
Feb. 26, 1963 E. D. GULO EA 3,079,218 
- SPINNING SOLUTION OF SULFOCHLORINATED ETHYLENE-PROPYLENE 

COPOLYMER, FILAMENTS THEREOF, AND PROCESS 
FOR OBTAINING THEM 
Fied Nov. 3, 1958 

asse 3. Eate sa 
ASAYASAYYYaYYYYYYYYYYXYYXSYSSYNYSSYYYXXYYYYYSSASASA 

INVENTORS 

BY 5?ozaffain é 36z/finin 
ATTORNEYS 

  

  



United States Patent Office W 3,079,218 

Patented Feb. 26, 1963 

s 
3,979,228 

SPNNING SOLUTION OF SULFOCE ORINATED 
EYLENE-PROPYLENE COPOLYMER, FLA 
MENTS THEREGF, AND PROCESS FOR OBTAIN 
NG SEM 

Enzo di Giulio, Ferrara, Italy, and Francesco Denti, De 
catur, Aa, assignors to Montecatini Societa Generale 
per industria Mineraria e Chinica, Miataly 

Fied Nov. 3, 1958, Ser. No. 771,185 
Cairns priority, application Ealy Nov. 6, 1957 

6 Cains. (C. 8-54) 
This invention relates to elastic yarns. More particu 

larly, the invention relates to elastic yarns derived from 
ethylene-propylene copolymers and to methods for pro 
ducing the filaments and yarns. 

Ethylene-propylene copolymers containing from 30% 
to 70% by weight ethylene in the copolymer molecule 
have been disclosed in the British Patent No. 856,736. 
The amorphous ethylene-propylene copolymers obtained 
by the process described in said patent are essentially free 
of homopolymers, show in the infra-red spectrum therefor 
bands between 13.4 microns and 13.8 microns, and have 
a molecular weight above 20,000. British Patent No. 
861,542 discloses the production of elastomers by Sulfo 
chlorinating said copolymers having a molecular Weight 
above 20,000 and preferably a molecular weight between 
50,000 and 300,000, and then vulcanizing the sulfochlori 
nated products in the presence of metal oxides or similar 
vulcanizing agents. 
The vulcanized products thus obtained have properties 

which are similar to the properties of elastic rubber. In 
particular, the vulcanizates obtained from the sulfo 
chlorinated copolymers have a high elastic elongation 
coupled with excellent rebound. 
We have found, in accordance with the present inven 

tion, that using particular operating conditions, the Sulfo 
chlorinated copolymers can be formed into elastic fila" 
ments and yarns which, after vulcanization, have mechan 
ical properties comparable to those of the elastic yarns 
obtainable from natural rubber, and from certain Syn 
thetic rubbers, but which differ from the rubber filaments 
and yarns in having a much higher resistance to oxygen, 
ozone, ultravioletlight, and weathering. 

Because of the last-mentioned characteristics of the 
present yarns they can be used for long periods of time 
without undergoing the changes to which the rubberyarns 
are susceptible, and without requiring the application of 
special protective coatings to them. 

According to this invention, the sulfochlorinated co 
polymers are formed into yarns of various counts (which 
can be very low) by dissolving them in certain organic 
solvents and then spinning the solutions by the processes 
normally used for obtaining filaments from spinning Solu 
tions. 

Certain selected solvents can be used in preparing the 
spinning solution. Useful solvents include benzene, 
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chlorobenzene, and carbon tetrachloride. The preferred 
spinning solutions are rather dilute, having a variable 
concentration between 2% and 20%, depending on the 
molecular weight of the ethylene-propylene copolymer. 

In practice, the copolymers are generally sulfochlori 
nated in solution, e.g. in an inert solvent Such as CCl4, 
If desired, the dilute solution resulting from the Sulfo 
chlorination reaction can be used as the Spinning Solution, 
after the addition of suitable vulcanizing agents to it, such 
agents remaining with the filaments obtained, after re 
moval of the spinning solvent, and serving to facilitate 
curing of the filaments by subsequent heating. 

For best results in the spinning step, it is advantageous 
to use a spinning solution having a viscosity comprised 
between definite and specific limits. We have found, 
empirically, that the simplest, most effective method for 
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evaluating the viscosity which gives the best results under 
the given spinning conditions consists in determining the 
time required for a metallic sphere of given size to fall 
from a given height through the solution being tested. 
So determined, using a stainless steel sphere weighing 
0.1295 g. and a fall height of 10 cm., it has been found 
that the solutions give the best spinning results when the 
fall time is between 600 and 1200 seconds. Such solu 
tions generally contain the sulfochlorinated copolymer in 
a concentration of 2% to 12%. 
The solutions can be spun in accordance with usual 

dry-spinning techniques, by extruding them under pres 
Sure through the orifices of a spinneret into a dry-spinning 
cell in which the solvent is evaporated by means of hot 
air or other gaseous inert medium. The solutions can 
also be spun into a suitable coagulating bath in accord 
ance with the wet-spinning method. 
As coagulating bath, lower aliphatic alcohols, such as 

methanol, ethanol, iso-propanol etc., and lower aliphatic. 
ketones, such as acetone, can be used. 

Suitable apparatus for spinning the solutions is shown 
schematically in the accompanying drawing. 

Referring to the drawing, there is shown a tank from 
which the solution 2 is forwarded by means of the gear 
pump 3 to the spinning head 4 and thence through spin 
neret 5 into a coagulating bath contained in vessel 6. The 
filaments are drawn through and from the bath over the 
idling rolls 6 to the collecting reel 7. 
The filaments obtained are then vulcanized in the pres 

ence of the vulcanizing agents, particularly metal oxides 
of the kind commonly used in the vulcanization of rub 
ber. The vulcanization is effected at a temperature be 
tween 125 C. and 170° C. 
The resulting vulcanized filaments and yarns formed 

therefrom have excellent elastic and mechanical proper 
ties which persist even after prolonged exposure of the 
filaments and yarns to weathering. The new filaments and 
yarns can be used for all of the purposes for which rubber 
filaments and yarns are useful and have the advantages 
over the rubber articles which have been mentioned. 
... The following example is given to illustrate the inven 
tion, it being understood that this example is not intended 
to be limiting. 

EXAMPLE 
A linear ethylene-propylene copolymer containing 40% 

ethylene by weight in the copolymer molecule and having 
a molecular weight above 20,000 is sulfochlorinated in 
CCl4 to a sulfur content of 1.9% and a chlorine content 
of 7.8%. The resulting solution has a sulfochlorinated 
copolymer concentration of 7%, and a fall time for the 
stainless steel ball of 700 seconds from a height of 10 cm. 
The following materials are added to the solution, the 

amounts shown being by weight percent on the sulfo 
chlorinated copolymer: 
PbO----------------------- 40%. 
"Staybelite'----------------- 2.5% a commercially 

available ethylene gly 
col ester of hydro 
genated rosin. 

Vulcafor HSS--------------- 0.25% (N-cyclohexyl-2- 
benzothiazol-sulfena 
mide). 

The solution is spun into filaments by means of ap 
paratus as shown in the drawing, using a cup-type spin 
neret having 18 orifices of 0.2 mm. diameter and provided 
with a 13,000-mesh/cm. net supported by two additional 
nets having 900 and 1500 mesh/cm., respectively. The 
coagulating tank 5 has a length of 3 meters and contains 
methanol as the coagulating and setting bath, 
After coagulation and drying, the filaments are vul 
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canized in an autoclave filled with live steam, at 145 C. 
for 30 minutes. 

Table I below gives the characteristics of two lots of 
yarns formed from the vulcanized filaments and having 
slightly different counts. 
Table II shows the results obtained when the yarns of 

the vulcanized filaments were tested for stability under 
ultraviolet light by exposing them, for the time indicated, 
to the light of a 100 watt quartz lamp placed in the focus 
of a parabolic mirror. The yarns were arranged in a 
horizontal plane, normally to the direction of the light 
and to the longitudinal axis of the mirror, at a distance of 
30 cm. from the focus of the mirror. As is evident from 
Table I, the yarns retain their ciharacteristics even after 
prolonged exposure to the ultraviolet light. 
Table III shows the data obtained when the yarns of 

the vulcanized filaments were tested for ageing character 
istics in the presence of oxygen, using a Bierer-Davies 
apparatus which consists of a series of small autoclaves 
placed in a thermostat. The samples to be tested are hung 
from supports attached to the covers of the autoclaves. 
The test is carried out by keeping the samples in the 
presence of oxygen at 21 atm. and 70° C. for a given 
time. After the treatment with oxygen, the yarns are 
again tested to determine the tenacity, elongation and 
count thereof, 

Table I 

Count (total of the 8 filaments) deniers 19 9. 
Tenacity, gilden---------------------- .. 6 0.14 
Elongation at break, perce 475 42 
Permanent set (after stretching at 200%), percent------ 2 2.5 
Elastic modulus, gilden------------------------------- 0.08 0.02 

Table II 

Time, Hours-------------------------- O 24 72 96 120 
- - - i 
Total count in deniers------- 240 254 227. 227 28 
Tenacity, glden------- ---- 0.3.10.10 0.0 0.07 0.06 
Elongation at break, percer 4S. 538 468 450 40 

Table III 

Time, Hours.----------------- ------- 0 72 

Count------------------------------- 230 190 235 200 
Tenacity, gfden.---- ---- 0.15 0.3 0.16 0.4 
Elongation, percent.------------------ S2O 430 id 510 

It is apparent from the data listed in the tables, that 
the tensile strength of the vulcanized filaments formed 
from the sulfochlorinated ethylene-propylene copolymers 
is not altered as a result of tine various treatments to 
which they are subjected during the tests. This is in 
sharp contrast to natural rubber filaments which, as is 
well known, undergo marked loss in mechanical proper 
ties when exposed to the same treatments. 
The ethylene-propylene copolymers which are sulfo 

chlorinated to obtain the present starting materials are 
obtainable by methods disclosed in the British Patent No. 
856,736. m 

Briefly, as disclosed in said British patent, the copoly 
mers are obtained by contacting a suitable mixture of 
ethylene and propylene in an inert hydrocarbon solvent 
with a catalyst prepared by mixing an aluminum alkyl 
compound in which the alkyl groups contain up to 16 
carbon atoms, with a hydrocarbon-soluble halide, oxy 
halide or alkoxyhalide of a transition metal of Groups 
IV to VI of the Mendeleeff Periodic Table, and particu 
larly hydrocarbon-soluble compounds of vanadium. The 
ethylene and propylene to be copolymerized are used in a 
molar ratio in the gaseous phase which depends on the 
carbon content of the alkyl groups of the aluminum alkyl 
compound, and which molar ratio is at least 1:1 when said 
alkyl groups contain 4 to 16 carbon atoms, and at least 
6:1 when those groups contain less than 4 carbon atoms. 
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4. 
The resulting copolymers containing from 5% to 70%, 

preferably from 30% to 70% of ethylene in the molecule 
are unique in that they are linear, head-to-tail amorphous 
under X-ray analysis, substantially free of homopolytners 
of either of the starting monomers, and have molecular 
weights above 20,000. 
The linear, substantially amorphous and substantially 

pure copolymers can be sulfochlorinated according to the 
methods disclosed in the British Patent No. 86,542. 

Briefly, as disclosed in said patent, one method for 
sulfochlorinating the copolymers is to dissolve then in a 
suitable solvent such as benzene or CCla, and add to the 
solution SOCl2 and an organic nitrogen-containing sub 
stance such as pyridine which promotes sulfochlorination 
in preference to chiorination. The sulfochlorinated co 
polymers can contain up to 10% of chlorine and from 
0.2% to 3.0% of sulfur. However, chlorine atoms are 
much less active in the vulcanization than the SOC 
groups. It is possible, under the conditions disclosed in 
said British Patent No. 861,542, to produce sulfochlori 
nated ethylene-propylene copolymers in which the 
amount of combined chlorine is from a few hundredths 
percent to less than 5%, e.g., from about 1.4% to about 
4.5%, and in fact is limited to the amount corresponding 
to the SOC groups required for the Vulcanization, i.e., 
substantially all of the chlorine combined with the copoly 
mer is contained in the SOCl groups. 
Such sulfochlorinated linear, substantially amorphous 

ethylene-propylene copolymers containing less than 5% 
cornbined chlorine are preferred for use in the practice 
of the present invention. 

Methods for vulcanizing the chlorosulfonated linear 
copolymers are also disclosed in said British Patent. No. 
861,542. Such methods involve heating the sulfochio 
rinated copolymers preferably in the presence of Sub 
stances which are acceptors of the acidic by-products 
formed during the heating. Suitable acceptors include 
metallic mono- or polyvalent oxides such as lead oxide; 
mono- or poly-primary, secondary or tertiary amines 
such as benzidine; alkali and alkaline earth Inetal salts 
of non-volatile weak organic or inorganic acids, etc. 
The vulcanizing agents used are those commonly used 

in the vulcanization of rubber. They can be added, in 
the usual Small amounts, to the solution of the Sulfochlo 
rinated linear ethylene-propylene copolymer or they can 
be intimately mixed in any suitable device with the sulfo 
chlorinated copolymer before the latter is dissolved in the 

The vulcanizing agents remain dis 
tributed in the filaments on removal of the solvent arid 
function to facilitate the curing during the Subsequent 
heating to vulcanization temperature. 
The filaments of the invention can be twisted together 

to form a yarn of desired count. They can also be col 
lected in the form of a filamentary tow which is forwarded 
to a zone in which the continuous filaments are disrupted 
to a mass of staple fibers suitable for blending with other 
synthetic fibers with natural fibers in any desired propor 
tions. It is intended to include in the scope of the ap 
pended claims all such modifications and changes as may 
be apparent to those skilled in this art from the descrip 
tion of this invention as disclosed herein. 
What is claimed is: 
1. Elastic filaments and yarns of vulcanized sulfochlo 

riated copolymers of ethylene and propylene containing, 
in the sulfochlorinated state, from about 0.2% to about 
3.0% of combined sulfur and at least 1.4% but less than 
10% of coinbined chlorine, the copolymers being char 
acterized in that, prior to sulfochlorination, they are linear, 
amorphous under X-ray analysis, essentially free of homo 
polymers, contain from 5% to 70% by weight of ethylene 
in the copolymer molecule, show, in the infra-red spec 
trum therefor, bands between 13.4 microns and 13.8 
microns, and have a molecular weight above 20,000. 

2. Elastic filaments of vulcanized sulfochlorinated co 
pcymers of ethyicine and propylene containing, in the 
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sulfochlorinated state, from about 0.2% to about 3.0% 
of combined sulfur and at least 1.4% but less than 10% 
of combined chlorine, the copolymers being characterized 
in that, prior to sulfochlorination, they are linear, amor 
phous under X-ray analysis, essentially free of homo 
polymers, contain from 5% to 70% by weight of ethylene 
in the copolymer molecule, show, in the infra-red spec 
trum therefor, bands between 13.4 microns and 13.8 
microns, and have a molecular weight above 20,000. 

3. A process for obtaining elastic filaments and yarns 
characterized by high mechanical strength and resistance 
to weathering, which process comprises dissolving a sulfo 
chlorinated linear copolymer of ethylene and propylene 
containing in the sulfochlorinated state from about 0.2% 
to about 3.0% of combined sulfur and at least 1.4% but 
less than 10% of combined chlorine, the copolymer be 
ing characterized in that, prior to sulfochlorination, it is 
amorphous under X-ray analysis, contains from about 
5% to about 70% by weight of ethylene in the copolymer 
molecule, is essentially free from homopolymers, shows, 
in the infra-red spectrum therefor, bands between 13.4 
microns and 13.8 microns and has a molecular weight 
above 20,000, in a solvent for the copolymer selected 
from the group consisting of benzene, chlorobenzene, and 
carbon tetrachloride, to obtain a solution having a con 
centration of the sulfochlorinated copolymer of from 3% 
to 20% and a viscosity such that between 600 and 1200 
seconds are required for a stainless steel sphere weighing 
0.1295 gram to fall vertically through 10 centimeters of 
the solution, extruding the solution through a spinneret 
into a setting medium selected from the group consisting 
of lower aliphatic alcohols and lower aliphatic ketones to 
form filaments with removal of the solvent, and then 
vulcanizing the filaments by heating them at a tempera 
ture between 125° C. and 170° C. in the presence of 
at least one vulcanizing aid which is an acid acceptor 
selected from the group consisting of lead oxide, benzidine 
and N-cyclohexyl-2-benzothiazol-sulfenamide. 

4. The process according to claim 3, characterized in 
that the copolymer contains, in the sulfochlorinated state, 
at least 1.4% but less than 5% of combined chlorine. 

5. The process according to claim 3, characterized in 
that the copolymer contains from 30% to 70% of ethylene 
by weight in the copolymer molecule and is dissolved in 
benzene containing at least one of the vulcanizing aids. 

6. The process according to claim 3, characterized in 
that the copolymer contains from 30% to 70% of ethylene 
by weight in the copolymer molecule and is dissolved 
in chlorobenzene containing at least one of the vulcaniz 
ing aids. 

7. The process according to claim 3, characterized in 
that the copolymer contains from 30% to 70% by weight 
of ethylene in the copolymer molecule, and is dissolved 
in carbon tetrachloride containing at least one of the 
Vulcanizing aids. 

8. The process according to claim 3, characterized in 
that the copolymer contains from 30% to 70% of ethylene 
by weight, has a molecular weight of 50,000 to about 
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300,000, and, in the sulfochlorinated state, contains be 
tween 1% and 3% of sulfur and at least 1.4% but less 
than 5% of chlorine. 

9. The process according to claim 3, characterized in 
that a solution of from about 2% to 12% of the sulfo 
chlorinated copolymer in benzene is extruded through 
the spinneret. 

10. The process according to claim 3, characterized in 
that a solution of from about 2% to 12% of the sulfo 
chlorinated copolymer in chlorobenzene is extruded 
through the spinneret. 

11. The process according to claim 3, characterized in 
that a solution of from about 2% to 12% of the sulfo 
chlorinated copolymer in carbon tetrachloride is extruded 
through the spinneret. 

12. A spinning solution consisting essentially of a 
sulfochlorinated copolymer of ethylene and propylene 
containing, in the sulfochlorinated state, from 0.2% to 
3.0% of combined sulfur and at least 1.4% but less than 
10% of combined chlorine, which copolymer is charac 
terized in that, prior to sulfochlorination, it is linear, 
amorphous under X-ray analysis, essentially free of 
homopolymers, contains from 5% to 70% of ethylene 
by weight in the copolymer molecule, shows, in the infra 
red spectrum therefor, bands between 13.4 microns and 
13.8 microns, and has a molecular weight above 20,000, 
dissolved in a solvent therefor selected from the group 
consisting of benzene, chlorobenzene, and carbon tetra 
chloride and containing at least one vulcanizing aid se 
lected from the group consisting of lead oxide, benzidine 
and N-cyclohexyl-2-benzothiazol-sulfenamide, the solu 
tion having a copolymer concentration of 3% to 20% 
and a viscosity such that between 600 and 1200 seconds 
are required for a stainless steel sphere weighing 0.1295 
gram to fall vertically through 10 centimeters of the solu 
tion. 

13. A spinning solution according to claim 12, charac 
terized in that the solvent is benzene. 

14. A spinning solution according to claim 12, charac 
terized in that the solvent is chlorobenzene. 

15. A spinning Solution according to claim 12, charac 
terized in that the solvent is carbon tetrachloride. 

16. A spinning solution according to claim 12, charac 
terized in that the copolymer contains, in the sulfochlo 
rinated state, at least 1.4% but less than 5% of combined 
chlorine. 
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