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This invention relates to the treatment of cellulosic 
material. More speci?cally it relates to the treatment 
of ?brous cellulosic materials to render the same ?re 
‘resistant and to solutions used in such treatment. 
Many types of agents have been proposed for rendering 

cloth, paper and other ?brous materials ?re-resistant and 
some have been successfully employed, but few have the 
necessary properties to be able to withstand the rigors of 
handling and cleaning, particularly of washing and laun 
dering. Some of the known treating agents are capable 
of being washed and laundered to a limited degree, but 
most of them appreciably alter the appearance, texture or 
tensile strength of the treated cellulosic material. In 
addition many of the known agents are not sui?ciently 
adherent and tend to separate from the treated material in 
the form of ?ne dust. 
Among the ?re-retarding agents which are non-launder 

able are the alkali phosphate, borate and sulfamate types. 
Launderable types of agents include resins, chlorinated 
resins or waxes added in combination with inorganic 
oxides, such as antimony oxide. They, however, have 
the disadvantage of altering the appearance of the mate 
rial considerably, and that they must be added in large 
quantity. Titanium has been added in several ?re-resist 
ant processes, but in most of these the titanium has been 
added as titanium dioxide in order to obtain opaque pig 
'ment effects. 
An object of this invention, therefore, is to produce 

?re-resistant ?brous cellulosic material. Another object 
is to provide a treating agent suitable for rendering the 
material ?re-resistant. Still another object is to provide 
an agent for treating ?brous, cellulosic materials to impart 
?ame and glow resistant properties thereto which will not 
be affected by washing or laundering. A further object 
is to produce ?re-resistant ?brous cellulosic materials in 
which the appearance, texture and tensile strength of the 
materials have not been altered by the treating agent. 
These and other objects of the present invention will 
become apparent as the invention is more fully described. 

In its broadest aspects this invention contemplates? a 
treating agent for rendering ?brous cellulosic materials 
?re-resistant or non-in?ammable, said treating agent coin 
prising an aqueous solution of tetravalent titanium chlo 
ride and a soluble phosphate: murther clon 
templatespfoduction of a ?re-resistant cellulosic material 
by impregnating the same with such a solution, gelatiniz 
ing said solution on said material to form a transparent 
gel, alkalizing said gel-containing material with an alka 
line neutralizing agent, and subsequently washing and 
drying said material. For improved ?ame-resistance and 
resistance to afterglow, the titanium chloride-soluble phos 
phate solution may advantageously also contain antimony 
chloride and this improved solution is also contemplated 
by the present invention. 

Although substantially any soluble chloride or mixture 
of soluble chlorides of tetravalent titanium may be used, 
it is preferred to have from about 1.3 to 2.0 parts of 
chloride for each part of titanium in solution. Solutions 
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containing about 1.5 parts of chloride for each part of 
titanium are especially desirable. The soluble phosphate 
may be present in amount to give from 0.02 to 0.17 
part of phosphorus for each part of titanium but it is 
preferred to have from 0.05 to 0.08 part of phosphorus 
for each part of titanium. Satisfactory results are ob 
tained when the titanium concentration in the aqueous 
solution is between 50 and 150 g. p. 1. preferably 60-100 
g. p. 1. As stated above, the addition of antimony tri 
chloride to the titanium chloride-soluble phosphate solu 
tion results in improved ?ame-resistance, and glow-re 
sistance, and also has a bene?cial effect upon resistance 
to removal by laundering. Any amount of antimony 
chloride up to about 4 parts antimony may be used, al 
though the effects are obviously not as pronounced when 
smaller amounts are employed, and it is preferred to use 
from about 1.4 to about 2.8 parts antimony. Amounts 
over 2.8 parts antimony, up to about 4 parts, contribute 
further, but the increased effect is less pronounced for 
further additions of antimony. When antimony is in 
cluded in the solution, an additional amount of chloride 
should then be present to form antimony trichloride. The 
chloride values of the antimony chloride are in addition 
to the chloride values of the titanium chloride solution. 

Dissolved alkali metals may be present in the solution 
without any harmful effect. When they are present they 
will normally be present as chlorides, and the chloride 
values present in these alkali chlorides are also in addi 
tion to the chloride values of the titanium chloride solu 
tion. 

Fibrous cellulosic materials, which may be rendered 
?re-resistant by the process of the instant invention, in 
clude fabrics such as cotton, linen, regenerated cellulose, 
viscose and cellulose acetate, also natural ?bers such as 
kapok, hemp, wood and wood products such as pressed 
board, cardboard, batting, paper, wood ?our, sawdust, and 
the like. The cellulosic material is treated with the 
titanium salt solution by any convenient means such as 
by dipping the material in the solution or by spraying 
the solution on the material. Any excess solution on 
the cellulosic material may be removed, for example, by 
squeezing between rolls, deliquoring in a centrifuge, or 
any other appropriate method, depending upon the physi 
cal nature of the material. It is preferred to leave a quan 
tity of solution on the material about equal to the weight 
of the material itself, i. e. a weight pick-up of about 
100%. The titanium salt solution impregnated in the 
cellulosic material is gelatinized, for example by ex 
posing the treated material to the atmosphere for a short 
interval of time. Satisfactory results have been obtained 
when the exposure is such as to reduce the Weight of 
solution held by the cellulosic material to about 1/2 to 1A 
of its original weight. The cellulosic material .contain 
ing the gelatinized treating agent is then subjected to an 
alkalizing agent in order to raise the pH of the treated 
material to above 7.5, preferably above 9.0, but not ex 
ceeding 12.0. The type of alkalizing agent used is un 
important although weak alkalizing agents such as for 
example sodium carbonate or ammonium hydroxide or 
carbonate are preferred. It has been found to be de 
sirable, although not essential, to use alkalizing solution: 
which contain small amounts of soluble silicates, such a: 
the alkali silicates, since these agents increase the e?’icacy 
of the treatment and contribute toward improved resist 
ance to after-glow. The material is then rinsed well witl 
water for example by decantation in order to remove 
the soluble salts therefrom and subsequently dried. 

It has been found that the preferred amount of impreg 
nant on the ?nal material (dry basis) is about 7 to 14% 
of the weight of the ?brous cellulosic material when thc 
titanium chloride and soluble phosphate solution is user 
alone, while about 15 to 30% is preferred when the com 
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bination of titanium chloride, soluble phosphate and 
antimony chloride is employed. The entire process may 
be carried out at room temperature although if desired 
temperatures up to 60° C. may be used. 
The exact nature of the physical and chemical changes 

that take place during this process is not completely 
understood. However, the solution of titanium chloride 
and soluble phosphate is apparently converted to a trans 
parent gel which adheres tenaciously to the cellulosic ma 
terial and is not removed by subsequent washing. It may 
be held in the pores or between the ?bers of the cellulosic 
naterial, may be absorbed or adsorbed on the surface, 
or may react to some extent with the cellulosic material 
itself. To illustrate preferred embodiments of this inven 
tion the following examples are presented: 

EXAMPLE I 

80.5 parts of aqueous 36% HCl and 37.4 parts of con 
:entrated phosphoric acid (85.5% H3PO4) and 925 parts 
of water were mixed in an acid resistant vessel. 450 parts 
of antimony trioxide were added to the acid mixture and 
agitated with a rotary paddle mixer. Agitation was con 
‘:inued while 850 parts of titanium tetrachloride were 
added to the slurry. The titanium tetrachloride was added 
over a period of 1/2 hour during which time cooling was 
supplied by means of a cooling jacket to keep the temper 
ature at about 60° C. The resulting solution contained 
152 g.p.l. of titanium, 466 g.p.l. of chloride, 7.15 g.p.l. of 
phosphorus and 266 g.p.l. antimony 
This solution was diluted with water to produce a solu 

tion containing 60 g.p.l. of titanium, which was used for 
treating cloth. The cloth was cotton twill weighing 8.2 
ounces per sq. yard. The cloth was immersed in the 
solution for 2 minutes and was passed through a hand 
wringer. The immersing and wringing operation was re 
peated to obtain thorough soaking. The treated cloth was 
then partially dried by exposing the cloth to the atmos 
phere for 11/2 hours to gelatinize the treating agent on 
the cloth. The gelatinized treated cloth was then im» 
mersed for 10 minutes in a solution of sodium carbonate 
and sodium silicate containing 150 g.p.l. NazCOs and 16 
g.p.l. sodium silicate to alkalize the solution retained on 
the cloth. The pH of the retained solution held by the 
cloth was 9.5. The excess solution was squeezed out of 
the cloth by passing the cloth through a hand wringer. 
The cloth was then washed well with water until the re 
tained solution had a pH of 8.0 and thoroughly dried. 
The entire treatment procedure was carried out at room 
temperature. The treated cloth was subjected to the 
standard ?ame test and the results are recorded in Table 
I. -The standard ?ame test is called the 45° microburner 
test and consists of exposing the smooth side of the fabric 
at an angle of 45°, % inch above the top of a burner. 
The ?ame, 1% inches in length is played on the fabric 
for 12 seconds. The extent of the charred area is recorded 
as well as the after-?aming and after-glow data in sec 
onds. The procedure and apparatus assembly has been 
developed by the Quartermaster Corps of the United States 
Army and is described in “Flameproo?ng Textile Fabrics” 
by Robert W. Little, Reinhold Publishing Corporation, 
1947, pages 1l7—119. 

EXAMPLE II 

45 parts of phosphoric acid (85.5% H3PO4) and 1000 
parts of aqueous 36% HCl were added to a vessel and agi 
tated as described in Example I. Agitation was continued 
while 397 parts of sodium titanate powder containing 
46.4% Ti were added to the acid mixture over a period. 
of ‘A hour. Cooling was supplied during the addition of 
sodium titanate by means of a water jacket surrounding 
the vessel to hold the temperature below 70° C. Agita 
tion was continued for 1 hour at 60° C. in order to insure 
thorough dissolution of the sodium titanate. The result 
ing solution contained 179 g.p.l. titanium, 340 g.p.l. 
chloride, 11.8 g.p.l. phosphorus. A portion of this solu 
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tion was diluted to 60 g.p.l. titanium and used for treating 
another portion of the same cloth described in Example I‘. 
The treatment procedure employed was substantially the 
same as that described in Example I. The treated cloth 
was subjected to the standard ?ame test and the results 
are recorded in Table I. A second portion of the un 
diluted solution was stored for six months and then diluted 
and tested in a similar manner. The storage was found 
to have no effect on its appearance or ?ameproo?ng char 
acteristics. 

Table I 

Example I Example II 

Treating Solution Used tigi?llgll 
+HaPO4 c "1‘ e 
+sbola +HaPO4 

After-?ame (see) ____________________________ __ O 0 
After-glow ___________________ _ _ 0 186 

Charred area (sq. in.) _______ _. 2. 55 3. 80 
Loss of tensile strength, percen 5. 2 5 
Hand _______________________ __ _ good good 

Appearance _________________________________ ._ good good 

Table I clearly illustrates that ?ame resistant properties 
are imparted to cloth treated with a solution of titanium 
chloride and soluble phosphate when used alone or in 
combination with antimony chloride; when titanium 
chloride and soluble phosphate are used in combination 
with the antimony chloride the cloth also exhibits glow 
resistant properties. 

EXAMPLE III 

A third portion of the titanium chloride-soluble phos 
phate solution used in Example II was diluted to 60 g.p.l. 
titanium and used for treating wood ?our. 
The wood was immersed in the solution and agitated for 

10 minutes to insure thorough soaking. The excess solu 
tion was separated from the wood ?our by deliquoring on 
a ?lter press. The ?lter cake was then removed from the 
press and partially dried by 3 hours’ exposure to the at 
mosphere to gelatinize the solution on the wood ?our. 
This treated partially dried wood ?our was then immersed 
in a solution of 150 g.p.l. sodium carbonate and agitated 
for 10 minutes to alkalize the solution on the wood ?our 
and again deliquored. The pH of the retained solution in 
the wood ?our was 9.5. The wood ?our was then thor 
oughly washed in water until the pH of the retained solu 
tion was 8.0 and dried. The treated wood ?our was 
tested for ?ame retardancy by holding it in the ?ame of a 
Bunsen burner for several seconds. It was observed to 
char but did not ?ame. Untreated wood ?our when tested 
similarly ?amed immediately and was almost entirely con 
sumed. 

While the above examples have shown the use of phos 
phoric acid as the soluble phosphate, it is to be under 
stood that any soluble phosphate may be substituted 
therefor, to give an equivalent amount of phosphorus in 
solution. Among such soluble phosphates are the alkali 
phosphates, magnesium phosphate, calcium phosphate and 
the like. 
By means of the present invention it has also been found 

that ?brous cellulosic material treated with titanium chlo 
ride and soluble phosphate retain ?ame resistance after 
laundering. The laundering is carried out in a tumbling 
chamber with 0.5% neutral soap solution at 70° C. When 
the preferred method of this invention is employed utiliz 
ing the combination of titanium and antimony compounds 
as described, the superior ?ame and glow resistant char 
acteristics are retained even after repeated laundering. 
After 6 launderings, for instance, results are almost equal 
to those before laundering. 

These results are compared in Table II with the results 
obtained from a well-known treating agent which consists 
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of a mixture of borax, boric acid and diammonium hy 
drogen phosphate. 

Table II 

After Mter- Atter- Charred 
Launder- ?ame glow Area 

ing (sec.) (see) (sq. in.) 

Titanium chloride + B31304"... 1 time... 0 204 3.80 
Tigillciilm chloride + HaPO4-+ 1 time... 0 0 2.55 

3. 

Titargirm chloride + H3130, + 6ti1nes._ 3 4.0 4. 53 
Sb 3. 

Borax + boric acid +~ diammo- 1 time-.. (1) (1) (1) 
nium hydrogen phosphate. 

1 Completely burned. 

A ?brous cellulosic material treated with a solution of 
titanium chloride and soluble phosphate retains a useful 
measure of ?ame resistant properties upon laundering. 
However, when the cellulosic material is treated with a 
combination of agents, that of a solution of tetravalent 
titanium chloride, soluble phosphate, and antimony chlo 
ride, the ?ame and glow resistant characteristics are main 
tained after repeated laundering. In addition to its favor 
able e?ects upon ?ame and glow resistance the antimony 
chloride appears to have a bene?cial effect upon the re 
sistance of the titanium compounds to removal by laun 
dering. 

Recoveries of both titanium and antimony values are 
substantially 100% during processing. The amounts of 
titanium and antimony originally absorbed on the ?brous 
cellulosic material are equal to the amounts retained in 
the ?nal material after processing. 
When the titanium values are present in cellulosic ma 

terials in substantially opaque form the treated material 
has an unpleasant, chalky tone and a white dust may be 
continually removed from the surface. When the process 
of this invention is employed, however, the titanium values 
are ?xed in the material in a form which does not substan 
tially alter the appearance or texture of the material. The 
treatment process is simple, convenient and economical 
to use. By employment of this invention ?brous cellu 
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by the examples shown it is not intended to be strictly 
limited thereto and other modi?cations and variations ma) 
be employed within the scope of the following claims. 

I claim: 
1. An aqueous phosphate stabilized titanium solutior 

useful for treatment of ?brous cellulosic materials to im 
part ?ame-resistance thereto and capable of being storec 
for extended periods of time without deterioration com 
prising: an admixture of tetravalent titanium chloride and 
a soluble inorganic phosphate, the titanium of said tita 
nium chloride being present in amount from about 50 tc 
150 grams per liter and the chloride of said titanium chlo 
ride being present in amount from about 1.3 to about 2.C 
parts for each part of titanium, said soluble inorganic 
phosphate being present in said solution in amount from 
about 0.02 to about 0.17 part phosphorous for each part 
of titanium. 

2. An aqueous phosphate stabilized titanium solution, 
useful for treatment of ?brous cellulosic materials to 
impart ?ame resistance thereto and capable of being stored 
for extended periods of time without deterioration com 
prising: an admixture of tetravalent titanium chloride, a 

" soluble inorganic phosphate, and antimony trichloride, 
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losic materials may be treated to render them permanently _ 
resistant to ?re. 
While this invention has been described and illustrated 

the titanium of said titanium chloride being present in 
amount from about 50 to about 150 grams per liter, and 
the chloride of said titanium chloride being present in 
amount from about 1.3 to about 2.0 parts per each part 
of titanium in addition to the chloride content of the 
antimony trichloride, said soluble inorganic phosphate 
being present in said solution in amount from about 
0.02 to about 0.17 part phosphorous for each part of 
titanium, and said antimony trichloride being present in 
amount from about 1.4 to about 4 parts antimony for 
each part of titanium. 
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