T

‘spinning.
luster -and transparency of celliilosic materials
must be preserved. Brightness and luster are

‘an‘even greater extent.in films and foils.
‘titaniuim compounds are free from ¢olor, chem-
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1 Claims.
This idvention relates to cellulosic ‘materials
of reduced flammahility, and more particularly
to.the production of imbroved films, fibers, and
fabiics of cellulose and its derivatives which are

Tustirous. yet conitain substantial quantities of in-
'soluble titanium compounds.

It is well known that the Aammability of cellu-
Iosic materials -may be reduced by incorporating
Buitable orgamc or inoiganic materials therein.
Thotigh Water-soliible -impregnants ‘suffice ‘for
some purposes, insolubility in water is frequently
fequired. Water-insoluble compounds are usu-
ally incorporated by impregnating the cellulosic
material with a water-soluble compound of an

‘Nement which is subsequently precipitated in

the form of one of its insoluble compounds, for
example "‘as an oxide, silicate, phosphate, or

‘tungstate. Titanium compounids have been found

tiseful for this purpose but their utility has been
limited by attendant, undesired delustering of the
1mpragnated mpterial. This ability of titanium

:comr‘ounas to deluster is well known and it is
"possmle ‘at times to take advantage of it.. Thus,

many textile materials are delustered by intro-
diicihg titanium compounds before or after
For many purposes, however, the

ﬁequenﬂy required in textile materials and to
Mahy

mally inert, . difficultly soluble, and non-flam-
mable, all ‘of which make them attractive as

‘f’ame—ve‘cmdmg agents provided they can be in-
;corporated in ‘substantial. quantity ‘without . de~

lustering the cellulosic material.
. In'accordance with ¢opending application Se-

‘-rlal No. 692,386, filed August 22, 1946, Tustrous

‘ilms, ﬁbers, and fabrics of regenerated cellulose
‘and cellu’ose esters ‘and ethers containing ti-
ta,nlum are produced by impregnating such cel-

Tulosic materials with a soluble titanium com-

pouiid, removing superficial impregnant from the

‘treated product, and then precipitating a water-

insoluble  titanium compotind within impreg-
nated cellnlosic material. More. specifically the
invention disclosed.in Serial No. 692,386, filed Au-

Bust 22, 1946, comprises producing a lustrous re-

generated cellulosic material of substantially re-
duced flammability cohtdining at least 3% by
weight of titanitm, by impregnating said mate-~
Tail With o reigtively condentrated solution of a
Water- =soltble, ‘inorganic compound of titaniutn,
sueh” a8 tl‘canyl sulfate Temoving exeess impireg-
Hant -from - the treated haterisl oy “thorouzghly

(CL

117--162)

rinsing with an alcohol, and then precipitating a
water-insoluble titanium compotind within the
rinsed cellulosic product. .

In accordance with one adapta‘mon of the in-

5 vention disclosed in copending application Serial
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No. 682,386, filed August 22, 1946, regenerated
cellulosic yarn or fabric'is: suitably ‘impregnated
by immersion, preferably’in & titanyl sulfate so-
lution containing from about-50 to 150 grams per
liter of TiOz for a reldtively short period of time
and at room temperature-or temperaturés rang-~
ing from 0°'C. to 80° C.; care being exercised not
to utilize elevated temperatures ‘at ‘whichhy-
drolysis would oceur. After such impregnation,
excess Impregnart is ‘remdved as ‘thoroughly ‘as
possible by conventional'liydro-éxtraction, draiti-
ing or wringing. THese and sithilar ‘mechanical
operations are insufficient “in “‘themselves, ‘how-
ever, to prevent undesired delustermg of the cel-
lulosic material in the subséquent operations iec-

‘essary to insolubilize or fix the-titaniium. When

materials treated in'this'matiner are immersed in
agueous alkali, phcsphate solution, water 4t ordi-
nary temperdture, or ‘other medm for fixing ‘the
titanium, precipitation dccurs on the surface as
well ‘as precipitation within the ‘céllulosic mate-
rial. The ‘cellulosic ‘maferial ‘becomes -coatad
with a rough, adherent, delusterlng deposit of
titanium compound. “This deposit is relatively
easy to remove from-films but is excéedingly diffi-
cult, if net altogether lmpossxble to ‘remove ‘from
text’le materials by mere ‘washing. Seemmgly,
the deposition ‘is ‘due ‘to 1ncomplete removal of
impregnating agent from the surface of the ¢el-
lulosic material prior*to fization of ‘the ‘titaniim
as the oxide or other insoliible compounds. To
overcome this and avoid. such deposition, a
“thorough ringing of: the’ ‘impregnated Mmaterial in
preferably an alcohol is resorted to. Ethyl alco-
hiol ‘is particularly preferred, since it does not
xtract titanyl sulfate from within the fiber 'yet
appears to remove the titahyl sulfate from:the
surface -of ‘the fiber. The rinsed product can
then be washed with water to insolubilize the ti-
tanium sulfate withih the ‘fiber. and to. render
the yarn sulfate-free, but preferably-it.is treated
with a suitable neutralizing agent, such asa:3%
solution of sodium carbonate, followed by water
washing to accomplish the same purpose.

By the process of the-invention described-above
lustrous, regenerated. cellulosic material contain-
ing a delustering concentration -of -a titanitim
compound may be produced -as ‘a-new prodilct.
The thorough removal of superficial-impregnant,
that is, excess titanyl sulfate, is essential to pre-
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vent undesired delustering. The rinsing steps
effectively used are rinsing with an aleohol, or
agqueous mixtures of an alkali and a polyhydric
alcohol or with water at a temperature not above
10° C. While these procedures are effective and
useful, more efficient rinsing steps have been
sought to permit more economic operation of the
process commercially both in respect to time and
quantity of materials consumed.

The present invention has as ah object the 1m-
provement of the production of lustrous, regen-
erated cellulose material containing a delustering
concenfration of a titanium compound. A fur-
ther object is the provision of inexpensive, effi-
cient means for the rinsing of cellulosic material
impregnated with soluble titanium compounds.
Other objects will appear hereinafter.

These objects are accomplished by rinsing
cellulosic “materials impregnated with soluble
titanium compounds with agueous solutions of in-
organic, neutral salts.

The following examples, which are merely illus-
trative and are not to be considered as limitative,
are given to provide a clearer understanding of
the invention.

E:cam'ple I

Twelve pounds of gel skeins of 150 denier-40
filament Bright yarn -were impreghnated by im-
mersion -at room temperature in a solution of
titanyl sulfate for 30 minutes. The titanyl sul-
fate solution was composed so as to ke equivalent
to 150 grams of TiO:z per liter. The skeins were
then washed at room temperature with 10% aque-
ous solution of sodium sulfate. Washing was
effected by the shower method and was continued
until the washings were acid free. The skeins
were then washed with soft water at room tem-
perature to remove sodium sulfate. - The follow-
ing steps were then taken in turn at room tem-
perature: a wash using a 5% aquecus solution of
sodium carbonate, a soft water wash until the
yvarn was alkaline-free, a wash using a 3% ague-
ous solution of phosphoric acid and finally a soft
water wash until the yarn was acid free. The
treating cycle with the sodium carbonate and
phosphoric acid was one hour. The soft water
washing treatments were conducted for the length
of time required to reach a neutral pH. This
generally involved about eight hours. -After

washing, the yarn was finished with a solution

of a sulfonated vegetable oil for 30 minutes at 50°
C..  After centrifuging and drying, the yarn was
analyzed and it was found that the minimum

amount of TiO:2 was 7.9%; the maximum was ;

12.5% and the average was 9.9%.
Example IT

A gel skein of 150 denier-40 filament Bright
yarn was immersed in a solution of titanyl sulfate
equivalent to 150 grams of TiO2 per liter for one-
half hour at room temperature, after which treat-
ment it was allowed to drain for one-half hour
in order to remove excess titanyl sulfate. The
skein was then washed in 10% sodium chloride
solution at room temperature until acid-free.
Washing was accomplished by immersing the
skein in sodium chloride solution for 5 minutes,
and then centrifuging for 2 minutes to remove
excess solution and to facilitate the washing oper-
ation. The skein was then immersed in fresh
sodium chloride solution and the above operation
repeated until the skein was acid free. This re-
quired seven two-liter washes for a 75 gram skein.

Next the skein was washed with soft water to
remove sodium chloride, then with 5% sodium
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carbonate solution, washed alkaline free with soft
water, treated with 39% phosphoric acid solution
and then washed acid-free with soft water. All
treatments were conducted at room temperature.
After washing, the skein was finished with a solu-
tion of sulfated vegetable oil for one-half hour
at 50° C., centrifuged and dried.

TiOz2 analyses on a skein of Bright yarn treated
in the above manner were as follows: minimum
amount of TiOs2 was 7.27% ; the maximum was
8.26 % and the average was 7.77%.

Although the invention has been described
above as applied to certain preferred embodi~
ments thereof, it will be obvious that due variance
therefrom may be made without departing from
its underlying principles and scope. Thus, al-
though it is particularly applicable to the treat-
ment of textile materials such as cellulosic
threads, yarns, or fabrics, the invention is not
limited thereto. It may, for example, be applied
to films, foils, sheets and even to plastic composi-
tions and molded ohjects. . The materials treated
may consist of or contain cellulose acetate or
other derivatives of cellulose, for example, cellu-
lose - nitrate, cellulose nitro-acetate, cellulose
formate, cellulose propionate, cellulose butyrate,
hydroxyethyl cellulose, ethyl cellulose and other
esters, ethers, and ester-ethers of cellulose. The
titanium may be introduced during spinuning or
casting, as for example by incorporating titanyl
sulfate in an acid regenerating bath, or at any
suitable stage during subsequent processmg or
fabrication.

It is usually possible to introduce up to 20%
by weight of titanium (ecalculated as TiOz2) into
films and up to 13% by weight into textile mate~
rials. The amount of titanium introduced may
be relatively small, e. g., as low as 0.5% by weight.
At least 3% by weight of titanium is required to
materially reduce flammahbility. The reduction:
in flammability Is directly related to the quantity
of titanium introduced and larger quantities
(preferably from 5% to 10% by weight) are
frequently desirakle when the cellulosic material
has a large surface area, as in the case of brushed
rayon fabrics. Preferably, also, the titanium is
precipitated within the cellulose structure as the

‘ oxide, phosphate or phytate.
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“As noted above, titanyl sulfate is advanta-
geously embployed as the preferred impregnating
agent by virtue of its high solubility in water, its

 relatively non-injurious effect on cellulose, and
“its ability to introduce large quantities of tita-
nium.

It is usually employed in aqueous solu-
tions at a concentration equivalent to, say, from

* 50 to 150 grams of TiO: per liter, though higher
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concentrations (up to 200 or 30¢ grams per liter)
can also be used, i. e., from 5% to 30% TiOz in
solution. Excess sulfuric acid above that required
for stoichiometric equivalence with titanyl ion
sometimes facilitates introduction of the tita-
nium though less than 100% excess is preferred.

The soluble titanium compound may be incor-
porated in a variety of ways, as for example by a
bath treatment, by padding or by spraying. Any
soluble titanic, titaneous, or titanyl salt may be
used though the sulfates, chlorides, oxalates, and
acetates are particularly suitable. The titanium
may be precipitated within the fibers by a variety
of agents, for example, phosphates, phytates, sili-
cates, tannates, borates, etc. Though water is
preferred as the impregnating and precipitating
medium, all or part of the water may be replaced
with alcohols, acetone, dioxane, and the like.

It is not essential to pre-swell the cellulosie
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structure but this is usually helpful and may be
accomplished by soaking in water or other swell-
ing medium or, in the case of regenerated cel-
lulose, by employing so-called gel cellulose which
has not been dried after regeneration. The rate
of incorporation of titanium may sometimes be
increased by raising the temperature of the im-
pregnating solution, but, as already noted, care
must be exercised to avoid hydrolysis. The time
of impregnation may vary from a few seconds to
a minute or more in case of yarns, fabrics, and
films continuously passed through an impregnat-
ing bath up to 15 minutes or longer in batchwise
impregnations.

The aqueous salt wash may be carried out at
any convenient temperature and pressure, though
operation at or near rcom temperature is gen-
erally expedient. While sodium sulfate is a pre-
ferred agent for use in this step, other water
soluble, neutral salts may be used. For example,
sodium chloride, potassium chloride or potassium
sulfate may be employed with comparable effi-
ciency. So also may the nitrates of lithium, so-
dium and potassium. In general, any salt which
does not precipitate an insoluble titanium com-
pound may be used. These salts may be used in
dilute or concentrated solutions. In general,
however, concentrations ranging from 5% to 20%
are preferred, concentrations of 10% generally
being employed.

The temperature of the salt solutions may be
varied from 0° C. to 50° C. However, washing
of the desired effectiveness is obtained at room
temperatures. There is no need to cool the ague-

ous solutions since the hydrelysis action of the ¢

watber is sufficiently retarded by the presence of
the salt. Advantages in cost are taken by the
operativeness of the wash at room temperature
and temperatures in the neighborhood of 25° C.
are preferred.

Other advantages attend the process of this
invention. Very inexpensive materials are used
in the washing step, thereby avoiding the neces-
sity and cost of recovery steps. Further, the
amount of wash material needed to prodiice the

same end condition is materially reduced. For

example, about 45 gallons of alcohol are required
to wash each pound of final yarn produced,

whereas only 15 to 20 gallons of the less expen-

sive washing solutions of this invention are re-

20

30

45

50

quired per pound of yarn. This means also that.

the fotal time consumed in the operatiori of the
process is materially reduced. The economic ad-
vantages attendant are obvious. :

Processing subsequent to rinsing depends upon
the particular titanium compound to be precipi-
tated. If titanium oxide is to be precipitated,
the especially rinsed materials are simply washed
with water until sulfate-free or, since this is
slow, neutralized with alkali, preferably 3% aque-
ous sodium carbonate, and washed with water.
If it is desired to precipitate another insoluble
titanium compound, the rinsed material may be
immersed in a dilute solution of a compound con-
taining the desired anion, as, for example, a
water solution containing a phosphate, a phytate,
or the corresponding free acids. Acids which
extract titanium, for example, hydrochloric and
sulfuric, should be avoided.

€

If desirved, the process may be used to reduce
the flammability of previously delustered mate-
rials when it is desirable to avoid further reduc-
tion in luster, clarity, or surface deposition of
inorganic material.

As many apparently different embodiments of
this invention may be made without departing
from the spirit and scope thereof, it is to be un-
derstood that I do not limit myself to the specific
embodiments thereof except as defined in the
appended claims.

I-claim:

1. A process for producing a lustrous regener-
ated cellulosic product which comprises impreg-
nating a regenerated cellulosic material with a
water~soluble titanium - compound; rinsing the
resultant impregnated material with an aqueous
solution of a water-soluble alkali salt selected
from the group consisting of sulfates, nitrates
and chlorides to remove superficial impregnant
of the soluble titanium compound; and then pre-
cipitating a delustering concentration of a water-
insoluble titanium compound ranging from 3% to
209 of titanium by weight within the rinsed cel-
lulosic material by reacting the remaining im-
pregnated soluble titanium compound with a pre-
cipitating agent.

2. A process in accordance with claim 1 wherein
said salt is a sulfate.

3. A process in accordance with claim 1 where-
in said salt is a chloride. '

4. A process in accordance with claim 1 where-
in said salt is a nitrate.

8. A process in accordance with claim 1 where~
in said salt is sodium sulfate.

6. A proeess for producing a lustrous regener-
ated cellulosic product which comprises impreg-
nating a regenerated cellulosic material with a
water-soluble titanium compound; rinsing. the
resultant impregnated material with a 5% to 20%
aqueous solution of sodium sulfate at 0° C. to 50°

. C. to remove superficial impregnant of the soluble

titanium compound; and then precipitating a de-
lustering concentration of a water-insoluble ti-
tanium compound ranging from 3% to 20% of
titanium by weight within the rinsed cellulosic
material by reacting the remaining impregnated
soluble titanium compound with a precipitating
agent.

7. A process in accordance with claim 6 where-
in said agqueous solution is a 10% solution of

" sodium sulfate and the temperature is room tem-
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perature.
- FREDERICK ROY MILLHISER.
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