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Fibers Change Lives—
Ubiquitous Applications
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Fibers weave a better life. From the fabrics used in sewing clothes to the
advanced fundamental materials that underpin sectors such as clothing, food, housing,

transportation, medicine and cutting-edge equipment, fiber materials are ubiquitous.

serve as the primary raw materials for clothing production.

For instance, the traditional Chinese Hanfu, favored by many people today, can be

traced back to the era of the Three Sovereigns and Five Emperors. Since the Yellow Emperor

“regulated the world by instituting proper clothing and attire,” the prototype of traditional

Chinese attire began to emerge. It then underwent institutional evolution during the Zhou
Dynasty and eventually became well-developed and widely popularized by the Han Dynasty.

In 1972, the plain unlined gauze gown unearthed from the Han Tomb No. 1
at Mawangdui in Changsha is a silk garment dating to the Western Han Dynasty. It was
woven from undyed silk yarn produced by three-molter silkworms. With a length of 160
centimeters and weight of 49 grams, the gown is praised as ‘thin as a cicada’s wing and
as light as mist and clouds.” As the earliest and lightest surviving garment treasure, it showcases
the world-leading silk-weaving craftsmanship of China during the Western Han Dynasty.

With the passage of time into the modern era, the application of fiber materials has
expanded into outer space, where they transform into a “life barrier” for safeguarding
astronauts. Indeed, an extravehicular spacesuit is like a miniature “museum of fiber
technology”. The outer “invincible shield”—the outermost three layers are made of
aramid fiber materials, designed to withstand micrometeoroid impacts
and protect astronauts. The torso’s “steel—like framework”—
the upper body and limb sections are constructed from glass fiber—
reinforced composites, providing essential structural support for the
spacesuit. The “climate—control garment” closest to the body—
the innermost three layers of the cooling and ventilation garment are
made from spandex fibers, designed to provide effective temperature
regulation by helping circulate cold water.
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I the food packaging industry, non-biodegradable plastics are prone to causing
n“white pollution” and may also compromise the quality and safety of food. Is
there any new type of packaging material that can avoid the drawbacks of plastic

packaging? Fiber-based materials offer a promising ‘green alternative’ for food packaging.

Biodegradable packaging
Cellulose-based films prepared from
starch exhibit biodegradability, favorable mechanical
properties, and excellent barrier performance against
oxygen and water vapor, making them suitable for
food packaging applications. Bamboo fiber and
bagasse fiber can be used to produce biodegradable
food containers. Polylactic acid fiber that has passed food safety certification can be used

to make food-grade paper, such as tea bags, coffee filter paper and more.
Bioactive packaging

Nano-scale or micron-scale fiber membrane materials possess higher specific surface
area, porosity, and loading capacity, enabling them to encapsulate bioactive substances

(such as antioxidants and antimicrobial agents) to produce multifunctional nanofiber

membranes, which can effectively extend the shelf life of food products.

Separation and purification

Activated carbon fibers can be used for the decolorization of oils and fats. Cellulose
filtration membranes can be used for impurity removal in industries such as brewing and
sugar production.

As food contact materials such as packaging paper, tableware, and films, the
fiber-based materials must be strictly limited to food-grade or approved raw materials for

food contact, and comply with the standards for fiber materials intended for food contact use.
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When it comes to the application of fiber materials in everyday living spaces,
most people first think of home textile products like quilts and curtains.
However, fiber materials have long been deeply integrated into building materials,

making houses stronger and living environments more comfortable.

The “invisible steel bars” for building structure
reinforcement

Incorporating materials such as carbon fibers and
glass fibers into concrete is like giving the concrete
“sinew and bone”, which can enhance its toughness
and seismic resistance while reducing cracking.
For aging buildings or structural columns, applying
carbon fiber fabric like a “plaster” for reinforcement
can significantly improve their load-bearing capacity.

The “black technology” for exterior wall insulation and crack resistance

Inorganic fiber products such as rock wool and glass wool are Class A fire-resistant
and thermal insulation materials. They are widely used in building exterior walls and roofs due
to their excellent heat insulation performance, keeping interiors warm in winter and cool
in summer. After being coated with polymer emulsion and subjected to high-temperature
treatment, glass fiber woven fabric is made into glass fiber mesh cloth, which is widely
used as a material for thermal insulation and crack resistance in building walls.

High-performance fiber-reinforced composite building materials

Incorporating materials such as polyester fiber and glass
fiber into waterproofing membranes for construction, the
waterproof layer becomes more tear-resistant and provides
longer-lasting protection.High-performance fiber-reinforced
composite materials used in the production of door and
window frames, decorative panels, and other components are
also exceptionally outstanding, being lighter and more durable
than traditional materials.
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Transportation

3 iber materials also play a significant role in the field of modern transportation.

Fiber-reinforced composites have become a key driver in making vehicles
such as cars, high-speed trains, and airplanes lighter and more environmentally
friendly.

The tire cord is the skeletal
reinforcement material of tires,
commonly made from fibers such as
nylon, polyester, and para-aramid. The
tire cord layer is usually formed by
bonding multiple layers of dipped cord
with rubber, which serves to enhance
the tire’s strength and stabilize the outer
tire structure. The airbag made from high-strength nylon fabrics and the safety belt woven
from polyester filaments, in cooperation with flame-retardant fiber interiors to jointly
ensure passenger safety. Composites made from carbon fiber and glass fiber
are used to manufacture some automotive components, such as the body, chassis, battery
shell, and engine hood. They can reduce vehicle weight and cut fuel consumption.

The fiber—reinforced composites are used to manufacture the streamlined nose
cones of high-speed trains, to reduce weight and noise while ensuring structural stability
at high speeds. Replacing certain aluminum alloy components in aircraft with carbon fiber

composites can achieve weight reduction
and strength enhancement. For instance,
in the Boeing 787, carbon fiber composites
account for more than 50% of the aircraft’s
fuselage and wings, significantly reducing
fuel consumption, lowering weight-based
maintenance costs and decreasing the

frequency of scheduled inspections.
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7 ~iber materials also play an “understated yet crucial role” in the medical field.
Being soft, safe and biodegradable, they are widely employed in disease

treatment, nursing care and rehabilitation.

The raw materials for medical fiber products
include natural fibers (e.g., cotton fiber, silk), regenerated
cellulose fibers (e.g., chitosan fiber, alginate fiber),
synthetic fibers (e.g., polyester, polyamide) and other
types of fibers (e.g., carbon fiber, glass fiber). Common
medical fiber products can be classified into medical

dressings, medical suturing materials, human tissue substitutes and medical device
components, etc.

Medical dressings include water—absorbent
materials such as absorbent cotton, gauze and hemostatic
sponges; protective materials such as face masks,
surgical gowns, surgical drapes and bed linen; as well as

supporting and fixation materials like bandages and

zinc oxide adhesive plasters.
Medical suturing matevials mainly refer to surgical sutures. The absorbable
sutures made from polylactic acid fibers can be decomposed and absorbed by the human
body, eliminating the need for suture removal and thereby

reducing patient discomfort and the risk of infection.

Human tissue substitutes assist in the “repair” of
the body. Typical applications include artificial blood vessels,
hernia repair patches, heart valves, and hollow-fiber artificial
kidneys. Artificial blood vessels fabricated from polyester
fibers or expanded polytetrafluoroethylene fibers can not only
ensure unobstructed blood flow but also help avoid adverse

immune reactions in the human body.

11
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Aerospace

\ _, ave you ever considered what would happen if ordinary clothing fabrics

were exposed directly to the space environment? The answer is that the fiber
materials would degrade rapidly. Then how do astronauts and spacecraft remain
unharmed in the space environment? This relies on the “special forces” in the
materials field—high-performance fibers.

On December 3, 2020, the Chang’e-5 4TTTTTTTTTTTT oo TToooooes ~
probe successfully unfurled the “fabric
version” national flag on the lunar surface
for the first time. The flag was primarily
made of domestically produced high-
performance aramid fibers, which can

withstand the extreme temperature differences
(+150°C) on the lunar surface, to maintain
stable color and structure. On June 4, 2024, the “stone-derived fabric” national
flag was successfully unfurled on the Chang’e-6 probe. Primarily made of basalt
fibers, the flag can effectively withstand harsh lunar environmental conditions such as
alternating high and low temperatures, high vacuum, and intense ultraviolet radiation.
Fiber materials can also be fabricated
into three-dimensional (3D) structural fabrics.
3D braided composites exhibit excellent
properties such as light weight, high strength
and superior damage tolerance. When applied
to the key aircraft components, such as
fuselages and wings, they can significantly
enhance the overall performance of aircraft and
reduce fuel consumption. These materials are also indispensable for components such
as rocket fairings and the radomes of China’s domestically developed J-10C fighter jets.
High-performance fibers and 3D weaving technology stand as the indispensable “hard-core
technologies” underpinning our exploration of outer space and the creation of key national

strategic equipment.

13
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r iber materials serve as “all-rounders” in fields such as ecological restoration,

agricultural productivity enhancement and infrastructure engineering.

Soil and agricultural application

Fiber products such as jute possess exceptionally high water
absorption capacity (reaching 480%), which can effectively
slow down the speed of rainfall-induced runoff and irrigation
water flow, thereby reducing the risk of soil erosion.
Agricultural non-woven fabrics offer advantages such as
light permeability, breathability, thermal insulation, moisture
retention and ease of degradation. Their application as a
substitute for conventional plastic mulch can not only facilitate

crop growth but also reduce “white pollution.”

Road and civil engineering application

The incorporation of basalt fibers into asphalt mixtures can enhance the fatigue
cracking resistance of pavement by a factor of 2~6, and improve its rutting resistance by
25%~40%. Materials such as glass fiber are employed as reinforcements in pavement
waterproofing systems, which can reduce the cracking and leakage of the waterproof

layers, thereby enhancing the load-bearing capacity and service life of roads.

Underground pipe networks

Cement pipes were once the mainstay of urban drainage systems. However, they
suffer from great difficulty in transportation and installation, limited service life, poor
corrosion resistance, and a high tendency for sewage leakage. Plastic pipes are lightweight
and corrosion-resistant, yet they are deficient in strength and heat resistance. Basalt
fiber—reinforced polyethylene composite pipes not only retain the advantages
of light weight and corrosion resistance, but also exhibit exceptional toughness. Capable
of withstanding 45 tons of compressive force and boasting a 50-yeav service life,
they are more than adequate for critical water supply and drainage tasks, ensuring the

unimpeded flow of the city’s underground “lifeblood.”

15
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3 ~iber materials also serve as “key contributors” in the marine and maritime
fields. With their lightweight, high-strength, and corrosion-resistant
properties, such materials demonstrate outstanding performance in marine

operations.

Life-guarding “safety fibers”
Fibers such as polyamide, polyester and aramid are commonly used to make
life jackets, life rafts, lifelines and other equipment, offering reliable safety assurance for

maritime personnel in emergency situations.

Deep-sea exploration’s vital lifeline

By partially replacing anchor cables and production risers with carbon fiber
materials in deep-sea oilfields, can effectively reduce platform weight, and generate
significant cost savings. For instance, a deep-sea operation platform with a depth of 1,500
meters typically utilizes around 6,500 tons of steel cables; substituting these with
carbon fiber cables can reduce the total weight by one—sixth. Ultra—high molecular
weight polyethylene ropes, characterized by
high tensile strength, lightweight, and excellent
resistance to seawater corrosion, are the “super
ropes” of deep-sea operations and are extensively

employed in the mooring of large ships.

The “armor” of deep-sea equipment
Fiber-reinforced composite hulls exhibit
superior lightweight and high-strength properties.
When used in the pressure hulls of
deep—sea submersibles, they can increase
the maximum diving depth by 3 to 4 times. The
domestically independently developed “Sea Wing” underwater glider features a pressure
hull constructed from carbon fiber-wound composites. In 2017, it successfully dived to
6,329 meters in the Mariana Trench, setting a new world record for the maximum depth

achieved by an underwater glider.
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Chapter 2

Fibers and Human Civilization—
The Thread Connects Our Past and Future
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The evolution of fiber technology is also an important part of the history of the
advancement of human civilization. From the primitive need to cover the body, to a
cultural symbol that defines identity, and then to a technological medium that transforms

the world, fiber has been a key material driving the progress of human civilization.

$ —iber refers to a fine filamentous material with sufficient fineness

(diameter<100 pm) and a high aspect ratio (length/diameter>1,000),
meeting certain strength requirements and capable of being processed flexibly. To
be used as a textile fiber, it must also possess spinnability and serviceability, and
can be categorized into natural and chemical fibers.

Initially, the fiber materials used for fabric production were derived from flax, cotton,
wool, silk and so on, all of which were natural fibers. In 1884, the Frenchman Hilaire
de Chardonnet invented nitrocellulose fiber, and he achieved the world’s first industrial-
scale production of this fibers in 1891, which is a milestone marking humanity’s ability
to produce chemical fibers. The invention of polyamide in 1935 pioneered the history
of synthetic fibers. Subsequently, common synthetic fibers such as polyester and
acrylic were introduced one after another, and quickly became the mainstream materials
in the field of textile and clothing. With the upgrading of demands in high-tech fields,
high—performance synthetic fibers such as carbon fiber and ultra-high molecular
weight polyethylene (UHMWPE) fiber have emerged, further expanding the variety and
application scope of fiber materials.
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Fibers are the key threads running through the evolution of life, civilization

and technology, and messengers connecting human civilizations.

In ancient times, humans made the most primitive

clothing from natural fiber materials such as animal hides

and bark fibers to cover their bodies and keep warm. During

the agricultural civilization eva, Chinese silk, ancient

Egyptian linen, and Indian cotton textiles all developed unique

regional cultures based on their respective fiber materials.

Thus, fibers have become cultural symbols and trade links.

Since the Industrial Revolution, humanity’s utilization of fibers has shifted

from “passive acquisition” to “active creation”. A variety of chemical fibers have been

successfully developed, such as regenerated fibers like viscose fibers and common

synthetic fibers like nylon and polyester that meet the
consumption needs of mass consumption, as well as high—
performance fibers like carbon fibers, aramid (Kevlar),
and poly-p-phenylene benzobisoxazole (PBO) fibers that
underpin the development of modern high and novel
technologies.

In the future, fiber materials will move toward
greenization and intellectualization. Bio-based
synthetic fibers such as polylactic acid fibers can reduce
dependence on petroleum resources. Optical fibers
transmit global data flow at the speed of light. Intelligent
fibers integrated with sensors and various functional
materials, can sensitively perceive and respond to external
stimuli, they can be woven into flexible wearable textiles and

applied in smart monitoring, medical health and other fields.
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Basic applications and prosperous development of natural fibers

During the Paleolithic Age, early humans made ropes and simple shelters using wild
plant fibers and animal hides. More than 6,000 years ago, early humans in China invented
the manufacturing method of kudzu cloth, which had become the most important material
for making clothing by the Shang and Zhou dynasties. During the Qin and Han dynasties,
vamie cloth became popular among the folk and emerged as a primary clothing material.
After the Yuan Dynasty, cotton gained popularity, and emerged as the dominant clothing
material during the Ming and Qing Dynasties. Up to now, Xinjiang cotton, renowned
worldwide for its long fiber length, high strength and pure white color, has become an
excellent raw material for manufacturing high-end textiles.

Chinese silk, bearing the imprints of
5,000 years of civilization, is a treasure of
Chinese culture and an important carrier for
exchanges between Eastern and Western
civilizations. The Han—-dynasty Shu
brocade arm guard inscribed with
“Five Stars Rise in the East, Benefiting
China” is hailed as a millennium-spanning
cultural link along the Silk Road. The silk
weaving industry gave rise to four famous
silk fabrics: Shu brocade, Song brocade,

Yun brocade and Zhuang brocade. The
world-famous “Four Great Embroideries,”
namely Suzhou Embroidery, Hunan
Embroidery, Cantonese Embroidery
and Shu Embroidery, are acclaimed as
world-class and national intangible cultural

heritage items.
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The technological revolution from natural fibers to chemical fibers

The mechanical properties and wear resistance of natural fibers are slightly inferior,
coupled with their long growth cycles, which made them unable to meet the demand
for fiber materials driven by the rapid population growth in modern Chinese society.
Meanwhile, confronted with the conflict of “grain-cotton and competition” and the
raw material shortage in the textile industry, China had designated the development
of chemical fibers as an important direction. In the 1940s, a viscose fiber factory was
established in Dandong, Liaoning Province, marking the launch of the industrialized
production of modern chemical fibers in China. In 1956, China’s earliest synthetic
fiber factory was built in Beijing, which produced polyamide 66 filaments. In 1974, the
Shanghai Petrochemical Complex introduced and constructed China’s first large-scale
petrochemical fiber project, which mainly produced acrylic fiber and polyester fiber, thus
inaugurating a new era of modern synthetic fiber industry based on petroleum feedstock.
After the reform and opening-up, the chemical fiber industry developed rapidly. Polyester
emerged as the mainstay of the chemical fiber industry, while acrylic fiber and spandex

also embarked on the exploration of industrialization.

The leap of fiber industry from technological catch-up to contemporary leadership

China’s chemical fiber output became the world’s highest for the first time, surpassing
the United States in 1998. Since the 2000s, China’s chemical fiber industry has stepped
into a new stage of high-end and green development. After 2010,China broke the foreign
technological blockade on high-performance fibers. Key materials such as carbon fibers,
aramid, ultra-high-molecular-weight polyethylene fibers achieved independent production
and were applied in high-end and cutting-edge fields including aerospace, national
defense, military industry and new energy. Huge efforts are devoted to the development of
green fibers, such as bio-based fibers, e.g., polylactic acid fibers and seaweed-derived
fibers, as well as recycled fibers, e.g., recycled polyester
produced from waste plastic bottles, in response to the
“dual carbon” goals. Functional and intelligent fibers
with properties such as intelligent temperature regulation,
electrical conductivity, antibacterial activity, and sensing
capabilities are actively developed to empower emerging

fields including smart wearables and healthcare.
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Intevraction—Fibey Timeline

In the Age of Savagery (50,000~100,000 years ago), early humans twisted straw and
tree bark into ropes, and used animal hides and leaves to cover and warm their bodies.

In the Paleolithic Age, primitive humans used bone needles to sew animal hides into
rudimentary clothing.

In the Neolithic Age, early humans extracted plant fibers from kudzu vines to make
body—covering garments, which marked the origin of primitive textile industry.

During the Shang and Zhou Dynasties (c. 1600—256 BCE), sericulture and silk reeling
inaugurated a new era of animal fiber utilization.

During the Han and Wei Dynasties, people produced felt by pounding and pressing
animal hair using the felting process.

During the Southern Song Dynasty, embroidery experienced remarkable development.

The late 19th century to the 1930s was the initial and innovative phase of man—made
fibers.

In 1857, Swiss chemist Matthias Eduard Schweizer discovered that cuprammonium
solution can dissolve cellulose, and the Bemberg company of Germany successfully
commercialized cuprammonium fiber production in the early 20th century.

In 1884, the Frenchman Hilaire de Chardonnet invented nitrocellulose rayon, and in
1891 he established the world’s first rayon factory, marking the dawn of the industrialization
of chemical fibers.

In 1905, viscose fiber achieved industrialized production, emerging as the mainstream
man—made fiber in the early stage and alleviating the shortage of natural fibers.

In the 1920s, the large—scale production of cellulose diacetate fiber was realized.

In 1932, American engineer Russell Games Slayter achieved the world’s first continuous
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filament drawing of glass fiber, laying the foundation for its large—scale industrial
production.

In 1935, Professor W. H. Carothers from Harvard University successfully synthesized
polyamide 66 using hexamethylenediamine and adipic acid, and spun it into filaments.

In 1939, DuPont(US) successfully produced the world’s first large—scale synthetic fiber
for textile, polyamide 66 fiber, ushering in the era of synthetic fibers.

In 1941, John Rex Whinfield and James Tennant Dickson first synthesized high—
molecular—weight polyethylene terephthalate (PET, polyester fiber) by polycondensation of
terephthalic acid and ethylene glycol.

In 1947, ICI of the UK acquired their patents and built a pilot plant, making
breakthroughs in intermediate preparation, polymer synthesis and spinning technologies.

In 1947, Imperial Chemical Industries (IC1) in UK industrialized polyethylene
terephthalate (PET) fiber by adopting melt spinning technology.

In 1950, DuPont(US) industrialized the polyacrylonitrile fiber “Orlon” via dry spinning.
Polyvinyl alcohol acetal fiber (vinylon) has been put into industrial production in Japan.
Polypropylene (PP) fiber has also been industrialized successively. Thus, forming the
mainstream synthetic fiber system.

In 1957, ltaly’s Montecatini Societa Generale began to produce isotactic polypropylene
resin, and launched isotactic polypropylene fiber (polypropylene fiber) in 1959.

In 1959, Du Pont(US) industrialized polyurethane elastic fiber “l.ycra” through the dry
spinning process. Union Carbide Corporation of the United States launched “Thornel—25",
a viscose—based carbon fiber, becoming the world’s first commercialized carbon fiber.
Japanese scientist Akio Kondo invented polyacrylonitrile (PAN)—based carbon fiber, laying
the foundation for modern carbon fiber industry.

In 1967, DuPont(US) commercialized meta—aramid fiber (Aramid 1313), with the
trade name of Nomex.

In 1972, DuPont(US) achieved the industrial production of para—aramid fiber, with the
trade name Kevlar.

In 1975, the gel spinning process was adopted in the Netherlands to successfully

produce ultra—high molecular weight polyethylene (UHMWPE) fiber.
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In 1985, the first industrial production line for basalt fiber in the world was completed
by the Ukrainian Fiber Laboratory.

In 1990, Lyocell fiber was industrialized, and its eco—friendly solvent spinning
technology drove the green upgrading of man—made fibers.

In 1994, the Kanebo Corporation and Shimadzu Corporation of Japan jointly developed
the 100% spun polylactic acid fiber (Lactron™).

In 1997, Outlast Technologies of the United States obtained a patent license for phase
change microcapsule technology from Triangle Corporation and began to produce and
market heat—storage and temperature—regulating microcapsules fibers.

In 2000, Jilin Chemical Fiber of China completed the lab—scale trial of bamboo fiber,
and it achieved the batch production of bamboo pulp in 2002.

In 2005, polylactic acid (PLA) fiber achieved large—scale commercial production,
marking a milestone in the industrialization of bio—based synthetic fibers.

In 2008, Weihai Guangwei Composites of China achieved a breakthrough in the
engineering technology of T300—grade carbon fiber, breaking foreign technological
monopolies.

In 2015, Zhongfu Shenying Carbon Fiber Co., Ltd., China achieved the engineering—
scale production of T§00—grade carbon fiber, marking the entry of domestically produced
carbon fiber into the high—end application field.

In 2017, China achieved the localization and large—scale production of Lyocell fiber.

In 2020, the global output of bio—based fibers exceeded 2 million tons. Fibers such as
PLA and PHA withessed rapid growth, establishing bio—based fibers as a core driver behind
the green transition of the fiber industry.

In 2022, China achieved a breakthrough in the key technologies for MbbJ—grade high—
modulus carbon fiber, with the performance of domestically produced carbon fiber reaching
the international advanced level.

In 2025, International Composite Materials (ICM) launched an ultra—high modulus glass
fiber with a modulus of 100 GPa, which is tailored for thermoplastic wind turbine blades.
This innovation addresses the challenges in wind blade recycling and facilitates the green

closed—loop development of the wind power industry.
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