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(57) ABSTRACT

Ablend composition includes polyamide fiber and denatured
collagen. The polyamide fiber content is 97-99.9 parts by
weight in the blend composition. The denatured collagen
content is 0.1-3 parts by weight in the blend composition.
The denatured collagen has a first polypeptide, a second
polypeptide, and a third polypeptide. The amide groups of
the first polypeptide, the second polypeptide, and the third
polypeptide are linked with the amide groups of the poly-
amide fiber through hydrogen bond formation. A method of
manufacturing a blend composition is provided herein.
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1
BLEND COMPOSITION OF PEPTIDE AND
NYLON AND MANUFACTURING METHOD
THEREOF

CROSS-REFERENCE TO RELATED
APPLICATION

This application claims priority to Taiwan Application
Serial Number 107105668, filed Feb. 14, 2018, which is
herein incorporated by reference in its entirety.

BACKGROUND
Field of Invention

The present disclosure relates to a composition, in par-
ticular to a blend composition having collagen.

Description of Related Art

Collagen, like other proteins, is composed of 20 different
amino acids. Although the amino acid compositions of
collagens in different organisms are different, the common
characteristic is that glycine accounts for almost %5 of the
amino acid content in collagen. The structures of collagen
molecules are also very special. Each collagen has three
polypeptide chains. The secondary structure of each main
polypeptide chain is a helix. The three polypeptide chains
further tangle together to form a special triple helix struc-
ture.

Common synthetic fibers are fibers such as polyolefins,
polyesters, polyamides and the likes. Although synthetic
fibers are more excellent in dehumidifying property than
natural fibers, synthetic fibers in dresses are apt to cause
discomfort feeling such as sultry due to the problem of
hydrophobicity. Moreover, due to the difficulties in the
manufacturing process, no one has been able to make
textiles blended with collagen and synthetic fibers. Accord-
ingly, it is an urgent need to develop the blend fibers that are
stable in quality and suitable for mass production.

SUMMARY

One aspect of the present disclosure is a blend composi-
tion including polyamide fiber and denatured collagen. The
content of the polyamide fiber is 97 parts by weight to 99.9
parts by weight in the blend composition. The content of the
denatured collagen is 0.1 to 3 parts by weight in the blend
composition, wherein the denatured collagen has a first
polypeptide a second polypeptide, and a third polypeptide.
The amide groups of the first polypeptide, the second
polypeptide, and the third polypeptide are linked with the
amide groups of the polyamide fiber through hydrogen bond
formation.

According to some embodiments of the present disclo-
sure, the polyamide fiber is selected from the group con-
sisting of polyamide 6, polyamide 66, polyamide 6/66,
polyamide 6/612, polyamide 6/6T, and polyamide 6/61.

It is to be understood that both the foregoing general
description and the following detailed description are by
examples, and are intended to provide further explanation of
the present disclosure.

According to some embodiments of the present disclo-
sure, the denatured collagen is selected from the group
consisting of denatured bovine collagen, denatured porcine
collagen, denatured fish collagen, and denatured human
collagen.
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According to some embodiments of the present disclo-
sure, the weight-average molecular weight of the denatured
collagen is 900 Da to 11000 Da.

According to some embodiments of the present disclo-
sure, the Yellow index (Y1) of the blend composition is about
19 to about 24.

According to some embodiments of the present disclo-
sure, the Relative viscosity (RV) of the blend composition is
about 2.4 to about 2.5.

According to some embodiments of the disclosure, the
concentration of the denatured collagen is about 560 pg/g to
about 990 pg/g.

One aspect of the present disclosure is a method of
manufacturing a blend composition, the method includes:
providing caprolactam; heating the caprolactam to a tem-
perature of about 215° C. to about 280° C. for polymeriza-
tion to form polycaprolactam; and mixing polycaprolactam
at a temperature of about 215° C. to about 280° C. with
collagen, thereby the collagen is denatured by heat, the
denatured collagen has a first polypeptide, a second poly-
peptide, and a third polypeptide, and the amide groups of the
first polypeptide, the second polypeptide, and the third
polypeptide are linked with the amide groups of the poly-
caprolactam through hydrogen bond formation, thereby the
blend composition is formed. According to some embodi-
ments of the present disclosure, the step of providing capro-
lactam includes providing caprolactam in an amount of 97
parts by weight to 99.9 parts by weight.

According to some embodiments of the present disclo-
sure, the step of mixing polycaprolactam at a temperature of
about 215° C. to about 280° C. with collagen includes:
mixing polycaprolactam at a temperature of about 215° C. to
about 280° C. with collagen which is in an amount of 0.1 to
3 parts by weight.

According to some embodiments of the present disclo-
sure, the step of heating caprolactam to a temperature of
about 215° C. to about 280° C. for polymerization to form
polycaprolactam includes heating caprolactam at a tempera-
ture of about 215° C. to about 285° C. and at a pressure of
about 3 bars for about 3 to about 5 hours to form polycapro-
lactam.

One aspect of the present disclosure is a method of
manufacturing a blend composition, the method includes:
providing caprolactam; providing collagen; mixing capro-
lactam with collagen to form a mixture; and heating the
mixture to a temperature of about 215° C. to about 280° C.
for polymerization of the caprolactam in the mixture to form
polycaprolactam and denaturing the collagen in the mixture
with heat to form denatured collagen, wherein the denatured
collagen has a first polypeptide, a second polypeptide, and a
third polypeptide, and the amide groups of the first poly-
peptide, the second polypeptide, and the third polypeptide
are linked with the amide groups of the polycaprolactam
through hydrogen bond formation, thereby the blend com-
position is formed.

According to some embodiments of the present disclo-
sure, the step of providing caprolactam includes providing
caprolactam in an amount of 97 parts by weight to 99.9 parts
by weight.

According to some embodiments of the present disclo-
sure, the step of providing collagen includes providing
collagen in an amount of 0.1 to 3 parts by weight.

One aspect of the present disclosure is a method of
manufacturing a blend composition, the method includes:
providing polyamide 6; heating the polyamide 6 to a tem-
perature of about 215° C. to about 280° C. to form liquid
polyamide 6; and mixing the liquid polyamide 6 at a
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temperature of about 215° C. to about 280° C. with collagen
to denature the collagen by heat, the denatured collagen has
a first polypeptide, a second polypeptide, and a third poly-
peptide, and the amide groups of the first polypeptide, the
second polypeptide, and the third polypeptide are linked
with the amide groups of the liquid polyamide 6 through
hydrogen bond formation, thereby the blend composition is
formed.

It is to be understood that both the foregoing general
description and the following detailed description are by
examples, and are intended to provide further explanation of
the invention as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

Aspects of the present disclosure are best understood from
the following detailed description when read with the
accompanying figures. It is emphasized that, in accordance
with the standard practice in the industry, various features
are not drawn to scale. In fact, the dimensions of the various
features may be arbitrarily increased or reduced for clarity of
discussion.

FIG. 1 is a schematic diagram illustrating the bonding
between a portion of the polyamide fiber and a portion of the
polypeptides, according to some embodiments of the present
disclosure.

FIG. 2 is a figure showing the results of the blending
process of Example 1 to Example 5, according to some
embodiments of the present disclosure.

FIG. 3 is a figure showing the result of the blending
process of Example 6 to Example 10, according to some
embodiments of the present disclosure.

DETAILED DESCRIPTION

In order to make the description of the present disclosure
more detailed and complete, a description of the embodi-
ments and examples is provided; however, this is not the
only way for implementing or applying the examples. The
examples disclosed below can be combined or replaced with
each other in a beneficial situation, and other examples can
also be added into an example without further description or
explanation. In the following description, numerous specific
details are provided in order to provide a thorough under-
standing of the following examples. However, examples of
the present disclosure may be carried out without such
specific details.

As used herein, the singular forms “a”, “an” and “the” are
intended to include the plural forms as well, unless the
context clearly indicates otherwise. It will be further under-
stood that the terms “comprises”, “includes”, “has”, and the
likes when used in this application, specify the presence of
stated features, regions, integers, steps, operations, ele-
ments, and/or components, but do not preclude the presence
or addition of one or more other features, regions, integers,
steps, operations, elements, components, and/or groups
thereof.

The term “denatured”, as used herein, relates to protein
denaturation, which means the original structure or configu-
ration of proteins are changed by certain physical or chemi-
cal factors. For example, for collagen, which basic structure
consists of three polypeptides intertwined tightly with each
other by hydrogen bonds, van der Waals forces, and ionic
bonds to form a triple-helix structure. After denaturation of
the collagen, the three polypeptides of the denatured colla-
gen become an unfolded state. That is, the three polypeptides
after denaturation are independent of each other and are not
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entangled together. For example, heating causes thermal
denaturation of collagen, therefore, unravels the three-helix
structure wrapped by three polypeptides.

The blend composition of the examples of the present
disclosure includes polyamide and denatured collagen. The
polyamide fiber accounts for 97 parts by weight to 99.9 parts
by weight in the blend composition. The denatured collagen
accounts for 0.1 to 3 parts by weight in the blend compo-
sition. The denatured collagen has a first polypeptide, a
second polypeptide, and a third polypeptide, and the amide
groups of the first polypeptide, the second polypeptide, and
the third polypeptide are linked with the amide groups of the
polyamide fiber through hydrogen bond formation. In some
embodiments, the polyamide fiber is selected from the group
consisting of polyamide 6 (Nylon 6), polyamide 66 (Nylon
66), polyamide 56 (Nylon 56), polyamide 610 (Nylon 610),
polyamide 6/612 (Nylon 6/612), polyamide 6/6T (Nylon
6/6T), and polyamide 6/61 (Nylon 6/61). In some embodi-
ments, the denatured collagen is selected from the group
consisting of denatured bovine collagen, denatured porcine
collagen, denatured fish collagen, and denatured human
collagen.

FIG. 1 is a schematic diagram illustrating the bonding
between a portion of the polyamide fiber and a portion of the
polypeptides, according to some embodiments of the present
disclosure. The upper polymer chain in FIG. 1 is a portion
of polyamide 6, and the lower polymer chain in FIG. 1 is a
partial peptide fragment of a polypeptide of collagen,
wherein R1 and R2 may be the residue of any amino acids
(e.g. the residue of Glycine; hydrogen). Specifically, the
basic structure of collagen includes three polypeptides, and
the three polypeptides are tightly tangled with each other to
form a triple-helix structure through hydrogen bonds, van
der Waals forces, or ion bonds. In the blend composition of
the examples of the present disclosure, the three polypep-
tides of the denatured collagen are unfolded. In other words,
the three denatured polypeptides of the collagen are inde-
pendently and evenly dispersed in the blend composition.
Further, a polypeptide is formed by linking many peptides
via peptide bonds, therefore, a polypeptide has many amide
groups. These amide groups of the polypeptides further form
hydrogen bonds and tightly bond to the amide groups of the
polyamide fiber. It is noted, it may also be suitable using
various collagen with various molecular weight for the blend
composition of the embodiment. In some embodiments, the
weight-average molecular weight of the denatured collagen
is 900 Da to 11000 Da. In some embodiments, the weight-
average molecular weight of the denatured collagen is 900
Da to 2100 Da. In some embodiments, the weight-average
molecular weight of the denatured collagen is 4500 Da to
11000 Da. In some embodiments, the weight-average
molecular weight of the denatured collagen is 1500 Da to
5500 Da. In some embodiments, when the weight-average
molecular weight of the collagen is greater than 11000 Da,
the steric hindrance of the groups of the collagen may affect
the blending manufacturing process, resulting in the time too
long for blending or even blending failure.

In order to ensure the quality of the blend composition,
various parameters are used to evaluate the blend composi-
tion in the present embodiment. For example, Yellow index
generally refers to the degree of yellowing of a product.
According to some aspects of the present embodiment, the
yellowing is caused by the oxidation of the blend compo-
sition during the manufacturing process; therefore, if the
Yellow index is too high, the quality of the product is poor.
Among the current manufacturing processes, no one can
blend polyamide polymer with collagen to manufacture
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textiles. In some embodiments, the Yellow index of the
blend composition is about 18 to about 55. In some embodi-
ments, the Yellow index of the blend composition is about 25
to about 56. In some embodiments, the Yellow index of the
blend composition is about 25 to about 32. According to
some embodiments of the present disclosure, it is unexpect-
edly discovered that the Yellow index of the blend compo-
sition can be stably controlled at about 19 to about 24 after
polyamide fiber is blended with collagen. As mentioned
above, if the Yellow index is too high (for example, much
higher than 24), the quality of the product is poor, which
means the blend compositions may have changes in oxida-
tion state or other physicochemical properties during the
manufacturing process; these changes may cause problems
such as poor fiber elasticity and poor heat resistance. More-
over, in some embodiments, the concentration of the dena-
tured collagen in the blend composition can be stably
maintained at 560 pg/g to 990 pg/g. The concentration of the
denatured collagen in the blend composition is less than 160
ng/g, which means polypeptides of the denatured collagen
degrade into many fragments during the manufacturing
process, and the integrity of the protein cannot be main-
tained, so as the fiber of the blend composition has poor
elasticity. Further, stirring equipment is used in the manu-
facturing process to continuously and evenly stir the poly-
amide fiber with the collagen during the blending process. If
the composition is viscous, it will be unfavorable for stir-
ring. Therefore, in some embodiments, the blend composi-
tion has a Relative viscosity (RV) of about 2.4 to about 2.5.
In addition, compared to the current synthetic fibers, the
various blend compositions of the embodiment can increase
the moisture regain of about 0.3 percent to 0.6 percent.

An example of the present disclosure also provides a
method of manufacturing a blend composition, wherein the
method includes providing caprolactam; heating the capro-
lactam to a temperature of about 215° C. to about 280° C.
for polymerization to form polycaprolactam; and mixing the
polycaprolactam at a temperature of about 215° C. to about
280° C. with collagen, such that the collagen is denatured by
heat. The triple-helix structure of the denatured collagen is
unwounded so that the first polypeptide chain, the second
polypeptide, and the third polypeptide are independent of
each other and they are not tangled together. Moreover, the
amide groups of the first peptide, the second peptide, and the
third peptide are linked with the amide groups of the
polyamide fiber through hydrogen bond formation, thereby
the blend composition is formed.

More specifically, according to the present embodiment, it
is unexpectedly discovered that textile with stable quality
can be obtained by blending polycaprolactam with a small
amount of collagen. Therefore, according to some embodi-
ments, in the case that the total weight percent of the blend
composition is 100%, the step of providing caprolactam
includes providing caprolactam in an amount of about 97 to
about 99.9 weight percent, while the collagen accounts for
about 0.1 weight percent to about 3 weight percent. For
example, in some embodiments, the step of providing capro-
lactam includes providing 97 to 99.9 parts by weight of
caprolactam. In other embodiments, the collagen accounts
for 0.1 to 3 parts by weight. Some collagen will be degraded
during the blending process; if the collagen content is too
low (e.g. much lower than 0.1 parts by weight), the collagen
may be completely degraded during the blending process;
thus no intact polypeptide exists in the blend composition.
However, if the blending content of the collagen is higher
than 3 parts by weight, the blending failure will occur in the
manufacturing process. In some embodiments, the collagen
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accounts for 0.1 to 1 parts by weight. In some embodiments,
the collagen accounts for 1 parts by weight to 3 parts by
weight.

Further, various parameters during the heating process
may be adjusted to optimize the product yield. For example,
in some embodiments, the above-mentioned step of mixing
polycaprolactam at a temperature of about 215° C. to about
280° C. with collagen includes heating caprolactam at a
temperature of about 215° C. to about 285° C. and at a
pressure of about 3 bars for about 3 to about 5 hours to form
polycaprolactam.

According to examples of the present disclosure, another
aspect provides a method of manufacturing a blend compo-
sition, wherein the method includes providing caprolactam;
providing collagen; mixing the caprolactam and the collagen
to form a mixture; heating the mixture to a temperature of
about 215° C. to about 280° C. for polymerization of the
caprolactam in the mixture to form polycaprolactam and
denaturing the collagen in the mixture with heat to form
denatured collagen. The denatured collagen has a first poly-
peptide, a second polypeptide, and a third polypeptide, and
amide groups of the first polypeptide, the second polypep-
tide, and the third polypeptide are linked with amide groups
of the polycaprolactam through hydrogen bond formation,
thereby the blend composition is formed. In this embodi-
ment, polycaprolactam may also be blended with a small
amount of collagen, and the parameters such as pressure and
heating time may be the same as the parameters of the
method of the aforementioned blend composition. However,
in the present embodiment, the ring-opening polymerization
of caprolactam is performed simultaneously with the mixing
of collagen. In other words, collagen is mixed with capro-
lactam at a temperature of about 215° C. to about 280° C. for
a period (e.g. 3 to 5 hours), until the polymerization of
caprolactam into polycaprolactam.

According to the examples of the present disclosure,
another aspect provides a method of manufacturing a blend
composition, wherein the method includes providing poly-
amide 6; heating the polyamide 6 to a temperature of about
215° C. to about 280° C. to form liquid polyamide 6; and
mixing the liquid polyamide 6 at a temperature of about 215°
C. to about 280° C. with collagen to denature the collagen
with heat, the denatured collagen has a first polypeptide, a
second polypeptide, and a third polypeptide, and amide
groups of the first polypeptide, the second polypeptide, and
the third polypeptide are linked with amide groups of the
liquid polyamide 6 through hydrogen bond formation,
thereby the blend composition is formed. In this method, the
blended composition of the present embodiment can also be
obtained directly from a commercially available polyamide
6 (nylon 6). In other words, polyamide 6 can be heated and
melted at the aforementioned high temperature, and then the
high temperature is applied in mixing the collagen to form
the blend composition.

In order to demonstrate that the aforementioned blend
compositions can be made by the method according to the
embodiments of the present disclosure, the following experi-
ments are performed. It should be noted that the following
embodiments are provided only for the purpose of illustra-
tion and do not limit the present disclosure.

The evaluation indicators used in the examples are
described below.

The Content of Organic Matter (OM) in the Water
Extracts

25 grams of the sample was added to 100 ml of pure water
and was cooked for 8 hours at the temperature of 98° C.
Then, the sample was cooled down to room temperature and



US 11,220,782 B2

7

was filtered with a mesh to remove impurities and the filtrate
was left. The filtrate was analyzed by Total Organic Carbon
(TOC) Analyzer to obtain the TOC value (ppm), and the
weight percentage of TOC in the sample can be obtained by
calculation.

Yellowness Index (YI)

This indicator is mainly used to evaluate the degree of
deviation from white or the degree of yellowing for color-
less, translucent or near-white polymer materials. The mag-
nesium oxide white board under the standard light source is
used as a standard, the samples were measured with a
colorimeter, a color difference meter, or a spectrophotom-
eter, and the reflectance (or transmittance) of the samples of
the red, green, and blue light is respectively calculated to
obtain a measure illustrating the degree of yellow. This
experiment is carried out in accordance with ASTM E313
test standard, wherein X, Y, and Z in the formula represents
the RGB values of the color of the material under the
standard light source.

Relative Viscosity (RV)

This test for the relative viscosity of the samples is carried
out in accordance with ASTM E313 test standard.
0.22+0.005 g of the sample was placed in a flask, and 96%
concentrated sulfuric acid was added to dissolve the sample.
Ostwald Viscometer was used to measure the viscosity of the
samples, and the relative viscosity was calculated according
to the following formula (1):

I (1)

1M,, 1s the relative viscosity. t; is the flow time of the
sample through the Oswald Viscometer. t, is a blank control
group, that is, the flow time of concentrated sulfuric acid
through the Oswald Viscometer.

Analysis of Terminal Amine Group

0.5 g of the sample was weighted (with an accuracy of 0.1
mg), placed into a plastic cup for titration, and 40 ml of a
mixture of phenol and methanol was added as a solvent.
Next, the plastic cup was transferred to an automatic titrator
and 0.05 N of HCIO, was used for titration. The titration
curve was drawn by the automatic titrator, and the equivalent
point in the titration curve was determined by a tangent
method to determine the consumed volume of perchloric
acid. The content of the terminal amine group can be
calculated by the following formula (2):

(A —B)x N x 1000
w

(2)
(-NH,) meg/kg =

—NH,, is the content of the terminal amine group. A is the
consumed HCIO, volume (mL) for titration of the sample
solution. B is the consumed HCIO, volume (mL) for titration
of the solvent, which is the blank control group. N is the
equivalent concentration of HC1O, (eq/L). W is the weight
(g) of the sample.

The blend compositions of this experiment can be clas-
sified as being made from two different manufacturing
system according to the time point of collagen adding.
Please continue to refer to the following description.

Blending collagen during the polymerization of the amide
compounds (Internal addition system).

In this system, the amide compound was caprolactam, and
the collagen was purified from fish scale waste. Caprolactam

20

25

30

40

45

50

55

65

8

and collagen were added to a stirred tank, the temperature
was adjusted to about 240° C. to about 255° C., the pressure
was adjusted to 3 bars, and the stirring time was about 3 to
about 5 hours. Under such high temperature and pressure,
the caprolactam underwent ring-opening polymerization to
form polyamide 6, the three-helix structure of the collagen
was unwound because the collagen was denatured by high
temperature; further, the caprolactam and the collagen
mixed evenly because of stirring, and they are rebonded
together through hydrogen bonds. Referring to Table 1
below, it shows the experimental result for various weight
percentages of collagen.

TABLE 1

Content
Terminal of

collagen amine Organic

(Mw is 10 Relatvie group Yellow matter
example KDa) viscosity (meqg/kg) index (%)
Control — 2.46 45.0 3.07 0.26
Example 1 0.2% 2.46 57.0 27.16 0.38
Example 2 0.5% 2.43 47.2 39.72 0.42
Example 3 1.0% 2.4 423 48.19 0.40
Example 4 2.0% 2.3 37.4 54.34 0.43

Example 5 3.0% failure

In the control group, only caprolactam was added to the
stirring equipment, and collagen was not blended with
caprolactam during the polymerization of caprolactam. In
Example 1 to Example 5, caprolactam and collagen were
simultaneously added to the stirring equipment for the
aforementioned blending, and all of the weight-average
molecular weights of the selected collagens are 10 KDa. The
difference among the different examples is that the respec-
tive collagen contents in Example 1, Example 2, Example 3,
Example 4, and Example 5 are 0.2%, 0.5%, 1.0%, 2.0%, and
3.0%, while the total weight percentage of the blend com-
position is 100%. The stirring power was the indicator for
determining the completeness of blending. Specifically, the
viscosity increases as the polymerization degree of the
mixture increase during the blending process; accordingly,
greater stirring power is required. Therefore, the threshold
for the completeness of the blending process is set to be
greater than 75 W of stirring power, according to the stirring
equipment of the embodiment. Referring to FIG. 2, which
shows the results of the blending process in Example 1 to
Example 5. The vertical axis shows stirring power (W), and
the horizontal axis shows stirring time (minutes). When the
collagen contents were 0.2% (Example 1), 0.5% (Example
2), and 1.0% (Example 3), all of the stirring power of the
examples could be greater than 75 W, and rose to 90 W
during about 300 minutes to about 400 minutes of the
stirring time. When the collagen content was 2% (Example
4), the stirring power could be greater than 75 W, but it
remained near 80 W during 500 minutes to 600 minutes of
the stirring time. When the collagen content was 3% (Ex-
ample 5), the stirring power was unable to reach 75 W, and
it remained near 70 W after 400 minutes of continuously
stirring. Still referring to table 1, when the collagen content
was about 3%, the blending failure occurs. In Example 1 to
Example 4, as the collagen content was lower, the terminal
amine group, Yellowing index, and content of organic matter
tended to decrease significantly. In particular, in Example 1,
the terminal amine group was 57 meq/kg, which is signifi-
cantly higher than the terminal amine group in Example 1 to
Example 4; this means in Example 1, fewer polypeptides of
collagen were destroyed or degraded, so as the polypeptides
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integrity can be maintained without excessive free terminal
amine groups. Next, the Yellow index in Example 1 was
27.16, which was also significantly lower than that in
Example 2 to Example 4. It is assumed that when the
collagen content is below 0.2%, the yellowing degree of the
textile is less, resulting in better quality products. Further,
the content of organic matter in Example 1 was 0.38%,
which was also significantly lower than that in Example 2 to
Example 4. As mentioned above, the content of organic
matter was determined by a Total Organic Carbon Analyzer.
The higher the measured value, the higher the organic matter
in the water; that is, the more serious the organic pollution
is. However, in Example 1, there was less organic matter
content in the water extracts. In other words, when the fabric
of Example 1 is applied to textiles, it is more environmen-
tally friendly at each water wash.

In summary, in the internal addition system, the amount of
collagen significantly affects the quality of the blend com-
position.

In the present embodiment, referring to the amount of
collagen in Example 1, the effects of the size of the collagen
molecule for blend compositions were further tested under
the same amount of collagen content (0.2%).

TABLE 2

Content
Terminal of

collagen amine Organic

(accounts Relative group Yellow matter
example for 0.2%) viscosity (meq/kg) index (%)
Example 6 10 KDa 2.46 57.0 27.16 0.38
Example 7 5 KDa 241 63.2 28.35 0.36
Example 8 2 KDa 2.52 64.4 30.08 0.42
Example 9 1 KDa 243 65.2 31.11 0.44

As shown in Table 2, all of the collagen contents of
Example 6, Example 7, Example 8, and Example 9 were
0.2%; the difference between the examples is that the
weight-average molecular weight of the collagen was 10
KDa, 5 KDa, 2 KDa, 1 KDa, respectively. Referring to FIG.
3, which shows the results of blending process in Example
6 to Example 9. FIG. 3 shows that under the same amount
of collagen, the stirring power of the molecular weight of 10
KDa (Example 6), 5 KDa (Example 7), 2 KDa (Example 8),
and 1 KDa (Example 9) all exceeded the set threshold (75
W) during about 150 minutes to about 200 minutes, then
stirring powers reached to 90 W during about 250 minutes
to about 300 minutes of the stirring time. Compared to the
Example 2 to Example 4, the contents of the terminal amine
group in Example 6 to Example 9 all significantly increased
to about 20 meg/kg. However, there was no obvious trend in
terminal group, Yellowing index, and the content of the
organic matter among Example 6 to Example 9.

Adding collagen after polymerization of amide com-
pounds (post-addition system)

In this system, amide compounds may be caprolactam,
collagen may be purified from fish scale waste. The differ-
ence from the aforementioned internal addition system is
that in the post-addition system, collagen is blended with
polyamide 6 after polyamide 6 is formed through ring-
opening polymerization of caprolactam. Specifically, capro-
lactam was added to a first stirring tank, and collagen was
added to a second stirring tank. The temperature of the first
stirring tank was adjusted to about 240° C. to about 255° C.,
and the pressure was adjusted to 3 bar. The second stirring
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tank remained at room temperature and normal pressure, it
was only for preparing collagen for the subsequent blending.

When the continuous stirring in the first stirring tank
lasted for about 3 to about 5 hours, the reaction reached to
termination threshold (75 W of stirring power), caprolactam
was ring-opened polymerized into polyamide 6. At this time,
the polyamide 6 in the first stirring tank and the collagen in
the second stirring tank were simultancously fed to a
dynamic mixer (INDAG) by a gear pump, and the blending
time was about 5 to 10 seconds. In other words, upon the
caprolactam was just polymerized into polyamide 6, the
remaining temperature was about 240° C. to about 255° C.,
the polyamide 6 was rapidly blended with collagen in a short
time (about 5 to about 10 seconds). Collagen was denatured
due to the high temperature, so as the three-helix structure
of the collagen unraveled. Polyamide 6 and collagen were
further mixed evenly because of the stirring, and they were
tightly bound to each other with hydrogen bonds.

Based on the aforementioned internal addition system, in
Example 10 to Example 12 of the post-addition system, the
content of collagen was 0.2 weight percent of the blend
composition. The difference between Example 10 to
Example 12 is that the weight-average molecular weights
were 10 KDa, 5 KDa, and 2 KDa, respectively.

Table 3 below shows the experimental results of Example
10 to Example 12. All of the stirring powers during the
blending process of Example 10 to Example 12 reached to
over 75 W. The aspects for the threshold of the completeness
of blending has described in detail above, and are omitted
here for the purpose of brevity. It is noted, Example 10 to
Example 12 of the post-addition system are superior to
Example 1 to Example 9 of the internal addition system in
Yellow index and content of organic matter; there is a small
difference between Example 10 to Example 12 in Relative
viscosity and terminal amine groups. In other words, using
the method of the post-addition system to blend polyamide
6 and collagen leads to products with better quality and
stability and better operation of the manufacturing process.
In other words, the post-addition system has excellent
improvement in the yield of the product and is suitable for
mass production.

TABLE 3
Content
Terminal of
collagen amine organic
(accounts Relative group Yellow  matter
Example for 0.2%) viscosity (meq/kg)  index (%)
Control — 2.44 47.3 2.16 0.22
Example 10 10 KDa 2.43 48.5 23.56 0.26
Example 11 5 KDa 2.43 48.2 20.22 0.28
Example 12 2 KDa 2.42 48.1 19.84 0.23
Evaluation of Collagen Content in Different Addition

Systems

Further, the effects of the different blending ways on the
collagen content of the composition were verified. In this
experiment, the blend compositions of Example 6 to
Example 8 of the internal addition system, and the blend
compositions of Example 10 to 12 of the post-addition
system, were sent to Intertek Testing Services Taiwan Ltd.
and were analyzed with high performance liquid chroma-
tography (HPLC) for more accurate quantitation of the
collagen content. As shown in Table 4, all of the collagen
contents of Example 6 to Example 8 of the internal addition
system were less than 160 pg/g, while the collagen contents
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of Example 10 to Example 12 were 564 pg/g, 976 ug/g, and
704 ng/g, respectively. Accordingly, compared to the inter-
nal addition system, products manufactured by the post-
addition system can maintain better collagen integrity and
achieve excellent quality improvement.

TABLE 4
Way of addition

Molecular Internal addition system Post-addition system
weight of Exam- Exam- Exam- Exam- Exam- Exam-
collagen ple 6 ple 7 ple8 plel0 plell plel2
Content of <160 <160 <160 564 976 704
collagen
(ng/g)

The foregoing outlines features of several embodiments
so that those of ordinary skill in the art may better under-
stand the aspects of the present disclosure. Those of ordinary
skill in the art should appreciate that they may readily use
the present disclosure as a basis for designing or modifying
other processes and structures for carrying out the same
purposes and/or achieving the same advantages of the
embodiments introduced herein. Those of ordinary skill in
the art should also realize that such equivalent constructions
do not depart from the spirit and scope of the present
disclosure, and that they may make various changes, sub-
stitutions, and alterations herein without departing from the
spirit and scope of the present disclosure.

What is claimed is:

1. A blend composition, comprising:

apolyamide fiber in an amount of 97-99.9 parts by weight

in the blend composition,

wherein the polyamide fiber is formed through a ring-

opening polymerization at 215° C. to about 280° C.;
and
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a denatured collagen in an amount of 0.1-3 parts by
weight in the blend composition, wherein the denatured
collagen has a first polypeptide, a second polypeptide,
and a third polypeptide, and amide groups of the first
polypeptide, the second polypeptide, and the third
polypeptide are linked with amide groups of the poly-
amide fiber through hydrogen bond formation, wherein
the denatured collagen is blended with the polyamide
fiber during or after the ring-opening polymerization,
and the first polypeptide, the second polypeptide, and
the third polypeptide are evenly dispersed in the blend
composition;

wherein the blend composition is fabric applied to tex-
tiles.

2. The blend composition of claim 1, wherein the poly-
amide fiber is selected from a group consisting of polyamide
6, polyamide 66, polyamide 610, polyamide 56, polyamide
6/66, polyamide 6/612, polyamide 6/6T, and polyamide
6/61.

3. The blend composition of claim 1, wherein the dena-
tured collagen is selected from the group consisting of
denatured bovine collagen, denatured porcine collagen,
denatured fish collagen, and denatured human collagen.

4. The blend composition of claim 3, wherein a weight-
average molecular weight of the denatured collagen is 900
Da to 11000 Da.

5. The blend composition of claim 1, wherein a Yellow
index of the blend composition is about 19 to about 24.

6. The blend composition of claim 1, wherein a Relative
viscosity of the blend composition is about 2.4 to about 2.5.

7. The blend composition of claim 1, wherein a concen-
tration of the denatured collagen is about 560 pg/g to about
990 ug/g.



