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[57] ABSTRACT 

The ?ame-resist properties of natural and synthetic 
polyamide ?bres, especially wool and wool blends, are 
improved by depositing in the ?bres an organic che 
late or ?uoride complex of titanium, preferably to the 
extent of 0.2 - 2.5% calculated as titanium dioxide. 
The complexes may be dissolved as such in an aque 
ous medium and applied by spraying, padding or by 
exhaustion from a bath. Alternatively the complexes 
may be formed in situ in the aqueous medium by add 
ing a complexing agent to a water-soluble titanium 
compound or on the ?bre, as by treating with a fluo 
ride solution ?bres already treated with a titanium 
compound, which may itself be a chelate complex. 

‘ Where the titanium complex is applied from a bath a 
dye can be applied to the ?bres from the same bath, 
either simultaneously or as a separate step. 

6 Claims, N0 Drawings 
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TEXTILE FINISHING 

The present invention relates to textile finishing, and 
more especially to the improvement in the properties 
of natural and synthetic polyamide fibres. 

Naturally occurring polyamide fibres, for example 
the wool of sheep, display a high‘ degree of natural 
flame retardancy because of their relatively high nitro 
gen and moisture content, high ignition temperature 
(570°—600°C), low heat of combustion, low flame tem 
perature and high limiting oxygen index. 
The performance of wool fabrics in the various test. 

methods currently in use depends on the specified test 
method and fabric construction. A horizontal test 
method is much less severe than a 45° or a vertical test. 
Most wool fabrics will pass a horizontal test but may 
not pass some 45° or vertical tests. The in?uence of 
fabric construction is also very important, the denser 
and heavier the fabric the-lower the ?ammability. For 
example a conventional wool carpet will pass the 
American tablet test (DOC FF 1-70, DOC FF 2-70), 
while an open shag pile or Flokati carpet will not pass 
the'same test. ’ 7' 

- It follows that wool in some cases needs a ?ame-resist 
treatment in order to pass a particular ?ammability 
specification and't'est method. Curtains and wall cover 
ings in public buildings, aircraft furnishings and blan 
kets, furnishings and curtains in general transport, pro 
tective clothing and very low density carpets (shags), 
are products which may require treatment. 

It is known that titanium compounds, especially tita 
nium tetrachloride, when when applied to textile fibres, 

' especially natural cellulosic fibres such as cotton, im 
prove their fire-resist properties. However, in these 

_ prior art methods the titanium compound has to be ap 
plied in undesirably‘ high amounts‘, up to. 20% by 
weight, and the high proportion of mineral incorpo 
rated into the fibre or made-up textile sheet has an un 
desirable effect on the mechanical properties, for ex 
ample, the handle thereof. Furthermore, the titanium 
compound forms a weakly adherent coating on the sur 
face of the fibre, and is, therefore, not fast to washing 
.or even to repeated mechanical deformation. 
The present invention provides a process forirnprov 

ing the ?ame-resist properties of natural or synthetic 
polyamide fibres which comprises applying to the fibres 
a complexed titanium compound, usually as a solution, 
wherein the complex is formed with an organic chelat 
ing agent or with ?uoride ions. In order to produce a 
fully satisfactory effect, the amount of titanium com 
‘pound applied to the wool should preferably be at least 
0.2%, especially 0.2 —2.5% byweight calculated as tita 
nium dioxide on the weight of fabric‘(o.w.f. ). The com 
plexed titanium compound is normally applied in aque 
ous solution. ' 

The invention may be applied to the treatment of 
synthetic polyamide fibres, for example nylon, but is 
especially valuable for the treatment of natural polyam 
ide ?bres. Preferably the fibres are of sheep’s wool, but 
‘they can also be derived from alpaca, cashmere, mo 
hair, vicuna, guanaco, camel hair, silk, and llama, or of 
blends of these materials with sheep’s wool. Fabrics 
consisting of a blend containing major proportion of 
wool and a minor proportion, generally 30% or less, of 
‘synthetic fibres, or natural cellulosic fibres, for exam 
ple polyamide, polyester or cotton fibres, may also be 
treated. The treatment may be applied to the fibres at 
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2 
any desired stage during textile processing, and the 
fibres may, for example, be in the form of ?eeces, tops, 
card sliver, noils, yarns, threads, woven or knitted fab 
rics, non-woven fabrics, pile fabrics or garments. Pref 
erably the material to be treated is scoured to-a residual ~ 
methylene chloride extract of not more than 0.8% in 
order to remove spinning additives or natural waxes 
which can contribute to the ?ammability of the prod 
uct. 

The titanium compound may be applied using con 
ventional machinery for treating textiles and garments 
with liquors including dollies, winches, beam dyeing 
equipment, package dyeing machinery, hank dyeing 
machinery, top dyeing equipment, washing and laun 
dering equipment and dry-cleaning machinery for 
batchwise treatments, and including pad mangles, lick 
rollers, spray units, continuous cloth washing units, 
backwashing machines and solvent scouring machines 
for continuous or semi-continuous treatments. 
The complexed titanium compound may'be added 

directly to the treatment liquor or alternatively it may 
be formed in situ. Compounds which may be added di 
rectly to the treatment liquor include'fluorotitanates 
oxalates and titanium citrates, or alkali metals or am 
monia. Alternatively a complex may be formed in situ 
by treating a soluble titanium salt, for example titanium 
tetrachloride with a source of ?uoride ions or with an 
organic chelating agent, for example oxalic, or'prefera 
bly citric or tartaric acid. Compounds which may be 
used as sources of ?uoride ions include sodium and po 
tassium ?uorides or bi?uorides and ammonium bi?uo 
ride. A water soluble ?uoroborate, e.g. ammonium ?u 
oroborate, may also be used as the source of ?uoride 
ions. ’ . 

The treatment can be carried out at temperatures in 
the range 20°~l30°C and at pH of less than 4 and pref 
erably less than 3.5. The pH value can readily be ad 
justed by adding a strong mineral acid, for example hy 
drochloric acid, or an acidic substance such as ammo-_ 
nium bi?uoride. Although treatment with ?uoride 
complexes can be carried out with good results at room 
temperature, it is preferred in the case of organic che 
late complexes to work at an elevated temperature. By 
applying titanium complexes of hydrocarboxylic acids 
by exhaustion from a hot liquor, and preferably at the 
boil, a high degree of penetration of the titanium com 
plex is thereby achieved, with an enhanced ?ameproof 
ing- effect. . 

The titanium complex can be applied to the fibres to 
be treated by any conventional method, i.e. by any 
method heretofore known or described in the literature - 
for applying water-soluble compounds, for example by 
the “pad-dry,” “pad-steam," “stray-'nip-dry," “drip 
nip-dry” or “exhaustion” methods. _The term pad-dry 
as used herein means the method of applying a liquor 
or paste to fibres to be treated either bypassing them ' 
through a bath and subsequently through squeeze rol 
ler's (including the method in which the fibres are 
passed vertically downwards through horizontally dis 
posed nip rollers having a bath of liquor formed above 
their point of contact) or by passing them, through 
squeeze rollers, the bottom one of which is immersed 
partly in a bath of the liquor, and subsequently drying 
them. The term spray’nip-dry means the method of 
spraying a liquor onto the fibres to be treated, passing 
them through a nip, and subsequently drying them. The 

-term exhaustion means the method of treating the 
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fibres in a bath with a solution of the active substance 
until the substance is substantially completely taken up, 
and subsequently drying the fibres. The term pad-steam 
means the application of the treating liquor by the pre 
viously described padding technique followed by 
steaming at 100°—l20°C. The term drip-nip-dry means 
the method of immersing the fibres into the treating 
bath, passing them through a nip, and subsequently 
drying them. 
Other ?ame-retardant agents previously known or 

described in the literature may be applied provided that 
they do not interfere with the titanium treatment. For 
example, antimony tri?uoride and antimony potassium 
tartarate can be applied to the wool by exhaustion. Alu 
minium compounds may also be applied to the wool. 
The present process may be carried out at the same 

time as dyeing, provided that the dye is capable of ex 
hausting onto wool with level results at pH values 
below 5. Acid levelling, l:l pre-metallised dyes and 
certain reactive dyes can be used and there is no need 
to add additional formic or sulphuric acid as is conven 
tional when using these dyes since the pH of the dye 
bath is already sufficiently low. Glauber’s salt should 
preferably not be added to the solution since it inter 
feres with the exhaustion of the titanium complex, but 
organic non-ionic levelling agents, for example Avolan 
SC or Albegal B can be used. Acid milling and 1:2 pre 
metallised dyes cannot be applied satisfactorily at the 
same time as the titanium treatment. When using an 
acid milling dye, the dye can first be exhausted prefera 
bly at the boil from the dyebath, the temperature of the 
dyebath is then reduced to, for example 70°C, the com 
plexed titanium compound is then added, and the bath 
is then further heated until the titanium complex has 
exhausted onto the wool. When dyeing with chrome 
dyes, the dyeing operation must be carried out after the 
titanium treatment, otherwise complex formation be 
tween titanium in solution and the dye can give rise to 
acolotsllaleew . . ‘ 

The acid dyes which can be used are water-soluble 
compounds of, for example, the monazo type or a tri 
phenylmethane or anthraquinone derivative. 
Acid milling dyes form a class of dyestuffs which 

have greater molecular weight and fewer solubilizing 
groups than the acid levelling dyes. There is no rigid 
distinction between the milling class ofdyes and the 
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levelling class, and many dyes have intermediate prop 
erties. Milling dyes are generally applied at a pH of 4-5. 
The premetallised dyes comprise a class of dyes hav 

ing 0,0'~dihydroxy azo, O-amino-O’hydroxy azo or 
O-carboxyl-O’hydroxy azo groups which are co 
ordinated to a metal atom, for example chromium or 
cobalt. The dyes may be used as 1:1 complexes. 
The dyes that may be employed include reactive 

dyes, e.g. those that react with the fibres and become 
covalently bonded to them, and such dyes give a high 
degree of fixation on the fibres. Dyestuffs falling within 
this class can incorporate the following groups: 

epoxy-, ethylene-imino-, isocyanate-, isothiocyanate 
, carbamic acid aryl ester-, propiolic acid amido-, 
mono-chloro-, and dichloro crotonylamino-, chloroa 
crylamino-, acrylamino, sulpho halo-, sulphuric acid 
ester, su1phoxy-, labile halogen atoms, trichloro 
pyridazino-, dichloroquinoxalin0-, allylsulphonyl-, and 
certain reactive ammonium or hydroxonium residues. 

Especially good results are obtainable with highly re 
active dyes, for example, those incorporating a 2:4 -di 
chlortriazinyl-, vinyl sulphonyl-, 2:3 -dichloroquinox 
a1ino-, or bromo-acrylamido group. 

Large numbers of dyes of these various classes are 
commercially available and can be found, forexample, ' 
in the color index. 
The treatment according to the invention has the fur 

ther advantage that it is compatible with ?uorocarbon 
oil-and-water repellent treatments for upholstery fab 
rics for use, for example, on aircraft seats. Fluorocar 
bon resins, for example FC-2l4, FC 208, FC 218, all 
available from the 3M Company can be applied prefer 
ably in the presence of an extender, for example 
Phobotex FTN (CIBA). The titanium and ?uorocarbon 
can be applied simultaneously by padding followed by 
drying at a temperature of at least 100°C, further heat 
ing for a period and at a temperature sufficient to cure 
the resin, washing and drying. The titanium treatment 
can be also applied before or after the water and oil 
repellent treatment. 
The mechanical properties of wool treated with tita 

nium by the present process are closely similar to the 
properties of wool dyed with acid dyes. This can be 
seen from the tests set forth in Table l which relates to 
yarns and Table 11 which relates to upholstery fabrics. 

Table 1 

Mechanical and ?ammability properties of yarns with various treatments 

Sample Tensile Extension Yellowness Ash Tablet test on a shag pile carpet 
Strength at break index Content 

Initial After 10 After 10 
washingsI dry cleanings2 

Untreated 2.61 kg I 12.1% 0.09 0.0671 Fails Fails Fails 
Flame-resist treated 2.38 10.3 0.14 0.53 Passes Passes Passes 
Dyed only 2.37 10.4 -— 0.06 Fails Fails Fails 
Dyed - Flame-resist 2.14 10.4 — 0.48 Passes Passes Passes 

treated 

‘ l0 washings at 60°C, 15 min. 1:20 in accordance with the Federal Specifieatiun DOC FF l-70 
: l0 dry cleanings with Pcrklonc in the Launderomctcr. Each dry cleaning for 30 minutes, 30°C. 1:20. 

I 
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Table ll 

Mechanical and flammability properties of a flame-resist treated upholstery fabric 

_ Wicrtieal test‘ 
Sample . Abrasion Tensile Strength Extension at break Tear Strength V V _ 

Resistance Warp ’ Weft Warp Weft Warp .Wcl‘t Initial Aftcr Ill After Ill tit‘) 
washings: cleanings" 

Untreated 4.900 55.3 g 50.6 g 27.2% 74.6"} 5 9 kg 5.5 kg Fails Fails Fails 
Treated 4,800 55.5 g 49.8 g 31.37: 79.39} 5 4 kg 5 1 kg 3.3 sec. 1.5 sec. 4.3 sec. 

1.‘) ins. l.7 ins. 1.5 ins. 

‘Average of three samples in warp and three itt \\cl't direction 
‘-' lil washings at 40°C. l5 ntin. using the Philips automatic washing machine. Woolntark programme 
1' It) (It) cleanings with Pcrklonc iii the Laundcrontctcr. Each dry cleaning for Ill) minutes. 311°C. 1:20. 

Undyed wool which has been treated in accordance 
with the invention, exhibits apaleryellow color. Such 
a discolouration is a disadvantage when it is desired to 
produce“ a natural-wool-colored or pastel-colored 
product, and can be reduced or prevented according to 
the invention by after~treatment of titanium treated 
fibres with a ?uoride solution, a solution containing, for 
example, alkali metal or ammonium fluoride or bi?uo 
ride. The fibres are first treated with a titanium com 
plex which. can be titanium citrate, potassium titanium 
oxalate or a complex formed in situ between titanium 
tetrachloride and a chelating agent, especially oxalic, 
citric or tartaric acid. It is conveniently applied to the 
fibre in a liquor ratio of 1:20 and preferably not more 
than ‘1 :30 by exhaustion at a pH of less than 4, prefera 
bly less than 3.5. When using titanium tetrachloride in 
association with citric acid, the citric acid is preferably 
at a concentration of 4%. Exhaustion of the titanium 
compound is normally complete after boiling for a pe 
riod of 5-30 minutes, generally about 15 minutes. A 
dyestuff can be applied to the fibre in admixture with 
the titanium compound provided that it exhausts at a 
pH of less than 4 with level results, otherwise the tita 
nium treatment should be carried out as a pretreatment 
before dyeing. Chrome dyestuffs in particular should 
always be applied after flame-resist treatment since 
they complex in solution with the titanium compounds 
and may then give rise to a color change. The ?bre is 
then treated with a solution ofa ?uoride preferably am 
monium bi?uoride. The treatment is preferably carried 
out in acid solution, conveniently at a pH of about 4. 
When sodium ?uoride is used the pH is adjusted to 4 
by addition of an acid, for example formic acid. The 
concentration of the ammonium bi?uoride is prefera 
bly 0.2 to 20 g/litre and the solution is left in contact 
with the fibre for 5-30 minutes. The treated fibre is 
then rinsed with water, hydroextracted by passing it 
through a nip and dried. 
When the desired product is an undyed wool, it is 

convenient to mix the ?uoride with a reducing agent. 
A suitable aqueous ?uoride solution contains 4% w/v 
ammonium bi?uoride and 4% w/v sodium metabisul 
phite or 4% sodium formaldehydesulphoxylate and can 
provide substantially complete removal of the yellow 
colour. 
Table 1 below illustrates the effect of treating carpet 

yarns firstly by exhaustion with a solution containing 
potassium titanium oxalate or titanium tetrachloride 
and oxalic, citric or tartaric acids and subsequently 
with a solution containing ammonium bi?uoride. The 
results show that with increasing titanium concentra 
tion the yellowness index increases, the increase being 
most marked when using oxalic acid and least marked 
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when using citric acid. In order to obtain minimum yel 
lowing of the fibre it is preferred to apply’ a mixture of 
titanium tetrachloride and citric acid to the fibres, and 
subsequently to treat them with ammonium bi?uoride.‘ 

Table 1 

Treatment After Ycllowness 
Treatment lndcx 

Untreated - 0.070 

4% PTO* + 4% Oxalic acid — 0.238 
4% PTO + 4% Tartaric acid ' -— 0.216 
471 PTO + 47! Citric acid -— (H97 
1.5% PTO + 47: Citric acid -- tl.l5| 
l.5‘7t TiCl, (50%) + 471 

Citric acid — 0.136 

1.5% TiVl4(50f/1)+ 4% Al2 
(504),’, + 47: Citric acid — (H20 

4% PTO + 4'71 Citric acid 17! NH,F.HF (H71 
4% do. 2% do. 0.120 _ 
47: do. 3% do. ’ 0.] l2 
4% d0. 4% do. l).l()8 
1.571 PTO + 4'/r Citric acid 471 do. 0.096 
1.5% TiCli (5071) + 47! 471 do. ll.(l9l 

Citric acid 

‘PTO - potassium titanium oxalate 

All treatments by exhaustion - 45 min. at 100°C. liquor ratio I120 
After-treatments at 45°C. l5 min. liquor ratio l:Zll 

TEST METHODS 

The following tests have been used in the Examples 
or have been referred to elsewhere in this specification. 

a. Exhaustion ' 

The degree of exhaustion of the titanium compound 
used for the ?ame-resist treatment can be foolowed by 
the reaction between titanium solutions and hydrogen 
peroxide to form a yellow color. The reaction is as 
sumed to be due to the formation of pertitanic acid 
H4TiO5. 
A 10 ml sample of the bath solution, if necessary 

freed'from the dyestuff, is treated with 3' ml of 3% hy-» 
drogen peroxide. A yellow color develops which indi 
cates the amountof titanium present in the solution. 
When this test was performed during the exhaustion 
treatment, the degree of exhaustion was estimated 
using quantitive colorimetric estimation at a wave~ 
length of 410 m. 
The amount of titanium and aluminium exhausted on 

wool during the ?ame-resist treatment can be esti 
mated as ash content (metal oxides). As wool always 
contains some inorganic matter the ash content of the 
untreated wool should always be estimated and the dif 
ference between the ash content of ?ame-resist treated 
and untreated wool indicates the total amount of metal 
oxides exhausted on wool during the treatment. This 
method is especially useful when the ?ame-resist treat 
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ment is performed simultaneously with dyeing and the 
dyestuff can interfere with the titanium hydrogen per 
oxide reaction. 

b. Flame-resistance 
The flame-resistance of textile fabrics can be mea 

sured by the Vertical Flame Test (A.A.T.C. Test 
Method 34-1969, Fire Resistance of Textile Fabrics) 
which involves suspending a conditioned (65% relative 
humidity) strip of the fabric to be tested in a ?ame of 
a Bunsen burner for twelve seconds and determining 
the length of the charred portion of the fabric and the 
burning time. The ?ame-resistance of carpets can be 
measured by the Tablet Test (U.S. Federal Specifica 
tion DOC FF 1-70 which involves drying a specimen of 
the carpet at 105°C for 2 hours, igniting a standard 
time-burning “Methanamine” (Hexamethylene 
tetramine) tablet on the surface of the carpet, and ob 
serving the spread of flame over the surface of the car 
pet. It is an object of the present invention to provide 
textile materials which pass these tests, hereinafter re 
ferred to as the “Vertical Flame Test” and Y“Tablet 
Test” respectively. 

EXAMPLE I 

A wool carpet yarn was treated in hank form in an 
aqueous bath with the following composition: 

Titanium tetrachloride (50%) 3.0% o.w.f. 
Citric acid ' 4.0% o.w.f. 
Aluminium chloride 4.0% o.w.f. 

The yarn and treating agent were mixed together at 
40°C, after which the mixture was boiled for 45 min 
utes. During the process- the titanium compound 
formed a chelate with the citric acid and was then pre 
sumably decomposed to form a basic titanium com 
pound within the wool fibres. 
After the treatment the yarn was then removed from 

the bath, washed, dried, and ‘formed into a carpet. The 
latter was then tested according to the Tablet Test 
(U.S. Federal Specification DOC FF 1-70) and was 
found to possess excellent flame-resistance. 

EXAMPLE ll 

This Example illustrates the simultaneous treatment 
of loose wool stock with a ?ame-resist agent and also 
the application of dye. 
A loose wool stock was boiled for 45 minutes in a 

package dyeing machine with a solution containing: 
Potassium titanium oxalate 4% o.w.f. 
Tartaric acid 3% o.w.f. 
Neopolar Yellow 4GL 3% o.w.f. 

Neopolar Yellow 4GL is an acid levelling dye. The 
loose stock was then rinsed, dried, spun to a yarn and 
converted into a carpet having a 2-inch pile and a 
weight of 36 oz/sq.yd. 
The carpet was then tested for flame-resistance ac 

cording to the Tablet Test previously referred to, both 
after dyeing and after it had been cleaned 10 times ac 
cording to the procedure described in DOC FF 1-70. 
The carpet was found to have excellent resistance 

both before and after cleaning, thus showing that the 
effect of the treatment has considerable resistance to 
removal by the cleaning step. 

EXAMPLE Ill 

This example illustrates the application of a ?ame 
resist treatment to a previously manufactured carpet. 
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8 
The pile ofa carpet having a 2-inch pile and a weight 

of 36 oz/sq.yd. was sprayed with'a solution containing 
potassium titanium oxalate (80 g/litre), tartaric acid 
(10 g/litre), antimony tri?uoride (20 g/litre). and Ter 
gitol Speedwet (Union Carbide; 1 g/litre), until the pile 
increased 50% by weight. 
The pile was then pressed lightly to ensure-penetra 

tion of the yarns by the solution, after which it was 
dried. The treated carpet was then found to pass the 
Tablet test described above. 

EXAMPLE IV 

The following composition was applied to a woollen 
fabric as an aqueous solution by means of a pad man 
gle: 
Titanium tetrachloride (50% aqueous solution) .1’) on the 

- weight of 

“ool 
(o.w.w.) 

Ammonium bifluoridc I 5’/1 
U.\\'.\V. 

Formic acid (80% aqueous solution) 2’; o.w.w. 

The fabric was dried. It was subsequently rinsed for 15 
minutes in water at 30°C at a liquor ratio of 1:20, hy 
droextracted and dried. The fabric was tested for 
flame-resistance by means of the Vertical flame. test 
(A.A.T.C. Test Method 34-1969, Fire Resistance of 
Textile Fabrics) and exhibited a satisfactory ?ame 
resistance. The test involves suspending a conditioned 
(65% relative humidity, 20°C) strip of the fabric to be 
tested in the ?ame of a Bunsen burner for 12. seconds 
and determining the length of the charred portion of 
the fabric and the burning time. The treatment was 
found to be fast to at least 10 washings (45°C. 15 min 
utes, Philips automatic washing machine, Woolmark 
programme), and at least 10 dry cleanings (28°C, 15 
minutes, liquor ratio 1:20, Perklone, launderometer). 

EXAMPLE V 

The following composition was applied to a woollen 
textile fabric as an aqueous solution by means of a pad 
mangle: 
Titanium tetrachloride (50% aqueous 1.5% o.w.w. 
solution) 
Ammonium bifluoride 1.0% o.w.w. 
Formic acid (85% aqueous solution) 2.0% o.w.w. 

The treated fabric was then dried, then washed with 
aqueous sodium bicarbonate hydroextracted and dried. 
It exhibited satisfactory flame resistance in the Vertical 
Flame Test (see Example 1). The treatment was fast to 
10 washings (each 15 min. 45°C, Philips automatic 
washing machine, Woolmark programme). After 10 
washings the char length in the Vertical flame test was 
40% shorter, indicating that the ?ame-resistance in 
creases on washing. 

EXAMPLE V1 

The following composition was applied to a woollen 
textile fabric as an aqueous solution by means of a pad 
mangle: 

1.571 o.w.w. Titanium tetrachloride (50% aqueous 
solution) ' 

Antimony trichloride 1.5% o.w.w. 
Ammonium bifluoride 1.5% o.w.w. 
Formic acid (85% aqueous solution) 2% o.w.w. 

The fabric was subsequently treated as in Example V. 
In the Vertical Flame test it exhibited a char length 
20% less than the fabric of Example V. The treatment 



3,857,727 
9 

was fast to washing by the test method described in Ex 
ample V. After 10 minutes the char length was 40% 
shorter, indicating that the ?ame-resistance increases 
on washing. _ 

The presence of antimony trichloride in the treat 
ment composition is especially applicable to light 
weight fabrics (less than 200 g/m2). 

EXAMPLE vn 
The following composition was sprayed onto a ready 

made shag-pile carpet: 
Titanium tetrachloride (50% aqueous 3% o.w.w. 
solution) 
Ammonium bifluoride 1.5% o.w.w. 
Formic acid (85% aqueous solution) 2% o.w.w. 

The treated carpetgwas passed through a nip and then 
dried. The flammability measured by the Tablet test 
(U.S. Federal Specification DOC FF 1-70) was satis 
factory. (The Tablet test for carpets involves condition 
ing a specimen of the carpet at 105°C for 2 hours, ignit 
ing a time-burning “Methenamine” (hexamethylene 
tetramine) tablet on the surface of the carpet, and ob 
serving the spread of flame over the surface of the car 
pet). The carpet pile did not burn away and no spread 
of ?ame over the surface fuzz of the unworn treated 
carpet was observed. The treatment was fast to 10 
washings (each 15 min., 60°C, liquor ratio 1:20, Hot~ 
point washing machine). In addition to the flame proof 
ing action, the composition imparts a soil-repellency 
which is believed to be due to the presence of titanium 
compounds on the fibre surface. 
Sodium or potassium bifluorides can be used in place 

of the ammonium bi?uoride, and can be applied to the 
carpet as described herein. 

EXAMPLE V111 
Wool top (100 lbs) was treated by exhaustion with 

TiCl4 (50%) —~ 3% o.w.w. and citric acid (4% o.w.w.) 
simultaneously with- dyeing [Xylene light yellow 29 

' (Sandoz acid levelling dyestuff)]. The titanium tetra 
chloride and the dyestuffs were completely exhausted 
after 30 min. boiling. The dyestuff exhaustion was ap 
proximately 5—10% higher than with the same dye; 
without the addition of TiCL, and the dyeing was level. 
The wool top was spun into a yarn. A very open shag 
pile carpet made from the treated and dyed yarn easily 
passed the Tablet test. Color fastness to light, water, 
perspiration and washing (40°C) is the same as with the 
dyed but untreated yarn‘. 

EXAMPLE IX 

The procedure of Example V111 was repeated with a 
sample of undyed wool and in the absence ofa dyestuff 
in admixture the titanium. A shag pile carpet made 
from the treated yarn easily passed the Tablet test. A 
conventional carpet test by the Air Registration Board 
Specification 8 had a char width of 2 ins. (untreated 3 
ins.). The same carpet without any backing tested by 
the Vertical Test had a char length of l in. and burning 
time — 0 sec. (untreated — char length 2.7 ins., burn 
ing time — 23 sec.). 

EXAMPLE X 

This example illustrates the simultaneous application 
to wool ofa ?ame-resist treatment and a water- and oil 

resist treatment.” 
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10 
The following composition was applied to a wool fab 

ric by a pad mangle to 100% wet pick up: 

lsopropanol (wetting agent) 
F0214 (Fluorocarhon resin made by the 3M 
Company) 

0.5% o.w.w. 
2.0% o.w.w. 

Phobotext FTN (ClBA) 0.5% o.w.w. 
Titanium tetrachloride 5.0% o.w.w. 
Ammonium bifluoride 2.5% o.w.w. 
Formic acid (85% aqueous solution) 2.0% o.w.w. 

The fabric was then dried at 120°C for a period of 3 
minutes and then maintained at 165°C for 4 minutes to 
cure the fluorocarbon resin. The fabric was then rinsed 
on a winch at 20°C with water at a liquor ratio of 1:30 
for a period of 15 minutes, and then dried at 120°C for 
3 minutes. 
The dried fabric was tested by the Vertical test and 

had a char length of 2.6 ins. and a burn time of 5 sec~ 
onds. It exhibited satisfactory resistance to water and 
oils as tested by the spray— and oil-rating test. 

EXAMPLE X1 

This example illustrates the application of a ?ame 
resist treatment by the pad-steam technique to a previ 
ously ‘manufactured shag pile carpet. ' 
The carpet was impregnated with the following solu 

tion to a pick-up of 400%. 
10 g/l TiCl4 (50%) 
5 g/l Ammonium bi?uoride 
4 g/l lrgapadol P (foaming agent) (ciba-Geigg) 
3 g/l Solvitose OFA (thickening agent) (Scholten) 
l g/lTergitol Speedwet (wetting agent) (Union Car 
bide) 

The impregnated carpet was steamed in a horizontal 
position for 10 minutes at 106°C, rinsed in two separate 
bowls with water and dried. 
The Tablet test revealed that the treated carpet easily 

passed the specification, while the untreated one failed 
to meet the specification. 
After 10 commercial shampooings the treated carpet 

passed the Tablet test. 

EXAMPLE XII 

This example illustrates the application of a'?ame 
resist treatment by the drip-nip-dry technique of a wool 
sheep-skin used ?oor-covering and car seat cover. 
The sheep-skin was impregnated with the following 

solution: 
20 g/l Ammonium bifluoride 
40 g/l TiCl, (50%) 
20 g/l Formic acid 80% 
1 g/l Tergitol speedwet. 

After proper wetting the sheep-skin was squeezed to a 
wet pick-up of 150% between rollers and dried at 50°C 
in order to not damage and harden the skin. After dye 
ing the sheep-skin was rinsed with water at 25°C for 15 
minutes in order to remove the residual chemicals, 
which could impair the soft wool handle. After rinsing, 
the sheep-skin was hydroextracted and dried at 50°C. 
The treated sheep-skin passed the Tablet test. The 

difference between the ?ammability properties of the 
treated and untreated sheep-skins was very signi?cant, 
because of the very open pile construction and loose 
fibre being readily available. With the untreated sheep 
skin no single fibre remained after the Tablet test, while 
with the treated sheep-skin only a surface ?ash of 2 ins. 
in diameter appeared followed by immediate self~ 
extinguishing of the flame-resist treated wool fibre. 
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EXAMPLE XIII 

This example describes the application of the dip 
nip-dry technique for the continuous flame-resist treat 
ment of loose wool stock in the last bowl of the raw 
wool scouring machine (leviathan). 
The solution of the last (fifth) bowl of a commercial 

scouring machine had the following composition: 
60 g/l TiCl4 (50%) 

40 g/l HCOOI-I (85%) 
Loose wool stock passed continuously through this 
bowl for 7 minutes at 30°C, was squeezed to a 60% wet 
pick-up and continuously dried. 
The Tablet test showed a significant degree of ?ame 

resistance when compared with the same untreated 
wool fibres. 
As in some cases the residual chemicals interfered 

with the processability of the treated wool, part of the 
treated loose stock was rinsed in a separate bowl with 
water for 15 minutes at 25°C and dried. The treated 
and rinsed loose wool stock passed the Tablet test. 

EXAMPLE XIV 

This example illustrates the exhaustion treatment of 
a wool-nylon (80/20) blend knitted garment. The gar 
ment was treated in a side-paddle dyeing machine with 
the following chemicals for 45 minutes at the boil: 
5% TiCl4 (50%) o.w.w. 
6.5% citric acid o.w.w. 

After boiling the titanium complex was exhausted to 
90% and the garment was rinsed and dried. The Verti 
cal Flame Test showed a burning time of 1 sec. and 
char length of 3.5 ins., values easily meeting the specifi 
cation (Max. burn time 15 sec., max. char length 8 
ins.). 

EXAMPLE XV ' 

A wool blanket containing 15% of cotton in warp di 
rection was treated by the exhaustion treatment on a 
winch with the following chemicals: 
4.5% TiCl, (50%) o.w.w. 
6% citric acid o.w.w. 

The temperature of the bath was brought to the boil at 
a rate of 40°C/min. and boiled for 45 minutes. After 
checking the exhaustion of the titanium citrate com 
plex the blanket was rinsed and dried. 
No difference is handle or mechanical properties be 

tween the treated and untreated blanket was noticed. 
The treated blanket easily met the specification when 
tested in both warp and weft direction, by the Vertical 
Flame Test, while the untreated blanket failed to meet 
the specification in both directions. 

EXAMPLE XVI 

A wool-polyester (80/20) yarn was treated in hank 
form by the exhaustion technique with the following 
chemicals: 
4% TiCl4 (50%) o.w.w. 
5% citric acid o.w.w. 

The citric acid was dissolved in warm water in bucket 
and the titanium tetrachloride solution was added to 
the dissolved citric acid in the bucket while stirring. 
The titanium citrate complex prepared in situ was 
added to the bath, which was brought to the boil and 
kept at the boil for 45 minutes. After rinsing and drying 
a knitted fabric was prepared from the treated yarn and 
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tested by the Vertical Flame Test. The burning time (1 
sec.) and char length (2.5 ins.) indicated a sufficiently 
effective flame-resist effect. 

EXAMPLE XVII 

A furnacemans cloth (pure wool, woven, 600 g/m2) 
was treated by the exhaustion technique with the fol 
lowing chemicals at the boil for 45 minutes: 

Titanium tetrachloride (50%) 
Citric acid 

After exhaustion of the titanium complex the fabric 
was rinsed and dried. 
As in actual foundry conditions resistance to radiant 

heat is much more important than resistance to flame 
the treated and untreated fabric was tested by ASTM 
E-l62-66T surface flammability ofmaterials using a ra 
diant heat energy source. Under the conditions of this 
test the fabric is exposed to a temperature of 800°C for 
15 minutes and the char length is measured. The results 
were as follows: 

43 cm. 
15 cm. 

Untreated 
Treated 

Char length 
do. 

(full length) 

The results of this test show that the flame-resist 
treated fabric is more resistant to heat than the un— 
treated one. 

EXAMPLE XVIII 

Carpet wool (100 lbs) in hank form was treated by 
exhaustion with TiCl, (50%) — 3% o.w.w. andcitric 
acid‘(4% o.w.w.) simultaneously with dyeing [Xylene 
light yellow 29 (Sandox acid levelling dyestuff)]. The 
titanium tetrachloride and the dyestuffs were com 
pletely exhausted after 30 min. boiling. The dyestuff 
exhaustion was approximately 5-10% higher than with 
the same dye; without the addition of TiCl, and the 
dyeing was level. A very open shag pile carpet made 
from the treated and dyed yarn easily passed the Tablet 
test. Color fastness to light, water, perspiration and 
washing (40°C) is the same as with the dyed but un 
treated yarn. 20 lb. of a blended yarn 80/20 (Wool/ny 
lon) was simultaneously treated. The color shade was 
darker because of the nylon, but the shag pile carpet 
made from this yarn also easily passed the Tablet test. 
Nevertheless, the burning rate was slightly higher than 
with 100% wool. 

EXAMPLE XIX 

The procedure of Example XVIII was repeated with 
a sample of undyed wool and in the absence of a dye 
stuff in admixture the titanium. After the titanium 
treatment the yarn was treated with 4% ammonium bi 
fluoride o.w.w. for 15 min. at 50°C. The after 
treatment completely removed the slight yellow‘ color. 
A shag pile carpet made from the ?uoride after-treated 
yarn easily passed the Tablet test. A conventional car~ 
pet test by the Air Registration Board Specification 8 
had a char width of 2 ins. (untreated 3 ins.). The same 
carpet without any backing tested by the Vertical Test 
had a char length of 1 in. and burning time — 0 sec. 
(untreated — char length 2.7 ins., burning time — 23 
sec.). 
A simultaneous after-treatment with 4% NH4F.HF 

and 4%, sodium metabisulphitc or 4% sodium formalde 
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hyde - sulphoxylate completely eliminated the yellow 
ness, without affecting the ?ame-resist properties. 

EXAMPLE XX 

A carpet yarn was treated in hank form with an aque 
ous solutioncontaining: 

Sodium ?uoroborate 2% o.w.l". 
Titanium tetrachloride 
(5% aqueous solution) 3% o.w.f. 
Hydrochloric acid (37%) 3% o.w.f. 

The solution was then boiled for 45 minutes and the 
treated ‘yarn was rinsed twice, hydroextracted and 
dried. It was fabricated into a very open shag pile car 
pet which easily passed the Tablet test. 
What I claim is: . 

l. A process for improving the flame resistance of 
natural and synthetic polyamide fibres which comprises 
wetting the fibres with an aqueous solution of a com 
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plex compound of titanium consisting essentially of ti 
tanium complexed with ?uoride ions, a di- or polycar 
boxylic acid organic chelating agent or hydroxycar 
boxylic acid organic chelating agent having a pH less 
than about 4 until the fibres have taken up at least 
0.2% by weight of the complex compound of titanium, 
calculated as titanium dioxide, from said solution. 

2. The process of claim 1 wherein the amount of 
complex compound taken up on said fibres is 0.271 to 
2.5% by weight, calculated as titanium dioxide. 

3. The process of claim 1 wherein the complex tita 
nium compound containing fibres are treated with an 
aqueous solution containing ?uoride ions to reduce the 
yellowing thereof. 

4. The process of claim 1 carried out at 2()°—l 30°C. 
5. The process of claim 4 carried out at room‘ temper 

ature where the titanium compound is a complex of ti 
tanium and fluoride ions. 

6. The process of claim 4 carried out by immersing 
the fibres in the solution at the boil until the titanium 
complex has exhausted thereon. 

* * >l< >l< >l= 
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