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on a rotating frame 11. 

the agent to the non-filbrous material. 

to the chamber 4 by an inlet 5 and any conden 
Sate formed may be removed by an outlet 6. 
The intumescent strip is advanced through a 
spinning block or nipper 7, provided with means 
(not shown) for retarding the forward Im0We 
ment of the strip by friction. From the nipper 
7 the twisted strip passes into a known Spinning 
apparatus indicated collectively at 8 which is 
provided with means, Such as the capstans 9, 
for pulling the yarn into the apparatus, wherein 
it is wound upon a rotating bobbin 10 mounted 

The speed of the bob 
bin is adjusted with respect to the rate of de 
livery of the yarn So as to maintain the yarn 
under slight tension during Winding. 
The detumefication of the yarim preferably is 

carried out while maintaining the Spun material 
under tension. For example, the yarn is wound 
more or less tightly upon a bobbin as above ill 
llustrated and the tu mefying agent allowed or 
caused to evaporate. AS the tu mefying agent 
evaporates, the yarn has a tendency to shrink 
to a degree Such that its compactness and per 
manency of cross-sectional form are enhanced. 
If desired, the evaporation may be effected by 
placing the bobbins in a Suitable drying chamber 
maintained at a slightly elevated temperature. 
The apparatus or means for applying the 

tu mefying agent to the non-fibrouS material may 
be modified, it will be realized, in various ways 
without transcending the scope of the invention. 
When the tu mefying agent is employed in the 
Walpor State the chamber therefor may be pro 
vided. With heating means for maintaining the 
temperature of the chamber above the boiling 
point of the particular agent. Also, the agent 
may be circulated in a closed system including 
chamber 4, Substantially without condensation. 

If desired, the vapor chamber may be replaced 
by a wait designed to hold a liquid tu mefying 
agent and which may be equipped with a wick, 
a freely rotatable roller or a brush for applying 

When a 
wat is used, the amount , of liquid tu mefying 
agent applied should be varied in accordance 
with the nature and/or concentration of the 
agent. For example, with a dipping wat holdir 
ing a tu mefying agent having a rapid syfryng 
action, the path should be shorter than for tu 
mefying agents having a relatively slow action 
On the material. If desired, a brush or a doctor, 
blade may be employed in conjunction with the 
wat and positioned to remove the excess of the 
tumefying agent from the material before the 
Strip passes into the spinning apparatus. 
The tu mefying agent is preferably one which 

is Substantially colorlless and of low boiling point. 
For economy, the agent - should be one which 
will evaporate at a Substantial rate at atmos 
pheric temperatures, although the sprun material 
may be detumefied by evaporating the agent at 
a higher, temperature. 
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The tunnefying agent is selected with regard 
to the particular non-fibrous material to be 
employed. For regenerated cellulose, the foll 
lowing are Suitable tunnefying or swelling agents: 
Water, I aliphatic alcohols, such as methyl and 
ethyl alcohol; ketones, such as acetone; amino 

• compounds Such as ethyl amine, triethanolam 
70 ine, etc. Suitable swelling agents for cellu 

lose esters, as nitrocellulose, may comprise ali 
phatic alcohols, Suich as methyl and ethyl alco 
holl and mixtures of these alcohols with aro-e 
matic hydrocarbons, as benzene; ketones, as ace 
tone, cyclohexanone and also i mesity oxide, and 
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aliphatic esters of alcohols and acids with a 
Small number of carbon atoms, for example, 
ethyl acetate. The spinning of strips of cellu 
lose ethers, cellulose Oxyethers, gellatine, casein 
and synthetic plastics may be carried out after 
the Strip has been Subjected to the action of 
their respectively known tu mefying agents. 
Further, the tu mefying agent is preferably a 

Substance having a plasticizing" effect in addi 
tion to a Swellhing effect, so that the quantities 
of the agent which remain in the material after 
detumefication will maintain the thread o'r 
yarn Sufficiently flexible for weaving and like 
operations. When the tu mefying agent does not 
have a plasticizing effect on the material, a 
plasticizer may be used in conjunction with the 
tu mefying agent, or added directly to the latter 
as for example, by using a solution comprising 
a tu mefying agent and - a plasticizing agent. 
With regenerated cellulose one may employ a 
Solution COmprising, for example, Water and a 
hygroscopic Stubstance such as glycerine. The 
glycerine tends to maintain the yarn flexible by 
reason of the Water absorbed thereby, With 
other non-filbrous materials, one may employ a 
Solution containing a known SWelling agent and 
a known plasticizer therefor. The tu mefying 
agent may be applied in conjunction with an 
adhesive, a Waterproofing or other" coating mate 
rial, or a dyeling or coloring material when Such 
materials are compatible with the tu mefying 
agent or may be rendered compatible therewith 
by the use of a mutual Solvent. 
Sheets or fillms having a coating which is im 

permeable to the SWelling agent at room item 
perature may be used also. This may be 
accomplished by , subjecting the coated material 
to the action of a tumefying agent in the vapor 
state while maintaining the material at a teml 
perature at which the coating becomes perme 
able to the vapor of the agent. Thus, for 
example, with sheets or ffilms of regenerated 
cellulose coated with a moistureproofing compo 
sition, the material is passed through the 
chamber 4 containing Water vapor maintained 
at a temperature of o 60° C. or above. At this 
temperature the moistureproof coating becomes 
permeable to the water vapor and the regener 
ated cellulose SWells. 
material has been twisted or splun into a yarn, 
and the material has coolled to room tempera 
ture, the coating again, becomes resistant to the 
diffusion of water vapor and retards evapora 
tion of plasticizer so that the yarn remains flex 
ible after the surface has diried. If desired, the 

Y material may be detumefied at an elevated 
| temperature in order to remove a part of the 
entrapped SWelling agent. This modification of 
*the process of the invention permits use to be 
made of waste roll ends of moistureproofed non 
flbrous material which, up to this time, have not 
been Successfully made into yarms. 
The action of the tu mefying agent upon the 

non-filbrous material utilized in this invention 
can best be explained by reference to a particu 
lar material and its respective swelling agent. 

Er example, when a strip of regenerated cellu 
ose is subjected to the action of water, the 
swelling effect is believed to be the result of a 
combination of actions. In the first place, ab 
SOription of Water occurs, due to the intramicell 
lular attraction of the free hydroxyl groups in 
the cellulose molecules. Secondly, an intermi 
cellular absorption occurs due to capillary action, 
the water molecules entering the pores between 

After the tu mefied coated i 
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the individual micelles comprising the non 
filbrous structure. The absorption of water, 
therefore, changes both the size of the micelles 
as well as the pore space between the micelles 
which are thousands of times more numerous in 
non-filborous material than the cells in fillborous 
material. Accordingly, there is a Substantial 
change in dimensions; the strip of regenerated 
cellulose becomes from 2% to 5% i thicker, from 
2% to 15% wider, and from 5% to 10% longer. 
Spinning under tension may produce an addi 
tional increase of 2% to 5% in length. 
When a sheet of tu mefied, regenerated cellu 

lose is twisted or splun under tension, the mate 
rial readilly becomes Crimped or pleated into a 
multiplicity of small folds, as shown at 12 in 
Fig. 2, the contiguous layers of which coalesce 
and adhere strongly. When detumefication Oc 
curs or is brought about in the finished thread 
Or yarn, the SWelling agent is lost, both from the 
combination with the molecules and from the 
pores. During detumefication, the yarn becomes 
Smaller in diameter, while the tendency to 
Shorten, places the twisted overlapping surfaces 
under a Substantial pressure, thus increasing the 
compactness and permanency of form. For ex 
ample, when a given length of yarn made from 
a fflat, thin strip of regenerated cellulose by the 
process of this invention is detumefied free of 
tension, the yarn has been found to shrink an 
amount equal to about 5% of its original length. 
If, however, Such a yarn be maintained under 
tension So that is cannot shorten, the diameter 
of the yarn decreases and the twist imparted by 
the spinning operation becomes more compact. 
If deturmiefication is carried out while the yarn is 
Wound upon the bobbin, Suitable tension Will be 
obtairied to give a compact material having a 
permanent cross-sectional form. 
The action of a tu mefying agent upon non 

fibrous material is materially different from the 
action of water upon fibrous material. To make 
twine of paper, it has been proposed to moisten 
or wet a Strip of paper, tWist the moistenedl 
Strip and allow it to diry. The Water taken up . 
by the paper is held chiefly by capillary action 
between the flbres, although a small amount of 
water enters the individual cells by oSmosis and 
this Water enlarges the cells transverse of their 
length and shiortens them. The absorption of 
water, therefore, shortens the strip and thickens 
it. It is practically impossible to spin the Wet 
fibrous material under Substantial tension as 
herein described, for the reason that the mate 
rial has Substantially no elasticity in the 
moistened condition. 

Moreover, the changes which occur in the 
drying of Wet paper tWine are in direct COn 
trast to those Occurring in the drying of non 
ffibrous yarns made according to this invention. 
In paper twine the cells lose their absorbed 
water and flatten, and there is an appreciable 
increase in the length of the twinne during dry 
ing. The compactness of diried paper tWine is 
therefore less than that of the same twine in 
the moistened condition. 
When a Strip of non-fibrous material is treated 

as above described, the novel product has a 
gloss; a compactness, and a permanency of cross 
Sectional form not possessed by yarms of filbrous 
or non-filbrous material heretofore known. 
The threads or yarms produced according to 

this invention, may be tWisted together in Over-. 
lapping relation or one strip may be twisted 
about its longitudinal axis and a Second strip 
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twisted about the first at an angle to the longi 
tudinal - axis of the first Strip. One or more 
strips may be sprun about ... a Suitable core of 
fibrous material or metal to produce a twine, 
cord or rope of novel properties, and a plurality 
of the yarns Wowen, plaited, braided or otherwise 
formed into a fabric with or without the use of 
textile or other ffibrous yarns. The woven fabric 
may comprise the novel yarn of this invention 
in both warp and weft, or it may have a "Warp 
or weft of a textille yarn such as cotton, twine, 
wool, silk, metal, Irayon, linen, filax, jute, ramie 
and the like, or combinations of any of them. 
The movel, non-filbrous yarn may be dyfed, de 
llustered or waterproofed, before or after being 
fashioned into a textile or a cordage product. 

Falbrics produced with the novel yarn of this 
invention have a distinctive resilience, high. 
gloss, attractive appearance, exceptional wearing 
qualities and a resistance to tearing which i ren 
ders them Superior to straw, cane, rattan Or 
fabrics formed wholly of textille yarns. The 
fabrics of this invention are especially, adapt 
able by reason of the above properties for Seat, 
floor and upholstery coverings, draperies, wall 
coverings, baskets, "mats, window shades, shoes 
and wearing apparel or any of the variety of uses 
to which fabrics, cords or ropes may be put. 
Since certain changes may be made in the 

above article, and the improved process of pro 
ducing the same and different embodiments of 
the invention could be made without departing 
from the scope thereof, it is intended that all 
matter contained in the above description o'r 
shown in the accompanying drawing shall be 
interpreted as illustrative and not in a limiting 
sense. 

In the appended claims, the expression “spin 
ning” is not to be limited to that operation i of 
the cordage art which is described by this term 
and which in that art includes the feature of 
drawing as well as twisting. The term “spin 
ning” as used herein is intended to cover all 
operations of twisting or convoluting the non 
fibrous material, which operations may or may 
not involve drawing or Stretching the material. 
Having described my invention, What I claim 

as new and desire to Secure by Letters Patent 
S: 

1. A process of producing a material adapted 
to be utilized in the textile and cordage artis, 
which comprises. Subjecting a fflat, thin Strip of 
non-fibrous material to the action of a tumefy 
ing agent, spinning the intumescent material to 
a compact yarn, and detumefying Said yarn. 

2. A process of producing a material adapted 
to be utilized in the textile and . cordage arts, 
which comprises subjecting a fflat, thin Strip of 
a non-filbrous material to the action of a tu mefy 
ing agent, spinning the intumescent material 
under tension to a compact yarn, and detunnefy 
ing said ysarn. 

3. A process of producing a material adapted 
to be utilized in the textille and cordage artS, 
which comprises subjecting a flat, thin strip of 
a non-filbrous material to the action of a tumefy 
ing agent in the vapor state, spinning the in 
tumescent material under tension to a compact 
yarn, and detumefying Said yarn. \\ 

4. A process of producing a material adapted 
to be utilized in the textille and cordage artS, 
which comprises subjecting a fflat, thin Strip of 
a non-filbrous cellulosic material to the action 
Of a tumefying. agent, spinning the intumescent 
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