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A THERMAL INSULATION FILLING MATERIAL, A PREPARATION METHOD
THEREOF, AND A THERMAL INSULATION ARTICLE

Background

Thermal insulation filling materials are often utilized in articles such as clothes and quilts
to improve the heat retention property of these products. The thermal insulation filling materials are
primarily loose and fluffy materials formed of fine fibers, which are mainly classified into natural
and artificial types.

Natural thermal insulation filling materials include natural fibers such as duck down, goose
down, camel hair and cotton. However, due to their high cost and unstable resourcing, natural fibers
are liable to be affected by epidemic diseases of animals and production declines of plants. In
addition, people may be allergic to natural fibers. Therefore, the application scope of natural fibers
is limited.

For the reasons described above, the application of artificial thermal insulation filling
materials is growing in popularity. Artificial thermal insulation filling materials are made of artificial
fibers. In terms of different forms, the artificial fibers for thermal insulation filling materials can
include loose fibers (i.e. fluffy fibers) and spherical fiber assemblies. Loose fibers are loose and
fluffy and can be irregular in shape. Spherical fiber assemblies are fluffy and are comprised of loose
fibers crimped to be essentially spherical, i.e., comprising a plurality of small “fiber balls™.

Due to the intricate structure of natural fibers, it is difficult for artificial fibers to
completely simulate the structure of natural fibers. Therefore, it is difficult for artificial fibers to
achieve performances similar to those of natural fibers, such as heat retention, fluffiness, and
filling ability. After being washed with water, artificial fibers are also likely to be lumped together
and entangled to form compact fiber agglomerates (unlike the spherical fiber assemblies), thus
resulting in an uneven distribution of the thermal insulation filling materials and a sharp

degradation in performance.

Summary
One aspect of the present invention is to provide a thermal insulation filling material having

an improvement in wash durability while maintaining heat retention and fluffiness. The thermal
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insulation filling material includes loose fibers and spherical fiber assemblies, wherein a weight ratio
of the loose fibers to the spherical fiber assemblies ranges from about 20:80 to about 80:20.

Another aspect of the present invention is to provide a method of preparing a thermal
insulation filling material, which includes mixing loose fibers and spherical fiber assemblies,
wherein a weight ratio of the loose fibers to the spherical fiber assemblies ranges from about 20:80
to about 80:20.

In one embodiment, mixing the loose fibers and the spherical fiber assemblies includes
employing a licker-in mixing machine to mix the loose fibers and the spherical fiber assemblies.
The licker-in mixing machine includes a mixing box having a bottom and at least one material inlet,
a plurality of rotating spike rollers arranged in the mixing box and located between the material inlet
and the bottom of the mixing box, and a rotating belt screen which comprises an up-stroke adjacent
to the rotating spike roller and a down-stroke located between the up-stroke and the bottom of the
mixing box. At least parts of the rotating spike rollers are located between the up-stroke and the
down-stroke.

Another aspect of the present invention is to provide a thermal insulation article including
a cover for forming an enclosed internal space and a thermal insulation filling material filled in the
enclosed internal space formed by the cover. A weight ratio of the loose fibers to the spherical

fiber assemblies ranges from about 20:80 to about 80:20.

Brief Description of the Drawings

Fig. 1 is a photograph of a Cotton pad 1 filled with thermal insulation filling material of the
present invention.

Fig. 2 is a comparison diagram of thickness performances of Cotton pad 1 filled with thermal
insulation filling materials of Example 1, Control 1 and Control 2, respectively.

Fig. 3 is a comparison diagram of Clo values of Cotton pad 1 filled with thermal insulation
filling materials of Example 1, Control 1 and Control 2, respectively.

Fig. 4 is a comparison diagram of compression resilience ratios of Cotton pad 1 filled with
thermal insulation filling materials of Example 1, Control 1 and Control 2, respectively.

Fig. 5 is a local nonopaque image of a washed Cotton pad 1 filled with thermal insulation
filling material of Control 1.

Fig. 6 is a local nonopaque image of a washed Cotton pad 1 filled with thermal insulation
filling material of Control 2.

Fig. 7 is a local nonopaque image of a washed Cotton pad 1 filled with thermal insulation

filling material of Example 1.
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Fig. 8 is a thermal image of a washed Cotton pad 2 filled with thermal insulation filling
material of Example 5.

Fig. 9 is a thermal image of a washed Cotton pad 2 filled with thermal insulation filling
material of Control 3.

Fig. 10 is a structure diagram of a licker-in mixing machine for preparing the thermal

insulation filling material of the present invention.

Detailed Description
To facilitate a person skilled in the art to better understand the technical scheme of the
present invention, the present invention will be further described in details with the figures and

specific embodiments.

Interpretation of Terms

In the present invention, the following terms or descriptions are e¢laborated as follows:

The description “range from A to B” includes value A, value B and any value larger than A but
smaller than B. For instance, “range from 1 to 10” includes 1, 10, and any value larger than 1 but
smaller than 10, such as 2,3, 4,5,6,7,8,9,2.3,3.516,526,7.1,9.999.

The description “A is essentially B, A is similar to B” refers to that A meets the
characteristics of B in general, but unavoidable small differences are allowed between A and B. For
instance, “A is essentially spherical” refers to that A is spherical in general, but the spheres are not
required to be strictly spherical, and may not possess a solid structure and may possess some changes
(i.e. becoming ellipsoidal).

For the term “amount”, the amount or amount ratio involved in the present invention refers
to weight or weight ratio unless otherwise specified.

The description “weight percentage of A in B” refers to the weight fraction of A as the
weight of B is 100% provided that A is a part of B.

The term “loose material” refers to a material formed of a large number of tiny parts (fibers)
accumulated by loose connection (with allowing a little action force among the parts), which is
deformable, compressible, and divisible on the whole.

The term “fiber” refers to a material composed of continuous or discontinuous fine filament,
with the size in the length direction greatly longer than that in any of the cross section directions.

The term “staple fiber” refers to short fibers, and usually refers to the fibers with the length
of about 20-150 mm.
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Thermal Insulation Filling Material

The present invention provides a thermal insulation filling material including loose fibers
and spherical fiber assemblies, wherein a weight ratio of the loose fibers to the spherical fiber
assemblies ranges from about 20:80 to about 80:20.

As discovered by the inventor, applying a definite proportion of the loose fibers and the
spherical fiber assemblies at the same time in a thermal insulation filling material may greatly
enhance the wash durability while maintaining good heat retention, fluffiness property, and filling
capability.

The reasons why the thermal insulation filling material provided by the present invention
possesses a good wash durability may be as follows (the following sentences do not restrict the
principles of the present invention): individual loose fibers or spherical fiber assemblies are in poor
contact or not in contact with each other; once encountering water flows, the fibers are liable to
move with the flows to convolve with other fibers and to form compact fiber aggregations, thus
resulting in the degradation of fluffiness, heat retention property and filling ability; however, in the
thermal insulation filling material provided by the present invention, the loose fibers are connected
on the spherical fiber assemblies, and different spherical fiber assemblies are connected by the loose
fibers (the connection as described above is not firm or tight connection); therefore, each part of the
thermal insulation filling material is connected quite compactly, and the fibers are more likely to
move integrally without being lumped or entangled when suffering a force from the flows, thus the
wash durability of the thermal insulation filling material provided by the present invention is good.

In one embodiment, in the thermal insulation filling materials, the weight ratios of the loose
fibers to the spherical fiber assemblies range from about 40:60 to about 60:40, and particularly is
about 50:50. The amounts of the loose fibers and the spherical fiber assemblies has an important
influence on the performance of the loose fibers and the spherical fiber assemblies. As found by
studies, the wash durability of the thermal insulation filling material is greatest when the amount of
the loose fibers and the spherical fiber assemblies meets the proportion range as described above.

In one embodiment, the thermal insulation filling material is composed essentially of the
loose fibers and the spherical fiber assemblies. In other words, the thermal insulation filling material
does not contain any other component except the loose fibers and the spherical fiber assemblies. In
this case, the loose fibers account for about 20wt% to about 80wt% of the thermal insulation filling
material, particularly about 40wt% to about 60wt%, and more particularly about 50%:; with the
balance being the spherical fiber assemblies.

Of course, other ordinary components in addition to the loose fibers and the spherical fiber

assemblies may be used in the thermal insulation filling material if necessary.
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In one embodiment, the fibers for forming the loose fibers and the spherical fiber assemblies are
staple fibers, specifically staple fibers having a length ranging from about 20mm to about 150mm.
Particularly, the length of the staple fibers ranges from about 32mm to about 72mm and more
particularly from about 38 mm to about 51 mm.

In other words, in one embodiment, the staple fibers having a definite length are employed
to form the loose fibers and the spherical fiber assemblies. Fibers that are too short to form loose
materials are ineffective in keeping the heat, while fibers that are too long are liable to be entangled
with each other. Studies have found that the length range as described above is the optimal.

In one embodiment, the fibers for forming the loose fibers and the spherical fiber assemblies meet
ong or more of the following properties:

@) The fiber fineness ranges from about 0.3 Denier to about 7 Denier, particularly from
about 2 Denier to about 7 Denier. The term “fiber fineness" refers to the size of fibers; and “Denier”
refers to the unit of fineness, which is also known as “D”, representing the gram weight of fibers
with the length of 9,000 m based on official regain.

2) The fibers have a three-dimensional crimped hollow structure. The term “three-
dimensional crimp” means that the length direction of the fibers is curved rather than distributed
along a straight line, and the curvature may occur in each direction rather than only in a particular
plane, thus the fibers are liable to form a non-planar stereo structure.

3) The fibers are siliconized fibers, particularly siliconized polyester fibers.

Studies have found that loose fibers and spherical fiber assemblies which are formed of fibers whose
performance does not meet the requirements as described above, may not be applicable to the
thermal insulation filling material.

In one embodiment, the particle size of the spherical fiber assemblies in the thermal
insulation filling material ranges from about 2 mm to about 15 mm.

The spherical fiber assemblies having the particle size range as described above may best

improve the wash durability of the thermal insulation filling material.

Preparation Method for the Thermal Insulation Filling Material

The present invention also provides a method of preparing the thermal insulation filling
material, which includes: mixing loose fibers and spherical fiber assemblies, wherein a weight ratio
of the loose fibers to the spherical fiber assemblies ranges from about 20:80 to about 80:20.

As one embodiment of the present invention, the spherical fiber assemblies may be formed
of raw material fibers in advance and then mixed with the loose fibers. One specific embodiment of
preparation steps includes respectively weighing the raw material fibers for forming the loose fibers

and the spherical fiber assemblies [S101]. Conducting rough opening and precision opening of the
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raw material fibers in a CKSC-130 fiber opener (purchased from Jiangsu Changsheng Co., Ltd.) are
carried out to form the loose fibers, wherein the processing parameters are as follows: cylinder
diameter: 500 mm, rotation speed of opening roller: 800 r/min, installed capacity: 6.95 kW, fan: 2.2
kW, and motor equipped with 2 5# impeller; then in the same opener as described above, conducting
rough opening of the raw material fibers, wherein the processing parameters are the same as the
parameters as described above; and then processing the raw fiber materials subjected to rough
opening into fiber balls in a granulator (purchase from Jiangsu Changsheng Co., Ltd.), wherein the
processing parameters are as follows: motor power: 7.5 kW, diameter of opening roller: 550 mm,
length of opening roller: 1.8 m, and rotation speed of opening roller: 800 r/min [S102]. The loose
fibers and the spherical fiber assemblies are fed into a CSKS-200 large-scale cotton mixer
(purchased from Jiangsu Changsheng Co., Ltd.) through an airflow mixing pipe (purchased from
Jiangsu Changsheng Co., Ltd.) to mix the two components to form the thermal insulation filling
material, wherein the processing parameters are as follows: evener roller: 260 mm, rotation speed of
evener roller: 310r/min, diameter of beater: 400mm, speed of beater: 300 r/min, beater motor:
Y112M-4-2 2kW, roller motor: 1.5 kW, and spike lattice motor: 2.2 kW [S103].

The steps as described above for preparing the loose fibers and the spherical fiber assemblies
are in no particular order. For instance, opening may be conducted in advance of weighing, or
weighing may be conducted after the loose fibers and the spherical fiber assemblies are prepared. In
addition, the preparation is not limited to the particular devices and processing parameters as
described above.

It should be understood that, although the spherical fiber assemblies in the method as
described above are self-prepared, commercially available spherical fiber assemblies are also usable
as a raw material of the spherical fiber assemblies, such as the spherical fiber assemblies produced
by Stein Fibers Co., Ltd. in Albany, New York, U.S.

As another preferred embodiment of the present invention, a licker-in mixing machine may
be employed to mix the loose fibers and the spherical fiber assemblies, wherein the licker-in mixing
machine includes: a mixing box having a bottom and at least one material inlet, a plurality of rotating
spike rollers arranged in the mixing box and located between the material inlet and the bottom of the
mixing box, and a rotating belt screen which comprises an up-stroke adjacent to the rotating spike
roller and a down-stroke located between the up-stroke and the bottom of the mixing box, wherein
at least parts of the rotating spike rollers are located between the up-stroke and the down-stroke.

The licker-in mixing machine as described above has been described in U.S. Patents
Applications US2005/0098910 and US2010/0092746 and PCT application WO2011/133396A. As
shown in Fig. 10, the licker-in mixing machine includes a mixing box 9 which is provided with one

or more material inlets 91, 92 for feeding in raw materials. The mixing box 9 is provided with a

-6-
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space at the bottom for collecting mixed materials; alternatively, the bottom of the mixing box 9 is
open so that a conveying belt 6 may take the mixed materials away. The mixing box 9 is internally
provided with a plurality of rotating spike rollers 8 capable of tearing apart the fibers to make the
fibers loose and mixed with each other. The mixing box 9 is also internally provided with a rotating
belt screen having a circular rotating belt screen 7. The belt screen 7 has supporting parts 71 capable
of supporting the fibers and a net opening 72 between the supporting parts 71. In one embodiment,
the area of the supporting part 71 and that of the net opening 72 are adjustable (i.¢. changing the arca
of the area for the supporting part 71 and that of the net opening 72 through rotating the supporting
part 71). The belt screen 7 has an up-stroke 78 and a down-stroke 79. The up-stroke 78 is lower than
the material inlet 91 and close to at least one spike roller 8, and the down- stroke 79 is lower than
the up-stroke 78 but higher than the bottom of the mixing box 9. At least parts of the spike rollers 8
are located between the up-stroke 78 and the down-stroke 79.

After entering the material inlets 91 and, 92, raw material fibers pass through the upper spike
roller 8, the up-stroke 78 of the belt screen 7, the lower spike roller 8 and the down-stroke 79 of the
belt screen 7 in sequence, and are torn apart and mixed by the spike rollers 8. The fibers not fully
torn or mixed are unable to drop from the net opening 72 of the down-stroke 79 of the belt screen 7
due to being too large and are liable to be retained on the upper surface of the down-stroke 79 of the
belt screen 7 and driven to the lower surface of the up-stroke 78 along with the motion of the belt
screen 7. Thereby, the fibers drop again to be torn apart by the spike rollers 8 until the fibers are
small enough to pass through the net opening 72 to the bottom of the mixing box 9.

In one embodiment, the loose fibers and the spherical fiber assemblies can be fed through
different material inlets 91 and 92. For instance, as shown in Fig. 10, the loose fibers are fed through
three material inlets 91 on the top side of the mixing box 9 and lateral sides of the top side and the
spherical fiber assemblies are alone fed through the material inlet 92 which is also arranged on the
top side of the mixing box 9. As described in the PCT application WO2011/133396A, the material
inlet 92 is suitable for feeding chemically active particles and the spherical fiber assemblies are
similar to the particles in shape, thus the spherical fiber assemblies can be fed through the preceding
material inlet.

Using the spike roller as described above, the components of the thermal insulation filling
material can be mixed more sufficiently and the resulting mixed product is fluffier, thus improving

performance of the product.
A Thermal Insulation Article

The present invention also provides a thermal insulation article including a cover for

forming an enclosed internal space and thermal insulation filling material filled in the internal space

-7-
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formed by the cover. The thermal insulation filling material includes loose fibers and spherical fiber
assemblies, wherein a weight ratio of the loose fibers to the spherical fiber assemblies ranges from
about 20:80 to about 80:20.

In other words, the thermal insulation filling material as described above can be filled in the
cover to form the thermal insulation article suitable for actual application.

In one embodiment,, the cover is a flexible cover. In other words, the cover may be a flexible
sheet such as fabric or leather, thus the enclosed internal space may be formed by sewing and the
thermal insulation filling material may be filled in the enclosed internal space.

In one embodiment, the thermal insulation article may be bedclothes and clothes, including,
but not limited to: shoes, hats, clothes (such as garments, trousers, underwear and coats), pillows,

quilts, mats and sleeping bags.

EXAMPLES

Materials

The raw materials used in the Examples and Controls of the present invention were as
follows:

Siliconized polyester fibers 1: 3 Denier, 38 mm long, hollow structure, purchased from
Sinopec Yizheng Chemical Fiber Company Limited.

Siliconized polyester fibers 2: 3 Denier, 60 mm long, hollow structure, purchased from
Sinopec Yizheng Chemical Fiber Company Limited.

Siliconized polyester fibers 3: 7 Denier, 38 mm long, hollow structure, purchased from
Sinopec Yizheng Chemical Fiber Company Limited.

Siliconized polyester fibers 4: 7 Denier, 60 mm long, hollow structure, purchased from
Sinopec Yizheng Chemical Fiber Company Limited.

Siliconized polyester fibers 5: 0.9 Denier, 32 mm long, purchased from Stein Fibers Co.,
Ltd. in Albany, New York State, U.S.

Siliconized polyester fibers 6: 6 Denier, 51 mm long, purchased from Stein Fibers Co., Ltd.
in Albany, New York State, U.S.

Spherical fiber assemblies 1: 4 Denier, purchased from Stein Fibers Co., Ltd. in Albany,
New York State, U.S.

Performance Testing

In the present invention, the thermal insulation filling material of each of the Examples was

subjected to performance testing. The test methods are detailed in the following sections.
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Preparation of Cotton Pad

Certain performance tests performed on the thermal insulation filling material were possible
only after the thermal insulation filling material was filled. Thus the thermal insulation filling
material was processed into a cotton pad (thermal insulation article) as follows:

Cotton pad 1: A piece of 190T blue nylon fabric was sewed to form a cover having a size of
19.7 in x 10.7 in (50 cm x 27 ¢cm), a required amount of the thermal insulation filling material was
weighed to fill into the cover, and then the cover was sewed in a manner of forming three lattices in
any direction (i.¢. evenly subdividing the cover into nine lattices) to form Cotton pad 1 with the
required filling content. The filling content refers to the content of the thermal insulation filling
material filled in the cover, expressed in grams per square meter of the cotton pad, with the unit of
“g/m>”.

Cotton pad 2: A standard sewing machine was employed to sew a piece of blue nylon fabric
to form a cover having a size of 12 in x 12 in (30.5 cm x 30.5 ¢cm), a required amount of the thermal
insulation filling material was weighed to fill into the cover, and then the cover was evenly sewed

into three strips (respectively being 4 in wide) to form Cotton pad 2, wherein the filling content of

the Cotton pad 2 was 1.9 oz/yd* (64.1 g/m?).

Thickness Test

Generally speaking, for the test on thickness of the cotton pad, provided that the filling
content is the same, the thicker the cotton pad is, the better the fluffiness of thermal insulation filling
material is.

Different cotton pads were tested by different methods specifically comprising:
Cotton pad 1: An ID-U1025E thickness testing gauge (purchased from Mitutoyo Corporation) was
employed to test the thickness of Cotton pad 1. The size of the presser foot of the thickness testing
gauge was 30 cm x 30 cm. During the test, 190 gram weights were placed on the presser foot.

Cotton pad 2: The thickness of Cotton pad 2 was measured as per the ASTM 5736 Standard
(Test Method for Thickness of Nonwovens with High Filling Content). The size of the presser foot
of the thickness testing gauge was 30 cm x 30 cm, the levelness difference between the anvil and the
presser foot was within 0.13 mm, the size of the anvil in each direction was 10 mm larger than that
of the presser foot, and the measurement of the thickness testing gauge was accurate to at least 0.02
mm. During the test, Cotton pad 2 was placed gently on the anvil during the test, 288 gram weights
were placed on the presser foot to steadily lower the presser foot to contact with Cotton pad 2, and

then the thickness of Cotton pad 2 was recorded after the reading remained steady for 9-10 seconds.
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Fill Power Test

The fill power of the unfilled thermal insulation filling material was tested directly. The fill
power refers to the volume of the un-pressed thermal insulation filling material per unit weight,
which is influenced by many factors such as the environment, the material form and the treatment
of the material. Generally speaking, the higher the fill power is, the better the fluffiness of thermal
insulation filling material is.

The fill power test was conducted as follows: Approximately 2 ounces (56.7 plus or minus
0.5 grams) of the thermal insulation filling material was placed into a measuring cylinder having a
diameter of 9.5 in (24.1 cm) and a height of 20 in (5.8 cm) by tearing the thermal insulation filling
material into small pieces with a diameter of about 1 in and feeding them in one by one in to the
cylinder if the thermal insulation filling material is compressed.
The thermal insulation filling material was then stirred in the measuring cylinder using a stick, thus
loosening the thermal insulation filling material and enabling the thermal insulation filling material
to reach a maximum volume. A cover weighing about 68 grams was then gently placed onto the
upper surface of the thermal insulation filling material in the measuring cylinder and was held in
place for 30 seconds. The cover was then removed and the volume at half level of the thermal
insulation filling material in the measuring cylinder (i.c. at the level corresponding to 1 ounce) was
recorded to obtain the fill power of the thermal insulation filling material. The fill power was

expressed in cubic inches per ounce (in*/0z).

Heat Retention Test

The heat retention property of the thermal insulation filling material was evaluated by testing
the Clo value of Cotton pad 1 and Cotton pad 2. Clo value is a metric parameter for the heat retention
property. For reference, the Clo value of clothing is equal to 1 when a person (with the calorific
value of 209.2 kJ/m?h) sitting quietly or taking part in a little activity feels comfortable in an
environment having a temperature of 21°C, a relative humidity of lower than 50% and a wind speed
slower than 0.1 meters/second. The Clo value substantially refers to a thermal resistance value. The
larger the Clo value is, the better the heat retention property of a material is.

Different cotton pads were tested by different methods specifically comprising:

Cotton pad 1: The Clo value of Cotton pad 1 was tested as per the ASTM F1868 Standard
(Test Method for Thermal Resistance of Textiles).

Cotton pad 2: The Clo value of the Cotton pad 2 was tested as per the ASTM C518 Standard
(Test Method for Steady-state Heat Flux), comprising specific test steps as follows. Cotton pad 2
was clamped between a hot plate and a cold plate so that Cotton pad 2 covered the surface of the hot

plate and the cold plate. The distance L between the hot plate and the cold plate was determined
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using the results of the thickness test as described above. A heat flux transducer was arranged
between the hot plate and Cotton pad 2. The hot plate and the cold plate were controlled at a required
temperature to realize a temperature difference AT between the hot plate and the cold plate, and the
and the temperature difference was chosen as per the ASTM C1058 Standard, specifically
controlling the hot plate at 37°C and the cold plate at 13°C. The output of the heat flux transducer
was observed at an interval of at least 10 minutes until the difference between each value of
continuous five output values of the heat flux transducer and an average of the five values was not
larger than 0.5%. The thermal conductivity C of Cotton pad 2 was then calculated according to the
formula C = S x E/AT, wherein S represented the calibration factor of the heat flux transducer, and
E represented the output value of the heat flux transducer. The thermal resistance R of Cotton pad 2
was calculated according to the formula R = 1/C. The Clo value substantially referred to the thermal
resistance, which was 1.136 times of the thermal resistance value R (the unit of the thermal resistance

is m?K/W).

Compression Resilience Ratio Test

The resilience ratio of Cotton pad 1 after being compressed (i.e. compression resilience
ratio) was tested. The higher the compression resilience ratio, the better the deformation recovery
capability of thermal insulation filling material is.

The test was conducted as per Part 6.10 of the FZ/T 64006 Standard, specifically comprising
the following steps. Cotton pad 1 was placed on the ID-U1025E thickness testing gauge (purchased
from Mitutoyo Corporation), and a light pressure of 0.02kPa was applied to Cotton pad 1 over a
surface area of 400cm?and was held for 10 seconds to acquire the initial thickness t0 (mm) of the
cotton pad. Then a heavy pressure of 0.1kPa was applied to Cotton pad 1 over a surface area of
400cm? and was held for 1 minute to acquire the initial thickness th of the Cotton pad 1 under heavy
pressure. The pressure was removed from Cotton pad 1, and then a light pressure was applied to
Cotton pad 1 again 1 minute later as per the method as described above to acquire the thickness of
resilience tr (mm) of Cotton pad 1. The compression resilience ratio (%) was then calculated
according to the formula 100 x (tr - th) + (t0- th). Five samples of each Example were tested, and

the average was taken as the compression resilience ratio.

Wash Test
The cotton pads were washed and then subjected to performance testing to evaluate the wash
durability of the thermal insulation filling material.

Different cotton pads were tested by different methods specifically comprising:
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Cotton pad 1: Cotton pad 1 was washed 10 times as per the GB/T8629-2001:7A Standard.
The washing was conducted with an FOM71 CLS horizontal drum-type washer (purchased from
Electrolux Co., Ltd.), and the mixing at each step was gentle. Each washing operation was conducted
through the following specific processes: washing with the water temperature of 40° plus or minus
3°C and the water level of 13 cm for 3 minutes, without cooling, wherein 20 g of standard washing
powder as specified in the GB/T8629-2001:7A was used; rinsing with the water level of 13 cm for
the first time for 3 minutes; rinsing with the water level of 13 cm for the second time for 3 minutes,
and then dewatering for 1 minute; and rinsing with the water level of 13 ¢m for the third time for 2
minutes, and then dewatering for 6 minutes.

Cotton pad 2: Cotton pad 2 was washed and dried in cycles for 10 times in a top load washer
and dryer, and 20 g of standard washing powder as specified in the ISO6330-2000 was used in each

washing operation.

Transmitted-Light Image
Cotton pad 1 was placed on a glass table irradiated by sunshine and then was photographed.

The distribution of the thermal insulation filling material was identified upon observation of the light

transmitting through the cotton pad.

Thermal Image

Cotton pad 2 was placed on a hot plate at 40°C for about 1 hour until the temperature was
distributed evenly. A FLIR thermal imaging camera (purchased from FLIR Co., Ltd. in Wilsonville,
Oregon, U.S.) was employed to photograph a thermal image of Cotton pad 2, and the distribution of

the thermal insulation filling material was identified upon the temperature distribution.

Examples 1-5

The thermal insulation filling material for cach Example and Control was prepared from

different raw materials as described above. Specific parameters are provided in Table 1.

Table 1 - Thermal Insulation Filling Materials

Example Raw Content | Raw Content of | Mixing Form of
Materials of | of Materials Spherical Machine | Cotton
Loose Fibers | Loose of Fiber Pad
Fibers Spherical Assemblies
(Part by | Fiber (Parts by
Weight) | Assemblies | Weight)
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Example Siliconized 50 Siliconized | 50 Large- Cotton
1 polyester polyester column pad 1

fibers 1 fibers 1 cotton
blending
machine
Example Siliconized 50 Siliconized | 50 Large- Cotton
2 polyester polyester column pad 1
fibers 2 fibers 2 cotton
blending
machine
Example Siliconized 50 Siliconized | 50 Large- Cotton
3 polyester polyester column pad 1
fibers 3 fibers 3 cotton
blending
machine
Example Siliconized 50 Siliconized | 50 Large- Cotton
4 polyester polyester column pad 1
fibers 4 fibers 4 cotton
blending
machine
Example Siliconized 37+13 Spherical 50 Licker- Cotton
5 polyester fiber in pad 2
fibers 5 + assemblies mixing
siliconized 1 machine
polyester
fibers 6
Control 1 Siliconized 100 None None None Cotton
polyester pad 1
fibers 1
Control 2 None None Siliconized 100 None Cotton
polyester pad 1
fibers 1
Control 3 None None Spherical 100 None Cotton
fiber pad 2
assemblies
1

The Examples represent the invention thermal insulation filling material comprising the

loose fibers and the spherical fiber assemblies, and the Controls represent prior thermal insulation

filling materials comprising the loose fibers alone or the spherical fiber assemblies alone.
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Except for Example 5 and Control 3, the spherical fiber assemblies were formed of the raw
material fibers by self-preparation using the preparation method as described above. The spherical
fiber assemblies in Examples 5 and Control 3 are the product of Spherical fiber assemblies 1.

Except for Example 5, the two raw materials in the Examples were mixed by a large-column
cotton blending machine. The two raw materials in Example 5 were mixed by a spike roller using
the preparation method described above.

In Example 5, the loose fibers were composed of 37 parts of Siliconized polyester fibers 5

by weight and 13 parts of Siliconized polyester fibers 6.

Performance Test Results and Analysis

According to the methods as described above, the thermal insulation filling material in each
Example and Control was tested.

Fig. 2 shows a thickness test result of the Cotton pads 1 filled with the thermal insulation
filling materials of Example 1, Control 1 and Control 2.

Fig. 3 shows a Clo value (heat retention property) test result of the Cotton pads 1 filled with
the thermal insulation filling materials of Example 1, Control 1 and Control 2.

Fig. 4 shows a compression resilience ratio test result of the cotton pads 1 filled with the
thermal insulation filling materials of Example 1, Control 1 and Control 2.

As shown in Fig. 2 to Fig. 4, cach performance of the thermal insulation filling material
provided by the present invention is essentially between that of the loose fibers alone and that of the
spherical fiber assemblies alone, which indicates that the fluffiness, heat retention property and
resilience of the thermal insulation filling material provided by the present invention are unlikely to
be degraded, capable of meeting the requirements of a thermal insulation filling material.

Fig. 5 to Fig. 7 respectively show a transmitted light image of the washed Cotton pads 1
filled with the thermal insulation filling materials of Control 1, Control 2 and Example 1. The gram
weight of each cotton pad was 100 g/m’.

Both Fig. 5 and Fig. 6 show unevenly distributed dark regions and bright regions indicating
that the fibers in the cotton pad are distributed unevenly after being washed. In other words, the
loose fibers as well as the spherical fiber assemblies alone are liable to be obviously lumped and
entangled after being washed. In Fig. 7, the brightness of each part is essentially the same. In other
words, even if the thermal insulation filling material provided by the present invention is washed
many times, the fibers are still evenly distributed and hardly lumped or entangled, and the
performances such as heat retention property and fluffiness are essentially unchanged. Therefore,
the thermal insulation filling material provided by the present invention has an improvement in wash

durability.
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A comparison of the performances of Cotton pads 2 filled with the thermal insulation

filling materials of Example 5 and Control 3 is provided in Table 2.

Table 2 - Performance Test Results for Thermal Insulation Filling Materials of Example 5 and

Control 3
Example Fill Power | Thicknes | Thicknes | Clo Value | Clo Value
before s before |s after | before after
Washing Washing | Washing | Washing Washing
(in/oz) (cm) (cm)
Example 5 350 4.4 3.9 4.6 43
Control 3 250 35 34 4.0 39

Provided that the same spherical fiber assemblies are used, each performance of the thermal
insulation filling material mixed by the licker-in mixing machine (Example 5) before and after
washing was better than that of the thermal insulation filling material comprising the spherical fiber
assemblies alone (Control 3), which suggests that the mixing approach as described above may
further improve the performance of the thermal insulation filling material. Additionally, some
performance parameters of the thermal insulation filling material of Example 5 were not as good
after washing; however, the performance parameters after washing were still better than those of
Control 3, which suggests that the mixing approach as described above may be helpful to improve
the wash durability of the product. In other words, the mixing approach as described above does not
have a negative impact on the wash durability of the thermal insulation filling material.

Fig. 8 and Fig. 9 respectively are thermal images of Cotton pads 2 respectively filled with
the thermal insulation filling materials of Control 3 and Example 5. The temperature distribution in
the thermal image of Cotton pad 2 filled with the thermal insulation filling material of Example 5 is
more even compared to Control 3, which suggests that compared to the distribution of the thermal
insulation filling material of Control 3, the distribution of the thermal insulation filling material of
Example 5 was more even after washing, and the heat retention property was better.

The performance data suggests that the mixing approach (mixing with a licker-in mixing
machine as described above) that was used to prepare the thermal insulation filling materials of the
Examples of the present invention may further improve the product performances before and after

the washing.
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It should be understood that the Examples as described above are exemplary embodiments
only for illustrating principles of the present invention, and the present invention is not limited to
the foregoing embodiments. Various other modifications and improvements may be made by one
skilled in the art without departing from spirit or scope of the present invention, and those

modifications and improvements will also fall within the protection scope of the present invention.
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What is claimed is:

1. A thermal insulation filling material, comprising:
loose fibers, and
spherical fiber assemblies,
wherein a weight ratio of the loose fibers to the spherical fiber assemblies ranges from

about20:80 to about 80:20.

2. The thermal insulation filling material according to Claim 1, wherein the weight ratio of

the loose fibers to the spherical fiber assemblies ranges from about 40:60 to about 60:40.

3. The thermal insulation filling material according to Claim 2, wherein the weight ratio of

the loose fibers to the spherical fiber assemblies is about 50:50.

4. The thermal insulation filling material according to Claim 1, wherein the loose fibers and
the spherical fiber assemblies are formed from staple fibers having a length ranging from about

20mm to about 150mm.

5. The thermal insulation filling material according to Claim 4, wherein the staple fibers
forming the loose fibers and the spherical fiber assemblies have a length ranging from about 32mm

to about 72mm.

6. The thermal insulation filling material according to Claim 5, wherein the staple fibers
forming the loose fibers and the spherical fiber assemblies have a length ranging from about 38mm

to about 51mm.

7. The thermal insulation filling material according to Claim 1, wherein the loose fibers and
the spherical fiber assemblies are formed from fibers have a fineness ranging from about 0.3

Denier to about 7 Denier.
8. The thermal insulation filling material according to Claim 7, wherein the fibers forming

the loose fibers and the spherical fiber assemblies have a fineness ranging from about 2 Denier to

about 7 Denier.

-17-



10

15

20

25

30

35

WO 2016/154252 PCT/US2016/023684

9. The thermal insulation filling material according to Claim 1, wherein the loose fibers and

the spherical fiber assemblies are formed from siliconized fibers.

10. The thermal insulation filling material according to Claim 9, wherein the fibers forming

the loose fibers and the spherical fiber assemblies are siliconized polyester fibers.

11. The thermal insulation filling material according to Claim 1, wherein the loose fibers and
the spherical fiber assemblies are formed from fibers having a three-dimensional crimped hollow

structure.

12. The thermal insulation filling material according to Claim 1, wherein the spherical fiber

assemblies have a particle size ranging from about 2mm to about 15mm.

13. The thermal insulation filling material according to Claim 1, wherein the thermal
insulation filling material is composed essentially of the loose fibers and the spherical fiber

assemblies.

14. A method of preparing a thermal insulation filling material, comprising:
mixing loose fibers and spherical fiber assemblies, wherein a weight ratio of the loose fibers to the

spherical fiber assemblies ranges from about 20:80 to about 80:20.

15. The method according to Claim 13, wherein mixing the loose fibers and the spherical
fiber assemblies comprises:

employing a licker-in mixing machine to mix the loose fibers and the spherical fiber
assemblies, wherein the licker-in mixing machine comprises:

a mixing box having a bottom and at least one material inlet,

a plurality of rotating spike rollers arranged in the mixing box and located between the
material inlet and the bottom of the mixing box, and

a rotating belt screen which comprises an up-stroke adjacent to the rotating spike roller
and a down-stroke located between the up-stroke and the bottom of the mixing box, wherein at

least parts of the rotating spike rollers are located between the up-stroke and the down-stroke.
16. A thermal insulation article, comprising:

a cover for forming an enclosed internal space; and

a thermal insulation filling material filled in the enclosed internal space formed by the
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cover, wherein the thermal insulation filling material comprises loose fibers and spherical fiber
assemblies, and wherein a weight ratio of the loose fibers to the spherical fiber assemblies ranges

from about 20:80 to about 80:20.

17. The thermal insulation article according to Claim 16, wherein the cover is a flexible
cover.
18. The thermal insulation article according to Claim 16, wherein the thermal insulation article

is any of shoes, hats, clothes, pillows, quilts, mats and sleeping bags.
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