to maintain a gentle reflux. At the end of the addition, the 
solution was sucked through the glass plate. Toluene was distilled fron 
the solution under vacuum, leaving 30.4 g. product. This product was not 
further pui-iried but used directly in the treatment of fabric. 

The complete yield of acetoxy silane was dissolved in 200 ml. toluene. 
A small quantity of pyridine was added to neutralize any acid remaining in 
the solution. The solution was applied to fabric samples in various 

Silicon Bromine 
Content Content 

(*T“ “7?T” 

1.63 0.4 
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dilutions in the sanio ¡manner as the polysiloxanes had beer applied. 
3**.ples were over dried, rinsed in water, and redrie* before testing. 

(«suits of the testing of these samples are s* own in Table III. It 
is seen that 23t add-on still gives uncertain results in the Vertical 
Flat*« Test. Unfortunately 23Í add-on was the highest obtained. Flme 
resistance ln tJ» Vertical Flame Test would probably be obtained at 
about 25Í add-on, wt ch is lower than required with the polysiloxanes 
but still rather hi#i. A still higher add-on w>uld be necessary for 
food results in the natch tist. 

TABLE III - FLAKE RESISTANCE Cr FABRIC TREATED WITH TRIBRO'.CFRCPTL 
ACETCXT SI LA NTS 

Flame Ile-lstance 
Weight Vertical t»atch 
Add-on Flvne Test Test 
~TTT~ (in)* 

23 7.7** ttiU 
BEL 

15 BEL fails 

U - fails 

Silicon 
Content m 

Bromlr.e 
Content 
~W 

1.9 9.7 

* Length”of char. 
♦* Two samples tested; one gave a 7.7 inch char length, the other burned 

the entire length; BELS Burned entire length. 

d. Sll-vloxy - Phosphorus Polymers 

The discouraging results obtained with the polysiloxanes as 
flame retardante was thought to be due possibly to the high thermal 
stability of the siloxane chain. This would hinder the decomposition of 
the polymer into the silicic acids which are probably the active flane 
retardante. The possibility of introducing another atom, phosphorus, 
into the silicon-oxygen chain was investigated as a means of decreasing 
the thermal stability of the polymer chains and increasing their effective 
ness as flams retardants.* The phosphorus in such polymers would also 
contribute toward flame retardancy. 

To prepare a polymsric compound of the type desired, the reaction 
of tribromopropyl methoxy dichlorosilane with ethanephoephonic acid was 
used. The use of tribromopropyl methoxy dichlor^silane instead of tri- 
bromo^ropyl trichlorosilane ¿ves polymers of greater solubility which 

* The use of phosphorus for this purpose was sugfested ty Dr. Gennady 
Kosolapoff of Alabama Polytechnic Institute, a collaborator of the 
Southern Utilization Research Branch. 
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we, therefore, easier to use in textile treatments. This reaction should 
give a polymer with a chain ccnrosed of si1 icon-oxygen-phosphorus-oxygen 
units. The repeating unit would be: 

-(.Si ( C3 Br 3 H4 ) ( OCH3 )-0-P ( 0 ) ( C2H 5 )-0]- 

Tribromopropyl methoxy dichloro»ilane was prepared by the addition 
of an equimolar quantity of methanol to tribrooiopropyl tri chlor osi lane 
below 10°C with vigorous stirring. After standing one hour at room tea*- 
perature, the hydrogen chloride remaining in the product was removed by 
placing the product under vacuum at 60°C for one hour. A 99Í of theoretical 
yield was obtained. The product was then used without further purification. 

To prepare the silylou^-phosphorus polymer, equimolar quantities of 
tribromopropyl methoxy dich lor osi lane and ethanephosphoni c acid were mixed 
and hea*«d at 100°C for 2 hours under vacuum. Hydrogen chloride was 
expelled umring this period, and the mixture became homogeneous. The 
residue \<as equivalent to 92£ of the theoretical yield of polymer. A 30£ 
solution of the polymer in dioxane was prepared, and this was used for the 
treatmert of fabric samples, after filtering to remove a trace of insoluble 
materia]. 

Fabric samples were treated with the dioxane solution by padding, 
followed by drying in a blower oven. The solution was diluted to give a 
range of add-ons. For add-ons greater than 20$, two treatments were re¬ 
quired. One series of samples was rinsed in water and dried before testing; 
another series was tested without the water rinse. The flam« resistance of 
these samples is shown in Table TV. 

The results obtained with the samples not submitted to the water rinse 
are good, approaching the best obtained with other flame retardants of 
higher phosphorus content.'" The water rinse, however, reduces the phos¬ 
phorus content and the flame resistance markedly. Even so, the flame 
resistance is superior to that obtained with the polysiloxane (Table I). 
For instance, the sample with 20$ add-on and only 0*21$ phosphorus is 
superior to the sample with 30$ add-on of polysiloxane. 

The reduction in phosphorus content on the water rinse can be die to 
hydrolysis of the silyloxy-phosphorus polymer or to removal of unreacted 
phosphonic add. The latter pjoseibility seems less likely, since the near 
theoretical yields of polymer indicate that little phosphonic acid remains 
unreacted. 

In any event, the finish shows little practical value upon comparison 
with known finishes. Even before the water rinse, the polymer shows no 
advantage in flame resistance over known finishing agents.(5) The water 
rinse reduces the flame resistance to well below practical levels, and the 
results Indicate poor durability can be expected. 
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TABLE IV - FLAKE RESISTANCE OF FABRICS TREATED WITH SILYLOXY-PHOSFHORUS POLYMERS 

Weight 
Ad 1-on ur 

31 

U 

11 

6 

31 

20 

14 

Flame Resistance 
Vertical 

Flame Te?t 
(in.)* 

Match 
Test 

Silicon 
Content nr 

Without Water Rinse 

5.1 excellent 1.45 

6.3 excellent 1.L0 

7.0 fair 

BEL** 'fails 

With Water Rinse 

7.1 poor 1.96 

7.0 fails 1.40 

BEL** fails 0.60 

Phosphorus 
Content 

— 

3.10 

0.66 

0.17 

0.21 

0.16 

* Inches of Char 
** BEL= Burned entire length 

3. Conclusions 

The data obtained in this investigation indicate that silicon 
compounds that could be durable to laundering are not good flame retardants 
for cotton. Siloxane type polymers, even with a high bromine content, require 
add-ons of 35/5 to give flame resistance to 8 oz, cotton twill. (Phosphorus 
polymers, on the other hand, are effective at 20/5 or less add-on. ' The 
silyloxy-phosphorus polymers are better than the polysiloxanes but are still 
less effective than some phosphorus polymers now used as flane retardants. 

Although most of the silicon compounds tested were potentially capable 
of making a durable finish on cotton, no actual tests of durability were made. 
In view of the poor flame resistance obtained, it was considered that the 
expenditure of effort to develop a durable finishing agent was not justified. 

The work reported cannot be said to include all possible silicon compounds 
that could be durable. The advances made in silicon chemistry in recent years 
have introduced a large number of compounds that could be considered for this 
use. Results of this investigation would indicate, however, that there is 
little chance of developing any practical flame retardant based primarily on 
silicon. 
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