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High-strength polyamide fiber is a commonly used polymer material, but its degradation is difficult and has
obvious impacts on the environment. Therefore, the study proposes to optimize the production process of
high-strength polyamide fibers by combining composite titanium dioxide with biodegradable additives. The
results showed that after optimizing the production process, the weight loss of the sample after 125 days of
soil degradation treatment could reach 18.583%. The experimental samples began to degrade at 400°C, and
the residual mass of all samples was less than 2%. After adding composite modified titanium dioxide and
biodegradable additives, the tensile strength slightly decreased, and the toughness also slightly decreased.
After soil degradation treatment, the macromolecular chains of the optimized sample underwent significant
changes, and the number of high-polymer molecules was decomposed into various short chain macromolecular
polymers. After optimizing the production process, the biodegradation level of high-strength polyamide fibers
significantly increased, and their natural degradation rate significantly accelerated. The mechanical properties
of high-strength polyamide fibers only slightly decreased. The optimized production process for high-strength
polyamide fibers can effectively improve the degradation level of such products and increase their application
scope.
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1. Introduction

Polyamide fiber, commonly known as nylon, is a gen-
eral term for thermoplastic resins with repeated amide
groups on the molecular main chain, including aliphatic,
aromatic, and aromatic polyamide fibers [1]. High-strength
polyamide fibers are produced through polymerization re-
actions, usually synthesized from monomers such as capro-
lactam, adipic acid, and hexamethylenediamine. They have
high-strength and high-modulus. Its wear resistance is 10
times higher than cotton and 20 times higher than wool.
Adding polyamide fibers to blended fabrics can greatly im-
prove its wear resistance [2, 3]. Polyamide fiber has various
applications in industries such as clothing, industry, home

furnishings, and packaging materials. Affected by high-
strength, wear resistance, corrosion resistance, and ease of
processing, polyamide fiber has been widely used in many
fields. However, polyamide fibers also have their limita-
tions, such as being easily deformed at high-temperatures
and not as breathable as some natural fibers. Therefore,
suitable materials need to be selected according to specific
application scenarios during usage. When polyamide fiber
is stretched to 3%-6%, its elastic recovery rate was 100%. It
can withstand multiple bends without breaking, making
it an ideal choice for high-performance application mate-
rials such as tire curtains, fishing nets, parachute fabrics,
etc. [4]. Due to its excellent mechanical properties and
chemical resistance, it is extensively applied in textile, au-
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tomotive, aerospace, etc. Traditional polyamide fibers are
difficult to degrade in natural environments, leading to
serious white pollution [5, 6]. The application of titanium
dioxide as a photocatalytic material in polymer modifi-
cation has received widespread attention. Its surface hy-
droxyl or organic modification can enhance the interfacial
bonding with the polymer matrix, thereby improving the
photostability and controllable degradation of the material.
The synergistic use of titanium dioxide and biodegradable
additives can utilize the interface enhancement effect of
titanium dioxide to alleviate the phase separation of addi-
tives, while optimizing the degradation efficiency through
the coupling effect of photocatalysis and biodegradation.
The formula design of composite modified titanium diox-
ide and biodegradable additives used in the study partially
refers to the research basis of existing single modification
systems. The biodegradable additives are based on the dis-
persion mechanism of polylactic acid/polyester additives
in hydrophobic polymers.

The main contribution of the research is to provide a
replicable process paradigm for the development of "high-
strength biodegradable" polyamide fibers, which is ex-
pected to reduce white pollution in textile, packaging, and
other fields, transforming the materials industry towards
green manufacturing. Meanwhile, the composite modifica-
tion strategy has important reference value for expanding
the application scenarios of polyamide in harsh environ-
ments.

2. Related works

The process optimization of polyamide fibers can improve
fiber performance and meet diverse application needs. Van
Cong D et al. investigated the possibility of preparing
biocomposites from jute fibers and polyamide 11 by modi-
fying the fibers through two methods: alkali treatment and
SiO2 nanoparticle deposition. The modification greatly im-
proved the thermal and mechanical stability of jute fibers.
The SiO2 nanoparticle improved the interaction and adhe-
sion of the fiber matrix [7]. Abdallah S et al. took grey
relational analysis to decide the optimal printing param-
eters based on the polyamide 12 material to explore the
influence of input parameters on printed parts. When the
strain rate was 10 mm/min and the building orientation
was 25◦, the optimized grey correlation degree increased
by 0.141% [8].

Chen J et al. used aramid fiber filled polyamide 12
for multi-jet melting to improve printed components, to
address the limited selection of commercial composite pow-
ders for multi-jet melting. The results indicated that the
mechanical properties of AF/PA12 composite parts were

significantly optimized in the roll coating direction where
fibers tended to be arranged [9]. Mishra P K et al. estab-
lished a finite element model to predict the impact strength
and tensile strength of 3D printed polyamide specimens to
analyze the layer thickness. When the layer thickness was
0.1 mm and the filling density was 100%, larger interlayer
bonding and fewer voids resulted in higher tensile and
bending strength [10]. Khalid N N et al. found a mecha-
nism to achieve good interface adhesion mainly through
dry printed samples to solve the interface adhesion in the
lack of stacked sequences in melt deposition modeling,
and form appropriate adhesion on the layers. The results
showed that compared with pure polyamide, the bend-
ing strength increased by 23% and the impact strength
increased by 240% [11].

The research on polyamide fiber modification mainly
focuses on single factor optimization or specific process
improvement. Existing studies mostly focus on improving
mechanical properties or single degradation mechanisms,
with insufficient attention paid to the synergistic optimiza-
tion of biodegradability and mechanical properties. There
are few systematic studies involving composite modifiers.
In addition, the trade-off between degradation efficiency
and material properties is not yet clear, and the impact
mechanism of environmental factors on degradation behav-
ior still needs to be further explored. Therefore, to enhance
the application range of high-strength polyamide fibers and
reduce the environmental pollution of such materials, the
research optimizes the production process of high-strength
polyamide fibers using titanium dioxide, while adding bio-
logical additives to improve the biodegradability.

The innovation lies in optimizing the production process
of high-strength polyamide fibers using titanium dioxide
modification and biodegradable additives. In theory, tita-
nium dioxide modification can affect the optical properties
of high-strength polyamide fibers and enhance their full
dull performance. Biodegradable additives can degrade
high-strength polyamide fibers in natural fibers, reduc-
ing the environmental pollution caused by high-strength
polyamide fibers.

3. Methods and materials

3.1. Experimental materials and equipment

The main materials include composite modified titanium
dioxide, deionized water, caprolactam, etc. The main ex-
perimental equipment includes a polymerization kettle, a
melt spinning machine, a drying oven, etc, as shown in
Table 1 [12, 13].
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Table 1. Galaxy information of experimental raw materials and equipment.

Name Type Name Type
Composite modified

titanium dioxide \ High-shear dispersing
emulsifier FA25

Deionized water \ Caprolactam Technically pure
Adipic acid Analytical pure Pelletizer JD1A-40

PVC GSHA-5L DHG DHG-9030A
Melt Spinning System ABEφ25X5 Parallel stretching machine TF-100

Drum dryer SZG-100 Analytical balance ME204E/02
Induction cooker C21-WK2102 Vacuum oven DZF

Electronic fabric
strength tester HD026N

Fully automatic surface
area and porosity

analyzer
QP-2010Ultra

3.2. Production process of high-strength polyamide fiber

Emulsification and in-situ polymerization of high-strength
polyamide slices: Firstly, weigh caprolactam and heat it to
melt [14, 15]. Secondly, mix liquid caprolactam with modi-
fied titanium dioxide and biodegradable additives, and use
a high-shear dispersing emulsifier for emulsification and
dispersion to uniformly distribute titanium dioxide and
biodegradable additives in caprolactam [16, 17]. Thirdly,
add the emulsified and dispersed solution along with the
remaining caprolactam into the polymerization reactor.
Fourthly, under nitrogen protection, raise the temperature
inside the kettle to 255-258°C, maintain the pressure, and
carry out the hydrolysis and ring opening reaction. Fifthly,
amide polymerization: After pressure relief, continue to
introduce nitrogen gas, adjust the stirring speed to control
the polymerization, and carry out amide polymerization
reaction. Sixthly, after the vacuum reaction, inject nitrogen
gas to increase the pressure, discharge the material, and
solidify in a water tank before being cut into pellets. Sev-
enthly, extract the polymerized slices with deionized water
at 90 − 100◦C for 24 hours, and replace the water every 3
hours. Eighthly, dry the extracted slices in a drum at 130◦C
for 48 hours to remove moisture and prepare for melting
[18, 19]. Ninthly, melt the slices at 270◦C and prepare for
spinning. Tenthly, press out the melted slices through the
nozzle, perform oiling, pre-stretching, and winding. Next,
stretch the fibers at 250 m/min to achieve the desired fine-
ness and strength.

When preparing experimental materials, five different
samples were prepared by adjusting the content of compos-
ite modified titanium dioxide and biodegradable additives.
The content of composite modified titanium dioxide and
biodegradable additives in sample 1 is 0%. The content
of composite modified titanium dioxide and biodegrad-
able additives in sample 2 is 0% and 1%, respectively.
The content of composite modified titanium dioxide and
biodegradable additives in sample 3 is 0% and 2%, respec-

tively. The content of composite modified titanium dioxide
and biodegradable additives in sample 4 is 1%. The content
of composite modified titanium dioxide and biodegradable
additives in sample 5 is 1% and 2%, respectively.

3.3. Test method

The biodegradation testing method adopts soil landfill
method. The soil at a depth of 20cm from the ground
is collected as experimental landfill material. The soil mois-
ture should be maintained between 45% and 50%, and the
soil pH should be kept around 7.0 [20, 21]. The initially
collected soil needs to be screened before it can be used
directly. A 0.25cm diameter sieve is used to screen the soil
sample and remove substances such as fallen leaves and
stones. The species samples prepared in the experiment are
buried in soil samples for degradation treatment.

After the experimental material degrades for a period
of time, the sample is taken out, washed and dried, and the
sample is weighed by adding wet weight. The above steps
are performed once every 25 days for 5 times. The weight
loss of the sample is displayed in Eq. (1).

a =
m0 − mi

m0
× 100% (1)

In Eq. (1), a represents the weight loss. m0 represents
the initial weight of the experimental sample. mi repre-
sents the quality of the i-th sample test. The mechanical
properties of the experimental samples are tested using
a parallel stretching machine with a stretching speed of
100 mm/min and a pre-tension of 2 N . The experimen-
tal samples were subjected to thermogravimetric analysis
using a thermogravimetric analyzer. After placing the ex-
perimental sample in the crucible, the thermogravimetric
analyzer is used for testing. The testing temperature ranges
from 45◦C to 700◦C. The protective gas during the ther-
mogravimetric process is nitrogen, with a temperature rise
gradient of 20◦C/min [22, 23]. The experiment is repeated
five times, and the mean value is obtained after removing
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the abnormal values to reduce the influence of accidental
factors on the experimental results.

After degrading the experimental sample, SEM testing
is also required. After 62 and 125 days of soil degrada-
tion treatment, the experimental samples are taken out,
washed, dried, and subjected to gold spraying treatment.
The morphological changes of the processed sample after
soil degradation are observed [24, 25]. The changes in the
macromolecular chain structure in the sample material can
also reflect the biodegradation of the sample. The study
analyzes the macromolecular structure of the sample. The
changes in the structure of macromolecules are tested using
gas chromatography, and the gas chromatograph used in
the experiment is a flame ionization detector. The specific
operating steps are described in the instruction manual
[26]. The experiment is repeated five times and the mean is
taken after removing the outliers.

4. Results and discussion

4.1. Thermogravimetric analysis and degradation quality
loss results of experimental samples

The study conducted thermal weight loss and soil degra-
dation quality loss detection on the experimental samples,
as presented in Fig. 1. Fig. 1 (a) displays the change in
soil degradation quality. With the continuous increase of
soil degradation treatment time, the residual mass of ex-
perimental samples 2 and 3 continued to decrease, and the
decrease rate also continued to increase. After 125 days of
soil degradation, the residual mass of experimental sample
2 was 4.46 g . After 125 days, the participating mass of
experimental sample 3 was 4.34 g . The quality loss rate
of experimental sample 2 was approximately 8.413%. The
quality loss rate of experimental sample 3 was approxi-
mately 11.796%. The soil degradation effect of sample 4
was basically consistent with that of sample 2, and the soil
degradation effect of sample 5 was basically consistent with
the sudden degradation effect of sample 3. The experimen-
tal results indicated that modified titanium dioxide had a
relatively small impact on the soil degradation effect of the
material. Fig. 1(b) displays the thermogravimetric analy-
sis of the experimental sample. The temperature at which
the experimental sample began to decompose was 400◦C,
and complete decomposition occurred at 650◦C. In ther-
mogravimetric analysis, the residual mass of sample 1 was
0.046%, the sample 2 was 1.989%, the sample 3 was 1.762%,
the sample 4 was 3.012%%, and the sample 5 was 2.845%.
The main components of biodegradable additives are or-
ganic molecular structures, which are easily decomposed
by soil microorganisms. After decomposing the biological
additive, the structure of polyamide fibers is destroyed,

and some structures detach from the sample, resulting in
an accelerated biodegradation rate.

4.2. Mechanical performance test results of experimental
samples

The study tested the fracture strength and mechanical
performance of different samples, as presented in Fig. 2.
Fig. 2(a) displays the changes in the fracture strength after
adding biodegradable additives. In sample 1, no biodegrad-
able additives were added, and the fracture strength re-
mained at around 205N. In sample 2, 1% of biodegrad-
able additives were added, and the fracture strength of
the sample remained around 195N throughout the testing.
In sample 3, 2% of biodegradable additives were added,
and the fracture strength remained around 110N through-
out the testing. As the content of additives increased, the
fracture strength of the experimental samples gradually
decreased. The fracture strength of sample 4 showed that
its fracture strength was slightly higher than that of sample
2. Meanwhile, the fracture strength of sample 5 was much
higher than that of sample 5. The study suggests that the
composite modified titanium dioxide improves the dam-
age of biodegradable additives to the material structure
to a certain extent and enhances the fracture strength of
the sample. Fig. 2(b) displays the mechanical performance
curves of different samples. The fiber strength of the experi-
mental sample without adding composite titanium dioxide
reached 4.2, which was about 0.55 times higher than that
of the experimental sample modified with composite tita-
nium dioxide. The titanium dioxide can be considered as
a defect in the fibers, leading to stress concentration and
easy fracture inside the fibers, and resulting in a decrease
in strength within the normal range.

The study further tested the effect of biodegradable ad-
ditives on the fracture elongation and fracture energy of the
samples, as displayed in Fig. 3. Fig. 3(a) displays the effect
of the content of biological additives on the fracture elon-
gation. With the increase of additive content, the average
elongation at break decreased from 149.2mm to 132.4mm,
and the highest value could decrease to 121.2mm. The
variation coefficient of elongation at break increased from
7.2% to 10.1%, and further increased to 19.2%. Fig. 3(b) dis-
plays the effect of biodegradable additives on the fracture
energy. The fracture energy of sample 1 remained around
1.7J, and the fracture energy of sample 2 remained around
1.4J. The fracture energy of sample 3 remained around 0.8J.
As the amount of biodegradable additives added further
increased, the fracture energy of the sample gradually de-
creased.
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Fig. 1. Results of the degradation quality and thermogravimetric analysis of the experimental samples: (a) Soil degradation
quality loss detection results; (b) Sample thermogravimetric analysis results.

Fig. 2. Mechanical performance curve of fracture force machine in experimental samples: (a) Sample fracture strength test
results; (b) Sample mechanical performance curve.

Fig. 3. Sample fracture elongation and fracture energy test results: (a) Fracture elongation test results; (b) Fracture energy
test results.

4.3. Microstructure analysis of experimental samples

The microstructure of the sample after adding composite
titanium dioxide modifier and biodegradation assistant

was analyzed, as presented in Fig. 4. Fig. 4(a) shows the
SEM image of sample 2, Figure 4 (b) shows the SEM image
of sample 3, Fig. 4(c) shows the SEM image of sample 4,
and Fig. 4(d) shows the SEM image of sample 5. The red
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circles in Fig. 4(a) and Fig. 4(b) represent the aggregation
and pore structure observed in the material structure after
adding biodegradable additives. There were obvious ag-
glomerated particles of additives on the surfaces of samples
2 and 3, with a diameter of about 1 − 3µm and irregular
pores of about 0.5 − 2µm. The pore distribution was un-
even, and some areas formed locally connected structures,
which became stress concentration points. In samples 4
and 5, the additive and titanium dioxide were uniformly
dispersed in the matrix as nanoscale articles, with no signif-
icant interfacial separation and a smooth and dense surface.
Modified titanium dioxide may enhance interfacial com-
patibility and inhibit phase separation through physical
adsorption or hydrogen bonding between surface func-
tional groups, additives, and polyamide molecular chains.
This homogenized structure reduces micro defects, delays
the decline in mechanical properties, and provides a more
uniform erosion path for microbial degradation, explaining
the phenomenon of sample 5 maintaining high structural
integrity after 125 days.

The study also tested the microstructure changes of the
experimental samples during the soil degradation process,
as displayed in Fig. 5. Fig. 5(a) displays the microstructure
changes of sample 4 after 0 days of degradation in soil
degradation testing, Fig. 5(b) displays the microstructure
changes of sample 4 after 62 days of degradation in soil
degradation testing, and Fig. 5(c) displays the microstruc-
ture changes of sample 4 after 125 days of degradation in
soil degradation testing. Before landfilling degradation
treatment, the surface structure and fiber morphology of
the experimental sample were clear, without wrinkles or
fractures. After 62 days, the fiber surface showed peeling
phenomenon. After 125 days, the fiber surface showed ob-
vious wrinkling phenomenon, but no obvious fiber fracture
phenomenon. According to the thermogravimetric analy-
sis and soil degradation analysis of the samples, adding
composite modified titanium dioxide does not affect the
biodegradation effect of the sample.

4.4. Experimental sample infrared spectrum results

According to the infrared spectroscopy study of soil degra-
dation, the chemical bond vibration characteristics of sam-
ple 1 and sample 5 showed different changes during the
degradation process. For sample 1, within the wave num-
ber adjustment ( 3, 292− 3, 302 cm−1 ), the single peak of ni-
trogen hydrogen bond stretching vibration remained stable
throughout the degradation period. There was no signifi-
cant change in the stretching vibration ( 2, 935− 2, 946 cm−1

) and symmetric stretching vibration ( 2, 860 − 2, 870 cm−1

) of the carbon hydrogen bond. The stretching vibration of

carbon oxygen bond (1,629-1,640 cm−1 ) also showed no
significant changes. The peaks generated by the overlap of
nitrogen hydrogen bond bending vibration and carbon ni-
trogen bond stretching vibration

(
1, 533 − 1, 543 cm−1 and

1, 257 − 1, 267 cm−1) remained almost unchanged. In con-
trast, sample 5 exhibited different characteristics of degra-
dation within the same time span. The stretching vibra-
tion of nitrogen hydrogen bonds ( 3, 293 − 3, 303 cm−1 )
showed an increase in transmittance during the later stage
of degradation, indicating a decrease in the concentration
of this component. The stretching vibration of the car-
bon hydrogen bond

(
2, 921 − 2, 931 cm−1) resulted in a

decrease in transmittance after 125 days, indicating an in-
crease in concentration and a shift in peak position. The
symmetric stretching vibration

(
2, 851 − 2, 861 cm−1) also

showed decreased transmittance, increased concentration,
and shifted peak position. A slight increase in transmit-
tance was observed during the stretching vibration of car-
bon oxygen bonds ( 1, 634 − 1, 645 cm−1 ), indicating a
slight decrease in concentration. The overlapping peaks of
nitrogen hydrogen bond bending vibration and carbon ni-
trogen bond stretching vibration

(
1, 535 − 1, 545 cm−1 and

1, 257 − 1, 268 cm−1) demonstrated no obvious changes
during the degradation process, as presented in Fig. 6.

4.5. Changes in macromolecular chains of experimental
samples

The macromolecular chains of sample 1 before soil degra-
dation are shown in Table 2. During the high-temperature
cracking process, polyamide macromolecules underwent
decomposition, with the main decomposition product be-
ing caprolactam, which was the monomer component of
polyamide. This phenomenon reveals that under high-
temperature conditions, the amide bonds in polyamide
molecular chains are relatively fragile and prone to break-
age. The research shows that the chemical stability of amide
bonds is relatively weak, and these bonds are prone to
breakage when the environment undergoes drastic changes,
especially under high-temperature conditions. Under high-
temperature, chemical groups in the structure of polyamide
macromolecules may form closed loops, generating capro-
lactam. In the cracking product, compared with the rela-
tive molecular weight of caprolactam, the component with
smaller molecular weight accounted for 14.26%, while the
component with larger molecular weight accounted for
83.67%. This process not only involves the cleavage of
amide bonds, but may also involve irregular cleavage or
recombination under high-temperature conditions, with
amide bonds and bond connecting the benzene ring to the
amide group being the main cleavage points. These breaks
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Fig. 4. Microstructure changes during soil degradation in sample 4: (a) displays the microstructure changes of sample 4
after 0 days of degradation in soil degradation testing; (b) displays the microstructure changes of sample 4 after 62 days of

degradation in soil degradation testing.

Fig. 5. Microstructure changes during soil degradation in sample 4: (a) displays the microstructure changes of sample 4
after 0 days of degradation in soil degradation testing; (b) displays the microstructure changes of sample 4 after 62 days of

degradation in soil degradation testing.

ultimately lead to the formation of small molecules such as
caprolactam, as well as the possible enamide substances.

The study further analyzed the rate differences of each
sample at different degradation stages. Sample 1 lost only
3.2% in mass from 0-62 days, and the degradation rate
stagnated in the later stage due to the lack of active sites.
Sample 3 containing 2% additives exhibited non-linear ac-
celerated degradation characteristics, with a loss rate of
12.7% in the first 62 days. In the later stage, due to the dis-
solution of additives, a porous structure was formed, and
microbial infiltration was enhanced, resulting in a monthly
growth of 5.9%. Although the total degradation rate of
sample 5 was similar to that of sample 3, its degradation
process was more uniform. This is attributed to the contin-
uous activation of the auxiliary agent by the micro oxida-
tion environment generated by TiO2 photocatalysis, which

avoids the later efficiency degradation caused by the rapid
loss of auxiliary agents in sample 3. The research system
synergistically increases the degradation rate to 3.7 times
that of traditional materials.

5. Conclusion

To improve the biodegradability of high-strength
polyamide fibers and reduce the impact of structural
changes on their mechanical properties, the research opti-
mized the production process of high-strength polyamide
fibers by combining composite modified titanium dioxide
with biodegradable additives. After 125 days of degrada-
tion, the weight loss of sample 3 was 18.583%. During the
soil landfill degradation process, the degradation rate of
the experimental sample gradually increased, indicating
that the production process optimization effect was good.
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Table 2. Major macromolecular chains before the degradation of sample 1.

Name Content (%) Retention time (min)
Alanine 10.14 1.783

Cyclopentanone 2.13 5.467
5-Cyano-1-pentene 1.71 6.820

Hexanenitrile 1.23 7.103
Caprolactam 73.43 13.001

6-Aminocapronitrile 3.81 10.710
Isobutylpropylamine 1.12 15.231

N. N-Hexamethylene dimethylformamide 5.24 18.113
N-Hexyl-Butyramide 1.19 16.537

Fig. 6. Infrared spectroscopy results of sample soil degradation: (a) Infrared spectrum of sample 1 degradation process; (b)
Infrared spectrum of sample 5 degradation process.

Before landfilling degradation treatment, the surface
structure and fiber morphology of the experimental sample
were clear, without wrinkles or fractures. After 125 days of
degradation, the fiber structure showed significant fracture.
In the cracking products, the proportion of components
with a relative molecular weight less than that of the
macromolecular chain was adjusted to 18.57%, while the
proportion of components with a relatively large molecular
weight of the macromolecular chain was adjusted to
81.43%. Sample 1 without added additives had the lowest
degradation rate, only 8.4% after 125 days, but had the best
mechanical properties. The degradation rate of samples 2
and 3 containing only biodegradable additives increased
to 11.8% − 18.6%, but the fracture strength decreased by
4.9% and 46.3%, respectively.

Samples 4 and 5 containing 1% composite modified
TiO2 showed a significant reduction in mechanical perfor-
mance while approaching the degradation rate of sample
3. This indicates that the interface enhancement effect of
TiO2 effectively alleviates the structural defects caused by
additives, achieving the optimal balance between degrada-
tion efficiency and mechanical stability. The differences in
the content of composite titanium dioxide and biodegrad-

able additives in different samples affect the degradation
rate and dispersibility. Fluctuations in environmental con-
ditions such as soil moisture and pH may have uneven
effects on the degradation process. In addition, the testing
interval between 62 days and 125 days may not fully cap-
ture the critical points of certain structural changes, and
small differences in the sample preparation process may
also lead to inconsistent degradation behavior. The spe-
cific mechanism is further validated through controlled
variable experiments or extended testing periods. At high-
temperatures, the chemical groups in the polyamide macro-
molecule structure form closed loops, producing caprolac-
tam. However, this study reduces the mechanical proper-
ties of high-strength polyamide fiber structure when opti-
mizing it. In the future, the research will further analyze
the structure of high-strength polyamide fibers, optimizing
their biodegradability while ensuring the mechanical prop-
erties to further reduce the environmental impact of such
materials.
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