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This invention relates to the production of novel, cel 
lulosic materials exhibiting modified properties, and 
more particularly to the preparation of improved fibrous 
cellulosic materials adapted for use in the textile industry. 

This application is a continuation-in-art of my co 
pending application, S.N. 474,587, filed December 10, 
1954, now abandoned, which application is a continua 
tion-in-part of my abandoned applications S.N. 370,869 
and S.N. 370,870, filed July 28, 1953, said applications 
S.N. 370,869 and 370,870 are continuations-in-part of 
my abandoned applications S.N. 287,041 and S.N. 287,- 
042, respectively, both filed May 9, 1952. Applications 
S.N. 287,041 and 287,042 are, in turn, continuations-in 
part of my abandoned parent application S.N. 217,407, 
filed March 24, 1951. 

Differences in the properties of wool and cotton fibers 
and textiles are well known in the trade and it is well 
recognized that a fiber possessing the properties of cotton 
together with the crease resistance of wool would pro 
vide a valuable product adaptable to wide and extensive 
usage. For instance, such material could be advanta 
geously employed in men's light-weight suits for summer 
wear while presenting an appearance comparable to the 
warmer woolens, and in the manufacture of women's 
clothes since a dressy appearance would be desirably 
assured for substantial periods in warm and humid 
weather. Although heretofore many treatments have 
been devised and proposed, the impartation of satis 
factory crease-resistance properties to cotton fabrics while 
retaining other desired and essential features of the fabric 
has not been successfully accomplished. 
Cotton and artificial cellulose derived fibers are de 

ficient in a number of desirable properties, including 
wrinkle resistance, mildew resistance, abrasion resistance, 
non-flammability, etc. These weaknesses are probably 
greatest in artificial fibers, especially regenerated cellu 
lose type rayon. Heretofore, they have been considered 
to be a property fundamental to the characteristics of the 
textile material and not subject to change or modification 
even after recourse to relatively expensive treatments. 
More recently, as contemplated in U.S. Patent 2,570,566, 
it has been found that the flame resistance of these textile 
materials can be remarkably improved by treatment with 
a strong solution of inorganic chlorides of titanium and 
antimony. Such treatment yields a cellulosic textile con 
taining both titanium and antimony which is flame re 
sistant. 

Signaigo U.S. Patent 2,525,049 discloses that substan 
tial amounts of titanium oxide can be incorporated in 
gel cellulosic film by immersing the film in an aqueous 
solution of a titanium salt. The dried film is brittle and 
transparent and has properties which are attributed to 
the presence of the titanium such as the decreased trans 
mission of ultraviolet light. Similar treatment of rayon 

- has not yielded commercially useful fibers and fabrics 
and such products are not available to the textile manu 
facturer. 
The present invention has among its objects the pro 
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2 
duction of novel, highly useful cellulosic textile mate 
rials advantageously possessing wool-resembling proper 
ties; to provide new, improved textile materials inherently 
possessing a novel combination of desirable properties 
not heretofore existing in or possessed by any one 
textile substance, including increased liveliness, mildew 
resistance, crease resistance, abrasion resistance, flame 
resistance, greater warmth and insulating characteristics, 
washability and high melting point; to provide novel 
methods for converting inexpensive type cellulosic. mate 
rials to more useful, improved products, which, among 
other things, are competitive with wool and such syn 
thetic fibers as nylon polyamide-condensation-polymer 
and 'Orlon' acrylonitrile-addition-polymer; to provide 
a novel, improved form of cellulose textile which upon 
treatment in accordance with the invention contains a 
treating metal in chemical combination with the cellu 
lose; and to provide a novel, reactive cellulose interme 
diate Suitable for the preparation of such improved, modi 
fied cellulosic materials therefrom. Further objects and 
advantages of the invention will be apparent from the en 
Suing description thereof. 
The above and other objects and advantages are at 

tained in this invention which comprises treating a cel 
lulosic material with a swelling and conditioning agent, 
reacting the swollen cellulosic product with a metal ester 
in a substantially non-aqueous environment and prefer 
ably in the presence of said agent, regenerating the cel 
lulose product by treatment with aqueous media, and 
separating and recovering the improved, chemically modi 
fied cellulosic material from the residual organic re 
agents, solvents and reaction products. 

In preparing a modified cellulosic product in accord 
ance with one specific embodiment of my invention, I 
wet a suitable cellulosic material, such as cotton or rayon, 
in a Substantially anhydrous organic swelling and com 
plexing agent for cellulose, such as an amine, e.g., ethyl 
amine or ethylene diamine, maintaining a liquid phase in 
the reactor. Upon desired preswelling, conditioning or 
complexing being attained, excess swelling agent is 
drained or otherwise removed from the swollen and com 
plexd amine cellulose product and the latter is then im 
mersed in a solution of an anhydrous organic metal ester, 
e.g., alkyl or aryl metal esters of the ortho type, until 
the metal becomes transferred from the solution to the 
cellulose by chemical reaction to form a highly tendered 
metal ester-amine cellulose intermediate compound. This 
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product is then separated from the organic liquid, treated 
with water or other aqueous media, such as water-con 
taining organic solvents, e.g., water and alcohol solu 
tions, or dilute aqueous media, and recovery is effected 
of the resulting chemically modified material as an im 
proved product of greater usefulness. 
Complexing agents especially useful in my invention 

comprise any nitrogenous swelling agent such as ammonia 
and amine-nitrogen compounds containing a -NH or 
>NH radical. Examples thereof include short chain or 
small ring primary or secondary mono- or poly-organic 
ammonia derivatives. Liquid anhydrous NH, ethylamine, 
methyl amine, ethylene diamine, and diethylene triamine 
are especially useful and effective. Other useful agents 
include hydrazine, formamide, urea, phenyl urea, thio 
urea, isopropyl amine, propylene diamine, triethylene 
tetraimine, trimethylene tetramine, dimethyl amine, 
N-acetyl methylamine, diethyl amine, difunctional short 
chain amine derivatives such as ethanolamine, 1,3-di 
aminopropanol-2, aminoethyl ethanolamine, etc. These 
reactive nitrogenous reagents, known for their ability to 
swell cellulose have, proved effectively useful and can 
be used in pure state in my process, being added to and 
caused to react with substantially anhydrous celluluose 
under pressure and temperature conditions consistent with 
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the maintenance of a major part of the swelling and com 
plexing agent in the liquid state. By conditioning agents 
refer to those compounds, usually swelling agents, which 

suitably modify the cellulose and enable or promote reac 
tion therewith of a titanium or other contemplated metal 
ester. Since my process is less complicated when the 
reagent is employed in pure, liquid state, e.g., pure methyl 
amine or pure ethylene diamine, I preferably resort to such 
form of reagent. If desired, substantially non-aqueous 
solutions of the reagent in compatible organic solvents 
can be employed. The pre-conditioned cellulose reacts 
with the ester to form a highly tendered ester-amine com 
plex cellulose intermediate which is characterized by a 
lack of strength prior to the contemplated water or other 
aqueous media treatment. The process can be carried 
out by first wetting or immersing the cellulosic material 
in the desired conditioning agent to induce the swelling, 
and when desired preswelling and complexing is attained, 
excess agent is drained from the treated cellulose. The 
substantially anhydrous metal ester is then added to the 
cellulose while the latter is still wetted by the amine con 
ditioning agent, the metallation being preferably effected 
in the presence of the amine. Preferably also, and to 
obtain optimum benefits hereunder, the cellulose is in sub 
stantially dry state prior to treatment. Under these con 
ditions the improved properties of the final product and 
beneficial effects of my invention are made possible. 
The metal ester can be added as a pure liquid, or more 

suitably, as a solution in an organic solvent, such as alco 
hol, benzene, toluene, Xylene, cyclohexane, dioxane, paraf 
fin, hydrocarbon, etc. While tetraisopropy titanate as 
a solution in isopropanol is preferred for use because 
it is one of the less expensive useful titanates from which 
economical recovery of the isopropanol can be effected, 
the invention is not limited thereto. 

. In general, I contemplate use in the invention of any 
hydrolyzable organic metal ester or condensed ester or 
mixture which is adapted to tenderize swollen cellulose. 
Those particularly useful are metal esters of the ortho 
type corresponding to the formula Me(OR), wherein 
Me includes titanium, zirconium, hafnium, thorium, alu 
minum, iron (ferric), etc., e.g., metals which form water 
insoluble oxides and have a coordination number at least 
one greater than the valence of the metal in the oxide 
form (which number is usually 6), R is a monovalent 
hydrocarbon or chlorinated hydrocarbon radical, such as 
an alkyl (methyl, ethyl, propyl, butyl, amyl, isopropyl, 
isobutyl, isoamyl, etc.), cycloalkyl (cyclopropyl, cyclo 
butyl, cyclopentyl, etc.), aryl (phenyl, naphthyl, etc.), 
alkaryl (tolyl, xylyl, ethylphenyl, propylphenyl, etc.), 
aralkyl (benzyl, phenylethyl, phenylpropyl, etc.), and x is 
3 and 4, the valence of the metal in its highest state of 
oxidation. Especially useful are compounds containing 
an alkyl hydrocarbon radical of an alcohol having from, 
say, 1-12 carbon atoms in its chain, and particularly from 
1-6 carbon atoms (methyl, ethyl, propyl, butyl, pentyl 
and hexyl). Other monohydric alcohol compounds of 
the contemplated metals can be used, such as methyl, 
ethyl, propyl, isopropyl, butyl, isobutyl, amyl, octyl, 
dodecyl titanates, aluminates, zirconates, etc., as well 
as 2-ethylhexyl, benzyl, cyclohexyl, phenyl, ethoxyethyl 
and beta-naphthyl derivatives thereof, etc., or various 
combinations and mixtures thereof. 
are organic esters or mixtures of an ester of a metal from 
the first Sub-group of group IV of the periodic table (in 
cluding titanium, zirconium, hafnium and thorium) or 
condensed derivatives thereof. Examples of variously 
useful esters include titanium and zirconium tetraethylates, 
tetraisopropylates, tetrabutylates, etc., aluminum tri 
ethylate or tributylate, ferric triethylate, zirconium tetra 
decylate, etc., and the various hexylates, ethoxyethylates, 
cyclohexylates, phenylates, benzylates, and beta-naph 
thylates of the mentioned metals as well as the mono 
chloro and dichloro, etc., derivatives of these compounds. 

Especially useful 

O 

4. 
preferred treatment under this invention is severely ten 
dered compared to the cellulose compound resulting from 
the initial swelling and complexing treatment, or compared 
to the initial cellulose material. That is, the tensile and 
tear strength of the fabric is substantially reduced, i.e., 
by about 10-90% and usually by 10-30% of its original 
strength, and the tenacity of yarns or fibers is reduced to 
a similar extent. Upon completion of the reaction, unre 
acted ester, amine and any solvents used are drained from 
the intermediate with substantially anhydrous conditions 
still prevailing. Removal of these unreacted materials 
can be further facilitated by subsequent displacement 

- washes, using anhydrous organic solvents, followed by 
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draining or other physical separation methods. The an 
hydrous solvent-washed ester-amine-complexed cellulose 
intermediate is useful in various applications. Thus, it 
can be immediately placed in an aqueous medium, where 
upon the hydrolysis product of the intermediate is re 
moved to leave the metal radical in reacted condition 
within the cellulose structure as a cellulose derivative hav 
ing substantially the strength and washability and high 
melting point of the original fibrous cellulose material, but 
possessing, advantageously such novel properties as high 
flame and mildew resistance, together with many of the 
desired single fiber and fabric characteristics of wool, in 
cluding increased liveliness, greater bulk, warmth and in 
sulating characteristics, initial modulus, compliance ratio, 
work recovery, crimp elongation, and wool-like woven 
cloth properties such as handle and high crease resistance. 
In addition, it exhibits high laundering resistance charac 
teristics, which property and new chemical composition is 
retained even after repeated washing treatments, as shown 
in Table 1 below. The intermediate can be held in the 
anhydrous state for prolonged periods of time before con 
version to the improved cellulose derivative form, and 
hence can be shipped as such, for conversion at other loca 
tions or for other purposes. 
To a clearer understanding of the invention, the fol 

lowing specific examples are given. These are merely 
illustrative and are not to be regarded as limiting the 
invention: 

EXAMPLE 

Viscose rayon twill shirting fabric, after being soaked 
for 16 hours at room temperature in anhydrous ethylene 
diamine in a closed container, was removed from the 
diamine swelling agent, drained and then immersed in a 
10% solution of tetraisopropyltitanate in anhydrous iso 
propanol and heated to and maintained at or near boiling 
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temperature for two hours while being protected from 
moisture. The amount of titanate solution reagent used 
was equal to 25 parts by weight for each part by weight 
of the fabric. The solution was then drained from the 
fabric and the latter twice washed with a similar amount 
of pure isopropanol, each wash involving 30-minute agita 
tion period. As a result, the sample became tenderized 
to less than a quarter of its original break strength. Un 
used reagents were recovered from this washing step. The 
reacted portion of the titanate does not wash out. The 
sample was then placed in water at 30° C. for 2 hours and 
then dried, at which point it appeared to be regenerated 
and had a break strength nearly equal to the original. The 
sample was then washed 30 minutes at 135 F. in a 0.1% 
commercial synthetic detergent solution. The regenerated 
fabric was found to contain 13.7% TiO3. After ten 
washes at the boil using synthetic detergent, the fabric 
still contained 13.3% TiO2. The new properties of this 
fabric are given in Table 1 below along with comparisons 
with the original fabric and controls. 

EXAMPLE II 
A six-ounce desized and washed cotton herring-bone 

twill fabric after careful drying was soaked in anhydrous 
ethylene-diamine for 16 hours at room temperature and 

The ester-amine-cellulose intermediate derived from the 75 drained. The material, while wet with the diamine swell 
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ing reagent, was placed in a 10% solution of tetraisopropyl 
titanate in anhydrous ethanol, the amount of the solution 
being 57 times the weight of the dry fabric. The ethanol 
solution, having the fabric immersed therein was heated 
to the boiling point and so maintained for 2 hours with 
suitable precautions being taken to avoid ingress of mois 
ture. The solution was then drained from the fabric and 
twice washed with similar amounts of absolute alcohol 
at room temperature. As in Example I, this fabric was 
very tender at this stage of the process. It was then im 
mersed in water where it remained overnight, was drained 
and dried 3 hours at 110°C. It was then washed with a 
commercial synthetic detergent solution as in the preced 
ing example and dried. This treated sample regained 
all its original strength and exhibited new and valuable 
properties as shown in Table 1 below. 

EXAMPLE II 

Two ten-gram samples of the 6-oz. herring-bone twill as 
used and conditioned in Example II were placed in anhy 
drous ethylamine at 0°C. for two hours and then drained. 
The swollen samples were each placed in 500 gm. of a 
10% solution of tetraisopropyl titanate in isopropanol. 
Sample A was refluxed 3 hours. Sample B was heated 
30 minutes in a pressure vessel at 15 lbs. gauge pressure. 
Both samples were then washed twice with 300 ml, por 
tions of anhydrous isopropanol as in Example I and then, 
after draining, placed in 100 ml. of water at 30° C. for 
one hour and then dried at 110° C. for 2 hours. Their 

6 
properties, given below in Table 1, were determined after 
washing 30 minutes at 135 F. in 0.1% commercial deter 
gent solution and drying. 

EXAMPLE IV 
A 3.5 gram sample of the herring-bone twill as used 

in Examples II and III was swollen with anhydrous ethyl 
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ene-diamine in the manner shown in Example II and 
drained. It was then placed in 200 gm, of a 10% solution 
of tetraisopropyl titanate in iospropanol under 200 lbs. 
nitrogen pressure and heated for 30 minutes at 150° C. 
The fabric at this point was too weak to handle with a stir 
ring rod without tearing. After the two 30 minute washes 
with isopropanol, the sample was placed in 30° C. water 
for 4 hours. The fabric recovered most of its strength 
during water regeneration. After drying and washing as 
in Example II the sample was tested, its properties being 
given in Table 1 below. 

EXAMPLE V 
A 4 gm. sample of the fabric used in the three preceding 

examples was swollen in anhydrous ethylenediamine at 
room temperature for 16 hours and drained. It was . 
placed in 200 gms. of a 2% solution of tetraisopropyl 
titanate in isopropanol and refluxed 4 hours and drained. 
After washing twice with 200 mg. portions of anhydrous 
isopropanol it was placed in water at 65° C. for 30 
minutes, then washed and dried as in Example II, to pro 
vide a product having the properties given below: 

Table 1 

Examples 
Properties 

2 3A 3B 4. 5 

1. Type of Fabric-------------------------- ray 
2. Swelling Agent-------- ED 
3. Titanating Agent Conc------------------ TPT, 

10% 
4. Solvent.--------------------------------- Isopr. 

OH 
5. Percent TiO, after wash.----------------- 13.7 
6. Percent TiO2 after ten washes at boil---- 3.3 
7. Percent Nitrogen.------------------- 0.25 
8. Percent of orig. break strength 

TPT treatment---- - - - - 20 

9. Percent of orig. bre gth 
Water regenerating--------------- 90 

10. Soly. in Copper-ammonium solin- 30% 
11. Percent recovery from crease: 

Treated.------------------------ 65 
Untreated- 55 
Control----------------------------- 50 

12, Flame resistance (duration of after 
flame).--------------------------------- 1. Sec. 

13. Abrasion resistance: 
Treated.----------------------------- 2,400 
Untreated 1,000 
Controi----------------------------- 1, 200 

14. Mildew Resistance (break strength 
retention): 

Treated.-------------------------------- - - - - - - - 
Untreated 
Control--------------------------------------- 
Prior art treated (U.S. 2,525,049) 
containing 5.3% TiO2------------------------ 

*After ten washes at boil, 
Explanations: 
2. ED=ethylenediamine. 

EA = ethylamine. 
3. TPT = tetraisopropyl titanate. 
6. Boilingwash-40 mins. at boil with synthetic detergent solution. 
8, 9. Break strength was determined at the various steps to follow degradation and regeneration of the 

polymer. Five values each for warp and fill were averaged and related to the original break strength. 
10. Both rayon and cotton materials were completely soluble in Cu amon. Soln. 11. Recovery from crease is obtained in accordance with the procedures referred to in Table 2 below by 

measuring the angle two minutes after creasing. The crease is made in a 13-3 x 4 cm. test strip folded and placed 
under a kg. weight for 5 mins. at 50% relative humidity. The control is a sample given parallel treatment 

...but omitting the titanation step. 
12. Fane resistance was measure d by holding a match flame to a hanging strip of the fabric for 10 seconds 

and timing the duration of flame on the fabric after the match was removed. In all cases the after-flame was 
very small and resulted in no advance of the burned area. 13. Numbers given are number of cycles of a Taber abrasion tester required to produce the first hole in the 
fabric. The commercial resin-treated Sample was a similar cloth treated with resin to give crease resistance. 

14. Mildew resistance was Imeasured in terms of break strength after 14 days' exposure to a pure Chaetmoium 
culture. NWasno visible surface growth. PG = prolific growth. - 
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EXAMPLE VI 
A skein of viscose rayon yarn was placed in a reac 

tor and immersed in anhydrous ethylene diamine and 
held at 100° C. for 2 hours after which period the ex 
cess unreacted liquid amine was allowed to drain off 
and the yarn was rinsed once with anhydrous ethanol. 
A 3% solution of zirconium tetraethylate in ethanol 
was then added to the reactor, in quantity sufficient to 
completely immerse the drained skein of amine swollen 
and complexed rayon yarn. After 2 hours at reflux 
temperature, the liquid unreacted reactants were drained 
off, and after two displacement washes with anhydrous 
ethyl alcohol, the rayon intermediate was found to be 
highly tendered. This tendered rayon yarn was soaked 
in water, then drained and dried. The dried zirconium 
modified rayon possessed strength and shape and color 
of the original fiber. It was found that the modified 
rayon contained 17% ZrO2, and the single fiber proper 
ties were closely equivalent to wool. 

EXAMPLE VII 
Four pounds of cotton staple was placed in a 6 gal 

lon staple dyeing machine equipped with a reflux con 
denser and cooling jacket. The cotton staple was redried 
after insertion on the machine by passing 100 C. dried 
air through staple for two hours, and subsequently cooled, 
maintaining a moisture-free atmosphere with dry nitro 
gen. Holding the temperature of the reactor of 6 C. 
anhydrous monoethylamine was circulated through the 
cotton staple, maintaining a level such that the cotton 
staple was completely immersed in the liquid amine. 
After a one-hour period of circulation at 6 C., the liquid 
amine was drained from the system. The reactor was 
then filled with 3 gallons of a 45%-by-weight solution 
of titanium tetraisopropylate in isopropanol. The tem 
perature of the reactor was then raised slowly, allowing 
the excess ethylamine to distill out through the reflux 
condenser. In a period of 14 hours the temperature 
had reached 60° C., and the volume of the ethylamine 
distilled off was replaced by further addition of one gal 
lon more of the 45%-by-weight solution of titanium 
tetraisopropylate in anhydrous isopropanol. The reac 
tor was then closed completely, and heated to 88 C. 
for 1 hour maintaining a pressure of 25 pounds per square 
inch gauge. At the start of this heating period the 
liquid of the reactor analyzed titanium tetraisopropylate 
24%, ethylamine 15% isopropanol. 61% by difference. 
The unreacted liquid reactants were drained off at the 
end of the heating cycle, and the reactor containing the 
titanium-ester-ethylamine-cellulose intermediate was 
washed thoroughly with anhydrous isopropanol. The 
washed intermediate was then flushed thoroughly with 
water, the titanium-modified cotton staple was then re 
moved from the reactor and dried. This modified cot 
ton was spun into yarn subsequently woven into white 
suiting fabric of superior wool-like quality. After san 
forizing the titanium-modified cotton fabric was crease 
tested with the values shown in Table No. 2 being ob 
tained. Its single fiber test results are shown in Table 
No. 3. Further, the finished product had marked ad 
vantage over woolens in that it may be dry cleaned or 
laundered without loss of quality or usefulness. 

EXAMPLE VIII 
4 grams of dried continuous filament viscose rayon 

yarn (150-40-2.55) was added to a laboratory reactor. 
Anhydrous methylamine was added to the reactor at 
-8 C. completely immersing the yarn, and held at that 
temperature for 24 hours, after which period the re 
actor was drained and a solution of 30 grams of titanium 
tetraisopropylate in 13 grams of anhydrous methanol and 
100 grams of anhydrous isopropanol was added, being 
the equivalent of a mixture of titanium tetraisopropylate 
and titanium tetramethylate in isopropanol, due to ester 
interchange. This mixture was heated at reflux tem 
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perature in the reactor for 24 hours, and then the un 
reacted liquids were drained from the reactor. The 
titanium ester-methylamine-cellulose intermediate was 
thoroughly washed with isopropanol at reflux tempera 
ture, then added to water, and dried to give a high quali 
ty wool-like fiber, as shown by the single fiber tests 
in Table 3. . EXAMPLE X 

5.7 grams of a continuous filament viscose rayon yarn 
(150-40-2.55) was dried and placed in a laboratory pres 
sure reactor. Liquid anhydrous ammonia was allowed 
to fill the reactor completely immersing the yarn. The 
reactor was held at 27° C. for one hour under 200 
pounds per square inch pressure. While maintaining this 
pressure the excess liquid ammonia was drained off and 
a solution containing 1900 grams of isopropanol, 312 
grams of titanium tetraisopropylate, and 140 grams of 
methanol was added, being equivalent to a mixture of 
titanium tetraisopropylate and titanium tetramethylate in 
isopropanol, due to ester interchange. After this solu 
tion had been added the pressure was slowly released, 
and the reaction held at 82° C. under reflux conditions 
for 3 hours. After this period the reaction mixture was 
drained from the reactor, the titanium ester-ammonia 
cellulose intermediate washed with isopropanol, and then 
added to cold water, and dried. The dried titanium 
modified viscose rayon was of high quality and ap 
proached the single fiber properties of wool closely as 
shown on Table 3. EXAMPLE X 

5.6 grams of a continuous filament viscose rayon yarn 
was dried and placed in a laboratory reactor. Sufficient 
diethylene triamine was allowed to enter the reactor to 
cover the yarn, and was allowed to stand in contact with 
the yarn for 18 hours at 29 C., after which period 
the excess liquid amine was drained from the reactor. 
70 cc. of isopropanol were added to rinse the yarn, and 
then 50 grams of titanium tetraisopropylate in 225 grams 
of isopropanol was added, and the reactor held at reflux 
temperature for 24 hours. The unreacted liquid phase 
was drained off, and the yarn washed by addition of iso 
propanol. The titanium ester-diethylenediamine-cellulose 
intermediate was then added to cold water, and subse 
quently dried. The single fiber tests, Table No. 3, indi 
cated the titanium-modified viscose yarn was similar to 
wool. 
The textile industry to a large extent recognizes three 

experimentally determined single fiber parameters as 
characterizing the resilience of clothing fabrics, namely, 
the initial modulus (Mi), the compliance ratio (CR), 
and the work recovery at 3% elongation (3% WR). 
The resilience parameters of various textile fibers are 
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compared in Table No. 3 below with average values of 
modified cotton and rayon products from Examples 
VII-X, inclusive, of this invention, and were determined 
by a conventional Instron type tester procedure (Textile 
Research Journal, vol. 20, p. 441 (1950)). 

Table 2 
FABRIC PROPERTY TESTS 

Fabric, Wool Unt. 
Ex. WII Cotton 

Percent. Recovery from Crease: 1 
65% Rel Humidity 

15 Sec---------- ----------------- 66 76 38 
120 Sec.----- 73 82 42 
300 sec-------------------------- 77 85 44 

90% Rel. Humidity 
15 Sec---------- 69 64 42 
120sec 75 76 48 
300 sec - - - 78 8. 51 

Liveliness (en.fsec.)------------------- 60 70 50 

I Made using 000 gm. wigt. over 5 nin, period in accordance with 
methods and apparatus referred to in article “Crease-Resistance and 
Cotton,' by George S. Buck, Jr. and Frank A. McCord, Textile Research 
Journal, pp. 20-21, vol. XIX, No. 4, April, 1949. 

2 Test described by R. M. Hoffman and L. F. Beste, Textile Research 
J., 21, 66-77 (1951), No. 2. 
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Table 3 
SINGLE FIBER TESTS 

Fiber Test Data 1 Work Recovery 

Example Percent 
p TO Per- At at 3% at 5% 

Mi Cr cent E. Break, Elong, Elong, 
G.ID. Percent Percent 

VII------------------------ 24 1 0, 40 24 1.3 37 27 
VIII----------------------- 22.5 30 1.87 47 0.75 43 24 
IX------------------------- 12 48 0.76 8 1.33 22 ---------- 
X-------------------------- 8 41 1.19 3. i. 21 ---------- 
Untreated Wool-62-64--------------- 230 40 1.3 52 33 
Untreated Wiscose (150-40 
2.55)-------------------------------- 82 .54 2 1.5 18---------- 

Untreated Cotton-------------------- 30 03 1. 2.3 36 20 

1 Tests conducted in accordance with procedures described by L. F. Beste, et al. article Quantitative Study of Resilience,' p. 441, Textile Research journal, vol. 20 (1950). 

EXAMPLE XI 
A skein of cotton yarn was placed in a reactor and 

immersed in anhydrous ethyl amine, and held at -8 C. 
for 2 hours after which period the excess liquid amine 
was allowed to drain off. A 5% solution of ferric tri 
ethylate in 1:4 mixture of toluene-ethyl alcohol was 
added to the reactor containing the drained skein of yarn 
out of contact with air or moisture in quantity Sufficient 
to completely immerse the amine-swollen and complexed 
cotton. After 2 hours at reflux temperature, the reactor 
was drained and after two anhydrous displacement 
washes with ethyl alcohol, the cotton was found to 
be highly tendered. The skein of cotton intermediate 
was then rinsed with water, and then dried. The dried 
modified cotton was found to have resumed its original 
physical shape and strength and was deeply colored 
brown due to its content of 21.6% iron oxide. Single 
fiber properties. tests showed it to be closely equivalent 
to Wool. 

EXAMPLE XII 

A skein of viscose rayon yarn was placed in a reactor 
and immersed in methylamine, and held at -7°C. for 2 
hours, after which period the excess liquid was allowed 
to drain off. A 5% solution of ferric ethylate in an 
hydrous ethyl alcohol was added and the reaction car 
ried out in the same manner as above in Example XII. 
The iron-modified rayon product contained 29.2% iron 
oxide and was similar in physical and other properties 
to the product of Example XI, though of somewhat 
deeper brown color. 

EXAMPLE XIII 

A skein of viscose rayon yarn was placed in a reactor 
and immersed in anhydrous methyl amine and held at 
-7 C. for 2 hours after which period the excess un 
reacted liquid amine was allowed to drain off. A 5% 
solution of aluminum triethylate in anhydrous ethyl al 
cohol was then added to the reactor, in quantity suffi 
cient to completely immerse the amine swollen and com 
plexed rayon yarn. After 2 hours at reflux temperature 
the liquid unreacted reactants were drained off, and after 
two displacement washes with anhydrous ethyl alcohol 
the rayon was found to be highly tendered. This tendered 
rayon yarn was placed in water and subsequently dried. 
The dried aluminum-modified rayon possessed the shape, 
strength and color of the original rayon yarn. The 
modified rayon contained 13.0% AO3, and had single 
fiber properties very similar to those of wool. 

EXAMPLE XIV 

Five Ibs. of viscose rayon yarn (35/2 ply) in 4 lb. 
skeins was placed in a 6-gallon skein dyeing machine 
equipped with a reflux condenser and cooling jacket. The 
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viscose yarn was redried after insertion in the machine 
by passing 100°C, dried air through the yarn for two 
hours, and subsequently cooled, maintaining a moisture 
free atmosphere with dry nitrogen. Holding the tem 
perature of the reactor at -8 C. anhydrous mono 
methylamine was circulated through the yarn, maintaining 
a level such that the yarn was completely immersed in 
the liquid amine. After a 5 hour period of circulation 
at -8 C., the liquid amine was drained from the sys 
tem. The reactor was then filled with 3 gallons of a 
40%-by-weight solution of titanium tetraisopropylate in 
isopropanol. The temperature of the reactor was then 
raised slowly, allowing the excess methylamine to distill 
out through the reflux condenser. In a period of 14 
hours the temperature had reached 70° C. and the volume 
of the methyl amine distilled off was replaced by further 
addition of 2 gallons more of the 40%-by-weight solu 
tion of titanium tetraisopropylate in anhydrous isopro 
panol. The reactor was then closed completely, and 
heated to 86 C. for 4 hours maintaining a pressure of 
25 lbs. per square inch gauge. At the start of this heating 
period the liquid of the reactor analyzed titanium tetra 
isopropylate 28%, methyl amine 13%, isopropanol. 59% 
by difference. The unreacted liquid reactants were 
drained off at the end of the heating cycle, and the 
reactor containing the titanium-ester-methyl amine cellu 
lose intermediate was washed thoroughly with anhydrous 
isopropanol. The washed intermediate was then flushed 
thoroughly with water. The titanium-modified viscose 
yarn was then removed from the reactor and dried. This 
modified viscose yarn was woven into an 8 oz. twill 
Suiting fabric of superior wool-like quality. The wrinkle 
recovery or resistance values obtained are shown in 
Table 4 below. 

EXAMPLE XV 

Employing the equipment of Example XIV, that ex 
ample was substantially duplicated, except that in lieu of 
the viscose yarn and swelling agent therein used, there 
was treated 7 pounds of linen (50/1) yarn in 4 lb. 
skeins and monoethylamine was employed as the swelling 
agent. The distillation step was effected over a period 
of 1 hour at 60° C., while the final heating, with the 
condensers closed, was over an hour period at 85 C. 
and under a 25 pressure. The titanium-modified linen 
product was woven into a summer-weight suiting fabric 
of superior, wool-like quality, having the values shown 
in Table 4 below. 

EXAMPLE XVI 

The procedures of Example XV were duplicated ex 
cept that in lieu of the linen therein treated 7 pounds of 
ramie (112/2 linen count) yarn was used. The titanium 
modified product yarn was woven into a high quality, 
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wool-like summer-weight fabric exhibiting the properties 
shown in Table 4 below, 

Table 4 
FABRIC. TESTS 

12 
thickness. The two layers are wound at right angles to 
each other. The thickness of these four layers is then 

Fahric 
Allysis Example Faori after 1 

Xan) Wash, TiO, 
Percent 

Titanated Wiscose------------- 28.7 
XIV----------------------- {Eas Wiscose Control----------------- - - - - - - - - - - - 

(E Linen.-------------- 24 XV------------------------ Untreated Linen Control----------------- 
Titanated Rainie------------- 24 

XVI----------------------- Untreated Rainie COItrol----------------- 
Untreated Wool Control------------------- 

Wrinkle Recovery 2 
Liveliness 
65% RE,3 65% RH,3 88% RH,3 
cInisec. Percent Percent 

Recovery Recovery 
after 5min, after 5 min. 

3 7. 
54 

17 8 87 
53------------------------ 
28 76 78 
50 ------------ - - - - - - - - - - - 

70 88 85 

Test described by R. M. Hoffman and L. F. Beste, Textile Research J. 21, 66-77 (1951), No. 2. 2 These values were determined in accordance with the Wrinkle recovery testing procedures described in 
Monsanto Technical Buliet,in No. T-7, December 1, 1947. 

3 Relative humidity. 

Among the new and unexpected results achieved in my 
invention, cellulose, for example, in the form of ordinary 
cotton and having the properties of ordinary cotton, can 
be effectively modified to a state where its fiber properties 
resemble those of wool. 

In addition, the products of this invention advanta 
geously will retain substantially the macroscopic shape 
and geometric character of the original cellulose fiber, 
will be crease and wrinkle resistant and will exhibit other 
wool-like characteristics, as shown in the above tables. 
In respect to wrinkle resistance properties alone they will 
exhibit an at-least-20% and usually a 30% or greater 
improvement over untreated cotton. Prior art products 
give very low wrinkle resistance as measured by hand test 
or by the crease tester method employed in Table 4 above. 
Although the fibers resulting from my novel treatment 
have an increased fiber density value substantially as 
would be expected due to metallation, the bulking value, 
i.e., vol./wgt, ratio is uniquely increased. This charac 
teristic along with enhanced elasticity which is indicated 
by elongation at the break point, demonstrates that wool 
like properties, in addition to crease resistance, are at 
tained by my process. This is shown by the values given 
in the following table, wherein the first column shows 
the actual character of the new yarn, while the second 
column shows the magnitude of the effect of the treat 
ment on the bulking value of the cotton content of the 
yarn. 
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Table 5 
YA.R.N EPROPERTIES 

Strand Break 
Yan. Fier 
Bulk, Density, 

g.fd. Percent cm.8g. g.fcm3 
Elong. 

60 
Titanated Cotton.------------- 7. 12.0 2, 48 . 
Untireated Cotton. 9 5.4 171 153 
Titanated Linen ... 5 9.5 1.78 2.0 
Untreated Linen. 3.4 5. 1. 40 1.37 
Eitanated Ranie- 2.0 10.2 3.0 180 
Untreated Ramie. 2.0 2.4 78 .5 
Wool-------------- 0. 3. 2.4 , 32 

1 Gran per denier. 

The yarns used in this test (conducted at 65% relative 
humidity) were specified as 24/2 ply. The values given 
were determined by calculating the volume of a gram 
of yarn from the diameter of the yarn under a constant 
compression. This diameter is measured by winding 
two layers of yarn spaced at 30 turns per inch under a 
10 gram tension on a stiff 5 x 5 inch card of known 
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70 
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determined in a Schiefer Compresometer using 3 inch 
diameter discs at a pressure of 0.25 pound per square 
inch. One, fourth of this thickness, corrected for the card 
thickness, is taken as the yarn diameter for use in calcu 
lating the volume per gram of yarn from the known 
Weight and length of yarn on the card. Also microscopic 
examination shows some change in appearance, especially 
in respect to micro-crimp, etc. However, the general 
structure, as indicated by simple visual, non-microscopic 
observance, remains substantially the same as that of the 
starting materials. This increased bulking value of the 
new product is believed to give rise to the desired wool 
like characteristics such as crush resistance and thermal 
insulation, thereby giving garments improved wearability 
with respect to appearance and thermal comfort. 

In the above examples, I have illustrated the inven 
tion as applied to certain specific embodiments, but it 
obviously is not limited thereto. Thus, while the treat 
ment of Woven fabrics, yarns and staple has been under 
taken, the invention can be utilized in modifying the 
properties of non-woven textile materials. It has general 
application to any hydroxyl-containing derivative of 
cellulose, including commercial wood pulp, paper, cellu 
lose, cellulose Sponge, cupra-ammonium rayon, mercer 
ized cotton, and regenerated viscose in the form of fiber 
or cloth, etc. For example, cotton or rayon staple may 
be readily immersed in an organic conditioning agent such 
as enumerated above, separated from the non-absorbed 
agent and immersed in an anhydrous liquid metal ester 
composition wherein, for example, the metal is removed 
from the solution by reaction with the cellulose and 
becomes an integral part of the cellulose by direct chemi 
cal combination. Thereafter, the product is separated 
from the organic liquids, washed with water, and dried. 
During this operation the cellulose, whether it be cotton, 
a regenerated cellulose rayon, or a hydroxyl-containing 
derivative of cellulose, becomes modified through such 
chemical combination by the metal ester to result in a 
cellulosic material containing from about 2% up to 
40% or more of the metal or mixtures of metals, calcu 
lated as the oxide. Normally, the products of the inven 
tion will analyze from about 5-35% of metal oxide and 
preferably will contain from about 10-30% of metal 
Oxide. The use of elevated or boiling temperatures in 
the reaction of the metal ester with the cellulose ma 
terial is referred to in the examples given above, but 
Such is not considered an essential condition in obtaining 
the beneficial results of my invention. The reaction can 
be accomplished at lower temperatures through the em 
ployment of longer contact time and may be considered 
to be at the discretion of the operator. The temperature 
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used in removal of solvents after completion of the reac 
tions is likewise flexible and one can employ any suitable 
vaporization conditions. The variable reaction times, 
temperature, pressure of the system when swelling and 
complexing as well as when reacting and tenderizing the 
swollen and complexed product by ester treatment, are 
dependent upon the character of the initial cellulose ma 
terial, the physical attributes of the swelling agent and 
the degree of subsequent metallization or degree of 
change of physical and chemical properties desired. 
Hence, such conditions cannot be specifically set out for 
all individual cases. Where relatively low-boiling liquids 
are used, such as anhydrous ammonia or methylamine, 
either low temperature operation at atmospheric pressure, 
or higher temperature operation at a pressure sufficient 
to maintain the major portion of ammonia derivative in 
the liquid state, is required. Short times of contact in 
both complexing steps, particularly at sub-zero tempera 
tures, are advantageous and effective. A minimum of 
about 30 minutes of contact is preferred in the first step, 
that is, swelling and complexing the cellulose with the 
ammonia derivative; while a minimum of about 15 min 
utes is preferred in the second complexing, or tenderiz 
ing step, during which addition and reaction is effected of 
the ester with the complexed cellulose. The reaction of 
the ester-ammonia-derivative-complexed cellulose inter 
mediate with water depends on penetration, a period of 
about 15 minutes to an hour at room temperature being 
preferred for use in this step. 
As noted above, preferably, use is contemplated here 

in of a hydrolyzable organic ester of a Fourth Group 
metal, especially of titanium or zirconium or mixtures 
thereof. This includes the ortho esters as well as the 
partially condensed esters. The Fourth Group metal 
Ortho esters are defined by the formula M(OR) in which 
M represents titanium, zirconium, hafnium or thorium, 
and R preferably is an alkyl hydrocarbon or chlorinated 
hydrocarbon radical. For reasons of economy, esters 
having the smaller alkyl radicals are preferred for use, 
Such as methyl, ethyl, propyl, isopropyl, butyl. How 
ever, any ester of this preferred class containing a hydro 
carbon radical having up to and including six carbon 
atoms will prove very satisfactory for use. Chlorinated 
hydrocarbon radicals in this molecular weight range 
especially those obtained as titanates by the reaction of 
titanium tetrachloride upon ethylene oxide and propylene 
oxide are readily employable. The partially condensed 
titanates and zirconates, usually formed by the reaction 
between water and the ortho esters, e.g., tetraalkyl 
titanates, are also useful in preparing my metallated cellu 
lose. When ortho or slightly polymerized esters are 
initially used, it is not necessary to have absolutely dry 
cellulose or amine swelling agent as starting materials. 
The presence of say a fraction of a percent of water 
in the amine solution merely acts to polymerize a por 
tion of the ortho ester used in the metal treating step. 
The degree of polymerization of the esters included in 
this process is preferably less than that obtained by the 
interaction of an equimolar quantity of water. 
AS has been indicated, it is not necessary that sub 

stantially all the amine swelling agent be removed from 
the cellulose prior to treatment with the metal ester 
or esters. As a matter of fact, the presence of some 
concentration of the amine will be found to advan 
tageously enhance the titanation or metallation of the 
cellulose. For example, with titanium ester employment, 
titanation can be carried out with as little as 2 or 3% of 
the amine present with noticeably effective results. Some 
what higher more than 15% amounts are also satisfac 
tory. However, about a 15% concentration of ethyl 
amine or its equivalent of other amine swelling agents 
has been found to be most useful to obtain optimum 
results and such amount is preferred for use. Also, and 
if desired, the metallation can be carried out as a one 
step operation by immersing the original dried cellulose 
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14 
material in a solution of the metal ester in the amine. 
As already indicated, the invention yields a cellulosic 

textile material which has crease resistance and resilience 
approaching that of wool. Upon release after pressing, 
the fibers and textile will readily spring apart, a charac 
teristic known as recovery. These attributes assure pro 
duction of a material having desired loft (high bulk or 
volume for a given weight) properties which afford 
ready production of wool-like, open, porous fabrics of 
high covering power and thick, warm fabrics with a 
minimum of weight, qualities demanded in all apparel 
fabrics. Additionally, my modified product exhibits other 
improved characteristics, e.g., mildew resistance, abra 
sion resistance, extensibility, elasticity and flame resist 
ance, to afford a unique combination of properties which 
assure essential texture, warmth, fit, and durability charac 
teristies and thereby enhance its value for acceptance by 
textile manufacturers and the garment industry. 

During the treatments, the strength of the cellulose 
material undergoing modification becomes poor and fab 
rics such as used in the above examples lose strength to 
such an extent that they are easily damaged by punctures 
and tears. It is believed that the cellulose is degenerated 
under the conditions of the process by a breaking of the 
cross-linkage of cellulose. The titanium, or other metal, 
enters into combination with the cellulose and the anhy 
drous product has poor strength due to this lack of cross 
linkage between molecular units of the cellulose fiber. 
Upon treatment with water, however, there is strong 
evidence that cross-linkage again takes place and the 
fabric resumes its original strength. The cross-linkage 
at this time is believed to be somewhat different and a 
new chemical bonding takes place through the titanium 
or other metal which has entered into the complex struc 
ture. The improved properties are believed to be due 
in large measure to this new cross-linkage or bonding 
both units of the cellulose structure. When the product 
has received normal washing, it is substantially nitrogen 
free indicating a relatively pure metal-modified cellulosic 
material. . 
That a chemical reaction and new chemical combina 

tion exists in the invention is further evidenced from the 
results obtained when an alkyl titanate, such as tetra 
isopropyl titanate (TPT) is reacted with an amine-swollen 
cellulose and measurement is made of isopropanol lib 
erated, in accordance with the following procedure where 
in all processing from the drying to the final product was 
effected under dry nitrogen to eliminate moisture pick-up: 

Loose-weave cotton fabric which had been given a 
thorough alkaline boil-off, washed and dried was em 
ployed in the test. The fabric was cut into 1 cm. square 
pieces, placed in a 2-liter, 2-neck flask and heated in a 
circulating oven at 110° C. for 2 hours. It was then 
cooled under dry nitrogen and on analysis for HO was 
found to contain 0.5% H.O. 49 grams of this dried 
material was used in the test. w 
The flask containing the 49 grams of dried fabric was 

fitted with a 24' (0.5 I.D.) vacuum distilling column and 
a still head for controlling reflux ratio. 890 grams of 
monoethyl amine redistilled from calcium hydride drying 
agent and containing on analysis 0.07% HO, was added 
to the fabric and was held at reflux temperatures for 1. 
hour. 300 grams of the amine was removed from the 
flask by suction through fritted glass immersion filter. 
There was then added a cyclohexane-tetraisopropyl 
(TPT) titanating solution. This solution had been pre 
viously prepared by adding 100 grams of TPT to 1000 
grams of cyclohexane. The cyclohexane-isopropanol 
azeotrope (2 parts of cyclohexane plus 1 part isopro 
panol) was distilled through a 24' packed vacuum still 
column 0.5' I.D. until pure cyclohexane came over to 
provide a titanating solution consisting of 9.5% TPT. 
During a period of 6 hours, the flask temperature was 
raised to 60° C., distilling the liberated amine with a 
5:1 reflux-ratio (5 parts refluxed-1 part removed per 
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unit time). The flask temperature was raised from 60 
C. to 80° C. during 9 hours, during which time a 205 
gram fraction of distillate was collected boiling at 60-80 
C. The titanating solution was drained from the fabric 
by suction. Excess TPT was removed from the fabric 
by refluxing with isopropanol and draining the Solvent 
until the wash solvent contained no TPT (8 rinses). The 
sample was then soaked in water for 30 minutes and 
oven dried for 2 hours at 120° C. from which a product 
weighing 60 grams and analyzing 15.4% TiO2 was ob 
tained. 
The 205 grams of distillate B.P. 60-80 C., collected 

as described above, was refractionated using the same 
distillation apparatus with 10:1 reflux ratio. A 114 gram 
fraction distilling at 68-69° C. was collected. This frac 
tion was the cyclohexane-isopropanol azeotrope which 
consists of 33%% isopropanol=38 grams collected from 
the reaction. 
From water analysis of the reagents used, there was 

added 0.63 gram HO to the reaction by the amine and 
0.245 gram HO by the fabric-.875 grams total. This 
amount of water would liberate 5.8 grams isopropanol 
from TPT. 38-5.8=32.2 grams isopropanol (.535 mol) 
liberated by the reaction of TPT with the cellulose. From 
analysis of the product 0.116 mol of Ti reacted. 
From this reaction of tetraisopropyl titanate with 

amine-swollen cellulose under rigid anhydrous conditions 
and the obtension of 4 mols of isopropanol per mol of 
the TPT which reacted with the cellulose, evidence of 
the existence of a chemical combination with the cellu 
lose is established, since in the absence of water, the only 
way isopropanol could be liberated from TPT during 
the treatment would be through reation with an active 
hydrogen, which in this case could only come from the 
OH group of the cellulose. The amine present during 
the treatment forms an addition complex with TPT 
which is easily broken up on heating under conditions 
of the treatment to liberate free amine and TPT. As 
suming complete reaction of the TPT with all hydroxyl 
groups of the cellulose, the resulting product would con 
tain 18.5% Ti, equivalent to 30.8%. TiO2. A higher 
percent of chemically combined Ti would result if a 
partially polymerized Ti ester were used or if up to 1 
mol water per mol of TPT were present during reaction. 
Other evidence of the existence of a chemical combi 

nation of treating metal with the cellulose resides in the 
excellent mildew resistance which the metallated, es 
pecially the titanated, cellulose exhibits. This result does 
not occur when recourse is had to precipitation of TiO2 
in a cellulosic fabric from an aqueous solution. 

claim: 
1. A method for preparing a cellulose textile material 

possessing substantially the single fiber, liveliness, crease 
resistance and bulk characteristics of wool, comprising 
reacting a cellulose textile material under anhydrous 
conditions in the presence of a nitrogenous chemical 
swelling agent for cellulose selected from the group con 
sisting of ammonia and amine compounds which swell 
the cellulose and form nitrogenous complexes with the 
cellulose and containing a radical selected from the group 
consisting of -NH2 and >NH, with a water hydrolyzable 
organic compound selected from the group consisting 
of 

(1) an ester corresponding to the formula Me (OR) 
wherein Me is a metal selected from the group consist 
ing of titanium, zirconium, hafnium, thorium, aluminum 
and iron and which forms a water-insoluble oxide and 
has a valence selected from the group consisting of 3 and 
4 and a coordination number in the oxide state at least 
one greater than the valence, R is selected from the group 
consisting of hydrocarbon and chlorinated hydrocarbon 
radicals, and x corresponds to the valence of the metal, 
and 

(2) a condensed ester of said hydrolyzable ester re 
Sulting from the reaction of said ester with water, 
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6 
continuing said reaction until a highly tendered metal es 
teramine cellulose complex intermediate product is formed 
of substantially reduced tensile and tear strength over 
that of the swollen cellulose textile, obtained from said 
chemical swelling agent treatment contacting said metal 
ester-amine cellulose complex intermediate product with 
aqueous media consisting essentially of water which re 
generates and restores said product to substantially the 
tensile strength of the original untreated cellulose textile 
material, and recovering the resulting chemically modi 
fied cellulose product. 

2. A method for preparing a cellulose textile material 
possessing substantially the single fiber, liveliness, crease 
resistance and bulk characteristics of wool comprising 
reacting a cellulose textile material under anhydrous con 
ditions in the presence of an alkyl amine chemical swell 
ing agent for cellulose which swells the cellulose and 
forms nitrogenous complexes with cellulose, with a water 
hydrolyzable organic titanium ester corresponding to the 
formula Ti(OR) in which R is selected from the group 
consisting of hydrocarbon and chlorinated hydrocarbon 
radicals, continuing said reaction until a highly tender 
ized metal ester-amine cellulose complex intermediate 
is obtained having a substantially reduced tensile and 
tear strength compared to the swollen cellulose textile, 
obtained from said chemical swelling agent treatment 
subjecting said tenderized metal ester-amine cellulose 
complex intermediate to contact with aqueous media con 
sisting essentially of water which regenerates and restores 
said cellulose intermediate to substantially the tensile 
strength of the original untreated textile material, and 
recovering the resulting modified product containing in 
chemical combination with cellulose from about 2% to 
up to 40% of said metal, calculated as the oxide. 

3. A method for preparing a cellulose textile material 
possessing Substantially the single fiber, liveliness, crease 
resistance and bulk characteristics of wool comprising 
reacting a cellulose textile material under anhydrous 
conditions in the presence of an alkyl amine chemical 
swelling agent for cellulose which swells the cellulose and 
forms nitrogenous complexes with cellulose, with a water 
hydrolyzable organic zirconium ester corresponding to 
the formula Zr(OR) in which R is selected from the 
group consisting of hydrocarbon and chlorinated hydro 
carbon radicals, continuing said reaction until a highly 
tenderized metal ester-amine cellulose complex inter 
mediate is obtained having a substantially reduced tensile 
and tear strength compared to the swollen cellulose tex 
tile, obtained from said chemical swelling agent treat 
ment Subjecting said tenderized metal ester-amine cellu 
lose complex intermediate to contact with aqueous media 
consisting essentially of water which regenerates and re 
stores said cellulose intermediate to substantially the 
tensile strength of the original untreated textile material, 
and recovering the resulting modified product containing 
in chemical combination with cellulose from about 2% 
up to 40% of said metal, calculated as the oxide. 

4. A method for preparing a cellulose textile material 
possessing substantially the single fiber, liveliness, crease 
resistance and bulk characteristics of wool comprising 
Swelling a cellulose textile material by treatment under 
anhydrous conditions with an alkyl amine chemical swell 
ing agent for cellulose which swells the cellulose and 
forms nitrogenous complexes with cellulose, subjecting 
the resulting amine-treated, swollen and nitrogenous com 
plexed cellulose product to reaction under anhydrous 
conditions with a water hydrolyzable organic ester corre 
sponding to the formula Me (OR), wherein Me is a 
metal selected from the group consisting of titanium, zir 
conium, hafnium, thorium, aluminum and iron and 
which forms a water-insoluble oxide and has a valence 
Selected from the group consisting of 3 and 4 and a co 
ordination number in the oxide state at least one greater 
than the valence, R is an alkyl radical, and x corre 
sponds to the valence of the metal, continuing said re 
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action until a highly tenderized metal ester-amine cellu 
lose complex intermediate is obtained, the tensile and 
tear strength of which is substantially reduced over that 
of the originally treated swollen cellulose textile, subject 
ing said metal ester-amine cellulose complex intermediate 
product to contact with aqueous media consisting essen 
tially of water which regenerates and restores said cellu 
lose intermediate to substantially the tensile strength of 
the original untreated cellulose textile, and recovering 
the resulting modified cellulose product containing in 
chemical combination with the cellulose from about 5% 
to 35% of said metal, calculated as the oxide. 

5. A method for preparing a cellulose textile material 
possessing substantially the single fiber, liveliness, crease 
resistance and bulk characteristics of wool, comprising 
immersing a cellulose textile material under anhydrous 
conditions in an alkyl amine chemical swelling agent for 
cellulose which forms nitrogenous complexes with cellu 
lose until a swollen nitrogenous complexed cellulose 
product is obtained, removing under anhydrous condi 
tions excess amine reactant from the swollen cellulose 
product and reacting said product under anhydrous con 
ditions in a solution of a water hydrolyzable organic 
ester corresponding to the formula Me(OR), wherein 
Me is a metal selected from the group consisting of 
titanium, zirconium, hafnium, thorium, aluminum and 
iron and which forms a water-insoluble oxide and has a 
valence selected from the group consisting of 3 and 4 
and a coordination number in the oxide state at least 
one greater than the valence, R is an alkyl radical, and x 
corresponds to the valence of the metal, continuing said 
reaction until an anhydrous, highly tendered metal ester 
amine cellulose complex intermediate results having a 
tensile and tear strength substantially reduced over that 
of the amine-swollen cellulose textile, removing under 
anhydrous conditions excess ester reactant from said 
tenderized complex intermediate and immersing said com 
plex intermediate in aqueous media consisting essentially 
of water which regenerates and restores the intermediate 
to Substantially the tensile strength of the original un 
treated cellulose textile, and recovering the resulting modi 
fied cellulose product containing, in chemical combina 
tion with the cellulose, from about 5% to 35% of said 
metal, calculated as the oxide. 

6. A. method for preparing a cellulose textile material 
possessing Substantially the single fiber, liveliness, crease 
resistance and bulk characteristics of wool, comprising 
immersing a cellulose textile material under anhydrous 
conditions in an alkyl amine chemical swelling agent for 
cellulose which SWells the cellulose and forms nitrogenous 
complexes with cellulose until a swollen nitrogenous com 
plexed cellulose product is obtained, removing under an 
hydrous conditions excess amine reactant from said prod 
tact and reacting the latter at the boil under anhydrous 
conditions with a solution of water hydrolyzable titanium 
tetraisopropylate until a highly tendered metal ester-amine 
cellulose complex intermediate is obtained having a tensile 
and tear strength substantially reduced over that of the 
Swollen cellulose textile, removing under anhydrous con 
ditions excess unreacted titanate reactant from said cellu 
lose complex intermediate and subjecting the latter to con 
tact with Water which regenerates and restores said in 
termediate to substantially the tensile strength of the origi 
nal untreated cellulose textile material, and thereafter re 
covering the resulting chemically modified cellulose prod 
luct. 

7. A method for preparing a cellulose textile material 
possessing substantially the single fiber, liveliness, crease 
resistance and bulk characteristics of wool, comprising 
immersing a cellulose textile material under anhydrous 
conditions in an alkyl amine chemical SWelling agent for 
cellulose which swells the cellulose and forms nitrogenous 
complexes with cellulose until a swollen nitrogenous com 
plexed cellulose product is obtained, removing under an 
hydrous conditions excess amine reactant from said prod 

O 

15 

20 

25 

30 

40 

45 

50 

60 

65 

70 

18 
uct and reacting the latter at the boil under anhydrous 
conditions with a solution of water hydrolyzable zirconium 
tetraethylate until a highly tenderized metal ester-amine 
cellulose complex intermediate is obtained having a tensile 
and tear strength substantially reduced over that of the 
swollen cellulose textile, removing excess under anhydrous 
conditions unreacted zirconium tetraethylate reactant from 
said cellulose complex intermediate and subjecting the 
latter to contact with water which regenerates and restores 
said intermediate to substantially the tensile strength of 
the original untreaded cellulose textile material, and there 
after recovering the resulting chemically modified cellu 
lose product. 

8. A method for preparing a cellulose textile material 
possessing substantially the single fiber, liveliness, crease 
resistance and bulk characteristics of wool, comprising 
immersing a cellulose textile material under anhydrous 
conditions in an alkyl amine chemical swelling agent for 
cellulose which swells the cellulose and forms nitrogenous 
complexes with cellulose until a swollen nitrogenous com 
plexed cellulose product is obtained, removing under an 
hydrous conditions excess amine reactant from said prod 
uct and reacting the latter at the boil under anhydrous 
conditions with a solution of water hydrolyzable ferric 
ethylate until a highly tendered metal esteramine 
cellulose complex intermediate is obtained having a 
tensile and tear strength substantially reduced over that 
of the swollen cellulose textile, removing under anhydrous 
conditions excess unreacted ferric ethylate reactant from 
said cellulose complex intermediate and subjecting the 
latter to contact with water which regenerates and restores 
said intermediate to substantially the tensile strength of 
the original untreated cellulose textile material, and there 
after recovering the resulting chemically modified cellu 
lose product. 

9. A method for preparing a cellulose textile material 
possessing substantially the single fiber, liveliness, crease 
resistance and bulk characteristics of wool, comprising 
immersing a cellulose textile material under anhydrous 
conditions in an alkyl amine chemical swelling agent for 
cellulose which swells the cellulose and forms nitrogenous 
complexes with cellulose until a swollen nitrogenous comr 
plexed cellulose product is obtained, removing under an 
hydrous conditions excess amine reactant from said prod 
uct and reacting the latter at the boil under anhydrous 
conditions with a solution of water hydrolyzable alumi 
num triethylate until a highly tendered metal ester-amine 
cellulose complex intermediate is obtained having a tensile 
and tear strength substantially reduced over that of the 
swollen cellulose textile, removing under anhydrous con 
ditions excess unreacted aluminum ethylate reactant from 
said cellulose complex intermediate and subjecting the 
latter to contact with water which regenerates and restores 
said intermediate to substantially the tensile strength of 
the original untreated cellulose textile material, and there 
after recovering the resulting chemically modified cellulose 
product. 
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