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57 ABSTRACT 
This invention relates to novel fabrics characterized 
by thermal insulation properties which change in re 
sponse to changes in environmental temperature. The 
fabrics contain hollow inflatable elements having en 
trapped therein a gas and a solvent material which can 
be converted from liquid to solid phase by tempera 
ture changes within the environment of usage, said 
solvent material dissolving more of the gas when in the 
liquid phase than in the solvent phase. The elements 
contain more gas than can be dissolved by the solvent 
material within the elements when this material is in 
the solid phase and thus lowering the environmental 
temperature, so as to convert said material from the 
liquid to the solid phase, results in the expulsion of gas 
formerly dissolved in the liquid phase. The expelled 
gas inflates the inflatable elements within the fabric 
and increase the thermal insulating properties of the 
fabric. 

3 Claims, 6 Drawing Figures 
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TEMPERATURE ADAPTABLE FABRICS 

The present application is a division of application 
Ser. No. 818,323, filed Apr. 22, 1969, and now U.S. 
Pat. No. 3,607,791. 
Fabrics are frequently used to provide thermal insu 

lation such as in clothing, blankets, drapes, sleeping 
bags, etc. Fabrics previously employed in such prod 
ucts have thermal insulation properties which are sub 
stantially constant over the temperature range of usage 
and thus cannot compensate for the different insulation 
requirements desired at different temperatures. Thus, 
for instance, a coat which is comfortable under mild 
conditions provides insufficient warmth if the tempera 
ture drops, while a coat comfortable at a cold tempera 
ture is uncomfortably warm if the temperature rises. 
The fabrics provided by the present invention are 

characterized by thermal insulation properties which 
substantially increase in response to a colder environ 
ment. To obtain such thermal insulation properties, the 
fabric is provided with inflatable elements having en 
trapped therein a composition containing a gas and a 
solvent material which dissolves more gas when in the 
liquid state than when in the solid state. More gas is 
contained in the elements than the solvent material can 
dissolve when in the solid state and thus on converting 
the solvent material from a liquid to a solid, gas is ex 
pelled, inflating the elements and increasing the ther 
mal insulation properties of the fabric. Additionally, 
the fabric can be constructed so that inflation of the el 
ements reduces the transmission of air or moisture 
vapor through the fabric which also makes the fabric 
warmer. The material in which the gas is dissolved is 
selected so that the liquid solution employed solidifies 
when cooled to about the temperature at which an in 
crease in thermal insulation is desired. By using sepa 
rate elements containing different compositions solidi 
fying at different temperatures, a fabric can be ob 
tained in which thermal insulation properties are in 
creased in stages as temperature is progressively de 
creased. When the environmental temperature is in 
creased the above-described process reverses and gas 
is redissolved when the solvent melts. 
The invention will be more readily understood when 

the following detailed description is read in conjunc 
tion with the accompanying drawings. The drawings il 
lustrate two forms of the invention, it being apparent 
from the present description that many other forms can 
be constructed by a person skilled in the art which fall 
within the scope of this invention. 
FIG. 1 is a perspective view of an embodiment of the 

present invention in which the inflatable elements are 
hollow filaments woven into a fabric and the environ 
mental conditions are such that the composition within 
the elements is in the form of a liquid solution. 
FIG. 2 is a perspective view of the embodiment of 

FIG. 1, cooled so that the solvent has frozen, expelling 
gas which has inflated the hollow tubes. 
FIG. 3 is an enlarged cross-sectional view of an em 

bodiment of this invention, shown in the unexpanded 
state, this embodiment being a composite material hav 
ing woven outer layers and a non-woven inner layer 
having embedded therein inflatable envelopes contain 
ing two different liquid-gas solutions which freeze at 
different temperatures. . 
FIGS. 4-6 are graphs illustrating the increased ther 

mal insulation obtained by the present invention. 
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2 
Referring now to FIG. 1, there is shown a woven fab 

ric 10, formed of hollow inflatable filaments 11. The 
filaments contain a solution 12 of a gas in a liquid sol 
vent, which dissolves more of the gas when in a liquid 
state than when frozen to the solid state. The amount 
of gas is greater than that which the solvent will dis 
solve in the solid state. 
FIG. 2 shows the fabric of FIG. 1, after it has been 

cooled so as to freeze the solvent to a solid material 13. 
Gas 14 has been expelled as a result of the freezing and 
has inflated the filaments 11. 

In FIG. 3 there is shown another embodiment illus 
trative of the present invention. The embodiment of 
FIG. 3 is a composite material 20 having outer layers 
of woven fabric 22 and a non-woven inner layer 21. 
The inner layer 21 is made up of fibers 23 having em 
bedded therein inflatable envelopes 24. Some of the 
envelopes contain a first solution of a gas in a liquid 25 
solvent while the remainder of the envelopes contain a 
second solution of a gas and a liquid solvent 26, the two 
solutions being selected so that the solvents freeze at 
different temperatures, thus giving a stepwise increase 
of thermal insulation properties as the environmental 
temperature becomes colder. 
The inflatable hollow elements can be in the form of 

sealed hollow filaments, envelopes, capsules or any 
other configuration suitable for incorporating an inflat 
able body within a fabric material. The fabric can be a 
woven material formed wholly or partly from sealed 
hollow filaments such as shown in FIGS. 1 and 2. These 
hollow filaments can be crimped or sealed at intervals 
so as to retain the solution in each filament within a 
number of sections. Instead of monofilaments, yarn 
produced from a plurality of relatively small diameter 
hollow filaments can be used. The fabric can also be a 
non-woven material into which there is incorporated 
inflatable elements in the form of hollow filaments, en 
velopes, capsules or other configurations or a fabric of 
any other type which can have inflatable elements em 
bedded therein or attached thereto. The term fabric as 
employed herein is not limited to materials prepared 
from fibers, but also include other known flexible mate 
rials used or worn to provide environmental protection 
such as flexible plastic foam sheets useful as inner lin 
ings. The material containing the inflatable elements 
can be part of a composite or laminated structure such 
as shown in FIG. 3. It is to be understood that the fig 
ures and the above discussion illustrate only a small 
number of the possible fabrics falling within the scope 
of the present invention and many other structures em 
bodying this invention will be apparent from the pres 
ent description. 
The material from which the inflatable elements are 

made is not critical, it only being required that the ma 
terial be capable of retaining the particular solvents 
and gases employed, and be capable of providing an in 
flatable structure. Included among the materials from 
which the elements can be made are a wide variety of 
plastic and elastomeric materials. On inflation, the ele 
ments may change in shape, such as the elements of 
FIGS. 1 and 2 going from flat to round and/or may ex 
pand in size in the manner of a balloon. The term inflat 
able elements is also meant to include elements which 
on being subjected to increased internal pressure, 
change shape without a significant change in volume. 
Thus, the inflatable elements can have a curved or zig 
zag shape which flattens out with increased internal 
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pressure, for example, in the manner of a Bourdon 
tube, to reduce the porosity of the fabric. 
As previously stated, a requirement of the solvent-gas 

system is that the solvent material dissolve more of the 
gas when in a liquid state than in the solid state so that 
upon solidifying the solvent by freezing, the gas is ex 
pelled from the solution. This type of solubility behav 
ior is possessed by most solvents and mixtures of sol 
vents and can be readily determined by one skilled in 
the art. In particular, solvents which form crystalline 
solids on freezing, generally dissolve substantially more 
gas in the liquid state than in the solid state. 
The temperature at which the solvent should freeze 

depends upon the particular usage for which the fabric 
is to be employed. If the fabric is used to thermally in 
sulate the human body, e.g., in clothing, blankets, 
sleeping bags, etc., the solvent-gas composition should 
be liquid at 70°F and freeze to a solid at some tempera 
ture below 70°F. Preferably the solvent containing dis 
solved gas freezes at a temperature in the range of 65°F 
to -50F. The fabric material of this invention can also 
be used for other thermal insulation purposes wherein 
it is desirable that the solvent be converted from a liq 
uid to a solid at an elevated temperature. Thus, for in 
stance, a chemical reactor operating at an elevated 
temperature can be insulated so that if the reaction be 
comes too hot, there is a drop in the thermal insulating 
ability of the insulation surrounding the reactor. 
The solvent material employed must solidify or 

freeze from the solvent-gas solution at about the tem 
perature at which an increase in thermal insulation is 
desired. In selecting a solvent-gas system for increasing 
the insulation within a given temperature range, it is to 
be noted that in general, as a gas is dissolved in a liquid 
solvent, the freezing point of the mixture is gradually 
lowered. The freezing point of a given system can, of 
course, be readily determined. 
The gas selected should remain in the gaseous state 

throughout the temperature of intended use, i.e., 
should not liquify at the colder temperatures of usage. 
As previously stated, the amount of gas dissolved in the 
solvent (liquid phase) should exceed the amount of gas 
the solvent can dissolve when solidified. For most pur 
poses, it is convenient to saturate the liquid solvent 
with gas at about 70F. Many different gases and mix 
tures of gases can be employed in the present inven 
tion, the suitability of any particular gas being readily 
determined by those skilled in the art. 

Illustrative of some gases suitable for use in the pres 
ent invention are: ammonia, nitrous oxide, carbon di 
oxide, trifluoromethane, monochlorodifluoronethane, 
dichlorodifluoromethane, monochloropentafluoroe 
thane, dimethyl ether, cyclopropane and nitrogen. 

Illustrative of some of the solvents suitable for use in 
the present invention are: acetophenone, tert-butyl al 
cohol, n-octadecane, dimethyl adipate, 1,2- 
dibromoethane, phenyl ether, urethane, water, dimeth 
ylsulfoxide, n-propyl sulfone, triocosane, n-docosane, 
piperonal, formamide, 1-hexadecanol, levulinic acid, 
eicosane, polyethylene glycol and diphenyl methane. 
Mixtures of solvents may also be employed, if desired. 
The following examples are given to further illustrate 

the invention, but it is to be understood that the inven 
tion is not to be limited in any way by the details de 
scribed therein. 
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4. 

EXAMPLE 1. 

Hollow tubular filaments of polypropylene were par 
tially flattened to give filaments of the type shown in 
FIG. 1. The filaments were sealed at one end and then 
filled to a few percent of their original, unflattened in 
ternal volume with the following compositions: 

1. acetophenone, 
2. acetophenone saturated with monochlorodi 
fluoromethane at 70°F and one atmosphere pres 
Sure, 

3. acetophenone saturated with carbon dioxide at 
70F and one atmosphere pressure. 

The open ends of the filaments were sealed and fabrics 
such as shown in FIG. 1 were woven. Additionally, a 
control fabric was woven from similar filaments which 
contained no filling composition. 
Each of the samples was then treated in the following 
are: 

1. A layer of dry ice was placed in an open top con 
tainer of insulating material. 

2. Aluminum plate was placed over the dry ice. 
3. The fabric to be tested was laid out on the alumi 
num plate. 

4. A copper block having thermocouples attached 
thereto was located on top of the fabric. 

5. The copper block was covered with a piece of 
foam insulation which was shaped to fit around the 
top and sides of the copper block, and 

6. The temperature of the copper block was periodi 
cally recorded as it was cooled by the dry ice. 

The fabrics containing monochlorodifluoromethane 
and carbon dioxide inflated in the manner illustrated in 
FIG. 2 when the acetophenone contained therein froze. 
No such inflation took place with the fabrics which 
were unfilled or filled with acetophenone only. The re 
Sults obtained are shown in FIG. 4 and indicate that a 
copper block cooled much more slowly when it was in 
sulated from the dry ice by the fabrics containing 
monochlorodifluoromethane and carbon dioxide gases. 

EXAMPLE 2 

The procedure of Example 1 was repeated using n 
octadecane as the solvent and monochlorodi 
fluoromethane as the gas. The results are given in FIG. 
5 which clearly demonstrates the superior thermal insu 
lation obtained with the fabric containing the mono 
chlorodifluorimethane dissolved in n-octadecane. 

EXAMPLE 3 

The procedure of Example 1 was repeated using 1,2- 
dibromoethane as the solvent and monochlorodi 
fluoromethane as the gas. The results are given in FIG. 
6, which clearly shows that superior thermal insulation 
was obtained with the fabric containing the monochlo 
rodifluoromethane dissolved in 1,2-dibromoethane. 

EXAMPLE 4 

Tests were carried out which established that with 
the following solvent-gas systems, a substantial amount 
of gas was expelled on freezing a saturated solution pre 
pared at one atmosphere pressure. 

Solvent Gas 

Acetophenone Monochlorodifluoromethane 



Solvent 

Acetophenone 
Acetophenone 
Acetophenone 
Acetophenone 
Acetophenone 
Acetophenone 
Acetophenone 
Acetophenone 
Tert-butyl Alcohol 
Tert-butyl Alcohol 
Tert-butyl Alcohol 
Tert-butyl Alcohol 
Tert-butyl Alcohol 
n-Octadecane 
n-Octadecane 
n-Octadecane 
n-Octadecane 
Dimethyl Adipate 
Dimethyl Adipate 
Dimethyl Adipate 
Dimethyl Adipate 
Levulinic Acid 
2-Dibronoethane 

1,2-Dibromoethane 
1,2-Dibromoethane 
1,2-Dibromoethane 
Phenyl Ether 
Phenyl Ether 
Urethane (Ethyl Carbamate) 
Urethane 
Urethane 
Urethane 
Urethane 
Urethane 
Urethane 
Water 
Dimethylsulfoxide 
n-Propylsulfone 
n-Propylsulfone 
Tricosane 
n-Docosane 
Formamide 
Formamide 
Formamide 
Hexadecanol 

Eicosane 
Polyethylene Glycol 
Diphenyl Methane 
Diphenyl Methane 
Piperonal 

S 
-Continued 

Gas 

Dimethyl Ether 
Cyclopropane 
Ammonia 
Carbon dioxide 
Nitrous oxide 
Dichlorodifluoromethane 
Trifluoromethane 
Monochloropentafluoroethane 
Monochlorodifluoromethane 
Dimethyl Ether 
Cyclopropane 
Carbon Dioxide 
Monochloropentafluoroethane 
Monochlorodifluoromethane 
Dimethyl Ether 
Cyclopropane 
Carbon Dioxide 
Monochlorodifluoromethane 
Dimethyl Ether 
Cyclopropane 
Carbon Dioxide 
Monochlorodifluoromethane 
Monochlorodifluoromethane 
Dimethyl Ether 
Cyclopropane 
Carbon Dioxide 
Monochorodifluoronethane 
Dimethyl Ether 
Monochlorodifluoromethane 
Dimethyl Ether 
Cyclopropane 
Carbon Dioxide 
Nitrous Oxide 
Monochlorodifluoromethane 
Nitrogen 
Carbon Dioxide 
Monochlorodifluoromethane 
Monochlorodifluoromethane 
Cyclopropane 
Monochlorodifluoromethane 
Monochlorodifluoromethane 
Monochlorodifluoromethane 
Dimethyl Ether 
Cyclopropane 
Monochlorodifluoromethane 
Monochlorodifluoromethane 
Monochlorodifluoromethane 
Monochlorodifluoromethane 
Cyclopropane 
Monochlorodifluoromethane 
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Piperonal Cyclopropane 
Piperonal Carbon Dioxide 
Piperonal Nitrous Oxide 

Results similar to those obtained in Examples 1-3 
can be obtained by using one of the above-listed sol 
vent-gas systems in place of the solvent-gas systems em 
ployed in the examples. 
The inflatable elements of the present invention can 

be used in products other than fabrics wherein it is de 
sirable to have insulation properties which increase in 
response to a decrease in environmental temperature. 
One aspect of the present invention is the temperature 
responsive inflatable elements described herein perse. 

It will be apparent that many modifications and varia 
tions can be effected without departing from the scope 
of the novel concepts of the present invention, and the 
illustrative details disclosed are not to be construed as 
imposing undue limitations on the invention. 

I claim; 
1. A hollow inflatable element having a configuration 

and construction which makes it suitable for use as a 
component of a flexible fabric, said element having 
sealed therein a composition comprising a gas and a 
solvent which in the liquid state dissolves a greater 
amount of said gas than when said solvent is in the solid 
state, the amount of gas sealed in said element being 
greater than the amount of gas which can be dissolved 
by the solvent sealed in said element when said solvent 
is in the solid state, whereby when said solvent freezes 
gas is expelled therefrom and inflates said element 

2. A hollow inflatable element as claimed in claim 
wherein said solvent containing dissolved gas freezes at 
a temperature of about 65°F. to -50°F. 

3. A hollow inflatable element as claimed in claim 1 
wherein said solvent forms a crystalline material on 
freezing. 
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