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NEW FIBER NEW WORLD
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China chemical fiber industry continues its upward growth in 2017, and the
profitability of high quality enterprises creates new heights. Xinfengming,
Taihua, Weihai Expansion and other enterprises have completed their listing
on the mainboard of Shanghai and Shenzhen stock markets and become
the focused issue of capital markets. China Fiber make triumphant news
frequently in innovation of science and technology, with its project of “the
key technology and application for the industrialization of dry-jetted wet-
spun kiloton high strength / 100 ton medium modulus carbon fiber”
being awarded the first prize of national science and technology progress,
cellulose fiber synthesized by solvent method have been localization..
China Fiber has entered the new era of strategic development. Flexible
manufacturing, recycling, bio-base, functional fiber and other key
R&D plans have made their debut, intelligent manufacturing, green
manufacturing and strong base project have concentrated strength and
the branding projects such as national industrial awards and individual
champion prizes have displayed the strength of fiber. We should hold the
new situations in the new era and implement new strategies on the basis
of new concepts, as new visions must lead to the birth of new actions.
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New Image of China Fiber

(=) FEHE, H—RILEHHNERE

TR . ASREERMRMXBENT, BEEDIKEN "TIEaH 3.07 K& Tl Fam 407
B, BARBUBRIRESERR, WIEBN. =itE. KEUE. BohEEK. 3D 4TEN. BaEflsiA. ;T
BN UBERRUNEYR. FIMHEMEERETERERS, FaEmRAHS, 28
T Es,

EREANPERSHER, BREDLFER. BRAGERSN. BRERZE. NYAE
TUEFR, BT, Wk, BRASHIBERR. FMHRERSHN ZMNA,
TETEBEHEHL. S FRN, MAMEEFEFRSINSHRERE, SAMEREH
&R ER L,

A. Made-in-China:

Subject of new industrial revolution

As the world entered the era of Industrial Revolution 3.0 and the Industrial
Revolution 4.0 era, promoted by the developed countries and areas like
Europe, the United States and Japan, technical innovation becomes extremely
active. With the endless disappearance of the old and the emergence of the
new in the areas of the Internet of things, cloud computing, big data, mobile
internet, 3D printing, intelligent robot, shale gas, renewable energy, biomass
and new materials, technical progress was constantly made to give birth to a
new round of industrial revolution.

As the largest manufacturing system in the world, China focuses on promoting
economic recovery, enhancing comprehensive competitiveness, ensuring
energy security, responding to climate changes and other needs. Through the
extensive integration and wide application of digital, networked and smart
technology with renewable energy and new materials, China manufacturing
system cultivates new industries, new commercial activities and new modes
continuously, with a view to promote high quality development of China
manufacturing industry and realize the transformation of China from a big
manufacturing country to a manufacturing power.

B. New Materials for Fiber:
Strategic Commanding Height of Global

Innovation Drive
Driven by the new round of industrial revolution and based on its own

advantage, global fiber material industries expanded development channels,
innovated development plans and strived to seize the strategic commanding
heights in each subdivision area.

The United States has launched revolutionary fiber and textile programs, set up
innovative institutions for fiber and fabric industry, and focused on developing
the new generation of intelligent fiber and yarn technology and fabrics.

The EU has launched the plan of Horizon 2020, focusing on medical devices
and intelligent fiber products, high-tech non-woven materials for new industrial
development, lightweight high-performance complex fiber materials, advanced
materials for nanofibers, and anti-corrosion safe fiber materials.

Germany has released Future TEX program in Industry 4.0, focusing on
renewable fiber materials, client-oriented customized fiber products, and the
future emerging fiber material with intelligent fiber as its main body .
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Relying on the strong R&D capacity of representative enterprises, Japan
focuses on promoting the R&D and industrialization of research results in
high-tech fibers and high-end fiber products, and gradually occupied the
commanding height of fiber innovation and industrial strategy by means of its
comprehensive advantages and revolutionary innovation.

C. New Materials for Fiber:

Remolding New Era of Industrial Strategy

1. Reshaping New Era of Exploitation & Development

With the implementation of the innovation drive strategy of global fiber
industry, Chinese fiber industry keeps pace with the release of Outline of
National Innovation Driven Development Strategy and Made-in-China 2025
and the policies of supply-side structural reform, clarify the development
requirement for high quality, promote the implementation of new material
development strategy, and advance the innovation and development of the
basic new materials of functional fibers and bio-based fibers, the key new
materials like high performance fibers and the cutting-edge new materials like
graphene fibers. As fiber sector is intersected and integrated with emerging
technologies, an unparalleled multi-dimensional space for development
comes into being. Such a space turns out to be newly themed by extremity,
diversification, intelligence, green, integration and service with its application
beyond traditional fiber industry, providing key basic material and core
material for the sectors of advanced manufacturing, intelligent and functional
consumables, medical and health, environmental protection and prevention,
modern architecture and agriculture and new energy.

2. Remolding New Era of Leading Consumption Strategy

The innovation and upgrade of traditional manufacturing industry represented
by fiber industry have directly led to the transformation of consumption
structure from the basic consumption form included by food, clothing shelter
and transportation to the service form covering education, medical treatment,
health, culture and environment. Such a momentum becomes more and more
obvious with an increasing speed. It contains a huge consumption potential;

more importantly, the changes in consumption structure greatly improve the
performance of existing types of terminal products and constantly enrich the
involved scope of applications.

hEFERITHEIRE 2018/2019 CHINA FIBERS FASHION TRENDS REPORT



=. PEHE: FHEH

China Fiber: Making New Progress

(—) EMERELR A. Realizing High Quality Development

IR RER A ENEAS T ERERF DS R KM RS EEREME, 5F The basic feature of Chinese economic development in the new era is

BAE, SHESERYML. SEENER. SEENRE SEBNEASY. SEB Lhat Chinese economy has shllfted from high growth sltage to .hlgh quality
evelopment stage. High quality development means high quality in supply,

BN D EC S R ERE RS, demand, disposition, input and output, income distribution and economic

FREFETIAME TR EA . MAEFEM. BIEKE ), BEREESRENERER, cycle.

DU LA MEMM R ENT L, HINARFRETE. WXRTE, phhTE, B52BRLETEK, Chinese fiber industry has constantly changed its development mode,

SUBATERELS, B HahEE, BRSAEFA, FAREILSAL, SRR A T4, optimized its economic structure and shifted its growth momentum.

It always adheres to the high quality development path and takes the
supply-side structural reform as the main line. It aims at promoting
transformation in quality, efficiency and power, and improving total
factor productivity. It makes effort to eliminate ineffective supply,
cultivate new dynamic energy, reduce costs of real economy, expand
high quality incremental supply, and thus realizing dynamic balance
between supply and demand.

B. Constructing New Path for Development

The socialism with Chinese characteristics has entered a new era. The main
contradiction of Chinese society has been transformed into the contradiction
between the growing demand for better life of the people and the
imbalanced and insufficient development. The demand of people for quality
of life is increasing, and that for performance of products turns continuous
diversification. With the innovation of technology and renewal of products, it is
possible to satisfy all needs step by step.

Chinese fiber industry will continue to accelerate the development of
high-tech materials, high-valued biomedical materials, energy-saving
environmental-protective materials and resource-circular-using materials,
and widely use them in fashion apparel, medium-and-high-end textile
products and industrial textiles, so as to make public life surrounded by
more environment-friendly and multi-performance quality products. In
addition, new materials for the key strategic areas such as aerospace,
marine equipment, wind power equipment, new energy vehicles and civil-
military integration are always the focus of development. New growth
point will be cultivated in medium-and-high-end consumption, low-carbon
and health-related areas to form new dynamic energy, so as to promote
the transformation from Made-in-China to Created-in China, from Chinese
speed to Chinese quality and from Chinese products to Chinese brands.
Through further comprehensive development, Chinese fiber industry will
fully meet the requirements for people to have a better life.

8 hEFERITHEIRE 2018/2019 CHINA FIBERS FASHION TRENDS REPORT
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C. Establishing Green Development Community

In the twenty-first Century today, environmental protection is a fashion
and even a responsibility. Driven by the basic national policy of conserving
resources and protecting environments, all industries implement the most
stringent system of ecological and environmental protection and develop the
development and life style in an environment-friendly manner, with a view to
build a beautiful China, create a good production and living environment for
people and even make contributions to global ecological security.

Chinese fiber industry insists on strengthening the disposal of solid waste and
garbage, improving pollution discharge standards, reinforcing the responsibility
of polluters, streamlining the systems of environmental credit evaluation,
mandatory disclosure of information and severe punishment and penalty.
We shall establish the environmental governance system, the green technical
innovation system, the safe and efficient energy system and the optimized
ecological safety barrier system, which are led by the government with
enterprises as the subject and social organizations and the public as the joint
participants, creat the GREEN FIBER brand and Collaboration for Sustainable
Development of Viscosse. Chinese fiber industry shall actively participate
in global environmental governance to become an important participant,
contributor and leader in construction of global ecological civilization.

The construction of ecological civilization is the cause that takes pains for the
moment but make gains for the future generations. Chinese fiber industry
adheres to the concept of socialist ecological civilization, and behaves bravely
in self-purification, self-improvement, self-innovation and increase of self-
competence, so as to promote the formation of a new pattern of harmonious
development between people and nature, and to make the efforts of our
generation to protect ecological environments.

Our missions call for responsibilities and our missions lead the future. Let us
work together for the realization of the Chinese Dream and the open-up of a
"new fiber vision".
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China Fiber: New Vision
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A. New Vision of Idea Innovation

1. All-dimensional Concept

The fiber innovation system in the new era covers the whole process of fiber industry. It aims at world
cutting-edge science and technology of textile industry, strengthens basic research to achieve prospective
study. It expands the implementation of major national technical projects, highlights the innovation of
key common technology, leading frontier technology, modern engineering technology and disruptive
technology, to provide strong support to build China into a power in science and technology, quality,
astronautics, transportation, digital application and intelligent community. The fiber industry shares its
creation with delight. With the deepening of innovation, the logic of life and significance of innovation

within fiber will be exhibited, which will further improve public values and construct cultural harmony.
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The fiber innovation system in the new era supports national innovation system and strengthens strategic
technical forces. We shall deepen the reform of science and technology mechanism, set up a technical
innovation system that takes enterprises as the main body and market as the orientation with the deep
integration of production, teaching and research, enhance our support for SMEs' innovation and promote
the transformation of scientific and technical achievements. We shall advocate a culture of innovation
and strengthen the creation, protection and application of intellectual property rights. We shall train a
large number of internationally strategic science and technology talents, technical leading talents, young
scientists and technicians and high-level innovative teams, and give full play to craftsmen spirit. We shall
adhere to creative transformation and innovative development, continuously forge new splendor in textile

and chemical fiber industry,

and thus making the fiber industry leap.

2. Multiple Dimensions of Horizon

The fiber industry in the new era attaches more importance to social responsibility, terminal consumption
and future development. Technical innovation in fiber materials is disruptively promoting the development
of fiber industry, fueling new generation of fiber industry. It is featured with multifunctional and ultra-
high performances such as intelligent functions, ultra-high price/performance ratio, ultra-high added
value, ultra-high industry-drive effect and low carbon. Its applications go beyond traditional fiber
industry as it acts as the key basic material and core material for advanced manufacturing, intelligent and
functional consumables, medical treatment and health, environmental protection and prevention, modern
architecture and agriculture, as well as new energy. It is the critical point for breakthrough in national
supply-side structural reform.

In the new era, the fiber innovation is embodied in its multidimensional integration. The raw materials of
fiber mainly come from oil products and form a diversified system. The competitive advantages of new

types of fiber are enhanced

to develop the new pattern of professional industrial chains. The popularization

and application of nanofiber and other cutting-edge technology give birth of new industrial development
system. New business modes with integration of innovation and capital promote the optimization of
resources and factors of integration of fiber industry, and form the new system of inclusive development.
The integrated innovation platform supports the rapid response system. Based on consumers’ self-
realization of personal demands, the system of customized fiber material is developed to bring broad
development space for the demands of diversified innovation.

B. New Vision of Strategy Innovation
1. Resource Sustainable Strategy
Starting Point: to promote the utilization of non-oil resources and solve the problem of pollution in

the process of production and after the use or obsolescence of products.

Representative Products:

Bio-based chemical fibers include PLA, bio-based polyamide 56, lyocell and other fibers. The origin of the
raw materials is wide for all or some of them come from biomass materials which reserves over 100 billion
tons including agricultural, forest and marine resources. The relevant products are biodegradable.

Recycle and reuse chemical fibers include regenerated polyester fiber, regenerated polypropylene fiber,
regenerated high-performance fiber and related chemical fibers. The abandoned polymer and waste textile
materials can be recovered and processed into fibers to realize comprehensive recycling of resources.

The dope-dyed chemical fibers include polyester fiber, polyamide fiber, polyurethane fiber and regenerated

cellulose fiber. The non-ferrous fiber made from spinning liquid or melt containing colorants reduces the

pressure of environment-protection of traditional printing and dyeing methods.

New eco-catalytic polyester fiber is made of polyester fiber which is prepared by new titanium catalyst, with

no emission of heavy metal during printing and weaving process, which makes it environmentally friendly

and safe.
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2. Energy Greenization Strategy
Starting Point: to save the consumption of oil, coal, water and other resources during application.

Representative Products:

Carbon fiber aims at saving oil by means of the design of light weight of automobiles. The carbon fiber
wind turbine blades can efficiently use wind energy and save electricity and coal resources.

Super fine denier polypropylene fiber and nano polyamide fiber are featured with high temperature
resistance, flame retarding and electrochemical stability. They can be made into nonwoven battery
diaphragms that are used for nickel cadmium and nickel hydrogen batteries, which are applied to laptops
and mobile phones. These fibers can directly affect the capacity, recycling and safety performance of these
batteries. Besides, the demand for nonwoven battery diaphragms used in power supply and batteries of
electric vehicles is also increasing year by year.

Geosynthetic fiber materials can save water for agricultural use.
Separated functional fiber materials can be used for repetitive use of industrial water.

3. Environment Ecologicalization Strategy
Starting Point: to preserve ecology of soil and water and reduce air pollution.

Representative Products:

High temperature fume filter materials include polyimide fiber, aramid fiber, polyphenylene sulfide fiber
and polytetrafluoroethylene fiber, to achieve air purification and air control.

Fiber membrane filter materials include polypropylene fiber membrane and polyacrylonitrile fiber
membrane, to realize sewage treatment and recycling of industrial wastewater and sewage.

Geotextile fiber materials include engineering fiber and high-strength polypropylene spunbonded
nonwovens, to realize three wastes storage, prevention of leakage and volatilization in landfilling, soil
pollution control, mine ecological restoration, heavy metal pollution control, and ecologically protecting
slopes via reinforcement of forestation.

4. Healthy & Wearable Strategy
Starting Point: to make innovation and production based on human-oriented daily life and bring
more convenience and better experience for all walks of life.

Representative Products:

Functional fibers including the distinguished ones with antibacterial, antifouling, quick drying, conductive,
heat-emitting and radiation-preventing properties are widely applied in smart clothing, medical treatment,
military actions, sports and special occupations. They promote the healthy development of textile market
diversification.
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5. Security Integration Strategy
Starting Point: to provide the overall security solutions to various projects
such as infrastructure projects, promote integrated development of the
engineering jointly implemented by the military and the civilian, further
broaden the application in medical treatment.

Representative Products:

Safe protection fibers including the ones used in the special working uniform
with flame retarding, radiation prevention, high temperature resistance and
anti-cutting, for personal protective purpose are applied to the solutions
to natural disasters, public health and sanitation incidents, as well as major
diameter high voltage water ducting and draining hoses, relief tents, assault
boats and suits for quarantine of high level virus and epidemic situations.

Fibers in national defence including the ones with high strength, high
modulus, high resistance or wear resistance are widely used in police uniforms,
bulletproof clothes and protective suits.

Fibers in the medical field including natural polymer materials like collagen,
chitin and chitosan, and synthetic polymer materials like PCL, PHBV and PGA
are widely used in medical bandages, masks and surgical suits.

6. Lightweight Strategy in Aeronautic and Astronautic
Equipment
Starting Point: to apply new fibers in high-end equipment in sea, land
and air to improve performance of equipment.

Representative Products:

Fibers including aramid fiber (1313 and 1414), carbon fiber, UHMWPE fiber,
PPS fiber, PEEK fiber, PSA fiber, PTFE fiber. PI fiber, high silica glass fiber,
special glass fiber, basalt fiber, as well as ceramic fibers of alumina and silicon
carbide are mainly used in aeronautics and astronautics of C919 aircraft, ship,
navigation fields of offshore drilling platform and marine cable, and land
transportation of Renaissance EMU and Harmony EMU.

The world is changing all the time, so is China. There is no end for practice
and innovation. The textile industry must keep pace with the times, constantly
understand the rules, and keep advancing theoretical, practical, institutional
and cultural innovation, promote the further integration of fiber industry with
the cutting-edge areas of Internet, big data and artificial intelligence, cultivate
new growth points in medium-and-high-end consumption, innovation
guidance, green low-carbon, shared economy, modern supply chains and
human capital services, and form new dynamic energy.

We shall keep advancing the reforms of fiber industry in quality, efficiency
and driving force to achieve integration of innovation. All the sectors of fiber
industry are expected to make joint efforts, adhere to the original, draw on the
foreign, face with the future, display China’s wisdom, with a view to build up
Chinese spirits, values and strength, provide material and spiritual guidance for
Chinese people, highlight the infinite vitality of fiber industry and commonly
witness the great leap of fiber industry.
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new historic mission, opens a new

embarks on a new journey to promote the in-
depth fusion of science and technology, culture,
ideas and civilization, and fuels the development of
Chinese manufacture. Chinese fiber never forgot
its original mission as an important participant,
contributor and leader of the global ecological
civilization construction. As a result, it fulfills its
dream of building a green, healthy and beautiful
China in perfect harmony with the environment,
medical care and transportation. Chinese fiber
keeps its mission firmly in mind. By virtue of its
industrial advantages, it assumes its responsibility
as the major power and the spirit of one for all to
build a new platform for international cooperation
through collaborative development, add new
forces and establish a community of shared destiny.
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iber compre enhancest e depth and
breadth of industry-university-research cooperation,
expands the space for its multi-dimensional
development, and continuously improves the
innovation on science and technology, system
engineering , service and brand and further builds
up its innovation system. Chinese fiber broadens
the sources of the raw materials, gives full play to
market advantages and establishes an innovation
system platform. By utilizing the advantage of
the addition effect of the intelligence, green and
flexible manufacturing, Chinese fiber encourages
the combination of industry and capital in all
aspects and makes equipment and international
docking to create a leading-to-dominating China
model, further achieving a jump in the industry
development model.
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Technology intermingling:

Chinese fiber integrating with intelligent manufacturing leads the industry
transformation and helps China shift from “Made in China” to “intelligent
Manufacturing in China”. Chinese fiber integrates the green manufacturing
upholding the concept of “Lucid waters and lush mountains are invaluable
assets”. The world's largest renewable resource industry chain is being created
adhering to the environmentally friendly manufacturing and sustainable
development. Chinese fiber integrating with high-tech speeds up its melting
the fusion of cutting-edge technology such as energy, big data and artificial
intelligence with nano-materials, bio-materials and grapheme, which sets up
the core competitiveness in the mid- and high-end industry chain.

Product intermingling:

Chinese fiber developed from passively meeting the demand to leading
the demand, creating demand and takes the initiative to integrate with the
terminal products to convey the connotation and concept of the fiber. Fiber
design pays more attention to the brand image unveiling green, function and
cultural values. Fiber development lays more stress on cross-border integration
with optics, electronics and intelligence. Fiber manufacturing focuses more
on the new trend of low-carbon economy, green development and quality
improvement.

Application intermingling:

Chinese fiber focuses on the professional subdivision, customization and
expanding its own development space and continuously meets the new
application directions, demonstrating its diversified development. The
development of Chinese fiber implements the in-depth integration with the
military and civilian fields. The high-performance fibers gradually diffuse from
the aerospace and high temperature filtration to the civilian areas and they
are thus from the high-end fields into the household life. The development
of Chinese fiber combined the functional application and high-technology
together. The civilian fibers break through traditional apparel applications,

gradually into the industrial applications, contributing a new choice for the
engineering application.
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Technical progress:

Technical Transcendence: The technology transcendence of the key materials
preparation has been realized, breaking through the resource constraints
and forming China's unique making systems in bamboo fiber, bio-based
pentylenediamine, adipic acid and chitosan. The technology transcendence of
the functional fiber preparation has been realized including the the preparation
and modification technology of grapheme, multi-functional and efficient
preparation technology and multi-component copolymerization modification
technology. The technology transcendence of the high-performance fiber
has been realized. The breakthrough of the industrializing technology of dry-
jet wet-spinning for high-performance carbon fiber and the key engineering
technology of dry-spinning polyimide fiber achieves the 0 record. The aramid,
UHMWPE, basalt, polyphenylene sulfide and other high-performance fibers
have realized the domestic production of the important strategic materials.

Progress in products:

Product Transcendence: The transcendence of multi-functional and high-
quality products has been realized. Chinese fiber is more concerned about
social responsibility, end consumption and future development. A technical
system for the fiber back-end product development has been established,
which eventually presents eco-antibacterial and full spectrum heating and anti-
dripping flame retardant products and other new products for downstream
applications and consumers. The transcendence high-performance products
has been realized. Following the feelings of the home country, carbon fiber,
aramid, high strength and high modulus polyethylene fiber and other high
performance fibers have been self-developed to support national strategic
emerging industries. The transcendence of environmentally friendly products
has been realized. Assuming the sustainable responsibility, the dope-dyed
polyester, polyamide, cellulose fibers, bio-based and recycled fiber have been
developed to promote the sustainable development of fiber industry.
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CHAPTER ONE

gk = FIBER - ECOLOGICAL
NEW FIBER/NEW WORLD _ RHYTHM

FBES, HE@Esh. MEXTFRE, WRMMIE, WSHREREMRBLIFE,
AFRRRET. PEFLMNERFRIISHRENERE, EMMAREREF-SRHN“RETHE"
RMF. FEHER), FEFERAZREME. BEMIEAR, RNABERRERTETLHF
A ERRES:; BIERD, RITRERERR, KMEIBHRBHRKER, BORE
BRFVIEHROFREE, ~aEsh, RATREAR, BFFLFEFECRNRNTEE
RE¥E, SRZEA. IREMIEZR,

Enjoy the green ecology and fashion rhythm. Environment is
about people's livelihood, and environmental protection forges
the fashion. Now it is the time for fashion to take the initiative
to assume its social responsibility and endorse the environmental
protection. From the consuming environment to the harmonious
development with the environment, Chinese fiber played the
"green fiber" symphony from raw materials to the products. In
raw material rhythm, Chinese fiber adopts green materials and
clean processing technology to realize the continuation of the
renewable resource gene on the fiber carrier. In manufacturing
rhythm, we have designed the green manufacturing system to
realize the clothes circulation of the waste textile and reduce the
environmental issues caused by abandonment or disposal. In the
rhythm of the product, the non-dyed technology is utilized to
endow the fiber with various colors at the same time saves the
energy and consequently the fabric and garment processing system
change.
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Processing technology

(1) BRI EBETBERTH
RBELHEFARET NMMO/ KBGAFIART, RIBELHTAR, EFBUIREHLHS
BORTAT AR ET R LT Ho

(1) New Solvent RegeneratedRegenerated Cellulose Fiber
The cellulose is dissolved in a solvent system of NMMO / water to prepare a cellulose solution, and then a
regeneratedregenerated cellulose fiber prepared by dry- wet spinning.

nF
Bamboo NMMO
s : WANEBE
Jﬁ;ﬂé ME fﬁﬁ? Lis BB m R
Flax Pulp Dissolution Flllering &, defoaming
New Solvent

Regenerated
WA Cellulose Fiber
’ S EBE A RAENEIRTEE
Wood e ;
Schematic Diagram of Preparation Procedure of a Regenerated

Cellulose Fiber

EME | AN e
Biologically Based Fiber __5* § 53’ _5%.\

BT EBEFERTHEN WEREBEAFERTETRE

New Solvent Regenerated Cellulose Fiber New Solvent Regenerated Cellulose Fiber
Structure Pretreatment

wEAR | 0 () 1coll @

Brand

ORICELL

(2) B 56 T4

WEFIEH

Recommendation Reasons

%FE;%IEEFB‘Z*ZE?E HNEMRERA, RUABEEREFEH A LR

» SIMERBIHR, MATESHEMENIARABEFERTERN
100% RRF B, 100% S ER SRk, KNeEHEARNTRE
E; EMERER 56 F4ETHRERCIEA, FHEBREMLLTF. R,
MR RESF. BRE. AFEME.

It adopts cleaner processing technologies or advanced bio-polymerization technologies
to fulfill the continuation of renewable gene on the fibrous carriers and lead the green
consumption. The new solvent-based regenerated regenerated cellulose fiber is a blend of
comfort and fashion, which is 100% natural and able to completely degrade into carbon

RKATBEEMERE, FMEEMER, fIEREREE BLS
IBRGLFIEEREMERM KL, EFBELY,

(2) Bio-Based Polyamide56 Fiber

It utilizes renewable bio-based raw materials to prepare the monomer
materials through biotechnology, and then obtain the bio-based polyamide
filament, staple fiber or bulked continuous filament by polymerization and
melt spinning.

E%’ﬁﬂa
HETEE .
Process of preparation Blotransformatmn

EMEE EMEESY EETY "
dioxide and water, enabling endless reincarnation of all life cycles. Bio-based polyamide 56 Biological raw material Bio-based polymer  Biologically Based Fiber L

fibers originated from demestic original technology, which showshigh water absorption,
high flexibility, low temperature resistance, easy-dyeing and the essence of the flame
retardant.

hEFERITHEIRE 2018/2019 CHINA FIBERS FASHION TRENDS REPORT
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Characteristics of Fiber and Product
FEME:

Main specifications:

(1) FAFEBEFART S
TEABE : 1.11 dtex ~ 1.67dtex
TP E : 2.20 dtex ~ 3.30dtex

(1) New Solvent Regenerated Cellulose Fiber

Normal cotton type: 1.11 dtex ~ 1.67dtex T
Normal Medium-long Type : 2.20 dtex ~ 3.30dtex FiberCross-sectionYarn

(2) EYMERERRR 56 (T4

Q471 1.65~3.8dtex X 38~7T6mm (18F, E&);

K2z FDY. POY. DTY. ATY, 22~110dtex;

AR AL) (BCF) @ 556~4400dtex/50-150F

(2) Bio-based polyamide 56 fiber

Staple fiber: 1.65 ~ 3.8dtex x 38 ~ 76mm (cotton type, wool type);

Filament: FDY, POY, DTY, ATY, 22 ~ 110 dtex;
Carpet Bulked Continuous Filament (BCF): 556~4400dtex/50-150F

K& (FDY) #H42 (DTY)

24T (Staple) [ {&4£Y (BCF)

FRERINIE:

Standards and Certifications:

(1) FBAREBEF LRI S
(FF/RIRLAE) (FZ/T52019-2011)
(GRFRRIQLFLE) (Q/0783YL001-2015)
(1) New Solvent Regenerated Cellulose Fiber
Lyocell Staple Fiber (FZ/T52019-2011)
Lyocell Staple Fiber (Q/0783YL001-2015)

(2) EYERERR 56 4

2% (fResEe4) (FZ/T52002-2012)
{PAGE D) (HG/T 4182-2012)

(2) Bio-Based Polyamide56 Fiber

Nylon Staple Fiber ( FZ/T 52002-2012)
Nylon66 Chips (HG/T 4182-2012)
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SFutrge M FlRiTR:

Fiber Performance and Product Features:

(1) BRI EBEFERTH

New Solvent Regenerated Cellulose Fiber

@) - EME. BEIMR. TEYRR
@ Bio-based, green and biodegradable
. HETORBES. WEME. BSMT. BNGE
\ |/ Fiber has a high dry and wet strengths which is hygroscopic,
— breathable, affinitive and comfortable.

- PR, e, kg eFEMLR

Easy to dye and color, resistant to laundry, excellent color fastness

@ - AYFRBR. EMEL, RAUEEIHIEAMR

Fabrics feel smooth, and are similar to silk, which are fibrillated to
achieve the effect of the peach skin velvet.

% - RYERERERTRE, RARITE

1)

/' Fabric size remains stable after post-processing and washing, and
it is easy to take care, and free of ironing.

MBREBEMERMES BB ETERTEERILR

Comparison of Properties of New Solvent Regenerated Cellulose and Conventional Regenerated Cellulose Fibers

45 FogE TLERFE e AR VAT IEE
Fiber Category Dry Strengthen | Wet Strenghth Comfort in high-end apparel
(cN/dtex) (cN/dtex) applications
HAREBELTA
ESiE 3.50-4.00 3.20-3.70 Fok Ak

New Solvent Regenerated
Cellulose Fiber

ERiLiireag

Ordinary Viscose Fiber 1.90-2.50 1.10-1.40 % %k Kk

/o

BRIER HR{EER

The softness of cotton Environmental Health

34

(2) EYMEZRERRR 56 T4
Bio-Based Polyamide 56 Fiber

A - ZNTH: BRELRE, PIHIHR ARNVNEFESYL,
‘ BRI R, R3S a4 HB4E T4

Easy to process: Its melting point is close to the polyester, which can be spinned
in copolymerization, blending and twin-screw compounding, and is excellent in
melt flow, especially suitable for spinning ultrafine fibers

KA - REMRR: B 45%~6.0%, AMR>30, WTEIZEME

\g") BRRRETLER 2 (5

Good Hygroscopicity: Moisture regain 4.5% ~ 6.0%, EKMR> 3.0, moisture

absorption capacity is 2 times of other polyamide fibers

- SEREN EEMURRE, LBaRER, BFER, THEE8

) Easy to Dye: Suitablefor atmospheric pressure and low temperature dyeing with
fast coloring, high color fastness and fading-resistant

o AR A RAYIRIRETEER (LOD > 30

\‘/ Inherently Flame retardant: Limit Oxygen Index (LOl)> 30 for fibers and fabrics

EYEERERAR 56 FEYIRIEIR

Physical Properties of Bio-Based Polyamide 56 Fiber

taE LEMLFDY | ML DTY | 5844 | BiAL BCF
: : Full Draw Yarn Draw Texturing | Staple | Bulked Continuous
Physical Properties FDY Yarn DTY fiber | Filament BCF

Wr345RRE (cN/dtex)

Break Load (cN/dtex) 4.0-5.5 3.5-5.0 3.5-5.5 1.9-25
e B e 12 (0,
&ﬁ%ﬁlk (%) 25-55 25-50 35-65 40 £ 15
Elongation at Break (%)
FhIKUGE (%)
Shrinkage in Boiling Water (%) s <t - s
/N2 [G]ERZR (0
AEE/@$ (A)) 4.5-6.0 4.5-6.0 4.5-6.0 4.5-6.0
Rate of Moisture Regain (%)
EMEE (10% F2E)
Elastic Recovery (10% Deformation) e Ao - -
BRI AL
MESTE A Jokkkd  dkokktr PO gk
Abrasion Resistance ) ke

&1 RBPESRINGE GB/T 14344, EIHESIEIRE GB/T 6503
Note: Stretch referencestandard GB/T14344, moisture regain reference standard GB / T 6503
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1.3 MAFEAR

Application Technology

(1) WBFEBETHRTHE

ZERAR . PREEEAHEERRHREG T E,.

RN L INIE S RIBEFI BB FIEMA LRI S RIS,
EXEM. PUONIRRES. NEE. BER, BRIHFELTNE
Ko ZREVRERT 90°C, BFElF 20min,

(1) New Solvent Regenerated Cellulose Fiber

Dyeing technology: the temperature reactive dyes Remazol are the most
suitable for dyeing.

Spinning technology: Spinning with an appropriate amount of grinding aid
helps to increase the cohesion and spinnability of the fibers. When recombing
and spinning, pay attention to light qualification, small drawing and slow
speeding to avoid the formation of the entangled hair fibers. Yarn steaming
temperature is less than 90°C for less than 20min.

(2) EMERELRR 56 474

AR, FEUREMETRY, EHERERELNEE
M. XBIVERE, ZRR6, BFER.

(2) Bio-Based Polyamide 56 Fiber

Staple fiber can be spun with cotton, wool and other blended fibers, which
effectively enhances the stability of the fabric. It adopts the low temperature
dyeing, suitable for dark dying with a high color fastness.

1.4 F4N

Fiber Application
(1) FBAFEBEALRTH
BTeMEE. AR 47 Ry ERRRUNEY) LARS.

(1) New Solvent Regenerated Cellulose Fiber
For high-end fashion, underwear, jeans, home textiles, medical supplies and
baby supplies.

(2) EYEBRERR 56 (T4

EATRLSHERE. ThRettbiirReE. HEASMHES. KE WRERB"%.

(2) Bio-Based Polyamide 56 Fiber

Applicable to various high-end clothing, functional protective clothing, pants, socks and various backpacks,
tents, carpets and other household products.

36

Q: MBFIEBETAERTHENERRNBESHEEMELTHMBLLAFI
Etahi?

A: FUBTEBE AR A ERAMUBHIER, BT L FEIMR.
IR R NATE. FHEMENNF IR, SENBEN Z,

Q: What are the performance advantages of Lyocell fibers compared to
other bio-based fibers?

A: Lyocell fiber uses a new solvent system. The solvent is safe and
environmentally protective, and harmless to the environment and human. It
has excellent mechanical properties, making it more widely used.

Q: EMEREE 56 FHBEELS 2 EABPEFLRITHES, i5
X LER, FEFRERA. i LETHEMIRRK?

Al EMARBT ZHEERE, EVERENAERS. BEYRR
RE, FHMRERSREYINREA . BRirmE5AR®EE. ZHF
Shmmhd. B R, NEREREEFET THNEDEER.

Q: Bio-based polyamide 56 fiber has been selected by China's fiber
trend for two consecutive years. Is there any new breakthrough in
technology and performance of fiber products in recent years??

A: The biological fermentation process is more and more stable, and the purity
of the bio-based monomer is improved, and the quality of the polymer is
stable, and the fiber performance and dyeing uniformity have been improved.
At present, the products have established supply chains and cooperation lines
with underwear, sports outdoor, carpet, fashion home brands and so on.
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B BET RN
Recycled Spun-dyed Polyester Fiber

Brand MEW MATEHIALS

K& é m=mm E® JAREN
GRERIAL

WEFIEH

Recommendation Reasons

UEBSARMRERERAREN, RAOMNBEIRRRPNEG, S64%565E
BiEA, RASENFLRMFLTHE,. BRZIEHOAFERT. NMATR
HREIIRE. HRHFMH,

Using waste textiles and polyester waste as raw materials, it fully uses the color of waste
resources, combining the spun-dyed technology, to achieve high value of development
and the closed loopcircle of the fiber to fiber and fabric to fabric. Applications have been
extended to clothing, home textiles and other fields.

2.1 FIERAR

Preparation Technology

BRERL. BH BNLEREEWE. BEEHITEER, BRENPENREYEZEL. T8
RSN BERBBRANETF, WrIEZEEFN BHET(NE PRI CE ), K48%55
REBESTR; BIELANIZRMEREBNRIEIEH, REHTEEESTTIRS
#HIEENNBEREKZ,

Waste polyester fiber, scrap pieces, scrapfeiber and other raw materials after crushing and weighting will
be alcoholyzed to generate the monomers and oligomers which will be made into recycled polyester melt
or chips by esterification, filtration and polycondensation, or they can be directly alcoholyzed as BHET (bis-
hydroxyethyl terephthalate), to obtain a polyester melt or chips by polycondensation; another pathway is
through the online addition process to achieve the dope dyeing and liquid state polycondensation, and
then to obtain the differentiated recycled polyester filaments by melt or chip spinning.

153 | K3BE o Ba
Transmission / B7k Storage Polymerization
comminution Dehydration | EiR
) je s Alcoholysis e
B /ﬁ / TLIE Drying i i
Cleaning / precipitating ilamentation

- |ﬁmq"1"=m—

- [ —
. /‘Eﬂ e o
L EdE

EefRsE BHET Hal 1 BHET Ha)E 2
. - Alcoholysis kettle BHET centered kettle 1 BHET centered kettle 2
of waste materials

Dicing

38 2

Filtering 2

KB 455 2

Polycondensation 2

R 1
Polycondensation 1

Filter 4 Final polymerization

POY ¢4
POY spinning
{6355 —BHET 34
Chemical Method - BHET route
P . NN .
Ry TAERER o TN B DMT 248
Raw material (smashing) 9 Storage tank Depolymerization ~ Filtrated separation  Hysteretic exchange DMT purification

4 J

I 2 Jowe o

L
‘F P g
Reuse of waste
- 0 ()

T X

EIrt24 i)l 25 DMT fi & ¥R
Spinning Sectioning Polymerization DMT storage tank Rectification
HFiE—DMT B4

Chemical Method - DMTroute
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2.2 FERFmRIFR

Fiber and Product Features
FEHIE:

Main Specifications:

aaig & B BEE
Type Specifications Colors Color Fastness

POY. DTY 33D~600ditex/36-576F 4.5 %
) N = Grade 4.5

i 4
FDY 22~600dtex/24-192F Block whiteand so on 45 %
Grade 4.5

BIFEE POY K& BIRELE DTY K& BIREE FDY K%
Recycled POY Filament Recycled DTY Filament Recycled FDY Filament
FRAERIAIE:

Standards and Certifications:

(BEHRE M) (FZ/T54048-2012)

(EERLTEMEL) (FZ/T 54046-2012)

Intertek RMH4rE. Oeko-Tex Standard 100. GRS IAIE
Regenerated Polyester Drawn Yarns (FZ/T 54048-2012)

Regenerated Polyester Partially Oriented Yarns (FZ/T 54046-2012)
Intertek Green Leave Mark, Oeko-Tex Standard 100 and GRS certification

FittRe RF MR

Fiber Properties and Product Features:

N BERRREERAR, FEOIMR, TTRSHR

The use of dope dyeing technology is environmentally friendly without secondary
pollution

- BERA. BFES

The color lasts longer with a high color fastness

- AmRE, PR B NRELST S

High fiber quality, and it can partially replaces the virgin fiber

40

2.3 AR

Application Technology

FTEEATNRIEER. BR SRFSLAY), FRFERE HHE.
BRI, FEREXEER.

Can be directly used for weaving or knitting, woven, warp and other types
of fabric to develop the flat cloth, flannel, fleece, polyester taffeta and other
fabrics.

2.4 TN

Fiber Applications

AREE: TEhAR. FIMRIPE

R Am: ®WE. LE. KR, BFE

PN Rm: BEKE 58%

Clothing: sportswear, outdoor clothing, etc

Home Textiles: quilt cover, pillowcase, bed sheets, curtains, etc
Outdoor supplies: camping tents, backpacks, etc

Q&A

Q: EIBKRAREHFHITO M E?

A: BRIEIAXRRNEWRESFEUT/IMAE : 1) UBENX. &
WHRRPIHEE ; 2) URZRRF. FR NEHRERERE
A ATHEREL ; 3) FANLEMYLEWRY TS ; 4 RmA
REALRBIEI,

Q: How do you recycle the used clothes?

A: At present, the recycling channels for used clothes include the following
aspects: (1) Social recovery represented by government organs and enterprises;
(2) Directional recycling mainly by public security system, schools and textile and
garment manufacturing enterprises ; ( 3) Make use of online booking to recycle
clothing platform; and (4) Recycle organized by public welfare organizations.
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£ - ElEEH

TGN e

NEW FIBER/NEW WORLD FIBER - TECHNOLOGICAL
h B S # R B B UPGRADE

Baas, FAERF. BHtERE, EREPEERKZE, PEFERRTERKHA,
T, SIEMAR. BEESEACRRERA, PEFERNFENERE, B
e, FRTREFEESUEARNNTRE; GERMERERRIERA, FHES5MH
RKERHAERE, “BRF+ HR"LASFENTEEEABTHERE, SUTAHBHRELS
LRI MR A,

et

:

We build up the concept of technology oriented to promote
industrial upgrade. Science and technology creates fashion and
reveals its beauty in the trend. The science and technology of
Chinese fiber rises continuously, new products have been created
and a new future is being opened. With the upgrade of polyester
ecological catalysis technology a new chapter in the ecological
development of polyester fiber is opened. Based on the technology
upgrade of graphene functional modification, "graphene +
textile " walks the graphene from the laboratory into people's
lives to achieve its scale application of the graphene in the fiber
applications..

i
il

|

Il
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Brand HENGYI o oy

r
——

WEFIEH

Recommendation Reasons

TEABERSIZREENEM E, RARRESELR, ENRAESEF
EEZREITE, FBHR. B2, FHERTAK. B4 LARETRKINA.

Based on high-capacity polymerization process and equipment, and addition of a new
type of ecological catalyst, no heavy metal is precipitated during the fiber printing, dyeing
and weaving process, which is environmentally friendly and safe, particularly suitable for
underwear and baby clothing.

3.1 H&ERR

Preparation Technology

ARENIERMARKRELT, 1T 250°CTEMRERY, AR 280°CTERREREE
HEREE, FNLEEEIRAREES H,

Titanium-based catalyst was added during the polymerization, esterified into oligomer at 250 ° C, and
then polycondensed into polyesters of high degree of polymerization at 280 ° C to obtain titanium-based
polyester fibers after spinning.

AR

Titanium-based
catalyst

RARETRA )R <2

FgEEE gRR
B, | K | IEEELS
Precondensation Polycondensation Titanium-based Chip Spinning /
Polyester Chips / Melt MeltDirect Spinning

Esterification

KRBT ANETIEE

Flow Chart of Titanium-Based Polyester Fiber Preparation

HDPE #&#} BRI B R N GILLFEIR A N BRI R
HDPE Feed Screw extrusion melting Spinning Box A Melt metering pump

EBEFE FoR=p i 22

Plasma Composite spinning

fatEitBR
Melt metering pump

SRRREEAA N mwesz N szsss N
Tltamum—b;seeléi polyester Melt booster pump Spinning Box B

RSB SR RESENEREE

Flow Chart of Sheath-Core Titanium Polyester Composite Fiber Production

3.2 FERFImFR ‘

Characteristics of Fiber and Products

RARRERKL RAREKLBEE
n .

EEE%M‘% o ; Titanium Polyester Filament Cross-Section pritanium
Main Speqflcatlons: Polyester Filament

RARBRBSK 22 . 55-167dtex/36-144 F
SRARBESIE4T . 1.33~1.56dtex X 32/38mm
BHEEHARELT: 2.38dtex X 38mm,
ER PE. BENEKR PET

Titanium Polyester Filament:55-167dtex/36-144 F
Titanium Polyester staple Fiber:1.33~1.56dtexx32/38mm

Sh h-C C ite Ti . Pol BEEEH%A BEE SR ARERES
. eath-Core Composite ‘ itanium Polyester B ELIGAT HEE
Fiber:2.38dtexx38mm, Sheath is referred as PEand the Sheath-Core Titanium Cross Section of Sheath-Core
- . Composite Polyester Staple Titanium Composite Polyester
core is Titanium PET. Fiber Staple Fiber
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FRAERIAIE:

Standards and Certifications:

(hERETEIINE) (GB/T 17593-2006)

(RZE /| BOEX_FR _ 8 (PE/PET) E5@a4) (FZ/T
52034-2014)

3833 OEKO-TEX Standard 200-2010. 1SO 9001, 1SO 14001 ZIAIE
Determination of heavy metals in textiles (GB /T 17593-2006)

Polyethylene / polyethylene terephthalate (PE / PET) composite staple fibers (FZ /
T 52034-2014)

Certified by the OEKO-TEX Standard 200-2010, ISO 9001 and ISO 14001

FettRe R F MR

Fiber properties and product features:

p) ‘REAR AEsTEESR

@ Environmentally friendly, and fiber itself does not contain heavy metals.
- BRAENES, FHLAT
High polymerization efficiency and good fiber quality.

- BEFREBLNIELTESENMY
No heavy metal is precipitated after dyeing and finishing

-
v

46

3.3 AR

Application Technology

AR RREIRER, RETZ5EIRLER,
EOESHRARERAMERMNG, FIAREISENANTELTM,
2 2RSSR ANXIERIER,

Fabric should be printed and dyed in a separate manner with the same dyeing
and finishing process of the conventional polyester.

After the skin core composite titanium polyester staple is combed into the net,
the hot air of the drying equipment is used to penetrate the fiber net, so that it
is heated and glued into the hot air nonwovens.

3.4 474N

Fiber Applications

ZHIRE. B4 AR AR BEAR. HAKRER. #WE. FFEEL
B, BRURNEEEBA™ERGNSmEL

For maternity clothes, baby products, feminine hygiene products, adult
incontinence products, shirt, jeans fabric, chamois, mask, and the high-end
fabrics that have strict limits on heavy metals.

Q&A

Q: NEGTHBRERE, REARBHRIGIERE?

Al DIEMAN AR RN EXERER B SRS AR BHRMITE
EAHNTIZINE G, MEESTASHNERESTZIND. KEE
FERAMAEASELT, THRHENLSSFEIRFLEEETRENE,
AEWIMRAKSHRES, FaEsE%s,

Q: From the market and consumer perspectives,what are the
advantages of the titanium polyester?

A: More and more developed countries represented by the EU will set the
qualification of meeting the green textile standards as a condition to enter
the market. The eco-labeled products are more welcomed by the market.
Titanium polyester adopts a new type of ecological catalyst. No heavy metal
is precipitated during its downstream manufacturing and wearing, posing no
harm to the environment and human body, which is in line with the ecological
trends.
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4.1 FIERR

Preparation Technology

REASEARE WEREE BERRUAREZSEATEHERESNAERE, BRAE
HEESRENERGERARIBINESN, FELRNSRARA. BERIASHRS2
& ARG Ho

Fh, REAIRARFESCABRRURS, FIEASRENRE 6 R, SBmgL
SRERERMR 6 T4, ZAEFERRTE. SREMEYMRS.

Graphene withhigh monolayer rate can be prepared by physical vapor deposition, chemical exfoliation
method and group-coordination assembly method. Then, the obtainedgraphene is composited with
different matrix to prepare graphene functional masterbatch, andthe graphene functional fibers is
produced through online adding method, blended spinning with polylactic acid and polyamide chips.

In addition, graphene can also be in situpolymerized with caprolactam to prepare graphene-modified
polyamide 6 chip, and graphene-modified polyamide 6 fiber is prepared by melt spinning, which has more
advantages of low moisture absorption, high strength, low elongation and other physical characteristics.

MRIEERE
FlERAR
—_—>
Preparation technology
of scaled intercalation _
dissection BR JaRn
(= aem | TR 5Lt
Graphite Graphene melting Melt Short fiber
blending spinning
aEFRL
AEHIEERE 6 (T4 e oo
J 414 hene- polyamid
A E eI aest Lt l ' i S s
£ RARY Y = ’a
Schematic Diagram of Preparation of Graphene WL ‘ K
- gm Modified Polyamide 6 Fiber Nylon chips . b o Filament
Graphene Mo ( 4 o W
¥ :.ﬁ-!%ﬁ
'_.'... Sy 1%‘.
1-% § n=||: Hﬂ —_— ) v oy \ .
= , BBRHEEERNS
Brand Healfiber — - - - Dispersion of graphene in the matrix
Wn v gy = = T L2 | 1
WHFER _ i
Recommendation Reasons o — B—
B QTR B
gy Gragvs Larioged Gaaphans Ayl Graghiess
BRHAENRRNSGEHNEHERRE. AEEEIWEER, BiTiR B e
RHESEXUAEE, HEHEIE. BRNANGRESAMEMETE, 98 s
~— - - o graphene
SEIVERITLII, WE. BRI MBRBESATIRE—A. ARG e ELT L
A, Vi
BELTLERVARLE S, Fa T ARFESIKERS A mIHAIE LN, — ; - ik
i i
- . . : 05 reini Thermal ()4 A S
Graphene with high single-layer rate and low lamellar thickness is prepared from biomass Leaning cracking _— 4 . . "
raw material or graphite, and its composite functional fiberwith highly dispersed and iy —_— “;{ﬁ FoF
highlyoriented graphene in matrix is prepared by blending or copolymerization with | EREA T BRI 6 SN EE
various of chemical fibers, which integrate the complex functions such as low temperature ENREBIEHSHE RUFSE RO SRR
Preparation Route of Biomass Graphene Schematic Diagram of In-situ Polymerized Graphene

far infrared, bacteriostasis, UV protection and antistatic effects.Large-scale production
of graphene-modified fibersleads to the commercial application in the field of high-end
healthy textiles.

Polyamide 6 Fiber
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et RE A TR
Fiber Properties and Product Features:

4.2 FERFmFR

Fiber Properties and Product Features @\ ARRIZALIN RHIEIR, ImMLIINE 512 0.88, ILLIMEETRF> 2.8
“\ / Low temperature far infrared: promote microcirculation, the far infrared
FEHR: emissivity is 0.88, and the far infrared radiation temperature rise >2.8

Main Specifications: - IR . BIETRRE, BIERER= 94.9%

RER (M) RIERIBEAE: 1.56dtex X 38mm Anti-mite and antibacterial: nurture the skin and self-clean with an anti-mite
ARG BRELRL 6 £T4E: 1.5dtex X 38mm(JE4T) . 7T0dtex/24RK ) rate >94.9%

Graphene (biomass) modified polylactic acid fiber: 1.56 dtex x 38 mm
Graphene-modified polyamide 6 fiber: 1.5dtexx38mm(staple fiber) ,
70dtex/24(Ffilament)

px gl

- UEREE L BN TR REY BT

Antistatic: conducive to skin bioelectric balance

- B B RERARPAANIE, ARGAAEAERRRETREEN
RIFRE, RERE. S, RMPERBR

Flame Retardant: Based on the mechanism of the coherent phase flame
retardant, graphene can form a dense protective carbon layer on the surface
of the fiber matrix to isolate the heat and gases to achieve the flame retardant
effect

M - VRSN RIMEFRIFFRE UPF > 105
UV Protection: UV protection factor UPF > 105

e
N

aEE (EYR) HERAR ARIGNIL R 6 414
T Graphene-modified polyamide 6 fiber
Graphene (biomass) modified
polylactic acid fiber
AEE (EYR) SERIBRFENEER

Antibacterial Properties of Graphene (Biomass) Modified Polylactic Acid Fiber
ARAERGAIE: REFEIEE S HEWHRENEE HESRENEE
Standards and Certificates: E. coli antibacterial rate Staphylococcus aureus antibacterial rate Candida albicans antibacterial rate
(1) REE (EYR) UERIBRTE Bﬁi’i > 98% > 99% > 98%
(CEERUERILERF4) (Q/370000JSQ 034-2018) S 50 % > 08% > 999 > 98%
(2) Egiﬁﬂﬂl’lﬁgﬁ%ﬁ? 6 Q:FQE After 50 times wash 0 ° 0
(5926 6 597022) (FZ/T 54007-2009) BB (£NF) BMELBRFTINET
«%% o é*éﬁ)) (FZ/T 52002_2012) Far Infrared Performance of Graphene (Biomass) Modified Polylactic Acid Fiber
Graphene modified polylactic acid fiber (Q/370000J5Q 034-2018) No. - frem . Reference Value
(2) Graphene-modified polyamide 6 fiber 1 Farﬁiﬁtﬁiﬁf(w >0.8 0.88
Polyamide 6 Draw Textured Yarns (FZ/T 54007-2009) 5 AT HMEEREF > 14 )3
Nylon Staple Fiber(FZ / T 52002-2012) Far infrared radiation ’ ’
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4.3 R AKAR

Application Technology

BN E G A ERE> 50%, LURIEEFEHAZIBEEINEEM R,
Proposed dosage for functional graphene modified fiber > 50% to ensure that the
fabric achieves its significant functional effect..

4.4 TN A

Fiber Application
BIATIRSHIIFARE. BFRIFIERE. ETIFERARRRS M.

It can be used for special protective clothing, health care clothing, medical care
products and textile fields.

Q&A

Q. AEKFUMTLEPNAEREHNEN A ERAERMELR
&2

Al ABBE—T ML, BERE. WENZEAZERK. BF
AERFRIEH—BLRM S BINAI 8 REN) BT R HERAY
R FAMN—F ZEimikl. WERZEREHKRIER2EHIE
10 BIAFE IR L5 1 B Bt BB HERR B0 B R F AR [B) 3 34 75 TUHESRAD AR
HN—i ekl RI|\L LR, ARGERHEMER, B
HUE, BARMEEEA,

Q: What is the graphene structure in graphene-modified fiber? Are
they mono-layers?

A: Graphene is a two-dimensional carbon material including single layer,
double layer and multi-layer graphene. Monolayer graphene refers to a
two-dimensional carbon material consisting of a layer of carbon atoms that
are periodically closely packed in a benzene ring structure (ie, a hexagonal
honeycomb structure). Double-layer and multi-layer graphene refer to two-
dimensional carbon materials composed of two or three to ten layers of
carbon atoms periodically packed closely in a benzene ring structure stacked
in different stacking ways. Depending on the process routes, the number of
graphene layers is different. The lower the number of layers is, the greater the
technical difficulty will be

e A e B o
SEEPEYS,

M )
fe st a%s

(= ===

BREER RERERH % (V) BEEFK
mono-layer grapheme Bilayer graphene Multi-layer graphene
(RIELUEBENES
(Van der Waals force between
the layers)
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The craftsmanship should be passed down to build our brands.
Chinese fiber works with its perfection spirit in the finest, focused
and innovative manner to ensure the fiber quality and set an
excellent international image of "winning by quality and leading by
science and technology" for Chinese Fiber Industry and promote
the transformation of Chinese products to Chinese brands. In the
pursuit of quality essence, Chinese fiber takes advantage of the
texture structure to create the resilient beauty between the dynamic
and static as well as fast and slow states. We are committed to be
users’ need, and cherish the original aspiration, always adhering to
the relentless pursuit of quality. Easy spinning fiber and disposable
fiber target the personalized processing of the downstream
customers and the consumer convenience.
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WEFIEH

Recommendation Reasons

HWAERAMERANEBNER, MNOFEH. F4mo E#TIRT, R
ARBRSE. WAR. ERFFRIAREFEEN, REFERE. RuL.
MEFEEE, RRUHERNIZ, REAMFREMR. FaERAMEER
HRIIBRRGEE, REFEMINAZER,

According to the deformation mechanisms and the characteristics of the fiber and fabric,
the fiber is designed based on the molecular structure and fiber composition, and the fiber
structure is controlled by the methods of isomerization, bicomponent and plying, which
can meet the requirements of anti-wrinkle, stretch resistant, and stress resistant properties.
The deformation resistance of fabric can be enfornced by improving or simplifying the
process. Product system spreads from polyester to polyacrylonitrile to meet the application
requirements in different fields

5.1 fI&HA

Preparation Technology

(1) PAREHEAREA L. TINRTFRASFREESALS HA00 EaFiIEHEHE SR
£T4E, T HA00 B PET M PTT E&MA, FAMMADTENIIEILRE, EAHERBKARN
HEREH,

High elastic composite polyester fiber: In texturing, cationic polyester fiber and H400 compound were
prepared into high elastic composite polyester fiber, while H400 was made of PET and PTT composite.
By the use of the different shrinkage properties of the two components, the fiber can form permanent
spring-like coil.

(2) MBS BMBETH: EENRETENEREA LXBOESEFLA. EE
SRS B, SLBERAT 26,

Fine denier porous fluffy polyester fiber: special making techniques including low temperature high-
permeability circulating blowing, low friction nozzle oiling and winding molding were employed in the
conventional production line of the polyester fiber.

s ) . .
BR/BIE e WER B4 158 HERAR ik 5 BRI
Polyester melt tra:s‘gglrltnaetion Turbocharging pump Melt cooler Static mixer Melt distribution valve

YRR HEn PRI LLA M 2045 RN /4 40 paile i
S Single plate spinning 5 \ir;eret Cooling of Rin (o]]] pumpin? into oil
assemb F 12 Blowing Quenc nozzle

RE FRRALE Lo dnsit]
Chimney Pre network Molding by winding

PE S ENRERTHT ZRE

Flow chart of Fine denier porous fluffy polyester fiber

Spinning box Metering pump

Q) EHMRERRFERAE: FREBNRERFEAHRENSEHRRES, ARIENESY
HITRESIR, BERENRE, 2Tk sEEE. YMTeFEEF T 2§15

High elastic modulus polyacrylonitrile fiber: Acrylonitrile and vinyl acetate polymerized through special
methods, and the resultant polymers were made into the liquid glue, and then obtain the final products
through the solidification molding, spinning drying, high-pressure molding, cutting and packaging and
other production processes.

5.2 R BImER

Fiber and Products Features

FENE:

Main Specifications:

(1) FHEEBESREELH: 111dtex/108F. 122dtex/108F
(2) MBS EMERERLT4E | 278dtex/350F

(3) ERMIRSRRIEREL 4 1.65~6.66dtex

High Elastic Composite Polyester Fiber: 111dtex / 108F, 122dtex / 108F
Fine Denier Porous Fluffy Polyester: 278dtex / 350F

High Elastic Modulus Polyacrylonitrile Fiber: 1.65 ~ 6.66dtex
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Standards and Certifications: )\
(1) PRZEERESREELTH: )
(BXWE_PRAELRE / BNAX R i (PTT/PET) &

a8 h2e) (FZ/T54041-2011) L
(PRBETFFE R et R0 RaEe22) (FZ/T 54067-2013)

(1) High Elastic Composite Polyester Fiber: P4 S HE AR
Polytrimethylene Terephthalate / Polyethylene Terephthalate (PTT / PET)
Composite Elastic Yarn (FZ/T 54041-2011)

Cationic Dyeable Modified Polyester Drawn Textured Yarns (FZ/T 54067-

2013)

High elastic modulus polyester fiber

(2) HEZF ENRERLL4:

CHLLIMEYAL) (FZ/T54003-2012)

(2) Fine Denier Porous Fluffy Polyester:

Polyester Partially Oriented Yarns (FZ/T 54003-2012 )

B ZF| BN REELT A

Fine denier porous fluffy polyester fiber

(3) BHMEEREIFIELTH:
(BRI HEML R AT ) (GB/T16602-2008)

(3) High Elastic Modulus Polyacrylonitrile Fiber: BRI REERL 4
Actylic Staple and Tow (GB/T16602-2008) High elastic modulus polyacrylonitrie

58

b

SFutrge R FlRITR:

Fiber Properties and Product Features:

(1) PAEEBESRETH:

CHMRA. WEBHRER. BENE. RIRENYE, FRAR (Gl
WHEE = 25%, HKILEZZ 6.0%)

High elastic composite polyester fiber: durable elasticity, two-color effect, good
draping, excellent dimensional stability and smooth (coil shrinkage > 25%,
boiling water shrinkage > 6.0%)

(2) BEZFLEMRELTH:
B R EMREEEMLG. REBES. BFEH. PLTEH,
BRERERK, SIRERASYERRFNEZRIERBTRTHR

Fine denier porous fluffy polyester fiber: ultra-fine, soft, fluffy and good
elasticity, hygroscopic, breathable and warm color. Fine monofilament, bigger
contact surface area, and the textured fabric has good softness and quick
drying effect of moisture absorption

(3) FHMRERFIFHLTH:

- IR, FROBIK, Bl 7. iikinaeg, (BTXRE > 3.0cN/
dtex, BB 40%, HMRE> 0.5cN/dtex, BT E@T A
£ 50% LA )

High elastic modulus polyacrylonitrile fiber: bulk soft, smooth, good resilience,
elasticity and anti-static. (Breaking strength > 3.0 cN / dtex, elongation at break
< 40%, modulus of elasticity > 0.5 cN / dtex, higher than ordinary wet acrylic:
50% or more)
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5.3 AR

Application Technology

(1) FAEFEHEARATSE:

& REFLZER 400m/min LUF, RHZER 450m/min £5, SHEENVIZER: 18 ¥ / 5%,
B OIRLABTFLALEERD, AR TFRLNE, EERMBENNEBUNR, HLHMBHE
BRI RIE A B

High elastic composite polyester fiber:

Weaving: tatting and picking speed is 400m/min or less, and weaving machine speed is 450m/min or so,
weft knitting machine speed is 18 r/ min.

Dyeing and finishing: either cationic fiber part can be solely dyed, or cationic polyester can be double dyed,
if you want to achieve the obvious two-color effect, polyester part dyeing is not recommended to use the
disperse dyestuff.

(2) BARFNLTH:

N3 FHFEREM M AEERELLEMMEFE 10° C 24, DY b KELEFME 20% £4, =8
—TEHE, RIEREHS.

Superfine fleece fluffy fibers:

the temperature of the upper and lower texturing and heating box is about 10 ° C lower than that of the

conventional ones, and DY/K is lower than the conventional ones by about 20%. The drawing must be
fully performed to ensure the uniform dyeing.

(3) EHMRERRIFRETH:

VA MR, K5 EEESRENNTEREL,

High elastic modulus polyacrylonitrile fiber:

spinning production, dyeing, weaving and finishing reference to conventional wet acrylic.

Q) PR RERRIHIETHE:

TR, E. HESR. HEHT®

High elastic modulus polyacrylonitrile fiber: fancy yarn, sweater, wool-like products and
cashmere products.

5.4 £F4E R A s

Fiber Application

Q: FEHMMMARSRIMNXF?
Al STERVRIERLRIE T TN ERE ), SRS Ha58MN
EERROER, FABEEOERS, NLTAAENELY, TEE
BIRENSR, FIMMSRARRIRENY, RAIETAZEN, FE
WNNE. BR, ErIRLTERSMEE R HERIRINE, (TR
MIEER, WAV, REZMRIT

(1) PEEERESRESA:

B, TokiNEs

High-elastic composite polyester fiber: men's wear,
sports and leisure fabrics

Q: The type of fiber elasticity and their relationship to shape retention?
A: The elasticity of a fiber refers to the ability of the fiber to recover after being
deformed. The commonly used index is the elastic recovery rate or rebound
rate of a fiber. If the elastic recovery rate of the fiber is high, then the fiber has
good elasticity and strong ability of deformation recovery, the textile has good
dimensional stability, uneasy wrinkle and more wear-resistant in the course

(2) HEZFLEMRESLTLA:
SHEEGEL. SFRERKSEERYSE
Fine denier porous fluffy polyester fiber: high-end
sanding fabrics, knitted fabrics and high-density
fabrics, etc.

of wearing. What's more, the elastic modulus of the fiber can also be used to
reflect the rigidity of the fiber. If the elastic modulus of the fiber is high, the
fabric is stiff and the shape preserving effect is good.
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Differential Regenerated Cellulose Fiber

12 REEH 7
X %% | saters BV ., z 1

' Brand arwo Group
file

WEFIEH

Recommendation reasons

PUBEARRAEERTWHEFRS, QIERK, BIBA IR
RHRA, RAFELERR, HHEI TS, AHENERS, LML,
EAflRREERE RREBRBEALRALBIITHRTLAMHH LTS,
NEER, R, 8. BIER, HEXAER, HEHEEEY
PEFIR. HKFMOEER R,

Easy spinning regenerated cellulose fiber is developed for specialized customservices, it
can create demand andimprove the fiber quality through the integration of industrial
chain resources and technology,and it can promote efficiency of spinning and weaving
in downstream enterprises to achieve the overall improvement of yarn and fabric quality.
The special-shaped ultra-short regenerated cellulose fiber is obtained through the spinning

by the special spinning components, which has a moderate rigidity and isdifficult to get
stuck, easy to break down and degradable. It can be truly realized disposable to meet

62 consumer's demand for modern consumption such as sanitary products and paper.

6.1 FIFHEAR

Preparation Technology

(1) ZHBEALRFE
(1) Easy Spinning Regenerated Cellulose Fiber

3=
I 1N

Dipping i
AR J
Grounding L.' —_
N = d
8 [ s
N
w5 o
F Yellowing . -
Z1 " all LS A pn
: BHE d &
Aging

=
N Dissolution’ A
ERMER

Evaporation and crystallization

A-TJI8
A-filtering

Defoaming

thtz C-3Z o
i Spinning  C-filt B-iIiE

olo - EE = = B- filteri
Washing - i o iltering
5 5o i f,. . 2
s stretching ! l‘
=

B = R T

Post-processing Drying Packing

Desulphurization Bleaching

BYHBEFERFANERIEE

Process Flowchart

(2) REEBEBEAAERASE

BYALRALESTIZREN 7 FRNBLAEE, £REATLENEYT 8RN
AL T4 L2 R, BEBAIBIFHIE,

(2) Special-shaped Ultra Short Regenerated Cellulose Fiber

In the regenerated cellulose fiber production process, the nascent fiber tow isobtained through the
"column" shaped spinning jet, which has undergone the two-way diffusion reaction in the coagulation
bath, and then is prepared into the final product by the post-treatment process.

DO OO C

#H PHew 5k LhLL R EBRELT L
pulp Spinning liquid Yarn YarnBundle Ultra Short Fiber
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6.2 L RHIRIES

Fiber and Product Features

FESH

Main Parameters:

(1) Y BLEFERTH:

(1) Easy Spinning Regenerated Cellulose Fiber
FEMEB R

Fiber Specification parameter list

= m g B4R BEE BAIZ
Products Size Single Fiber Strength Whiteness Application
BVM

Ry
1.33dtex X 38mm > 2.5cN/dtex 85+/-1.5 A=
Vortex Spinning

=35y
BVO 1.33dtex X 32mm > 2.5cN/dtex 85+/-1.5 VRIS
Air Spinning

4
BVR 1.33dtex X 38mm = 2.55cN/dtex 85+/-1.5 if%i_ﬁ?ﬁﬁ
Ring Spinning

= 4

BVF 1.11dtex X 38mm > 2.7cN/dtex 85+/-1.5 BROEH

High Count Yarn

(2) B BEBEFHERTE:
1.0~2.64dtex X 3~16mm
TFHTREEE > 1.80 cN/dtex

FHIREBEKE> 14.0%

BE>80% PUBEAR TS SUBEAAE
(2) Special-shaped Ultra Short iz HAEEHmEmE
Regenerated Cellulose Fiber Regenersied Caluose Fher s;fiﬁ%éﬁﬁ%?ﬁémggllEu?lf)yse

1.0~2.64dtexx3~16mm
Dry Break Strength>1.80 cN/dtex
Dry Elongation at Break>14.0%

Whiteness>80%
SWEEBEAAR SREEBEAART
LTS HAEEEE
Profile of Special-shaped Ultra Cross Sectional View of Special-
Short Regenerated Cellulose shaped Ultra Short Regenerated
Fiber Cellulose Fiber
64

TRAERIAIE:

Standards and Certifications:

(1) BHBEALRALE

CRERRFELT4E) (GB/T 14463-2008)

1Bt 1ISO. OEKO-TEX Standard 100, STeP by OEKO-TEX, Made In
Green by OEKO-TEX FaaiRas Al PEFC ZM /= s BT IAIE

(1) Easy Spinning Regenerated Cellulose Fiber

Viscose Staple Fiber (GB/T 14463-2008)

Certification of 1SO, OEKO-TEX Standard 100 , STeP by OEKO-TEX, Made In
Green by OEKO-TEX label and PEFC forest chain of custody

(2) REBEBEFERTS

(R EBAZ LT 48) (B/1302W52.4127-2016)

(RELBRRLT4) (Q/GHY001-2014)

#81d ISO. Oeko-Tex-100 #1 FSC AR/~ 3H 1 EHHIAIE

(2) Special-shaped Ultra Short Regenerated Cellulose Fiber

Viscose Ultra Short Fiber (B/1302W52.4127-2016)

Special-Shaped Ultra-Short Fibers (Q / GHY001-2014)

Certification of 1SO, Oeko-Tex-100 and FSC Forest Chain of Custody

MR GRI A
Fiber Properties and Product Features:
(1) ZHBEALRAL:
(LT EREELURRE T R4 95)
Easy Spinning Regenerated Cellulose Fiber (The following chart data are
particularly from vortex spinning fiber)
- BESSE, HORBHES, dkD, FERA
Suitable for high spinning speed, high efficiency of spinning and weaving, less
breakage and higher yield

BVM [ S50 /100km BVM [ AN 2K

1 /100km
4

Severed head count circular
knitting machine / 100km

Hith5

Hth 3 Hfth 3
TkFy I =300 %

Industry average Output increase

Hith 5

Hit 4
Hith 3
Hith2
Hitr 1

BVM

-4.00 -2.00 0.00 2.00 4.00 6.00 8.00
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29

- WHRERS, AraxdEs: 2
KRAOsTRE @, 9. Rk
KEETRE, BRIRERTS
Yarn has high strength which can produce
high count yarn fabrics: The yarn strength is
higher than similar products. The break rate
during the spinning and weaving declines
significantly, and the fabric is more difficult
to break

cEBFRERR, RS, BREE
47
The fabric is soft and smooth while the
wrinkle recovery rate is excellent

ERBE

Fabric smoothness

V)
A _/

/
A
«
A\

Hfttl Hft12 Hftt3 Hfthd Hftws

16.5

ch/dtex D258

177 Yarn strength

BVM Hftil Hftt2 Hfi3 Hfl4 Hftas

ERIRNE

Fabric softness

84

83

82

81

BVM Hfthl Hftt2 Hfi3 Hft4 His

931 (e (EIEES

Folding rebound rate

92

BVM Hfthl Hftt2 Hfi3 Hft4 His

F HEHRGRE, BE—H. AERFENREEERRT 100% SHEAMEAR, B8
Féﬂé&ﬁﬂuu)ﬁiﬁ%ﬁ, EERRERNTERE—EY
The fabric is suitable for dyeing with a good color consistency: The raw material of the cellulose
fiber derives from 100% high purity dissolved wood pulp, which helps yarn fabric to maintain
the quality, bringing higher fabric dyeing consistency

- BRKEERYIRERY, THT

Fabric is stable in size after washingandnot easy to be deformed

SIS B RE ERECE MG (Slushbox HEF it
Dispersion Diagram of Ultra-Short Fiber e

Flushable Wipes Test (Slushbox Vibration Tester)

(2) BRBREBEAERTA:

Special-shaped Ultra Short Regenerated Cellulose Fiber

c DEMEYF AHERERVNRE, RTFRDARNEBTLEZDEL, Lk
B E AR R T

Dispersion is good: The groove on the surface of the fiber is conducive to the
inflow of water to make the fiber easy to disperse and the end product can be
washed well

- SRMREME . FEREEBZ M REE, SEBES
Excellent wetting performance: the fiber surface has multiple longitudinal
grooves, moisture permeable and breathable

IMRESHR 7] 100% E£VIRERR, BIRIH

Environmental pollution: 100% biodegradable, disposable
EEARRAHRIEK, KERBE, AT THHFEAMENER

It is slightly longer than wood pulp cellulose with suitable lengths to
compensate for the disadvantages in the non-woven fabric materials

6.3 AR

Application Technology

(1) ZHBEFHERTH:

AIAPIRYS, BRI RIGENNFHENER,

(1) Easy spinning regenerated cellulose fiber: For pure spinning or mixed spinning that meets the
requirements of the high-speed fiber equipment.

(2) B EBREBEALERS S

FRERR  AIGARFERAK. REAFREFER.

EEBIZEA  AJUNIERIERHITRK. MERE. REIEE,

PR A . BB (15-35) % 54K (65~85) % ERBRBREL4E (15~30) %.
Kz (5~10) % MARFKMPIHAREARRISE, HRSHBRAERRREN 1% £h.

(2) Special-shaped ultra-short regenerated cellulose fibers:

Non-woven technology: mix with wood pulp or wood pulp and Tencel.

Finishing technology: For non-woven fabric in hydrophilic, anti-static, antibacterial treatment.

Product development technology: special-shaped ultra-short fibers (15-35%) and wood pulp (65-85%)
or special shaped ultra short fibers (15-30%), Tencel (5-10)% and wood pulp can be prepared into the
scouring non-woven fabrics, among which the concentration of the special-shaped ultra-short fibers is
about 1%.
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Q: BHFHEX TS EHIER? RFHTAER?

A: BYBEFHRAES S, BB IEES, 58&. F4 HOTREBFEL,
MRBEETENIRENRMMTERTERRS R, MNDEREFNER, DENER R
B, SREHIPESHEETHE, BAEFRS TRNARRES, FHEUAREN
MREN TP ERAE. LURRAETRAENG, WEETm. LERNRES 11%, 2

6.4 L4 [ EHYIRLRLFRMIET 50%, RIS T 5.5%; USRS EMAENF, REB=R
Fiber Applications LR SIS 10%, BTk 70%, LM, AU TRERIR A, NEEREIT
(1) BHBEFLERTH: REEIBRMETELEE, WA TENATRESHL B,

HAmEE: SEEENRR. ZiE. T Q: What is the concept of the easy spinning fiber? What does it mean?

HAEE: 47 wo. AR A: Easy spinning fiber means the development and research of the optimized cellulose fiber solutions

o for different spinning devices by the experts in equipment, fiber and spinning. The fiber is improved
K%M Rin pinning y P quip pinning p

(1) Easy Spinning Regenerated Cellulose Fiber

Knitted fabrics: high-grade knitted underwear, ladies fashion, T-shirt
Machine woven fabrics: jeans, shirt, leisure wear

Household textiles: bedding

in the aspects of the yarn production efficiency, yarn and fabric quality and spinning equipment
maintenance to integrate the fiber development and downstream applications closely. The fiber is
good for the downstream spinning with its excellent performance.Taking vortex spinning special fiber
as an example, compared with common products, its yarn strength is increased by 11%, the yarn
cutting number is 50% lower than similar products, and the output is increased by 5.5%. Taking the
special fiber for air spinning as an example, Yarn strength is increased by 10% with 70% reduction in
the number of the broken ends.

(2) B BEBEFERTS:

Pl A . BFACORERB DAERIG CBrh. BAEM. 4R
1) LRMEL EEAEK. EFEEAS.

(2) Special-shaped Ultra Short Regenerated Cellulose Fiber
Industrial fields: for scouring sanitary products (wipes, sanitary

| SEABEFERFENERETIHRSFRERE?
A RIZBREFHERAHEREN — FH, SHREZERTEMARTSE, TN
MIEER, BELRMARA EEIFRELS R, EEERNINESETERTENEN
R, IXTIELR, BAERAZWAEHNTIORHN, S FHRITHENRY

napkins, and diapers), filter materials, high-end paper, electrostatic #1100% RRFAEK, FHEEREFET 100% EHR; BAZAASIRNIELERIG. AKX,
flocking, etc. AIEIERMAIAI R, FAWMEFRAIE, BE2REFENINERUIMRENNEAK,

BUREE B E AN,

Q: What is the performance of the special shaped ultra-short regenerated cellulose fiber and
its market advantages?

A: The cross-section of the special shaped ultra-short cellulose fibers is like a horizontal column and
the flexural rigidity is lower than that of the round viscose fibers, which has better entanglement
performance than the circular viscose fibers during the process of web forming and processing. When
added moderately, it can form the bending collusion, but not to be over-close, and the groove on
the surface of the fiber will help the water to flow in andmake thefiber brokendown easily. 100% of
the raw materials of cellulose fibers are derived from wood pulp, which can be 100% degraded after
being discarded. The sanitary products and paper made from the fibers can be truly discarded without
any burden to the environment. With the alleviation of the global economic pressure and the increase
of environmental pressure, there will be more market space for the disposable products.
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NEW FIBER/NEW WORLD
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CHAPTER FOUR

FIBER - INTELLIGENT
ENGINEERING

BEHE. SRR, (FR (REFLE 2025) KRARKHIXGRHEME, SERETHR
ERESFMEMZBIEEAZENE, BESRMHTERELAXRNER. SR,
PELFER R E M TAMTEMNERIR, BEFRMTE, MRARFEE. REBEFSH
BELTeft, ERFFRAB BRUR”; SeINA, BHRFELF (. BEBSER
B, RAOKE. TAREBA. MBAHELE. MEMX. BREIFRETER, MHTES
SRR MERANHENS.

Make China intelligent and develop innovatively. As a key strategic
material in the technology route of Made in China 2025, high-
performance fibers are a strong support force for the national
economy and defense construction as well as the focus in the
global material field. Relying on intelligent technology, Chinese fiber
industry challenges the limit of the processing equipment and fiber
performance, promoting the self-development of high-performance
fibers like carbon fiber, heat and creep resistant, anti-corrosion,
which enables high-end products no longer "unattainable”. In
intelligent applications, high performance fiber has been widely
applied in the cutting-edge areas such as automobile lightweighting,
wind power, civil engineering, ship ropes, aerospace, defense and
military engineering, and thus a new impetus for the revolutionary
upgrading of engineering is provided.

hEFERITHEIRE 2018/2019 CHINA FIBERS FASHION TRENDS REPORT




7.1 fl&EREAR

Preparation Technology

RREBG-44 (RL) »>EN->Ti->ERELE-ER-WSE

Polymerization of raw materials — spinning (precursorfiber) — preoxidation — carbonization — surface

treatment — sizing — winding

200~300°C 1000~2000°C 2000~3000°C

e i i 2R
(PAN) 4 et R (BB i BT

Prechlorination Carbonization (Graphitization Carbon fiber
Propylene (PAN) furnace furnace furnace) Slurry surface
iber treatment

PAN [R#2 _

PAN- R I%HES fliE=RiA72 Rk

PAN precursor fibre Prechlorinated silk Carbonized fiber
PAN: acrylic acid

A
Graphitized fiber

TREFETIERIE

Preparation Process for Carbon Fiber
BEHS Lh22ER Sy SERERD
Polymerized part Spinning part Oxygen carbonization part
R EBK Rak [RR& Rz e
Raw material Polymer > Dope Protofilament Carbon filament
monomer

[m*ami%ﬂm ] [ n,safw/mu; ] [ fﬁewamé% ] [ T%:t’/J%le’ﬁEmt ]
Preparation of high-viscosi Treatment of hlgh purification Preparation of low-defect Controlled homogeneous
r

low-condensation polyme dope protofilament carbonization

eags pill-peE il S ot

Key Point Control during Carbon Fiber Preparation

7.2 FERFIMmIFR

Fiber and Product Features

: e o
P | fARmhE O 7, EswEgemag 55 S,,H ; Lﬁ PRATAE R AU R ANIRISHT
Brand amEs WEIHAI TUZZHAN FIBER Ca. Ltd Carbon Fiber Specifications and Physical Indicators
hifpRE hIfRiEE REE (g/ S
e (GPa) (GPa) cm) HEE (g/km)
pecifications X N . Linear Density
Tensile Strength | Tensile Modulus Bulk Density
WEFIEH WL QIR () 1 . 800 (12K) I, FUSHE
RECOITITICIOatiON reasons Carbon FiberG?(’)il;az K(HighStrength) =49 230 1.80 * 0.02 198 (3K) G
FReT4E Q75526 (S3aH1RE) 450 (12K) 1HfE
FERSERREMNEREFZNHEXNHEBEFRAR, B FEFE Sarbon FiberQzse26lHigh > 549 294 180+ 002  223(6K). 445 (12K) EL/SHRE
2025 IR R AN ER L, PEBS LY -HFE—S, o2k 20 B0 . s Be
o B 3 S I TR FZ O R B AT E S 22U, 215 |3 ﬂ.’,ﬁﬂ&l& s AR RN
iiﬁl?":‘ﬁ':ﬂ'\]fmﬂb‘—ﬂf&ﬁﬁzk% FEREINARIF LR, WNEI Standards and Certifications:
B, BEHE, BRYSTIERERE, IRESBESIRHSE, (RAGIBEMRL4) (GB/T26752-2011)

BRIGEEE RS A -
Carbon fiber is a new strategic material closely related to national security and national (RABIREWAERL) (FZ/T 54065-2012)

economy, and acts as an important propfor high-performance composite materials in (SYT49-12K st 4) (Q/320705WAF04-2017)

new materialsarea of the "Made in China 2025"plan. Persistence is the key to successfor (GW RY|BREBBEEmT4) (Q/1001IWTX 007-2017)
Chinese carbon fiber enterprises. They persevere intheir efforts either intackling key PAN-based Carbon Fiber (GB/T26752-2011)

technological problems in a way of independence innovationto grasp core technologiesof PAN-based Carbon Fiber Precursor (FZ/T 54065-2012)

dry-jet wet spinning, which brokethe foreign technology monopoly; or in the introduction, SYT49-12K Carbon Fiber (Q/320705WAF04-2017)

digestion and re-absorption of foreign technologies to realize large-scale and low-cost GW Series PAN-based Carbon Fiber (Q/1001WTX 007-2017)
production; or in technicaldevelopingand stable and continuous supplyfor defense and

military applications, eventually achievea healthy development and providesupport services

for Chinese strategic equipment. HEFHRITEBIBE 2018/2019 CHINA FIBERS FASHION TRENDS REPORT




SO 7.4 ST

Fiber Application

FeEMERE R T WREFLE GQ4A522 (=58)

Fiber Properties and Product Features: 1. ﬂ*’ﬁ TREMMHE. NAME. BoSBELs. AERWERBE.
TixéF 4 GQ4522 (=3R) EinEE. BRME. MRS E. MREaMEETT LI,
Carbon FiberGQ4522 (High Strength) Carbon Fiber GQ4522 (High Strength):

AT EEMARENESS, bties, BER, REKARUNEL 1. inthe structure parts of the civil aircraft, wind blades, carbon core cables,
"" yff,ﬁ, BN FHEE AED MHL,LHFE.—GE BEP=NE =18 sports equipment and other civilian areas.

&
) ¢
ge  Poesemmseszmess
Carbon fiber have High strength and rigidity, light weight, known as the "king of '

new materials";lts composite material being the structure materials due to the light

weight, high strength,corrosion resistance, good thermodynamic property and high

modulus of elasticity

W4 QZ5526 (F3aH1E)
Carbon FiberQz5526(High Strength Middle Modulus)

R & - TRET4E Q75526 HAMRREIRIRLT 4 GQ4522 18FT 20%, #RER’HAT
- W 28%, SRILMBRBITRIRLT HE S RPRMA LN mFA R FNES
MREERER. BES. BMESSNER, TERRaSEMRE
30%, WHIBESURREARBMEKX, ®IOZATREMZ=SNAERE
. SINFTE, (ENTHREMEII SR, MG
Compared with carbon fiber GQ4522, the tensile strength of carbon fiber Q25526
increased 20% , modulus increased 28%, realized the carbon fiber upgrade from
high strength standard modulus to high strength middle modulus.As a composite
material: light quality, high strength and elasticity modulus, lighter than the
traditional aluminum alloy structure by 30%. Enhanced the performance of weapon
egiupment, aircraft and its engin, missile casings.As a functional material: high
temperature, burning and erosion-resistant W/ MEAMEEETER, SR
RROER, EZRUHIFAIRA. JE
BEERE EEA

Carbon / carbon comp have many ad
including high temperature toleration and good mechanical

7.3 AR ol taing dming s e R e broke
Application Technology discs and other components.
BRMALIEFR, BAEFIFREMNOS, RIFRE, BRIERAN,

(1) HwR: FREGFEELENTE, FERESZZNTERTENFE,

(2) L% BEXMMI 4900MPa L L ; AREHIELE, SNBZERZ IR EKRHE,

LRFHEVNT BN, TN, ETFES.

(3) WAETEEL: I ATINR. 0. LRUOR, FHELENNL, TNBZ~=ERE,

In the process of using carbon fiber, it is recommended to wear protective glasses and masks to protect

eyes and avoid carbon wool inhalation. :

(1y) Weaving cloth: pay attention to controlling the amount and hardness of the fiber yarn, hard fiber will ﬁﬁ?@ﬁﬁfiiﬁ?ﬂfi
leadto uneven force, ultimately touneven cloth. fibeg ":LLE[‘T;’L‘;Z f,;‘f,fﬁ'g{;‘d'e'géﬂ' y for the
(2) Winding: the strength must be above 4900MPa; pay attention to controlling the amount of wool yarn,

otherwise it will easily lead to the rupture of the product duo to the uneven force; the tow fiber must have

no overlap and twist easily for winding;

(3) Wet prepreg: fiber twist, stack edge, fiber splitis forbidden, reduce the broken filaments as far as

possible, otherwise Cracks are easily occurred.

WATENERTARRES AR
WED, RESHES

Carbon fibers can improve the burst pressure
of the container, reducing the weight of the
cylinder.

AT AR R RE R B A
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WREF 4 QZ5526 (FH3aAhiE)
TEREMIGRMEL, WIZRTFMT
SR AN ST REIHE
BIRRETR.

Carbon Fiber QZ5526 (High Strength
Middle Modulus )

As a structural reinforcement material, it
is widely used in aircraft body and engine,
missile shell and high-end sports and leisure
fields.

76

BRETLERD. FRETHEIESRIKIR. BRET
RS, REFLAEISRAM A
EEATIEGE

Carbon fiber reinforcement, carbon fiber
reinforced cement, carbon fiber pavement
grille, carbon fiber reinforced wood are used in
civil engineering.

T ENERARAFRBUNEER
RS Z

The use of carbon fiber is an important
solution to develop lightweight cars.

Q: HEFMBRBFIENE?

A: ZARFE, RUTFRUEANXABRARBNZOEEEEN, B
T BB T8 F IR TR FUT hh et el (b A =4
RENRATRIEH, BERATERLHKF, 2017 & “FHORL T
K=o [ BRI A R B AR N A" MERRERR
RHP—FR, mRAE: BUFERFEIEPREBITE. "LiTiE
BB IER, P REIVEREAR YA B BARIAKT, TEVATF
IR RSinERAME, 7T EIRERNRAR @,
Q: What are the advantages of the recommended products?

A: In terms of technology, the company achieved breakthroughs in key
technologies for dry-jet wet spinning and self-supply of the core equipment,
and built an industrialized production line of kiloton wet dry-jet carbon fiber
with complete independent intellectual property rights and supporting public
utility facilities, which have reached the international advanced level. In 2017,
"Key Technology and Application of Industrialization of Dry-jet Wet-spinning
Kilo-ton High-strength / One-hundred-ton Medium-scale Carbon Fiber" won
the first prize of national scientific and technological progress. In terms of
products, the product performance indicators have reached the level of Japan's
Toray through the fiber forming process defect control and carbonization
process of homogenization control. It is mainly used in aerospace and high-end
civilian areas, breaking the foreign blockade on technology and products to
China.

Q: Fié&F4t T300. T700. T800. T1000 B HILA K Bz A 4idek ?

A: T 2IEMA AN @A, BELIIHEREEMMEAEEAE, HEW
AARBEES, T300 WHHRRE—H A 3.53Gpa, T700 /9 4.90Gpa,
T800 M (RaREIAE] 5.49Gpa, T1000 /9 7.02Gpa. HAHREARIE,

R A R MIE, T300. T700 X BN AERBME, 1800 &S
BESNE. BERAETASNEER. REM MWW EUNSEREN. 2
FIRREFAFENAT 2 ; TI000 TERFTER. MEMRFRHRA
T

Q: What are the differences among carbon fiber T300, T700, T800 and
T1000, and their application areas?

A: T refers to the grade of carbon fiber, usually based on tensile strength as a
measure; the greater value represents the higher grade. The tensile strength

of T300, T700, T800, T1000 is generally 3.53Gpa, 4.90Gpa, 5.49Gpa,

7.02Gpa respectively. Carbon fiber application areas differ based on its
different strengths. T300 and T700 carbon fibers are mainly used in the civil

fields. T8OO carbon fibersare widely used in missile launch tubes, solid rocket
motor housings, satellites and spacecraft as well as vehicle lightweight and
building enhancement. T1000 carbon fibersare mainly used in cutting-edge
technologies such as defense and aerospace fields.
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8.1 FI&EHA

Preparation Technology

BREZRNINE _RERSEIMESRECRAFIEREY), HESHRBAREDRMERS
HITRE BRI LMEIIF,

Spinning materials were prepared by p-phenylenediamine and terephthaloyl chloride via low temperature
solutioncondensation polymerization and then dissolved in concentrated sulfuric acid solution to obtain
spinning dope, finally spun by liquid crystal spinning method to obtain the product.

(ISl
Isophthaloy! dichloride ==p |

Neutralization
B _RR
Metaphenylene diamine

PUR
Filtering

R b

rocess Defoamin
Fﬁjwc%arl eloaming

SR B
Benzoyl chloride R b iz Fig
i Neutralization rroc SS rocess rroc SS
—— Fi owc%arl Flowchart Fi owc%arl
R
Phenylene diamine TE

Filtering

ik

High Performance Para-aramic

pray (S5

Thermal
treatment

¥\Sis
Washing

HRE R A ¢4 HLRR

Solidification Spinneret
moT(ﬁng ’

Spinning solution

| SPEED

L R irdlieE
AREIE | = oy 1 © ) : ‘ RSB AR (I A HI & HAE

Brand )j( = Preparation Process of High Strength and High Modulus Para-aramid

WEFIEH

Recommendation reasons

8.2 FFfE R HmiF =

RERFWARERA, THRT SiHMAKERETFEIMNIER, WHeEARK
EEFRRFNAEEREERE N, FmEXSEEME. BIEBFH. P STLEFNAS:
KBTS, DBSTAEIINA, FHEP TR, Fiber Specifications:
220~8050dtex
Key technologies breakthroughs have occurred in the respects of raw materials AERIAE:
preparation and storage, high uniform and stable spinning, harsh environmental tolerating Standards and Certifications: ] ] -
equipment and industrializationof the high strength and high modulus para-aramid, which IUFELE L) (Q0601 THX004-2015) w
brokethe long-term high-end applications subject to foreign technology and meant as a Para Aramid Filament (Q0601 THX004-2015) - ‘

milestone in enhancing the international competitiveness of China. Products areused in
the fiber reinforced materials, tire cord fabrics, protective materials, sports equipments,

transportation and other fields, and gradually extended to other high-end applications hE GRS ESIES 2018/2019 CHINA FIBERS FASHION TRENDS REPORT




SRR RIFR:

Fiber Performance and Product Features:

/Fiw c S 0RE  LEERERMRIWME 5~6 £, WL 3 E. SRELMN 2 E
\ - ) High strength: specific strength is 5 ~ 6 times ashigh-quality steel, 3 times asthe glass fiber , 2
times as the high strength nylon

’g"TIQ‘ - iR E L RERMRIMMEIRAN 23 & &RERK 10 5
LW

High modulus: specific modulus is 2 to 3 times as the high-quality steel or glass fiber, 10 times
as the high-strength nylon

//EN - EAREN . ERFERERESTEEN -196 °C~204°C, EIBDHEE 537.8°C
%7 High thermal stability: temperature range for continuous use is -196 °C ~ 204 °C ,where the

®

initial decomposition temperature is 537.8 °C

LN Taparan® K LYIBEIT
Physical Properties of Taparan® Filament

YIIRIEAR RIHFERE RAHEM LIESI GRS Re
i Physical Properties (cN/dtex) (N) (%) (GPa)
%M?'_ ) Tenacity at break | Broken strength | Elongation at break | Elastic Modulus
Specifications
840dtex/560F 24.36 201.25 3.63 100.54
930dtex/560F 24.77 232.82 3.93 95.87
1100dtex/667F 24.24 264.68 3.84 94.32
3160dtex/1330F 18.9 606 3.21 118

8.3 MR

Application Technology
LHEDETR | TELFAEREIE NS HT aT S INAT £ 22 RIS NMEME GL49Us) 5 FERKEA
MEMFILESBELRES R BFRES ),

FmAREAN NI ATFNRE, KiERERER/YNESLE, BHITRELIERER,
AT HRIEE LR,

Spinning technology: The addition of special oils to the fiber surface increases the cohesion and abrasion
resistance of the fiber tow (in the field of optical cables) and the use of water-soluble oils improves the tow
properties (for bullet resistant composites).

Product development technology: it can be processed into a basket woven fabric, and the fabric composite
property improves after water laundry, and then coated and pressed for the production of various types of
bullet-proof materials.

80

8.4 LRI

Fiber Applications

F4. BB ERELB. BHEIFE. BEK. B
SRR BRI U

S5hifs. BREMEES, ATKBERBERGES, &
RBFHEIETH. SRINERINEER. AERES.

It can be used in cable, buildingreinforcement, high-strength
cables, cut-resistant gloves, body armor, bullet-proof helmets
and other areas of protection.

When Compoundedwith resin, rubber and other materials, it
greatly helps toreduce the weight of components, suitable for
the production of aircraft, inside and outside enhancements of
high-speed train, automotive hoses,etc.

Q&A

Q: SREBEIISLATIRLMRE?

Al RERMIFLUE SR E MR AEEEER P URHFE
T2 A, WMRFIsERA UD 7, Bk ZEANAH, SlARN A
AFERFEYAS, UHABIFNEY, AAMNSE. S8E. |
W48 (< 4%) R R, EEGRIMVEMBERNEmZ 2, 1IN
ERELBRIEBM NI BEESHREERASHTIIEREE
RSB RIP R

Q: What are the advantages of the high strength and high modulus
para-aramid?

A:Taparanpara-aramid is widely used in military and police protection fields due
to its high strength and excellent heat resistance, such as UD cloth for bullet-
proof vests, woven cloth for bullet-proof helmets, colored yarn for war vests
and tactical gloves and so on. The fabric made from it has the characteristics
of high temperature resistance, high strength and low shrinkage (<4%), and is
more suitable for protecting the life and the safety of fire officers and soldiers.
In addition, it can be used as a highly recognized cable frame reinforcement to

protect the optical communication signal fidelity and cable tensile.

hEFERITHEIRE 2018/2019 CHINA FIBERS FASHION TRENDS REPORT



- f‘*iéi Wi
cularty tP thylene
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REDE 4
Brand iﬂ,ﬁ ﬁ

b Eedid:

Recommendation Reasons

KAMBIMRBET, RIMBEFEHLEAREENE~ L, TZRE4%E,
SLRERR, TEEEE 30%; FmRRT EMES S FERZIHTEN
AEE. ZRTFRR, HESRREERABRARGHIIEE, HRENA
SEE

New environmentally friendly solvents are employed and the localization of technologies
and equipmentsofnew type of dry spinninghas been realized, whichcontribute toa
shorter process, lower spinning temperatures, and lower energy consumption by 30%;
The shortcomings of conventional ultra-high molecular weight polyethylene fibersuch
aspoor heat resistance and creeping inclination and so on, have been overcomein this

recommended product, and problems in dyeing can be also solved by dope dyeing method,
thus the products applications have been expanded.

9.1 HIEFRKAR

Preparation Technology

KBeNFERIENREMAFRECHIMBF. KB EBNESZERBTIZE—
ELLBIHITRES, BREWAGEEIREN 1% EENFHLBD R, SIEBTHE. 4G, 7T
SLBEBEANBESEERIPT, ERELET, REEESRBEREEFIISHmTH,

The ultra-high molecular weight polyethylene powder was mixed with antioxidants and other additives,
crosslinkers, colorants and other volatile solvents by certain ratio to prepare spinning solutions
(concentration of about 7% ), whichthen were extruded and spun by the screw extrusion and spinning.
The volatile solvent is removed under the protection of inert gas inside the spinning shaft, and finally the
finished fiber is obtained through multi-stage hyper-heat drawing.

. BT ZBRZIE BERTERZHE
& T . Ordinary polyethylene Ultra-high molecular
" Unit Structure weight polyethylene
7
Ordinary Polyethylene #@
s
BEIFERIE EX[AME BX[E> 95%
R A A A e e =
WMMW&] (5 F& >100 75) EERFE< 60% 58> 85%
A G o o UHMWPE(Molecular weight> 1 million) Low Orientation Orientation> 95%
Crystallinity <60% Crystallization> 85%

9.2 AHE R HImiF=
Fiber and Product Features
FEME:

Main Specifications:
440~1670dtex/240~960F

FRBERINIE:

Standards and Certifications:

BE (BEHTERIFEA4) (GB/T29554-2013)
ERAZR(MANMBEBE D FERZKBIERFENREGIEFE)
(CN104695038A)

Reference:Ultra High Molecular Weight Polyethylene Fiber (GB / T 29554-2013)
Invention patent heat-resistant and anti-creep ultrahigh molecular
weight polyethylene constant strength fiber and its preparation method
(CN104695038A)

-

g |

L 1

L]

> FhRRL
= Finished fiber yarn
%

%

=

]
L
s
-
#
-
-
-
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FEERERBIRITR:

Fiber Performance and Product Features:

RRER, THRIEAELE, BEFE, FBIMR
Dopedyeing with no post dyeing processing, various colors, and
environmentally friendly

W Good heat and creep resistance Low Density
BES
High Strength
HFRMIRERRE GBS S FERZHAEYIRENT
Weight Polyethylene Fiber
High Modulus
Rl iR
Test Item Data o
SREE Strength (cN/dtex) > 30 Anti-Shock
& Modulus (cN/dtex) > 1300

Physical index of Heat-resistant and Creep Resistance Dope Dyed Ultra-high Molecular

BETTIRER Creep Rate ) it st
(£ 70°C, 300MPa W 1%14F) S5 eSS Erossion-Resistant

9.3 KA

Application Technology
FmENLEEREE 200°C,
Post processing temperature of product does not exceed 200°C .

9.4 TN

Fiber Application

F4. BBAIENR. N EBITA. TFSAE. MASS S FiF TR AR AURAULERSES,
Fiber products can be used as optic cables, cable reinforcement, wind turbine blades, offshore cables,
marine cables, offshore drilling mooring lines and large radomes.

84

© wEFEl

@=ET

@ ZLHESR

ocean industry 1.16%

1.16%
—

military project

BREIFERIHTHEERN

security protection product
@ FEE

sports equipment
© EHL

architecture industry
© Btk

transportation

@ BN

Rt

Domestic Demand Structure of UHMWPE

Fibers

foreign trade export

Q: FmEREMERS FERIHEL, MBFHINEWE?

A AFERBI AR, HEEGREERRAR, RFBESOFERS
B ANEERE;, BIMRALBSENHENETRRENXBEA,
LT EpYsR EMR R BIERTH AT ; KARS TNIHEME, K
WMAELSIESR. ROMSIE. BIFEHTaNT LN, RERFRN
R,

Q: Compared with the conventional ultra-high molecular weight
polyethylene, what are its advantages?

A:The post dyeingof ultra high molecular weight polyethylene fibershas
been eliminated in this product by technologyupgrades and the dope dyeing
technology; The strength and modulus of fiber reaches the international
advanced levelby the research and development of ultrahigh drawing
equipment and key technologies; The creep resistanceof fiber has been
greatly improved, and the applications on the enhancement of optical cables,
marine cables, offshore drilling platform areashave been realized andother
specializedapplicationshas also been expanded.
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erformance Polyimide Fiber

R mhE

Brand

m HiNanofiber
W) T& % #

WEFIEH

Recommendation reasons

CURTIER AREIL AR HRINRNSLER, ERAAMRTRMETIFERL L
BA RARSL R RARIEREAR , FFRPRR BRI R4 R H Bt FRAR
SCHEAME L. K. REMES

It innovatively uses blendpolyimide copolymersasrawspinning materials.And the large-
scale multi-tip array electrospinning, hot-melt pore-forming anddiaphragmreinforcement

technology are used to develop nano-scale polyimide fibers and its batteries diaphragm,

and to achieve the large-scale, uniform and stable production.

10.1 BIEHEAR

Preparation Technology

B FRBALIATI SRR BB R4, 72 350° C =R MERDBRALES, ISR
BZILIREN, BEBEFAKTRRERBEN, TANEE sEXNKEaniE e
FREEMPRAR

MM RS R B L ROR ST RV K T 4IRS, AERRAT SRR REEBHNMNG,
FRFLBREZETE 90% LA ERY. MR, B8, URMANSITRE,

The nano-sized polyimide fibers prepared by the electrospinning technique are partially melt-bonded at
a high temperature of 350 °C to form a uniform and dense porous membrane structure, which is then
coated and modified on the surface of the ceramic micro-particles to form a lithium battery separator of
high-temperature-resistance, high-magnification, long-duration and high-performance.

Nano-fiber nonwovens formed by the blending of rigid and flexible polyimides are lightly dissolved
and bonded in a high-temperature solvent atmosphere to form an efficient and high-throughout filter
membrane of 90% or above porosity and high-temperature toleration for both gas and liquid detection.

ZHF -1+ ZEF -2 HE /B SHF. REEER. B
TRR-1+ZRR -2

MEFIT S £
BEREBGL

. . AN I NN
Copolymerization / solvent DG, BFEF. B

Dianhydride -1+ Dianhydride -2 HE Conductive agent , surfactant, Diluent , Array multi-
Diamine -1+ Diamine -2 Blendi dispersant, Osmotic agent, solvent tip assembled
ending electrostatic spinning
g AR

TR -3+ R4 Spinning liquid configuration
Dianhydride -3
Diamine -3+ Diamine -4

HE B

Copolymerization / solvent

LR ST RRERARISTLI

VANY VoEre (&b asinT TR

nUIBE pa&EIE ) ) . MAVRE1
litti " &— . . Creating and enhanced processing of hot sticky -

Slitting packing Ceramic decoration pores with steam of solvent and surface of fiber Thermal imidization

QKRB EBRRRLTARRRE = H & TERIE

Preparation of Nano-Scale Polyimide Fibrous Membrane

10.2 (R FlmiT =

Fiber and Product Features

FENRK:

Main Specifications:

(1) HRBEBHBIRRLTLE e
KE 1~500 K, EfF 300~800 4K, LFLEDEEL . A -

(1) Nano-scale Polyimide Fiber
Length:1 ~ 500 microns, diameter :300 ~ 800 nm with good fiber

dispersion. l
(2) WKERGT RGO o
PI1-20 B%Hﬁ: %LB@% 800/0: EE 40 %&*; _Fit;er Prol:::lljlc;

PI-60 FRRE, FLIRZETE 50%, EE 25 Rk,

PI-T BRA%, FLBRZETE 45%7cH, B 15-20 fHek;

PI-G-T [RIE, FLBRZ 35-40%, EE 5-8 K,

(2) Nano-scale Polyimide Fiber Battery Separator

PI-20 separator with porosity of 80% and thickness of 40 microns;

PI-60 separator with porosity of 50% and thickness of 25 microns;

PI-T separator with the porosity of about 45% and the thickness of 15-20

microns; BRERBLANK AL S GIBMBHRE
) . ) . Electron Mi h of
PI-G-T separator with porosity of 35-40% and thickness of 5-8 microns. Elearosp:r?h:g:ofi;)g? %mpt?site Filter
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REBEER

Aluminum Laminated film

FRERAIE:

Standards and Certifications:

(BREL IV RRANAK AT ERBMIRAR) (B4R Q/PI1001-2017)

(B BN K EF LB MRAR) (B4R Q/P1002-2017)

Polyimide Nanofiber Battery Separator (Enterprise Standard Q / PI001-2017)
Polyimide Nanofiber Battery Separator (Enterprise Standard Q / PI002-2017)

FefpttRe RF i

Fiber Performance and Product Features:

(1) gRBERERI ARLT 4

Nano-scale Polyimide Fiber

- TR | PERE AT 550°C, T 260° C WRAFNEERY
HZHM

High and low temperature resistance: Decomposition temperature is greater
than 550 °C, and it still has good flexibility in minus 260 °C liquid helium

- EA . EERFKAEAREN 200 ~300°C

Anti-aging: Can be used at the air temperature of 200 ~ 300 °C for a long
period

- (RFREBFEZER 101Q/cm (B F & H RESMEL)

Volume resistivity is 1017Q/cm (F to H grades)

- BEFRENT 100-300 kv/mm Zi8l, BEM (B) EME

Electrical breakdown strength is between 100-300 kV / mm as a high (electricity)
pressure resistant materials

(2) GYKRRERRE I BRET 4 it FRAR -

Nano-scale Polyimide Fiber Battery Separator

ARE IR
Negative Tab Positive

IFRE

Positive Tab

:uto )

Insulated Mat

TRAR
Separator

fatk

Negative

- —

BhENREE

Battery Structure Diagram

4C FERREBTETL 9600 RBEEMRIFE 62% Ll E

Energy retention rate is 62% or more after 9600 cycles of charge and discharge
at 4°C

EERRERE (BRRE -160° C~350°C), =& 900° C eI
RACTIBYE

High and low temperature toleration (temperature between 160 ° C and 350
°C), and no fire and explosion occur at the hot acupuncture of temperature
900 °C

(3) GRRBREETBRLTLEISH

Nanoscale Polyimide Fiber Filter

XF 0.3 i m FRIAY I RMZEIXE] 99%, XIFE/NF 200Pa

The filtration efficiency of 0.3uym particles reaches 99%, and the wind
resistance is less than 200Pa

10.3 RZAHEA

Application Technology

(1) HIEZRIBILIE > 100°CEMET, ¥ Pl BRARBLE 2~3 /BT,

(2) EBISHERRE > 100°C, KtkE 24 /BT (WIABKD MR, Wit EIFE
K5BIA]) o

(3) BERTREREFHRRETREN 5%~8%.

(4) EEEREBWRE, BINFHEXER,

(1) The PI separator membrane can be baked at more than 100°C for 2 to 3
hours prior to production.

(2) The cell baking temperature is more than 100 °C for 24 hours (if there is
moisture test, no water shall be detected).

(3) Electrolyte injection volume is the traditional separation injection of 5% to
8%.

(4) After the normalization of the constant pressure and flow, two cycles
should be added.

hEFERITHEIRE 2018/2019 CHINA FIBERS FASHION TRENDS REPORT



Q: MEERERRBNERURMNBENLRE, WM RM R
B, ARERBIMRTEBTRMRR, AWERSE, LT
Fettatkae?

A BHRIREEEMEIE. Ak, EEEANBFIEBHRET, B
BFESENERXRIFEMARAIEAE BYKR R IR LTS
ENEHREAEMSNE HNENL. MRS, SRXERR, H
HFLEARIFER, ERBEIERBRNERETTSHIIE R TEERS
BRI E, PIEBMERSEBIE. ZIRENEAKRBERES THE

Nz 2MNERSR.
10.4 FERN A Q: With the popularization of clean energy and the development of
Fiber Application power trolley, the requirements on the battery are getting higher and
(1) 9K PIET4E: BTIEEM. EEFHNB higher. What are the advantages of using nano-sized polyimide fiber
=1 =Kk . AL=2N

for the battery separator?
A: The battery separator is mainly to separate the positive and negative

MBVERMERIR. AR TR KD BRE
(2) BOMAKTLEETIEN : BTFHEROS.

poles so that the electrons in the battery cannot freely pass through. Its ion

BIRMIFNAR L. AERTATSRE conductivity is directly related to the overall performance of the battery.
(1) Nano-P! fiber: for the separators, water purification The battery separator prepared with nano-sized polyimide fiber has the
filters and oil-water separators driven by lithium characteristics of high and low temperature resistance, anti-aging, radiation
batteries and lithium ion batteries resistance and high porosity and the like, and its micro-pore automatic block
(2) Electrospunnanofiber composite filter: for anti-haze protection will limit the current rise when the battery is overcharged or the
mask, building ventilation system, automotive and air temperature is increased to prevent the battery explosion from the short circuit.
conditioning air grid The use of this membrane greatly improves the battery's safety and service life.

90 hEFERITHEIRE 2018/2019 CHINA FIBERS FASHION TRENDS REPORT



94 | FALFLTLA

INDUSTRIAL FIBER

96 | LT

ELASTICFIBER

98 | (FR&TH

IMITATED FIBER

100| REPIPLTLHE

SAFETY PROTECTION
FIBER

102| Thiestis
FUNCTIONAL FIBER

92

hESFERTTHEES 2018/2019

RBEEBNRINSRREL 6 474
DOPE DYED ULTRAVIOLET-RESISTANTHIGH-STRENGTH
POLYAMIDE 6 FIBER

R AIGLT 4
FLAME RESISTANT POLYPROPYLENE FIBER USED FOR
CARPET

ERAERL
LOW-TEMPERATURE HEAT-BONDED SPANDEX

mEaL
ULTRAVIOLET RESISTANT SPANDEX

(R ERBRLT L
LINEN-LIKE POLYESTER FIBER

AR REEAT 4
BAMBOO JOINT CONTROLLED POLYESTER FIBER

THREMEBE VAT e SR B £T 4

FUNCTIONAL ANTIFLAMING MOLTEN DROP
RESISTANT POLYESTER FIBER

PRSP VAR ER LT 4

HOLLOW ANTIFLAMING POLYESTER FIBER
RINEGFHRRELT 4

CORE-SHEATH CONDUCTIVE POLYESTER FIBER

MRINRRER LT 4
ANTI-ULTRAVIOLET COOL-FEEL POLYESTER FIBER

RBRGEGTH
COOL-FEEL POLYETHYLENE COMPLEX FIBER

AEMERABL 4
FINE DENIER ANTI-BACTERIA POLYPROPYLENE FIBER

FOBERLT 4
SPECTRUM THERMAL STORAGE FIBER

106| 523REFLE

SOFT FIBER

108 EpELTLH

110

BIO-BASED FIBER

[FREGLTSE

DOPE COLORING FIBER

4| BIFEELE

116

RECYCLED FIBER

HaeLTLf

SMART FIBER

MEFRRERL 6 44
FINE DENIER HIGH-STRENGTH POLYAMIDE 6 FIBER

B (RFY) BHBERESH
FINE DENIER (SHAPED) RECYCLED POLYESTER FIBER

HEEINBERELT 4
FINE DENIER RECYCLED POLYESTER FIBER

RRABRALERET L
COOL-FEEL POLYLACTIC ACID FIBER

[RRE BRILBRLTH
DOPE COLORING POLYLACTIC ACID FIBER

=TI RILBRAT L
THREE-DIMENSIONAL CRIMP POLYLACTIC ACID FIBER

FRINGLHE
MUDAR FIBER

REEBIMBELTHERLT 4
DOPE DYEING BAMBOO CELLULOSE FIBER

MERREBRBE 6 44
ANTI-BACTERIA DOPE COLORING POLYAMIDE 6 FIBER

PERRECREL 6 474

FINE DENIER DOPE COLORING POLYAMIDE 6 FIBER
RRRCRRAIGIRLTE

GEL DYEING POLYACRYLONITRILE FIBER

PERRRBECRES 4
FINE DENIER COOL-FEEL DOPE COLORING POLYESTER FIBER

REEGETIBERELHE
DOPE COLORING RECYCLED POLYESTER FIBER

BN BERE 6 474
RECYCLED POLYAMIDE 6 FIBER

ENRERTEABERES 4
FLUFFY HEATING RECYCLED POLYESTER FIBER

BRZBBEFHERT S

TEMPERATURE-SENSE DISCOLORING CELLULOSE FIBER
HEEERRERELTH

PHASE CHANGE THERMOREGULATION POLYACRYLONITRILE FIBER

TR AL
PHASE CHANGE THERMOREGULATION POLYPROPYLENE FIBER
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Industrial Fiber

Bal, I AF4NNTEENSREFENMTENNS Z— FHERK
AR, UKRSHMRESIHERNFETE, £ AFENLREA SR
HEE: FMAER, WFHmnEsS BREDEE. AERHEREMIEE
i, ITZMATEFE. AE. MEFWE, MEREERESUNRE
RAE,

Currently, the processing amount of industrial fiber accounts for around a
quarter of that of all fiber in our country. The development of fiber technology
and the continuous improvement of its properties and functions show
that industrial fiber has developed into a new height, with its functions
including keeping advantages and making up for shortcomings, making
products ultraviolet resistant and flame retardant, and so on. The fiber having
outstanding properties and functions is widely used in fields such as ocean,
automobile and aviation, bringing consumers all-around safety guarantee.

1. EREBREIINSAREE 6
T
e eRaE. etk (RR8RE). MR
TS
#4&: 933~1400dtex/96~210F
MAFEAR: T, EMAEXEL: 58E
BRBEREIT 30 o8, REAET 130 E;
BEAXEBLYL: B8 MEA, TeEmRER,
RZFAE: BFR. £, BN

mmhg : ME

iR : SIHERKABRRAR

2. shERAMRAEET S

B M REB. ABHEKES
FA&: 1250~3000dtex/144F

RARA: RRE5ENTZEE, E5LE,
FEEEMARILE

RIS REHE. BN, FRANE.
TEHBNESERONT Y S

R OB

R HIIE ARG ERAR

9%

1. Dope Dyed Ultraviolet-
ResistantHigh-strength

Polyamide 6 Fiber
Features: high strength, bright color (little color

fading), environmental protection and ultraviolet
resistance

Specification: 933~1400dtex/96~210F

Applied technology: colored fiber used for
industrial fabric or fishing net: for high temperature
setting, time is no more than 30 minutes, and
temperature is no more than 130 degrees; colored
fiber used for rope: it must be used at normal
temperature, and no high temperature setting can
be done.

Application field: rope, braid, fishing net

Brand: Qiuxue
Declaring Enterprise: Jiangsu Haiyang
Chemical Fiber Co., Ltd.

hEFERITHEIRE 2018/2019 CHINA FIBERS FASHION TRENDS REPORT

2. Flame Resistant Polypropylene
Fiber Used for Carpet

Features: flame resistance, high strength, high
heat-crimp elongation rate

Specification: 1250~3000dtex/144F

Applied technology: samedyeing & finishing as
conventional process, easier coloring,no need of
flame resistant coating treatment

Application field: home carpet, commercial
carpet, vehicle & boat carpet, craft carpet and
aviation carpet with higher requirement.

Brand: Sitong Chemical Fiber
Declaring enterprise: Zhejiang Sitong
Chemical Fiber Co., Ltd.



=, LT
Elastic Fiber

iRk, ERtE. EEMNMBRITHNYET, WHETHENERGERS,
REES. SN TIZR RS, TRT (R T4
=, BB, FEA. FRE, EAAMURMEFESFE AR TR

T B R

Bouncing up makes it more fashionable. At this era when exercise tide is
prevalent, requirement on elastic fiber can only be higher but not the highest.
Elastic fiber with special modification and process design overcomes the
shortcomings of traditional elastic fiber, resisting run, not crimping, and not
yellowing, and it presents a new concept, fashion, while offering people

comfortable wearing experience.

1 {EREERL
e IERIE RS (120°C -130°C) #N4ERYE]
A (20s-40s) , RERERBHSEEKTR
bk, BEREEMESEEE, ANA
B8 NERE A R EUEEE.
#MAg: 11~33dtex
AR fEAESIE2H, ZBAEER
E 7 120°C -130°C, BY[8].4 20s-40s;
BE<90°C, REBAIE 40min
B ARE: SR A 2Bk, BiRATR. BE
2HER (TR0
sakd : B
iRt : ExBHHRAMILER
YA

96

2. mEbFL
R RTERAEERNT, TREEHW.
PEfR. Wz
A 44dtex/3F . 78dtex/5F
MAFAR: REGENSLEML, HH
s, FEIEFR, sEEFEREES
ERRE
MASE: AIATEN. £4. 84, R
BN, KK RTFHIH

mhg: TE

iR : I TEIERLRBERAF

th

1. Low-temperature Heat-bonded
Spandex

Features: at a lower temperature (120°C -130°C)
and within a short time(20s-40s), it adheres with
other chemical fiber with its surface appearing hot
melting; after the temperature goes down, the
adhering points are fixed, so that the fabric has
both elasticity and run resistance.

Specification: 11~33dtex

Applied technology: during fabric production,
the temperature for steam setting is 120°C -130°C,
the time is 20s-40s, dyeing temperature is less
than 90°C, and the holding time is no more than
40min.

Application field: high-end run-resistant stocking,
high-end underwear, randomly trimmed fabric (no
need for overlock)

Brand: Aoshen
Declaring enterprise: LDZ New Aoshen
Spandex Co., Ltd.

2. Ultraviolet Resistant Spandex
Features: when exposed to strong sunlight, fabric

is not prone to yellow, degrade, or have broken
yarn.

Specification: 44dtex/3F, 78dtex/5F

Applied technology: using reasonable spandex
draw ratio to reduce fabric defects; during dyeing
and finishing, reasonably controlling setting
temperature and speed

Application field: circular knitting, warp knitting,
covering yarn, woven underwear, swimwear, socks.

Brand: Millennium
Declaring enterprise: Zhejiang Huafeng
Spandex Co., Ltd.
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=. (FRS4
Imitated Fiber

ESTENTEMESRARSRITNFES S, TRFSHAERES
{ERERY, fTERELFLAVNE. FRMMEEE, MATEIMME EhEiHEE

ENWERE, SMABKFIEEANTE.

Integrating multiple high and new fiber materials and technology fusion
design, simulated fiber builds its unique gloss, hand feeling and properties
while possessing shape maintenance feature of synthetic fiber, so as to draw

consumers’ purchasing desire from senses of vision and touch and help people

realize dream of skin being close to nature.

1. (AR R BT 4

B MR, AN T. BFEER ¥
REFEMAKRIES

FIH&: DTY55~83dtex/36F

MRARHAR: REEE 120°CH, WEWNRE
A&,

BRI HAREE. RER. RBRERIT
ONE =i

mhE: |

iRl BEIHERARGERLAE

98

2. IR AR LT
BRI REFEAKT. FEM. mMIZEN
THHE. FRLTAREER2IIRETE,
REE LS
#MAg: 50~150dtex/36~288F
MARKAR: EEZFSE, ERIEBRTT 56%-
78%, fEIRRE 700m/min L £, EFEIF
R EREENER,
B FA$iE BT R EE RN ERL .
B, AER®. DA, BEF
mhg . 366 HEERAIER). NE
1 (F4REFR)
BRiREI : WRERAITERKIERA
8]; BXEARKARATE

1. Linen-like Polyester Fiber
Features: like linen effect, good wrinkle resistance

and color fastness, greatly improved skin comfort
Specification: DTY55~83dtex/36F

Applied technology: when the temperature for
dyeing and finishing is 120°C , two-color effect is
more obvious.

Application field: woven pantskirt, homewear,
cassock, home decor

Brand: Haolisi
Declaring Enterprise: Xiamen Xianglu
Chemical Fiber Co., Ltd.
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2. Bamboo Joint Controlled
Polyester Fiber

Features: higher hydrophily and comfort, bamboo
joints being controllable in processing course,

having unique design and color without being
dyed, energy saving, and no pollution
Specification: 50~150dtex/36~288F

Applied technology: for the next warp knitting,
the overfeeding of double twisting is 56%-78%,
the speed of double twisting is no less than 700m/
min, and care is taken to get hold of temperature
during gray fabric treatment.

Application field: fashion fabric, fabric for sports
and leisure wear, lace, curtain, Auto. fabric, sofa
fabric, wall fabric etc

Brand: Golden Cock (Zhejiang Hengsheng
Company of Tongkun Group), Dezhente
(Jiaxing Shengbang)

Declaring enterprise: Tongkun Group
Zhejiang Hengsheng Chemical Fiber Co.,
Ltd. ; Jiaxing Shengbang Technology Co.,
Ltd.
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Textile and garment don’t only function as warmth and beauty anymore,
nowadays, they have been upgraded to provide people with all-around
effective protection in such fields as home, public place and working
environment. Antiflaming fiber, antistatic fiber and other fiber can solve the
problems of textile being flammable and fiber generating static through
molecular design and composite spinning technology, so as to reduce the
molten drops and poisonous gas generated when textile combustion and the
danger caused by textile static, and effectively guarantee personal safety.
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1. Functional Antiflaming Molten

Drop Resistant Polyester Fiber
Features: no poison, low smoke, molten drop

resistance, no environmental pollution, permanent
flame resistance

Specification: 1.56~3.33dtexx38~76mm
Applied technology: stable dyeing, the
temperature being lower than that for conventional
polyester

Application field: high-range decorative fabric
functioning as health and safety protection, fabric
for knitted children’s clothes, plain cloth, tooling
cloth

Brand: Defulun
Declaring Enterprise: Shanghai Different
Chemical Fiber Co., Ltd.

2. Hollow Antiflaming Polyester
Fiber

Features: having permanent antiflaming effect,
breaking strength being higher, quality being even,
fabric being fluffy and soft

Specification:

Hollow Antiflaming series: 3.33~6.67dtexx60mm
Conventional staple series: 1.56~8.89dtexx38~65mm
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Applied technology: refer to conventional
polyester product

Application field: antiflaming curtain, screen
fabric, Auto. interior material, aviation carpet

Brand: Baiside
Declaring enterprise: Sinopec Yizheng
Chemical Fiber Co., Ltd.

3. Core-sheath Conductive
Polyester Fiber

Features: strong antistatic property, being easy to

weave, fabric having blistering style

Specification: 166dex/16F

Applied technology: it can be blended with

various fiber, adapting to positive ion and disperse

dye.

Application field: antistatic working uniform
Brand: Zhoudao

Declaring Enterprise: Jiangsu ZJA New
Materials Co., Ltd.
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Different elements of nature are copolymerized or blended with traditional

fiber to change the molecular structure and surface structure of existing fiber

through melt spinning or wet spinning, so as to improve product function and

realize perfect upgrade of fiber through meticulous design. Products having

functions including anti-bacteria, being breathable and cooling, and anti-
ultraviolet are developed to make people enjoy comfort and health.
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1. Anti-ultraviolet Cool-feel

Polyester Fiber

Features: efficient ultraviolet resistance, high
visible light transmittance, being compatible with
water, environmental protection, feeling cool,
permanent property

Specification: 22~33dtex/24F

Applied technology: the content of Anti-
ultraviolet Cool-feel Polyester Fiber is no less than
50%.

Application field: outdoor products, thin
sunscreen clothes

Brand: Anshi
Declaring Enterprise: Zhejiang Yinyu New
Materials Co., Ltd.

2. Cool-feel Polyethylene

Complex Fiber
Features: feeling soft and cool, having functions

of hydrophobicity and bacteria & mould proof
Specification: 83~333dtex /36~144F

Applied technology: it is interweaved with
viscose and chinlon, the temperatures for fabric
setting and dyeing are no more than 120°C .
Application field: summer sleeping mat, sports
wear, home textile
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Brand: PEPA
Declaring enterprise: Kaitai Special Fiber
Technology Co., Ltd.

3. Fine Denier Anti-bacteria
Polypropylene Fiber

Features: anti-bacteria, taste removal,

environmental protection, light weight, keeping

warm

Specification: 122dext/72F

Applied technology: pressing temperature<130°C

time<2min

Application field: underwear, socks, shoe upper
Brand: Mengtai Fiber

Declaring Enterprise: Guangdong Modern
High-tech Fiber Co., Ltd.
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4. Spectrum Thermal Storage
Fiber

Features: having extensive thermal sources, able
to absorb heat of sunshine, lamplight and human
body, strong fast-hotness, long-lasting effect, being
warm and comfortable

Specification: Spectrum Thermal Storage polyester
hollow short fiber: 1.33/3.33dtexx38/60mm (with
silicon, without silicon), Spectrum Thermal Storage
polyester filament: 83dtex/72F,167dtex/144F,S
pectrum Thermal Storage polyamide 6 staple:
1~15dtexx38~130mm

Applied technology: Spectrum Thermal Storage
polyester hollow short fiber: the product with
silicon and that without silicon can be mixed
proportionally, streamlined and netted to form
flocculus, the product with silicon can also be
opened to be used for filling;

Spectrum Thermal Storage polyester filament: it
can be interweaved with other fiber and can also
be used separately; in order to ensure the heating
effect of fabric, it may be used in ground yarn
or veil, with the same dyeing and finishing with
conventional products;Spectrum Thermal Storage
polyamide 6 short fiber: for spinning, when the
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proportion of short fiber is more than 30%, close
attention should be paid to the fiber and spinning
device static treatment and the temperature and
humidity of spinning workshop; for weaving,
because this short fiber has higher breaking
elongation than other fiber, the radial shrinkage
rate should be considered when woven products
are manufactured; for dyeing and finishing, refer to
the conventional polyamidestaple.

Application field: outdoor clothing, special
clothing, filler, home textiles, healthcare products

Brand: Baisite (Yizheng), Huolong (Hengyi),
Quanpu Xure (Hengtian Zhongxian)
Declaring Enterprise: Sinopec Yizheng
Chemical Fiber Co., Ltd. ; Zhejiang Hengyi
Petrochemical Co., Ltd. ; CHTC Sino Fiber
Wouxi Co., Ltd. ; Shanghai Antu Antiflaming
Co., Ltd.
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Softness is full of imagination and beautiful feelings. Challenging fiber
processing technology and fiber fineness limit, soft fiber makes fiber products
more light, thin and flexible and makes the traits of softness fully appear in

products. Soft fiber products not only save the use of raw materials but also
show lightness and give human body and mind natural care overcoming

the restraint of gravity on human body, especially when it is used in terminal
clothing, it make clothing show quality and charm of being soft, silky, light and

exquisite.
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1. Fine Denier High-strength
Polyamide 6 Fiber

Features: high strength, good elasticity, smooth
feel, outstanding abrasion resistance, good anti-
moth and anti-corrosion property

Specification: FDY22dtex/24F

Applied technology: when post processing,
attention should be paid to controlling weaving
tension to avoid strand sanding or breaking;
attention should be paid to controlling dyeing
speed to avoid uneven dyeing.

Application field: woven fabric, fabric made
by circular knitting machine, warp knitted fabric,
knitted fabric etc

Brand: Kaibang
Declaring Enterprise: Fujian KaiBang
Polyamide Technology Co.,Ltd.

2. Fine Denier (shaped) Recycled
Polyester Fiber

Features: able to replace native melt direct
spinning DTY and FDY polyester fiber
Specification: DTY110~495dtex/96~288F;
FDY73dtex/24F

Applied technology: refer to native conventional
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fine Denier products
Application field: various high-end and
environmentally friendly dress and fabric such as

high-quality sportswear, towel etc

Brand: Yongyin
Declaring enterprise: Jiangsu Yongyin
chemical Fiber Co., Ltd.

3. Fine Denier Recycled Polyester
Fiber

Features: feeling soft, being green and
environmentally friendly

Specification: FDY22dtex/12F,
DTY15~22dtex/12~24F

Applied technology: attention should be paid to
production tension and the tension can’t be too
strong due to its fineness; the products with the
same batch must be used at the same time; using
products with different batches at the same time is
prohibited.

Application field: clothing, knitwear, bed linen etc

Brand: Rusheng
Declaring enterprise: Suzhou Rusheng
Chemical Fiber Co., Ltd.
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The raw materials of bio-based fiber come from nature and it is a green
channel for future resource development; bio-based fiber products return
to nature eventually, so a benign cycle is formed which is sustainable and
endless. Bio-based fiber has features of anti-bacteria and biodegradation, fully
embodying the perfect fusion of the comprehensive utilization of renewable

resource and the modern fiber processing technology.

1. RRERILERAT4

A MRRR. MRHNMIMEE. fYE
ElSs

A& 58 4 1.67dtex X 38mm; K #:
83dtex/72F

AR JLUSHE. MR RESEFHEH
TRY, RADEMEN, RERBHNEET
110°CEA

MM k. ZE. SohlRERERA,
R m, AR PEARSE

mmhg . ECOSPIRE

iR EXREMEMEIERA (T
&) BIRAT

2 EREGRILERTE

R RANME. K. REHT. F6RE
Elfessty)lo- 2

M & 58 £F 1.32dtex X 38mm; K £
55dtex/36F

M ARA: El, FEERMEDEE L,
KEMWEBEARIZ, 8 REFBNBEITREE
K, &EREAAET 110°C,

MRS WK, % RGARNMTLHT
Eusz

108

k& .
iRE : AEARBENRHEERAT ;
B EECHAERRAT

3. S ERILERLTH
He TR, IE. SRMLE=R, K
EarE M
NG = LT {AREE ) 3.3~6.6dtex X 18~51mm
R RAREA: BIUAEZTLA S 20%-50%
RASE: 458 &, B BERMEL B4R
TS

mmhg K1

iR : EREKTIEYMFERAR

4. FRMLTHE

e RS 85%, 4iiE), 100% BIRBEAR,
BEBEHELNFE. EANRER. BRENTE.
KRFER, BREE

##g: 16~26 u m X 31~-35mm
RIFAIEA: ARG S4L, BEMLIF

D7 AAIE: AREE. R45. REERMAE. &
REbE

fmhd : BRI

iRl EEEREMREERAR

1. Cool-feel Polylactic Acid Fiber

Features: feeling cool, good processing property,
fabric having good drapability

Specification: Staple: 1.67dtexx38mm; filament:
83dtex/72F

Applied technology: it can be blended with such
fiber as cotton, viscose and lyocell; disperse dyes
should be adopted, the best dyeing temperature is
around 110°C .

Application field: fabric for underwear, children’s
wear and sportswear; home textiles, facial mask,
health products etc

Brand: ECOSPIRE

Declaring Enterprise: Hengtian Bio-based
Materials Engineering Technology (Ningbo)
Co., Ltd.

2. Dope Coloring Polylactic Acid
Fiber

Features: natural anti-bacteria, skin care, moisture
absorption and sweat releasing, green and healthy,
full biodegradation

Specification: staple 1.32dtexx38mm; filament
55dtex/36F

Applied technology: when dyeing, low-
temperature disperse dyes and stepwise heating
process need be used, the stay time at each
temperature can’t be long, and the highest
temperature may not be higher than 110°C .
Application field: underwear, socks, home textiles
and non-woven fabric
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Brand: Yusi

Declaring enterprise: Henan Longdu
Biotechnology Co., Ltd ; Shanghai Different
Chemical Fiber Co., Ltd.

3. Three-dimensional Crimp
Polylactic Acid Fiber

Features: biodegradable, anti-bacteria, high elastic
recovery rate, nature antiflaming

Specification: three-dimensional structure
3.3~6.6dtexx18~5Tmm

Applied technology: suggested filling proportion
is 20%-50%.

Application field: textiles, sanitary materials, filling
materials, papermaking

Brand: Changjiang
Declaring enterprise: Hengtian Changjiang
Biomaterial Co., Ltd.

4. Mudar Fiber

Features: hollowness of 85%, pure plant, 100%
natural degradation; having gloss of silk, softness of
cashmere and comfort of cotton; natural skin care,
air and water vapor permeability

Specification: 16~26 pmx31~-35mm

Applied technology: it can be used for both
blend and pure spinning, with conventional
working procedures

Application field: clothing, home textiles, grease
absorbing materials, military products

Brand: Mushu Niujiaogua
Declaring enterprise: Shanghai Mushu
Biotechnology Co., Ltd.
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Dope Coloring Fiber
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Solving environmental issue in textile industry chain through fiber technology
is one of modes by which textile industry chain copes with environmental
pressure. Non-dyeing fiber changes traditional dyeing process and realizes fiber
dyeing during the process of spinning forming, so as to largely reduce energy
consumption and pollution of dyeing post-processing. Meanwhile it blends
functional and fine denier technology and gives fiber properties of anti-bacteria
and cool-feel. Fiber products resist washing and drying and have high color
fastness and even dyeing; fabric is rich in colors and has unique style.
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1. Dope Dyeing Bamboo Cellulose
Fiber

Features: anti-bacteria, moisture absorption, skin
care, anti-ultraviolet, feeling soft

Specification: 0.89~5.56detx and various cut
length

Applied technology: when spinning, it's
necessary to hit slowly and comb gently it; when
alkali treatment, low alkali short time process had
better be adopted; when setting, the temperature
had better be no more than 180 degrees.
Application field: clothing, home textiles, socks
etc

Brand: Zhulier
Declaring Enterprise: Hebei Jigao Chemical
Fiber Co., Ltd.

2. Anti-bacteria Dope Coloring
Polyamide 6 Fiber

Features: anti-bacteria, skin care, environmental
protection, diverse product variety

Specification: DTY (33~83dtex/12~48F)*2 (joint
strand fiber)

Applied technology: using it alone is not
recommended; it can be blended with other fiber
with its content being no less than 30%; during
after finishing, no strong oxidant can be used, to
avoid influencing anti-bacteria effect; semi-finished
products should be stored in a shady and cool
place after dyeing.

Application field: underwear, socks, insole,
bandage, medical clothing and mask etc

Brand: Dajielun
Declaring Enterprise: Guangdong Xinhui
Meida Nylon Co., Ltd.
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3. Fine Denier Dope Coloring
Polyamide 6 Fiber

Features: dope dyeing, environmental protection,
no pollution, high color fastness

Specification: 44~78dtex/12~48F

Applied technology: setting temperature should
be kept within 170°C -185°C, with appropriate
overfeeding; when after finishing, PH degree is
taken as neutral, with PH value being around
7, before finishing, the gray cloth should be
completely free of oil, and the setting temperature
should not be too high.

Application field: Auto. interior decoration, high-
end clothing, outdoor recreation textiles etc

Brand: Huading Jinlun
Declaring Enterprise: Yiwu Huading Nylon
Co.,Ltd.
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4. Gel Dyeing Polyacrylonitrile
Fiber

Features: no need for dyeing and finishing, low
cost, high color fastness

Specification: 1.6~6.6dtex

Applied technology: for spinning, dyeing and
finishing, weaving and after finishing, refer to
conventional wet acrylic fiber

Application field: sweater, underwear, leisure
fabric

Brand: Baishan
Declaring Enterprise: Jilin Qifeng Chemical
Fiber Co., Ltd.

5. Fine Denier Cool-feel Dope

Coloring Polyester Fiber
Features: being smooth, cool, comfortable,

breathable, static resistant, and colorful
Specification: 22detx/12F

Applied technology: it is directly used for
weaving, with no need for dyeing.

Application field: apparel fabric, summer sleeping
mat, sofa mat, pillow case, Auto interior decoration
etc

Brand: Jinxia
Declaring Enterprise: Zhejiang Jinxia New
Materials Technology Co., Ltd.
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Recycled fiber is a new functional fiber comparable to native quality, made by
utilizing waste resources comprehensively and integrating such modification
technologies as copolymerization and online addition. It largely reduces the
pressure caused by waste textiles to environment while getting consumer

emotion acceptance and meeting consumer high-end demand, and this
realizes unification of cycle, low carbon and high added value.
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1. Dope Coloring Recycled
Polyester Fiber

Features: high strength, no need for dyeing, being
green, environmentally friendly and renewable
Specification: 1.56dtexx38mm

Applied technology: for after finishing or
blending, refer to native products

Application field: yarn, woven fabric, knitted
fabric, non-woven fabric etc

Brand: Lifeng
Declaring Enterprise: Fujian Changle Lifeng
Textile Co., Ltd.

2. Recycled Polyamide 6 Fiber

Features: being green and environmentally,
renewable

Specification: 44.4~55.6dtex/24F

Applied technology: it can be blended with
other fiber; oil washing should be done completely
during dyeing to avoid dyeing streak; when
after finishing, long-time sunlight and ultraviolet
irradiation should be avoided.

Application field: yarn having environmental
protection idea such as knitted sock, covering yarn
and warp knitting

Brand: Hengshen
Declaring Enterprise: Changle Highsun
Synthetic Fiber Technologies Co., Ltd.

3. Fluffy Heating Recycled
Polyester Fiber

Features: feeling soft and fluffy, keeping warm,
having good compression returning rate
Specification: 2dtexx25mm

Applied technology: applicable to various velvet
and cotton filling machines, able to be mixed with
feather and other fiber for filling

- ‘ - Application field: toy, bedding, sofa, cushion,
clothing stuffing etc

Brand: Yunrong
Declaring Enterprise: Hangzhou Haike Fiber
Co., Ltd.
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Smart fiber is one which can produce induction to temperature, light and

electricity; microcapsulary technology is used to realize fiber color change and

the two-way adjustment and adaptation of temperature, therefore, fiber can

change from being colored to being colorless frequently, be reused repeatedly

in the environment with a changing temperature, provide people with

comfortable environment of “clothing inside climate”

always lie in a comfortable state.

1. RREBBEFERSSE
HR RRE6, X “Ba—T6 RS
BB
FAg: 83~330dtex/24~60F
AR JURRERAHS S MPFLE
[, FEERERSTFL00°C, FAIHURH;
FARIE B I SIS A RS
FRAEENATER, TERNHT RS
B, REGRERNSERT, RIS, F
AT
Rz RS : MRS, ToiiREE, 24h) LARE,
EraiLed®. et FIEdmeEvER
HORERA) , B @RRES

mhd: BE

iR . S HARBERAR

2. REIRRRRIHIRLTH
B MR RUEA. PR BEREHE

M. #E

#AG: 1.67dtex X 38mm
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, and make human body

28~30 E, £EFFEABNERBLE RNVE
2025 o 2. REREANIERN, IMIREET
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B EH%EA\ BReEXAERE

A& 58 4F: 3.33dtex X 51mm; K #:
333dtex/60F

MAEAR: INTRE< 130°C

MAME: AT BENATRA, KLNA
FRERE

ok KSR
Bk StRFEBEEERKARL
85 #ILEEATERAR

1. Temperature-sense Discoloring
Cellulose Fiber
Features: temperature-sense discoloring, being

able to realize color change from being colored to
being colorless

Specification: 83~330dtex/24~60F

Applied technology: it can be used alone or
interweaved with various fiber; the temperature for
after finishing is no more than 100°C , no bleaching
is allowed; it's better to use neutral or alkalescent
detergents to wash it; it can be applied in fabric
directly, secondary dyeing isn’t recommended;
clothing should be hung and dried in the air indoor,
and should not be exposed to strong sunshine or
washed in a dry way.

Application field: personal clothes, sportswear,
infant clothes, medical wrapping galloon, band aid
(able to show whether wound is infected through
color change), medical and health clothing etc

Brand: Bailu
Declaring Enterprise: Xinxiang Chemical
Fiber Co., Ltd.

2. Phase Change Thermoregulation
Polyacrylonitrile Fiber

Features: two-way thermoregulation, being soft,
fluffy, easy dyeing, colorful, light and bacteria
resistant

Specification: 1.67dtexx38mm

Applied technology: 1. it's necessary to
pay attention to choice of phage change and
thermoregulation point during use; in summer
when cool feel is needed, phase change point
for melting should be 28~30 degrees; in winter
when hot feel is needed, phase change point
for crystallization should be 20~25 degrees. 2.
When dyeing & finishing and after finishing, the

processing temperature should not be higher than
140°C to avoid loss of phase change materials.
Application field: thermal underwear, lingerie,
flocculus filling

Brand: Hansaier

Declaring enterprise: Beijing Yutian Phase
Change Energy Storage Technology Co.,
Ltd. ; Daqing Acrylic Plant

3. Phase Change Thermoregulation
Polypropylene Fiber

Features: fabric being soft, intelligent two-way
thermoregulation

Specification: 3.33dtexx51mm; filament:
333dtex/60F

Applied technology: processing temperature
< 130°C

Application field: staple is mainly applied in
flocculus, filament is mainly applied in thermal
clothing

Brand: Hansaier

Declaring enterprise: Beijing Yutian Phase
Change Energy Storage Technology Co.,
Ltd. ; Hubei Botao Chemical Fiber Co., Ltd.

b
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2019 EERREGALTH
R niTas
COLOR TREND OF DOPE-

DYED FIBERS IN SPRING &
SUMMER OF 2019

2018 £1 A 10 H, tRREFR (FHREHIER) KRSPERFEFETLHE R
ITERBHARSHE TERE) . BERGAKT=RARFORKSHARIMHLHET 2019 F
ERREBAHBERITES,

AeFEMEFEALRRPIE. RRWNEE, TEHRERYT, BRAERKHEEF
MESFEEENER, 2019 FREERZSFEUNER, FHRBIFRTE, BRI
MNFBENFRNREN, RRESTHEAFRIHS. REEENSR, AREGFE
REHEREEAERERTIZEHRERDE. 2019 FEENRRE GFELIFRRIFIR
&, MENBTERNAWEL,
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On January 10, 2018, Beijing Institute of Clothing Technology (Fiber Fashion Studio) worked with China
Chemical Fibers Industry Association (Trend Research & Promotion Studio) and National Textile Chemical
Fiber Product Development Center for joint analysis about the color trend of dope-dyed fibers in the spring
and summer of 2019.

Color-decoration is the most impulsive and primitive instinct of human beings. No matter in ancient times
or nowadays, colors play an important role in aesthetics of clothing. The spring and summer of 2019 will
be full of colors. As a kind of environment-friendly fiber that meet people’s demand for colors, dope-dyed
fiber boasts reduction of pollution discharge and energy consumption, and also has obvious advantages in
color fastness and fabric rebound resilience as opposed to traditional technique. The dope-dyed fibers in
the spring and summer of 2019 will display its colorful profusion in an environment-friendly image.
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PANTONE 16-6324 TCX

PANTONE 19-0230 TCX

ﬁ@ Green

MEERSHMEREENENTH, EAZHFENERBHEFEETTHIEI .
T BZBNBAER I ERIMEE, 1F 2019 FNEEF, ZEKATS
RE. SEGEAE. B, RESNF s, REZRN. RE; SinE
%, EE. BR; SOMFIEE. BPR; RREZMEH. Y, 2019 FERLE,
GHABARSAE—F, FEHEL AN AREZANEE,

Just as revival and renascence are permanent theme of spring and summer, all kinds
of green colors also remain the same memory in this period. Whether for painstaking
depiction or inadvertent manifestation, in the spring and summer of 2019, green
colors will not be absent. Plum green is radiant and fresh, gardening green dark and
flourishing, calla green vigorous and opaque, oasis green elegant and bright, nut
green rough and tough. The green colors in the spring and summer of 2019, as the
features of fiber itself, continue arousing people’s yearn for the nature.

Yellow

Yellow not only symbolizes luxury and nobility, but also provides people
with vigor and hope. In the spring and summer of 2019, compared with
pure citrine, orange, tan and the like will draw more attention. Bronze
brown is thick and dark, olive brown solid and calm, golden gorgeous
and luxurious, financial yellow pleasant and exciting, freesia yellow warm
and gentle, pale banana yellow transparent and enchanting. As the
brightest and the most glorious color in the chromatic circle, the changes
of yellow colors provide different senses.
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6 Red

a6, 2EAES. S TENER, WhENA HEEA. EXER,
FRANAEHARIIEEZENERNE. BRI, 2. &5, KO, KA,
RUE; MGLL, SRBR. AR, B9 ML, HWN. B WAL, B AIA
BEREREL, KR T ABFAFMEHMETRERERNEY, HEALZ,
ZEEMNIEEEES.

Red colors are energetic with mental aura, passion and splendor. In this season,
different red colors also exhibit different styles for us. Pepper red is quiet and noble,
fiery red thick and enthusiastic, flaming red warm and boisterous, carrot red pretty
and lively, coral red fresh and satisfying, prairie sunset red wide and boundless. Red,
as the primarily-used color, evolves with the most attention in its long history.
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F =
] "
- "~
< -
g -
=T Ll
: -
— -
- [
"

c &
F ]
» «
|

- :
"

" [ ]
> [

B —
RBMES  Purple s Blue

BEBRERANAE, BREBESRETRIKE, A#NEGE, FILEREES. S
EESRE . MEBRRKEENAIIIUE, BNAAANGEE, 8XBHNERS,
HANRREZSHMEN, RaXER, MABIHESHENRIIEE, EAZEN
WEEBM. FINCE, M. MH; RFER, B8 IhE; ¥FER, B4, R5;
FHE, BFR. AR, AEE, HO0B. WM, KK, HIE R,

Blue is the coldest color, manifesting the eternal in the sea
and the sky. In pure blue colors, you can see rationality,
quietness, cleanness and serenity. Purple light has the
shortest wavelength among all the visible lights. Purple is
a mild medium color with high saturation degree with the
sense of elegance and mystery, coquet nobility. The series of
colors gradually varied from purple to blue are prevailing in
this season. The ultraviolet light color is elegant and aloof,
aster blue romantic and demure, Easter Egg purple dreamy
and surprising, cashmere blue soft and delicate, grotto blue
indifferent and tranquil, aster blue gentle and elegant.
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Color Palettes

3&%&% Achromatic colors

RERZEEE, BEAMINERERNAEHE i S B ) T s A E FEHEER
BREIETMRR, TRBRABIALER, IS ¢ B A Green Yellow Red Purple & Blue Achromatic colors

FeREREPMESEREEEi. B8R

I8, THE; EE— A DERIN T, XEE S0 aaise
N RRT AR, BEERBIRT I

NaRe, EEEAENEAN=0E, BEE

PR BRI IE/RBKE IR, BREKTEHNER. .
UK BBRET RNRBINGIK, XEBFER e g
JEERTE 2019 FRE, HEURSIKIBRVEH,

Though being in spring and summer, people's fever for
achromatic colors has not come down. Achromatic colors are called universal

colors, which can harmoniously match with any chromatic colors. They are
low-pitched spearheads that are antagonistic to each other in a moderate and
modest manner in the interlacing between both. The pure black for silence

and depth, bright white for innocence and clean, the Eiffel Tower grey for -

order and rigidness, the fog grey for confusion, as well as the wind-bell grey pantone 11-06071 TCX
for ethereality and elegance, will be active in the spring and summer of 2019, pantone 15-3802 TCX
continuously performing eternal classic styles.

pantone 18-5210 TCX
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Supported by “Collaboration for
Sustainable Development of Viscose” (CV)

C BAEFHERFETIZELRKBSIERE

S$S2019 £HERLTLE
iTRa %

MOMENTUM OF
CELLULOSE FIBER IN
SPRING & SUMMER

OF 2019

SS19 = R % =48
A T4 R AT 4 TRPRAT AT

Viscose Fashion Trend SS19 Full Fabric Collection

o B AL BRE ML
Our Booth Trend Seminar
5.2H E&3 7]?5.’2,,\ 1| 14/03 13:005.1H H108

$S2019 EMBHEMNEM, 535/ 2BERIN ATHLEISURE, &
HEZK HOMEWEAR, EEE#R™ CITY MREDTI4A VIBES,

In spring and summer of 2019, we focus on four themes, namely, ATHLEISURE
for sports and leisure, HOMEWEAR for home dressing outside, CITY for urban
vogue and VIBES for entertainment tempo.
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ATHLEISURE

BRI HRNARLER—FEEES, B —EES
B. eREREEHMEE, ELE. BAS—FF
RAJE D — N R,
EHHNRERRETREE, EAEREshz
& FTBEBRREMREEHENE—MIERE
i), BEohil B EMAREASHERR, RANEN—
. MEILREMEWERRAN, EoiREE LY,
Gucci MBYEER, E= B,
—EEHRNAEGEM, FHEXAYTREMINEE
MIEmRS, MMMITEERRS, SMEIRERA
B E+ENEmE, F2EBENESE, BE.
M—EEMNIERNREE, B=E Zara, H&M, Mango
MMNBER, BRNHEHNAEREN, FRiTe, B
IR EEShRS, BEMIBE RN MEERN M,
FREMARNELE, BERNEFISERANR.
FHRAFEETHETEENAE, FIIBREL
ENED, SRR ARBMERRNBRZELTE
BOIRRXNER, EHREFERNERN, BRE
TEAOREI SIS, SRR EFFEHED
RETEE, NEVBRRRIHNITIEEN, B)IF
18, BRBMZERER,

nal sportswear.They
] strong technology
eripheral brands,
able angle, matched
'ATHLEISURE, which

Its fluidity, luster and softness
fort, it also preserves the scientific
2asy to wear, evolving from its initial
perience with tactile sensation.

[ )0 %

Fabric composition:

100% EF 4R ET4E

100% Cellulose fiber
ERA% [ 13

Cellulose fiber / cotton
FHRAAE | FL
Cellulose fiber / terylene
TR YE | R0
Cellulose fiber /chinlon
e R4T4E / Cordura 848
Cellulose fiber / cordurachinlon
MR

Elastic design

BR[| $AR:

Tatting / knitting:

PETLERMA / WEEHR

Single-faced plain-knitted fabric / double-
faced knitted fabric

mas

Fleece

RIEHER

Jacquard loom

A [ B RER AR E LA

Fabric structure with strong dynamic and
technical sense

Enea:

Colors:

FREE

Mainstream colors

aalc=:)

Neutral colors

BEEXRUI & [ B RbHE

Saltatory new colors / color splicing

BA:

Key point:
4%
Knitted fabric
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X — NHEKEE ST mIE, BRIRELERLETRANEN, HRATERNBIN
Bile ARP, MIEFRER. KA AENZFESN, TAMRE, Mo UEREE
WLARARIIR. INEIZRR , BT, 8%, NEABINREEHELME TECHERS
m&o
EEHNERRERTCEERTHORESRSNE REBRENFHRE, HHIZ—HER
ENfEREASE BET BRI KERY). MENKRNAR, XFERPFRIMRENIL BRI
—MEERM X MANREER, AT HKEETARETAEIROBMRE, e 520N
e, HEAMEERMEERNEE, RNEIIUERPNORR FFR. 0T, BXRRE
SNRFIEES, TEUE, BEEANEREENRFETFR, TR TEWRE, BEZHAR
SRS ERNARNCEE R[N, HE, EEMIIEFERBFERERELE, EX
BT BECRIRN=E,

BT HEROAEAR, BRIREMEHERETRANNE, NEEBR, BENEMHE, EXRIT,
BINRHME, NMTEELZNIRFR, MALERTEREX D TARNRER, EHEM
FHEFEEHAMDMN, FHEEE—R. BIS5TENTLERY, STRFENDETER, K
RPETEHROEEE, HRT2MNTFEZR,

It is an increasingly important product field. Home clothing has changed a
lot in recent years and therefore become a synonym for comfort and leisure.
At home, people choose a simple, practical and convenient way of dressing.
Instead of intentionally changing clothes, they can comfortably chat with
friends, go out for breakfast, go shopping and walk dogs. Most famous
brands now have their own home product lines.

The earliest homewear was derived from women'’s clothes when doing
household chores or going on errands quickly. It wasjusta printing fabric or
comfortable washables. With the development of the times, such clothes
that were dressed at home has gradually developed into beautiful and
durable homemade casual wear, and become an indispensable garment
in housewives' wardrobe. Being both fashionable and comfortable, they
can meet the desire of people to stay home freely orto invite some friends
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to afternoon tea at home. Now, the home
wear has evolved from being random
and sloven to the most intimate means
ofself-manifestation, with the magnificent
transformation. More people expect to
remain elegant and fashionable in leisure
times at home, and even want to go out
in their home clothes and enjoy their own
leisure space.

Owing to the continuous upgrading of
demand, the materials of home clothes have
also changed a lot, evolving from the earliest
cotton to more elegant, more sparkling
and softer materials, and thus meeting the
needs of more scenarios. Cellulosic fiber will
display its charm in this field for being more
fluid and softer than others. Blended with
different fibers and interwoven with yarns
of different natures, it greatly improves the
vogue sense of home clothing and brings
new experience of comfort.

[ )05

Fabric composition:
100% £F 4R L4
100% Cellulose fiber
ERAH [ 13
Cellulose fiber / cotton
RS
Cellulose fiber / silk
LT RATYE | R
Cellulose fiber / linen
LR | HL
Cellulose fiber / terylene
SRL AR

Gold & silver filaments
ST

Elastic design

B [ A
Tatting / knitting:
i
Plain-wovenjersey
B
Satin-woven cloth
R1EH

Jacquard cloth

E el

Striped cloth
BFH

Lattices

BERERIEIMY B RR
Light-shade-interwovendiscoloration

gng:

Colors:

ol )
Neutral colors
BRE

Candy colors
RENEIE
Deep hues

=
Key point:

RINBY
Leisure times
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CITY

M 80 EFFIA, EREBEREZETHE, MR ™F. ZiREF/EMENEE, FEEH,
WRTIEFTIART. FRHR. ML AT HERNRES, BESXK, HIMIATLOR S SRS
EIEEE 80 FRNIEHLERE, MANZIMERGT EHHFEENRE, MEFHEX N ERE
FRER. AILIR, 180 MR, FERFHAHRELENATX—RIINRES, XFHEFE, B
0, FRE RN —E B MR,
B BN BREMNISITER, LiLREBHNX R, RENFELERSKNERBE
RNFRIARTX—F#M, MMITE « FIZE (Giorgio Armani) FHia, TIEEERERMETS— Mg,
Ll 7nnh, BEE®I. FEN, FEEHHIRITEEENMUE, KITMFBEIHRERSE,
BhEM, ERENIRIT. RETRTET F&ﬁJéﬂ%ﬁ@ﬁ&?i&EﬂE%%ﬁWE%%,
ARANZRRNAYFEREENEE, ERERNLE, XMEENENERERNEE
SEERM T BEMEFEE S,
FHRAENERGNEFENEANEREX T EENES, BT XMALENER, BN
ZTEEFABNNLZALK, TERGNEREDNT &S, BENEHNIEZEALLER VR
WMEME, B FEMENARNEEER, MITRAXERZ LEBEDNERBIIB M T
IVAZEMRES], WHETHI1E LR FHEUNFEH R EMMNEETR K.
EIREEER IV EN TN T BENER, Bl A ERFESEMTRIVESRER, 0H
BENETHMER, GINER, FEAFESTURESTRRRE, FBK. MEKR, FH=
FHEFXERY, FERE.

Since 1980s, suits have quietly evolved from professional, serious and
stereotyped to comfortable, unrestrained and attractive, recognized by
the fashion circle. Soft and smooth lines are applied to daily clothes. Until
now, we can still say that today's clothing is the extension of Armani's
style in 1980s. The flexibility and comfort of materials are not changed
but upgraded continuously in this direction. It can be said that in 1980s,
cellulose fiber has been applied to a series of garments. Such a comfortable,
relaxed and smooth fabric style has never been abandoned from the
beginning.

The primary idea of "showing power" is the design concept of career
apparel. Rigidjackets, stiff and smooth shirts and exaggerated shoulder pads
fully express such a theme. Since the time ofGiorgio Armani, the workwearis
alternatively adapted to another standard, elegance, dynamic and
charming. Meanwhile, comfort is also mentioned to be more important.

Designers began to seek simpler, more casual and more flexible designs.
Clothes became people’s second layer of skin. Showing the natural shape
of shoulders by removing the restriction of shoulder pads and getting rid
of heavy lining cloth with fluid-shaped soft fabric for creation oflightsome
outline, such a kind of commuting-styledworkwear provides more comfort
and freedom for people’s daily activities.

Cellulose fiber redefines the concept of suits in a more smooth and

comfortable form. Because of the use of such fiber, the masculine women's
suit is more attractive and feminine, with itsflexible and smooth fabric

132

showing the curvilinear beauty. The commuting-styled suit
is more casual than workwear, but more formal than casual
clothes in daily life. The commuting-styled suitcan not only
skillfully exhibit white-collar women’s charm in offices, but
also meet their dressing demands before work, after work
and on social occasions.

Meanwhile, the seasonal features of commuting-styled
workwear have become relatively vague. By blending
and interweaving cellulose fiber and other products, the
workwear meets the needs of all seasons. For example, in
summer, cellulose fiber and linen are blended for cool and

smooth feelings; in winter, cellulose fiber and wool are
blended for comfort and warmth.

[} 2057%

Fabric composition: -

100% £F4ERET46

100% Cellulose fiber

FUHRTH 1R

Cellulose fiber / cotton

FHRA%E | FL

Cellulose fiber / terylene

ﬁéﬁiﬁé’s /| FE ity :

Cellulose fiber / wool Colors:

Eoleatany o

Elastic design TEneE
Mainstream colors

B/ $tn: it

Tatting / knitting: Neutral colors

ZEpE R ERIEE

Classic pattern Matching of warm colors

3D AR (ZMERRSE)

3D stereoscopic effect (women's B

wear) Key point:

ZOMm B

Pont-de-Roma Suit
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Vibes

FTRIBAN 2 SR . BRESHARRET
AR, BEMEER, Mi1FBaIREBA
RAIVIRILNEBRE. EZRMEBABIRE
WM B RBE T RE, BH=EHHNE, £-
ZEENEM, HE, HREMOMERE, 2
IHHIEF AR

RPN M Gucci, MBRIEZRFR, il
F TSN, RENXATEMHER. NF
HEESHEAN, LREER, EBENS, —H
BRI ARE, EHHtAETRT, SRz
BERAANXHEFRE, EREEBFG
ERXEZF, BERNE.

EXPERE, FEFENSIRTRELT I
BB, EERENESEARNERESTE
—i2. HERNBHE, BRITREM, A%
BIRITIER. REFZMOING, REBINE
o EXNERP, ENTE, B, BL, T4
KEE, HBEAE—Ik, FERTHESHML
#Y0MR, FE, IR, RERST T AENES
YR, FRNMEIETELER TSRV

CIJ: 128

Break the old rules and set up the new orders. More and more people are not satisfied with the current
boring, regular clothes matching. They have begun to seek clothes that can represent their independent
personality. Luxury brands have also started to make changes based on new market demands, bravely try
new styles, use multi-color overlay and impact, bring new visual stimulation and establish new aesthetic
system.

The earliest change is started from Gucci and Balenciaga. They abandoned traditional designs but boldly
adopted a variety of mix-up. Canvas shoes are matched with fashion coat and winter wear with shorts,
while slippers are worn as fashion shoes. People refused such a mode, but gradually changed their minds.
More and more young people became crazy about such a new order, while mainstream fashion began to
accept such an ever-changing colorful style.

In such a theme, different colors and textures find harmony in disorder, retro costume style is mixed with
more modern works. Oriented to young group, they praise highly for the design concept of breaking the
conventional and looking forward. There is neither an uncompromising style nor an exact season. In such
a scheme, various colors are blended in printing, jacquard, lace, and plain-knitted fabrics. Cellulose fiber

is mixed with other fibers, like cotton, wool, linen and polyester, with unique texture superposition effect. ‘

The collision between different materials provides possibilities for brand new colors.

134
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ERIRES

Fabric composition:
100% SFHERFH
100% cellulose fiber
FHRFH 18
Cellulose fiber / cotton
FHRFH | FL
Cellulose fiber / terylene
LFHERLTL | 1L
Cellulose fiber / nylon
[k any

Elastic design

B | R
Tatting / knitting:
el
Plain-woven jersey
EE5 %

Fleece

RIEHAR

Jacquard loom
R

Stripe

LN

rs:
TATERE

Popular colors
B¥RL

Criticalstrikes of colors

BR:

Key point:
e s
Impact of colors

1E& : |love Viscose
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quality and creating brands, and thus achieving the splendid vision that "fiber changes life".
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FIBER NEW MATERIAL
FORECAST

PHIRLT LERININ S % RS
Fire-retardant Fibers in Reality and
under Development

1 PEABRES K 22 TR 4R
Fig 1. Fire-retardant polyester filament and textiles

SHAREXRAIETRENEREMUME, ENAEEEMAINBEEET REI T,
Kb, EFHE. MEMX. XBick. FEFESWY, BREMATANT K, 4
HHIMBAASIRBELXERINMRNETEREZ— EER, BHRG5IATENRE A
MNOERHM=REHERT EXNEKL, BEEMATENERER, ERIMSERTLE
RESHRAMEITTRENARIE, KB, XE. BEFREERMBEBEI™BIER.
AR, ERERERTEGFRGAEREBRMINEENTERRY, EEZERERMN
AR 5EE R, BEATRESENKASEREFEREFRNHAR. FX
5MF.

—. FERALTHRISIE

FEMALT 4 = BRI A TREAMALT 4 SR MEBEMALT 4o

KRR E T BERTNAHENEN S LRSS, HP TN T ESERRETHE. BIBLT 4.
AEFH. A4, BESES, BN SERAEOIETL. REIILARALE. BREMBAT 4.
HMLABOR BT S,

PR ALT 4 T B R Is BT YRS F UM MR GH B A RIFIEMILAERILTLE, MR
2. RL. HRNTERTUS, HIBRIETFAERRIRGLE HRHLE ECY
LE N IES.

FRMAST e FEIRISAYIERE, ERA. ERANFIASINER RN AR, EFYAA
FAE. AE WWAERSR, MEEZTURTFMAMTERESMHE, BB REFAQ
HIZPRBEIND R, Bl EA SRMBAFIFRE RS~ RF.
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As basic materials, textiles are of vital importance to national
economy and people’s livelihood, with applications spreading already
from daily life into such fields as industry, agriculture, medical
treatment and defense, aviation and aerospace, communications
and transportation, and military. With the increase in applications,
however, fiber products have also become one of the main hidden
dangers triggering various fires indoors and outdoors. For recent
years, fires ignited or fueled by fiber products have caused huge
losses to people’s lives and properties, already becoming a serious
social problem. A great deal of research into fire-retardant fibers
and their textiles has been carried out at home and abroad. Strict
laws and regulations have been passed in many countries such as
European Union members, the USA and Japan, requiring that fire-
resisting fibers or fabrics must be used in certain particular places.
As laws and regulations on fire resistance are promulgated and
enforced in our country, the research, development and application
of environment-friendly, non-toxic and permanently highly fire-

retardant fibers and their products will be pushed forwards.
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FEAREER T R 80 FRMBEL T Ik, 90 FRFHE, AEANEBHARNBE AR E
F, BOBTFEAHRR. HIB. MEE. FEHZATLEN. TNEMRSRERE One. Classification of fire-retardant fibers

%, RERE. AN RS L . RIS (hE) BRADY Fire-retardant fibers mainly include inherent and modified fire-retardant fibers.
HELBBESTZHIE TIRE T REMRRELS L, BEECHXABXRBREENAGER

Inherent fire-retardant fibers mainly are inorganic fibers and organic high-
performance fibers, where, inorganic fibers include basalt fibers, glass fibers,

SOVEMARES T BT 474, MR HRARATFFABEMER T2 H2EXE) 5.8 cN/ quartz fibers, boron fibers, ceramic fibers etc, while organic high-performance
dtex,, EAAF Ital Match Chemicals. = HTE & HZAS ADEKA AT B RIAREELT 48948 fibers include aramid fibers, polyimide fibers, polyphenylene sulfide fibers,
XEFIRE, EEXRREPEMBRAELT AL ETE, W)IAY. S5, tERESRELE polysulfonamide fibers, polytetrafluoroethylene fibers etc.

ERFPERARFTIYE R ABEEFENARRETIBNEN, U)IAEMREEFBRDERA Modified fire-retardant fibers mainly refer to the highly fire-retardant fibers
SR EAERES ), STRMBITER. FEAW. (VERWK. FEEELOHIEIMEIEK 2 obtained after physical or chemical modification, such as fire-retardant
AT A ST T A A, HSSI T HROAIT, Eoh b iEm A P Pa MABS Ee Tl 4428 polyester, nylon, vinylon and cellulose fibers, with their main preparation

methods including co-polymer chip spinning, blended spinning, composite

£F) 6.0cN/dtex. B2, BRIFEMRBETENTUISE. MRFEERNEGE—TRES,

spinning and coating.

Thanks to their unique features, fire-retardant fibers have the bright prospect of
being applied in civil, military and industrial fields. They can be used not only as
fire-retardant textiles in automobiles, trains and airplanes, but also as composite
materials in aviation and aerospace, as decorative textiles in such public places
as hotels and restaurants, and as protective clothes and textile products in
hospitals, military facilities and fire-fighting entities.

Two. Present condition of development in fire-
retardant fibers

1. Fire-retardant polyester fibers

Fire-retardant polyester was already industrialized as early as in 1980s. In middle
1990s, the phosphorous fire-retardant monomer developed by Celanese had
been successfully used in conventional textiles. Such companies as DuPont, Hearst,
and Toyobo had achieved one after another the industrialization of fire-retardant
polyester, with organic and inorganic fire retardants and compounding fire-
resistance system, using the methods of co-polymerization and blending. TORAY
Fibers Research Center (China) has developed cationic dyeable fire-retardant
polyester fibers with the technology that combines co-polymerization and blending.
German’s BASF has used the method of co-polymerization to obtain the fire-
retardant polyester that can be used to produce fibers. The industrial yarn of fire-
retardant polyester developed by Durafiber possesses the strength of up to 5.8 cN/
dtex. Italy’s Ital Match Chemicals, Holland's DSM, and Japan's ADEKA have all been
reported to have patents on fire-retardant polyester fibers. For recent years, fire-
retardant polyester fibers have developed rapidly in our country, as such scientific
research institutes as Sichuan University, Qingdao University, Beijing Institute of
Fashion Technology, and Donghua University have all been reported as studying
fire-retardant polyester fibers or being granted patents. The fiber-grade fire-
retardant polyester chips by Sichuan EM Technology Co., Ltd, and the fire-retardant
polyester filament or spun by Shenghong Group in Jiangsu, by Sinopec Shanghai,
by Sinopec Yizheng, and by Shanghai Different Chemical Fiber Co., Ltd., have seen
scale production, generating profits from exportation, where, the industrial yarn
of fire-retardant polyester produced by Sinopec Shanghai has its strength reaching
6.0cN/dtex. At present, however, the functions of fire-retardant polyester fibers
such as anti-dripping and smoke suppression have yet to be improved.
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2. PRIASEER AR AT 46 2. Fire-retardant polyamide fibers

PRMASR BRI 2 h TiesTiE, BUISEMREM AT, Bk, T, BHHeSEN 5198 The research of fire-retardant polyamide is mainly focused on the field of resin,
R IREFRIRERI =2 (BRI B B R AT AR SRR ES, (V1 EMS A5 S/ H featuring the dominance of blending and fire resistance, with such companies

as BASF, Rhodia, and DSM all having typical fire-retardant plastic products. Due
to the great technical difficulty in preparing fire-retardant polyamide fibers,
however, only Switzerland's EMS has announced that co-polymerized fire-

HEAMBRIRLAT S, DRETETR. REHREBMBBRT HH 7 T EEPESKN
AR, BARKIMU . FERZE R ERNBEBRABSFFR LEMREAZ 6 47

¢, RMEBMKEEZ R, S TR B8IOUN hES LUK Efh A B0/ D #PE MRS BEFE =G, retardant polyamide fibers have been developed, which are still not available
ZEFEEBEI MR A MRS BT xR, EFEMIEEEIYEERE ULY4 V-0 & on the market. The research of co-polymerized fire-retardant polyamide fibers
B FETNBRIRINF AT A RN R RE L 6 FENRE, FEYEAYREER is concentrated on universities and research institutes in our country, and their
ATTFRBEMEBEE 56 4 REARAMMEE, BIRSIEMAT 32, FHBE> 450N/ industrialization has not been achieved. The cooperation between Donghua

University and Guangdong Xinhui Meida has resulted in fire-retardant

LI 1R BRI 5 5 R AT . ) . . . T
dtex, [z AT BRMARE SR polyamide 6 fiber being developed, but its long-term washing durability is

3. AR BE TR TS limited. Phosphorus-based or other non-halogen fire retardants are added in
Fire-retardant regenerated cellulose fibers a mechanically blended way to such products as branded as BS9OUN by Shen
EINEMRAERTENEF DNARMETEAR, BREERIBEFERFEN L, & Ma and a few of fire-retardant polyamide products by other companies, all
HhF Lenzing A8l X2 Kemira AF). AXIBEAT R ALE LS TIRMBELTHE of which can reach the level of UL94 V-0 in their functions of fire resistance.
FUEE A, ET AR IPIR. SO S B SR TS N A, ERE SRR Shangh'ai Antg Masterbatch Co.Ltd., is also relported to have fire—retardant
A A BT BT A A= T, BEAS . TR T A RIET SR SR zolyamlde 6 fibers of slheath—core tlype. The bp—based polyam'ldel56'f|t?ers
eveloped by Shanghai Cathay are inherently fire-retardant, with its limited
AERAEIMANER. BRRKRARENA, SIS TIEERFNEMMERASE; BLEZR oxygen index higher than 32, and its fiber strength >4.5cN/dtex, being widely
EFRWAERAT. EMUARNDERATIRBHMARIAT, FRHBABIMMRALE; bR used in the fields of fire-retardant clothes and decorations.
BT EEIRAT, Tk HF— AR - ARBRIERT &, BEFAMIERT 3. Fire-retardant regenerated cellulose fibers
#RRRE. FRRATAMSNETH—PIES. The research of fire-retardant cellulose fibers and their products in foreign

countries are well ahead of that in our country, and already saw the
industrialization of regenerated cellulose fibers long ago. Such companies as
Austria‘s Lenzing, Finland’s Kemira, and Japan's Asahi Kasei have achieved the
industrialization of fire-retardant regenerated cellulose fibers, with their fibers
widely applied in protective clothes, fabrics and household textiles. Relevant
domestic research institutes and enterprises have also successively carried out
the research of fire-retardant regenerated cellulose fibers. Qingdao University,
Tianjin Polytechnic University, and CHTC Helon Co., Ltd have prepared high-
performance fire-retardant viscose fibers with the silicon-based, phosphorus-
based and nitrogen phosphorus-based fire retardants that are developed
on their own. Tangshan Sanyou Group Chemical Fibers Co., Ltd, and Jilin
Chemical Fibers Co., Ltd have developed phosphorous-based fire-retardant
viscose fibers with phosphorous-based fire retardants. SOL Flame-Retardant
Fiber Co., Ltd in Beijing has developed a new generation of environment-
friendly silicon-nitrogen-based fire-retardant viscose fibers. At present,
however, the strength and fire-resisting durability of the fire-retardant viscose
fibers still need to be further improved.

4. Fire-retardant vinylon
It is currently only in our country, Japan and North Korea that there is
industrialized production of vinylon, but neither Japan nor North Korea has any
fire-retardant vinylon product. Our country’s fire-retardant vinylon mainly refers
to that developed by Sichuan University in 1980s in collaboration with Sinopec
SYW Chemical. At the beginning of this century, the former General Logistics
Military Supplies Research Institute started organizing Sichuan University and
2[RI T IR Sinopec SYW Chemical to develop high-strength vinylon. Based on this, the

Figure 2. Military uniforms s . . . .. . . .
made of fre-retordant viylon  Military Supplies Research Institute has continued organizing Sichuan University

142 hEFERITHEIRE 2018/2019 CHINA FIBERS FASHION TRENDS REPORT



4. FEIRE L
HLERRERE. BAMAEE T ES, BREARMBEITEMEL M. RERIE

W%iIgmmmuﬁ¥rﬂoﬁﬁ%mH%E%FAWHEM,$ﬁ%m7uu EFFFIA
AR AT |ERREIDREL, TR E, ERMASARN)IIAFN LEEFEDRIT
BFEBRATRBEMRATERE. ENSREA—ANSMERRELSBRMRT, HFLH
FEMERLTIERETZRA, RIEIERREIEHIX 29, F4EBE>T7.5cN/dtex, BRIZE
HNEsebE ML, RMELSEMBMRAERSTEN, ENATFRESNRE. BERSE
FA. EUEMT=IESABA. ECERIRIRRA Ami@ﬁ% FRIEEAEFNZDRA (WE 2) 5 #ﬁ&?
NEEMRSNIR, HAMT SINERETEEREMELHNERER, HREMATEEHLAA
B9 NomexIIIA E®L BILAENGIXFEZ ﬁm%&ﬁﬂy3wug

=. ERFELZRBES

FEE A KT 2 RIRIAETIE A LA R T2 <, ﬁﬂf%éﬁéﬂﬁ:ﬂ"]ﬁﬁﬁfgﬁé\x%ﬁiﬁ
BRI B KA MRS RRGSR AT INF AR, RN ERESYAENARIEZIH
TR R,

1. KRB S mRERT 4

KT RemBRERTERRIKNEBES, Hi0, MEKICEMR. UEE. E— &Ly
BT, BRIMRKB IR AT 4E, MBS eI TE. BERE. TUEEE. i1
TR R D FE M BERI TR AR SR IRIR T L E 5 Eo

2. Thae E S BIPR MR LT 4

FEMAIESS. BEMRIEK. PEMIERE. FEMMEZE SR ER ARV L BEE,

3. ZEFRE AT 4

FEEM. TH. TX. THE. TEEHBEMTARRRIELBED,

4, FFERUPR IR LT 44

AT SRR EMS, NENESEMME. FEFEN. REFMmInsE.

5. B AR EMRA 4

SR ARBIPEMRET 4D FEMREE, TOAINEMAFIZOE S E, AER AR =R REIERE,
BEEREHNMMENRIEFNGE T M, BARREMRALENERESE,

4EiE
THG AT ENTREOZILM, CFCWRBMANETLFLAMTE, XBMHE
R5%E, RENERMTFENGERRE, BRRA. BENSLANSHRENRSRDNER,

I IRLE S 5E o

144

and Shanghai Full Woo Biotechnology Co., Ltd so that a highly effective halogen-free low-smoke non-toxic
fire retardant that integrates acid source, carbon source and gas source into one has been independently
developed, and a complete set of technological process for preparing fire-retardant vinylon has taken place,
with its limited oxygen index successfully reaching 29, fiber strength >7.5cN/dtex, leading to dyeable high-
strength fire-retardant vinylon. The fabrics made by blending fire-retardant vinylon and other fire-retardant
fibers have been used for Armed Snow Leopard Commando, Falcon Commando, Armed Combat Aviation
Brigade, Armed Rescue Troops, Combat Rocket Army and PLA Peacekeeping Force (see figure 2). Uniforms
used for fight-oriented training in public security have been developed, and the fabrics containing high-
strength fire-retardant vinylon have been provided for factories, mines and military facilities, featuring
higher performance than NomexllIA fabrics by Dupont in the USA, able to have colorful patterns printed
on, at a price that is only 1/2 to 2/3 of their counterparts’.

Three. Trends in the development of fire-retardant fibers
As mankind is more aware of safety and the regulations on fire resistance are constantly improved, the

development of fire-retardant textile products will be increasingly intensified, and in particular, permanent
fire-retardant textiles will become the new hotspot in the market. The research of fire-retardant modified
polymer fibers may feature the following trends of development.

1. Long-term environment-friendly high-quality fire-retardant fibers

The future trends in development will be towards long-term environment-friendly high-quality fire-retardant
fibers, for instance, the melt-spun fiber that integrates environment-friendly long-lasting fire resistance,
anti-dripping, and smoke suppression into one, and the wet-spun fiber that is environment-friendly and
enduringly fire-retardant. The research of fire-retardant fibers as fire-retardant polymers will develop in the
future towards the balance between the qualities of being easily processed, being fire-retardant, avoiding
dripping, and suppressing smoke, and other mechanical properties.

2. Functionally combined fire-retardant fibers
The fibers that combine the functions of resisting fire, resisting dirt, resisting water, resisting static electricity,
and protection against bacteria will be on trend in the future.

3. Green environment-friendly fire-retardant fibers
There will be a developmental trend in the future towards highly effective, non-toxic, halogen-free,
smokeless, and anti-dripping fire-retardant fibers.

4. Comfortable fire-retardant fibers
As far as comfortable fire-retardant fibers are concerned, the qualities of resisting fire, feeling comfortable
under hot and wet conditions, and being easily processed should be maintained at the same time.

5. High-tech fire-retardant fibers

High-tech fire-retardant fibers have a unique molecular structure, without the need for addition of fire
retardant or modification, inherently able to endure high temperature and resist fire, having higher
additional values, providing good economic benefits, and setting the future trend in the development of
fire-retardant fibers.

Conclusion
the market demand for fire-retardant fibers is increasingly rising. Chemical fiber enterprises need to not

only intensively develop new fire-retardant fibers, but also improve techniques and equipment, enhance
the existing comprehensive qualities of fire-retardant fibers, and satisfy the requirements of civil, military
and industrial applications for high-end fire-retardant textiles.

Wang Rui
Beijing Institute of Fashion Technology
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Study and development of green,
ecological, and regenerated fibers
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1. Background information about foreign

development
With social development and scientific advancement, the idea of ecological

civilization and the concept of green consumption have increasingly been
rooted into people’s mind. In 19th Party Congress of China, the idea of building
a community of common destiny, insisting on green development, low-carbon
development, and ecological development was proposed. Social responsibility
is reflected in the manufacturing and use of green, ecologic and regenerated
fibers, which has drawn wide attentions.

Green is reflected in the clean process of fiber production. Harmless and
degradable features are indicative of a whole environment-friendly life cycle.
Ecology is reflected in the environment-friendly features in the manufacturing
and application of fibers and their textiles. Bio-based fiber, biodegradable
fiber, dope-dyed fiber, and heavy metal-free polymer fiber fully embody these
features, becoming the hotspot abroad in R&D, production and application.

The regenerated fiber for which the major raw materials are old and waste pet
bottles and old and waste textiles, is changing from the “open-loop recycling”
dominated by reusing rejected materials once and for all to the “closed
recycling in a fiber-to-fiber and product-to-product manner”, with regenerated
products reaching or close to the quality of original fibers.

Relevant specifications for examination and certification have been successively
introduced in developed countries in Europe and America, for example, EU’s
ecological labels (Eco-label) and Oeko-Tex Standard 100, and the specifications
for certification of ecological textiles are constantly revised, bringing increasingly
strict new environmental requirements for ecological textiles. Green, ecological
and regenerated fibers are becoming the emerging industry combining social
benefits with economic benefits.

2. Trend in study of domestic industries
It is currently at the beginning stage of industrial development in the country.

Although output growth is fast, it is necessary to synergistically push forwards
many elements such as technology, products, brands, and policies if the
industry enters a fast growing phase, because total demands are relatively low.
The important way of leading industrial development is to make technological
breakthrough for key products, enhance product quality, lower costs, and
establish scale production and demonstrative applications. The important trends
in research include the following aspects:
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(1) Technology for preparing bio-based fibers on a large scale
at low costs

The cellulose fiber regenerated with new solvent method, polylactic acid fiber,
polymer PTT fiber, and polyamide 56 fiber are the typical products.

Where, for the cellulose fiber regenerated with new solvent method, key
breakthrough should be made in the technology for green pulp and pulp-fiber
integration, and in the technology for highly efficient large-scale preparation at
low energy consumption, and new varieties of functional fibers such as high-
quality fiber, anti- fibrillation fiber, and fire-retardant fiber should developed.
For polylactic acid fiber, key breakthrough should be made in such technologies
as direct spinning and continuous polymerization at high capacity, preparation
of lactic acid as non-food resources, and improvement on improved heat
resistance with stereo-complex, and such new varieties as high-quality fine
denier fiber, heat-insulating fiber, and dope-dyed fiber should be developed.

Meanwhile, it is necessary to develop the technology for spinning, dyeing,
finishing and processing bio-based fibers, and push forwards the high-level
application of bio-based fiber in such fields as clothes, household textiles, and
industrial textiles.

(2) Technology for preparing dope-dyed fibers that are
applied in large quantities and in a wide range of fields
Dope-dyed polymer (PET) fiber, polyamide fiber, and regenerated fiber are
typical varieties.

It is necessary to intensively develop the technology for adding modules
online, in a diversified manner, and in multiple places to the high-capacity
device for polyester and polyamide, the technology for preparing deeply
dyed and easily-dyed high-color-fastness color master batch, mill base, and
functional dope-dyed fiber, establish the method for examining quality and
base color and the standard system for dope-dyed fiber that integrates
pigment/paints, color master batch, and fiber, and develop new varieties
such as high-quality, fine denier, high-color-fastness dope-dyed fiber and
dope-dyed functional fiber.
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3) BHBESENSEKEIESRER (3) Technology for preparing regenerated fiber in a high-

Bf (PET) A4RRRMERT. value manner

EAFAERSRSBRERATLESHBEA, BEEERERISES. BEBRA Polymer (PET) fiber is a typical variety.

WREA. EBEREAEBAESTEA. DEBEREAEZIMEAMTERARSE, BusK It is necessary to intensively develop the technology for pre-treating and
TEREALERSEREAR, FELEESHIENEESEr RS L. SETILs separating waste and olq textiles in a highl}/ efficient and cost-effective way,
, o the technology for continuously polymerizing regenerated polyester at low
B BT o energy consumption and for efficiently purifying fused mass, the technology for
(4) EEBEFENBIZER directly spinning the fused mass for functional regenerated polyester fiber, and
KA UAREE (PET) FHRRRER. the technology for softening functional regenerated polyester fiber, establish a
ERARSHEEFEEBREERELTIIFNERA. TECRRESMASBESRABGEE high-level system for reusing polyester fiber, and develop new regenerated fiber
GBRA. MRSLNTHAEEEA. EAREAESALENTEAS, FiHFEES products such as the regenerated polyester fiber with high additional value and

low melting point, and high-strength industrial filament.

SEBEFSEEYR. SRR ReNESRES L,
(4) Technology for preparing ecological polyester fiber
Titanium catalyst-based polyester (PET) fiber is a typical variety

3. BUFR5 | 1ER
B, £5. BRBEFENFUNEAEREBRFUSEELNSALE, WHFTL
PR R RABSINIER. B27T. SAEAFMERUERANATRES £ B

It is necessary to intensively develop the technology for preparing high-
efficiency green non-heavy metal polyester catalyst, the technology for directly
spinning the fused mass that is continuously polymerized at high capacity with

AT EMBEL ERTEFTERNT FENER, JEERAEEFN. DEMERMBEF heavy metal-free polyester fiber, the technology for preparing the agent that
WEEFRRR, KNEEREFSBAUNIRSZPYFETIEERE. helps process environment-friendly filament, and the technology for spinning,
B, 5. BN EEFHAERIURAN A, TS WHIENER, BT BAEOINEN S5EHEM. dyeing, finishing and processing ecological polyester fiber, and develop the
B, £5. BRBEAAFBAAAE. SERSS5HEHENDEREEAR, AIRTS green, environment-friendly, safe ecological polyester fiber that doesn‘t contain

such harmful substances as heavy metal ion.

HRUNFR, MHENSEMENBESME, EE2RAESYNRATEN. ki, FaL
HEAMM—FRREBTETSMIRABNSAD. SHLHATLFMNRBELDBRA, B2

BT AT SR, OB B RS REE. B8, £F. 3. Leading role of innovation

The technology for industrializing green, ecological and regenerated fiber is

B BELENTWRARBBHE T H ALY, MRATIHEEFR, developing towards high-quality and high-performance, playing a leading role
HELGRFIZ R T FEHP in the development of industrialization technology in chemical fiber industry. If

the technology for adding modules online, in a diversified manner, and at many
points is applied in the production of the fibers that are used in large quantity and
in various fields such as polyester fiber, polyamide fiber, and regenerated fiber, it
can remarkably enhance the efficiency of production and the quality of products
for differentiated and functional varieties, and largely lower the consumptions of
materials and energy during the process of switching products.

While large-scale preparation at low costs is achieved for green, ecological,
and regenerated fiber, more attentions should be paid to performance and
comfortableness of fiber. If the technology for synergistically regulating
the fineness, cross-sectional shape, and mechanical properties is used for

green, ecological and regenerated fiber, it will enable the fiber to have a soft
feel, good moisture-conductivity and ventilation, remarkably improving the
comfortableness of textiles. In addition, the technology of enhanced dispersion
for multiple components, high proportion and online addition, applied in
preparing dope-dyed fiber, which is a key variety of green fiber, can be widely
used for the blended modification before spinning for other fiber varieties,
achieving the flexible high-efficient preparation of high-performance fiber
varieties. The development in the industrial technology for green, ecological
and regenerated fiber will push forwards the technical progress in chemical
fiber industry, speeding up industrial transformation and upgrading.
Li Xin's team
China textile academy
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Safety- and Protection-oriented
Special Fibers and Applications
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There are millions of people globally who are working under special dangerous conditions.

Textiles for safety and protection appear to be particularly important. Throughout the world,
constant progresses and advancements have been made in the field of personal protective
equipment. The determination of best protective materials is the key to designing high-
performance protective materials, which mainly involve a variety of special fibers. There are
many industrialized special fibers at home and abroad, which can be classified according
to protective functions as such types as high-temperature fire-retardant fibers, irradiation-
resistant anti-static-electricity fibers, bulletproof cut-resistant fibers, and electromagnetic
shielding fibers.

1. High temperature-enduring fire-retardant fibers and textiles
High temperature-enduring fibers and textiles generally refer to a type of high-performance fibers and

textiles that can still maintain original physical and mechanical properties after being exposed to a high
temperature (>200°C ) for a longer period of time, but are difficult to burn in air. Generally, they are not
melted down at a high temperature, self-extinguish any flame immediately after being moved away from
fire, keep dimensions stable at a high temperature, and are often used for such protective products as fire-
fighting uniforms, welders’ uniforms, fire-retardant gloves, and fire-retardant curtains.

High temperature-enduring fire-retardant fibers are classified as: (1) aromatic polyamide fibers: aramid fiber
1313 (PMIA), and aramid fiber 1414 (PPTA); (2) aromatic heterocyclic fiber (PBI), phenylenebenzobisoxazole
fiber (PBO), and polyimide fiber (PI); (3) Aromatic heteroatom fibers: polyphenylene sulfide fiber (PPS), and
polysulfone amide fiber (PSA); and (4) other fibers: polytetrafluoroethylene fiber (PTFE), and melamine fiber
(MF). Limited Oxygen Index ((LOI) can be used to represent the fire-resisting performance of fiber, referring
to the volume fraction of the minimum oxygen content necessary for fiber to burn in oxygen-nitrogen
mixed gas. The higher Limited Oxygen Index is, the more difficult fiber is to burn. The LOI values and the

Table 1. LOI values and heat-enduring properties of several organic high temperature-enduring fire-retardant fibers

Fiber type PMIA PPTA PBO PBI Pl PTFE PPS PSA MF
LOI value(%) 32 30 68 4 38 95 40 33 32
Operating temperature(°C ) 230 190 350 250 280 260 260 200 200
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upper limits to operational temperatures for several high temperature-enduring fire-retardant fibers are
listed in Table 1.

Meta-aramid fiber is typical of intrinsically fire-retardant fibers, and the textiles made of it, if being set on
fire, will be solidified, melted down and carbonized so as to form a protective layer. Moreover, it will only
emit a small amount of smoke when burning, and is widely used in such fields as safety and protection,
environmental protection, and filtration. The US' Dupont successfully developed meta-aramid fiber earliest
and achieved industrialization, which was branded as Nomex. After that, Japan’s Teijin also started to produce
meta-aramid fiber in 1972, which was branded as Conex. At the beginning of this century, the mass-
production of meta-aramid fiber was achieved in our country, mainly by such companies as TayHO in Yantai.

As a new type of high temperature-enduring fire-retardant fiber, polyimide is one of the best types to
endure heat among already industrialized polymers, inherently having a better quality of resisting fire, and
being attributed to self-extinguishing materials (Table 2). The length of burnt area in polyimide textiles is
1/5 of that in major fabrics for fire-fighting clothes. Polyimide textiles are carbonized at a high temperature,
low in emission of smoke, with smoke density being 1/200 of that in ABDO031 Airbus Specification.

Table 2. Fire-retardant features of polyimide textiles

Fire-retardant performance Pl fabrics | Aramid fabrics 50%PI +50% fire-retardant 50% aramid +50% fire-retardant
(after being washed 25 times) viscose viscose
) 10 46

Warp-wise Destroyed length (mm 12 60
Weft-wise Destroyed length (mm) 8 48 13 57

2. Irradiation-enduring and electric arc-resistant fibers and textiles
Irradiation-enduring fibers refer to a type of high-performance fibers that are not degraded or cross-linked

after being irradiated with high energy and maintain certain mechanical properties. The polymer fibers
that have a better performance on irradiation resistance mainly are polyimide fibers and aramid fibers. An
electric arc refers to the arc of light that will be instantly produced when metal or any other is so close to a
high voltage power line that the distance has reached the one triggering the release of electricity, and this
type of arcs mainly include ultraviolet rays, able to cause arc irradiation.

Because its molecular chain includes aromatic heterocyclic structures, polyimide has excellent properties
such as stable mechanical, thermal, irradiation-enduring, dielectric and chemical properties. After being
irradiated with 1x108 Gy fast electron, polyimide maintains 90 % of its strength, delivering a good
performance on irradiation resistance, being one of the most irradiation-enduring electric arc-resistant
structural materials, and playing a variety of important roles as the filtration material for high temperature
medium and radioactive substance and in such fields as bulletproof and fire-retardant textiles.

3. Bulletproof and cut-resistant fibers and textiles
Through absorbing and dispelling the kinetic energy of projectiles, bulletproof textiles serve the purpose

of protecting human bodies or targets, including the products such as bulletproof uniforms, bulletproof
helmets and the linings of anti-riot vehicles. Bulletproof uniforms are usually woven with high performance
fibers, and are currently made of para-aramid fibers and ultra high molecular weight polyethylene to a
wide extent. In addition to bulletproof field, cut-resistant textiles are also the field where these two types
of high-performance fibers are mainly applied.

High in both strength and modulus, excellently impact-resistant, giving a good performance on heat
insulation and corrosion resistance, para-aramid fiber becomes one of the major fiber materials for
bulletproof and cut-resistant textiles. Japan’s Teijin has developed “Twaron T765" to serve as the
bulletproof textiles in armored vehicles for protection against flying shrapnel, as shown in Fig. 1, where the
left half shows that a arm or piecing bullet is shot into the bulletproof lining, while the right half shows
the condition of Twaron T765 textile. Nowadays, several sets of 1000-ton production devices have been
installed to achieve industrialization, with relevant products gradually put on the market.
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UHMWPE fiber is characterized by high strength, high modulus, and low
density, with a specific strength being next to nothing but carbon fiber, and
the elongation at break reaching 3.6%. This enables it to be more impact-
resistant and more able to absorb energy, becoming a good bulletproof and
cut-resistant fiber. Holland’s DSM has made good use of the features of this
fiber such as resisting wear and tear, and resisting cut, and has developed cut-
resistant gloves. The US' Honeywell has invented a type of bulletproof vests,
sandwiched with the protective mixture combining the non-woven fabrics
made of Spectra and a type of woven textile made of Kevlar, able to deliver
extremely good protective performance.

4. Electromagnetic shielding and wave-absorbing

fibers and textiles
Electromagnetic shielding fiber refers to the fiber material that has a protective

effect on human bodies because the energy of electromagnetic wave can be
reflected or absorbed on fiber surface so that such transmission is blocked
or reduced. Generally, when the electric conductivity of electricity-conductive
fiber is higher than 1 S/m, it can be used as electromagnetic shielding fiber.
Common electromagnetic shielding fibers include metal fiber, metal-coated
fiber, carbon fiber, and polyaniline fiber. Wave-absorbing fiber refers to a type
of fiber that can absorb or attenuate incoming electromagnetic wave and
change electromagnetic energy into thermal energy or other forms of energy
so as to disperse energy. Silicon carbide fiber and polycrystalline iron fiber have
better effect of absorbing wave.

Stainless steel fiber is the earliest developed shielding fiber, manufactured by
Brunswic in the US. Afterwards, aluminum- and copper-based metal fibers
came out in succession, and have become the anti-electromagnetic radiation
fibers that are most used today. Carbon fiber has good electricity-conductive
and mechanical performances, and it is a good electromagnetic wave-reflecting
material. In order to obtain a good electromagnetic shielding performance with
a wider range of frequencies, the surface of carbon fiber is generally covered
with relevant materials. The shielding effect at 500 MHz can reach 48dB.
While delivering the performance of absorbing wave, silicon carbide fiber has
such features as high strength, enduring high temperature, low creep, low
expansion coefficient, being highly corrosion-resistant, and stable chemical
properties, and is used more in preparing wave-absorbing fibers. Silicon carbide
fiber can be used as reinforcing material for making fighter jets and naval ships,
s0 as to achieve the effect of being undetectable to radar.

Conclusion
The development of new products in the field of safety protective equipment

mainly relies on high-performance fibers, while the major trend in the
development of high-performance fibers is towards adding high performances
to existing varieties and lowering costs. Our country has huge market potential
for safety protective equipment. Our country should constantly innovate
technological processes of production, try to make the production of high-
performance fibers highly efficient, highly functional, and highly cost-effective,
carry out in-depth study of applications and market research, and improve
domestic self-sufficiency through enhancing the performances of fiber products
and market regulation.

Zhang qinghua, Zhou Shixu, Li Mengjie, Ba Zhaohu, and Xu Guofen
Donghua University
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The development of fibers, in particular special fibers and high-

performance fibers, has provided powerful assurance for urban
safety and national security. Applications of fibers in urban safety
and national security mainly include: building enforcement, fire
and disaster prevention, personal military equipment, aviation and
aerospace etc.

1. Fiber types for urban safety and national

security
There are various fibers used for urban safety and national security, with

conventional fibers including: natural fibers such as cellulose fibers including
cotton fibers and bast fibers, organic synthetic fibers such as polypropylene
fibers, vinylon, acrylic fibers, polyethylene fibers, polyamide fibers,
polypropylene fibers, and nylon, and inorganic fibers such as metal fibers, glass
fibers (especially, alkali-resistant glass fibers), basalt fibers, and carbon fibers.
Special synthetic fibers include: aromatic polyamide fibers, polyimide fibers,
polyphenylene sulfide fibers, polysulfonamide fibers and polytetrafluoroethylene
fibers, special fire-retardant polypropylene fibers, high-tenacity fire-retardant
polyvinyl alcohol fibers, fire-retardant polyester fibers, fire-retardant acrylic
fibers, and organic heterocyclic fibers (polybenzazole, polybenzothiazole, and
polybenzoimidazole fibers). Hybrid fibers include: steel wire- polyethylene
fibers, steel wire-vinylon, steel wire- polypropylene fibers, and steel-wire nylon.

hEFERITHEIRE 2018/2019 CHINA FIBERS FASHION TRENDS REPORT



2. KRR 2. Present condition of development

2.1 BRI, Rk A 2.1 Fibers for building enforcement and disaster and fire
BRERALIERERL RN TRRI AR NGHAE, RERRIAE, XERNDH prevention

Lightweight high-strength fiber-enhanced concrete and pre-stressed concrete
cannot only reduce the usage of reinforcing bars, but also shed the dead

BT AR, HRIAKERETE. R BRMEEE.

FERTRAERREFET 1965 F£H Goldfein 12, HERAFBFERTEE T ZEPAIN weight of concrete, improving the performance of crack resistance by
IREM, 60 FRK, EE. RUNFREREARBILERE T BTG RMER LV, 19714 reinforced concrete structure, and possibly enhancing the performances of
RESIETAMEIGRERTATEE. EHEMNERITE, 80 FARLIK, EE. FUMNIASIHER. seismic resistance, and fire and disaster prevention.

EEIENN A ER TGRSR T, FEIRERTINASEESRBEI2EM 10% UL, M Goldfein proposed earliest the use of fibers in building enforcement in 1965,
AIRSHERL. B, B NS ESBE 7 IBTHE, and polypropylene fibers were used in the explosion-proof structure for
FRE R AMBR SRSt S B AMERS R R T R 80 AT TRANLEL BE American troops. In late 1960s, polypropylene fiber-reinforced concrete began

to be used in cement products and building industry in the United States and in
Europe. In 1971, a national specification for the use of fiber-reinforced concrete
in pipelines and tubing was formulated in the UK. Since 1980s, the modified

TV, EER, ERESRARTRL. SRSRBIGT 4. STIEHEL. SL. WLt
SRR T, HPLMA AL RRR L ERRMN, BEHEAHIERUERLPITRERN

REAMIERE. BrkEE M. MBAREMRE, TREMETAERENKEMR. FA fibers with high strength and high elastic modulus have been developed in the
BN 5R B R TVAR E 14 US and in Europe for use in reinforced concrete. The usage of fiber-reinforced

concrete already accounts for over 10% of the total of concrete, and the
usages of polypropylene, vinylon, nylon and high-strength high-modulus
polyethylene are relatively high.

China Building Materials Academy and Beijing Building Materials Institute
carried out the research into polypropylene fiber- and vinylon-reinforced
concrete as early as in1980s. For recent years, polypropylene fiber-, high-
strength high-modulus polyethylene fiber-, high-tenacity vinylon-, aramid
fiber-, and carbon fiber-reinforced concrete have been domestically developed
in succession. Among them, carbon fiber-reinforced concrete has the best
performance, delivering the good mechanical performances, the performance
of anti-water seepage, and the performance of enduring temperature
difference, which other fiber-reinforced concrete cannot give, and featuring
stable chemical performances, lasting mechanical strength and stable
dimensions in strong alkali environment.

Today, fiber-reinforced concrete has drawn wide attentions from at home and
abroad. In the US, UK, Japan, Western Europe etc, a huge success has been
made in using fiber-reinforced concrete for the covering layer on bridge surface
and road surface (highway and airfield runway), as well as in mining and
tunneling projects, and for the covering of side slopes, fire-prevention facilities,
concrete patching, and industrial flooring. Japan’s Disaster Prevention Research
Institute has successfully developed polypropylene-reinforced concrete, and the
model of bridge pier made of it can resist 1.5 times more severe earthquakes
than the Kobe earthquake. Special polypropylene fiber-reinforced concrete
is applied in the crossbeam of the extremely large transformation floor for
Sichuan’s World Trade Center, successfully solving the problems of cracking
and low tenacity during the construction of high-grade bulky concrete.
Special polypropylene fibers are added to C50 high-strength concrete in the
cross section of the crossbeam on the transformation floor in the project of
Chongging’s Jinshayuan Building, so as to largely improve the performance
of resisting cracks for high-strength concrete. Polypropylene fiber-reinforced
concrete able to resist cracks and prevent seepage is used in the underlying
part and basement of National Grand Theatre, and there was no blockage

during the entire process of casting. Its strength and anti-seepage level have
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all met design requirements, and there has been no visible crack so far. The continuous girder of Hunan’s
Yuehu Bridge is made of pre-stressed polypropylene fiber-reinforce concrete, complying with static and
dynamic testing criteria, and satisfying design requirements. Polypropylene fiber-reinforced concrete is used
for the road surface that is 200 meters in length in Yaomeng section of Pingdong line in Pingdingshan City,
where this is no obvious fracture, gap or faulting of slab ends so far.

Fibers can also be used to reinforce the heat insulation materials for foam cement, giving heat insulation
materials good strength, tenacity, and the performances of heat insulation and fire resistance.

Reinforcement with fiber-reinforced resin-based composite materials is applied in concrete beams of buildings,
pillars, doors and window assemblies. Practice has proven that, with respect to strengthening and reinforcing
various load-bearing architectural structures such as beams, pillars and roof trusses on which special demands
are placed by the performances of resisting earthquake, enduring wear and tear, and resisting corrosion, fiber-
reinforced resin-based composite materials and their intelligent composite materials have the advantage of
delivering more secure performances and the advantage of easy construction.

The effects of fibers on the field of disaster prevention and alleviation are reflected in such technical fields
as strengthening architectural structure against earthquakes, anchoring mountain slopes for buildings
in close proximity, urban flood defense, making building materials being fire-retardant, sheltering from
engineering emergencies, and air defense works. While providing the benefit of reducing weight,
increasing strength, improving tenacity, resisting earthquakes, preventing fire, and insulating heat for the
composite materials used in the field of disaster prevention and alleviation, fibers offer many possibility
for flexible designs. For example, fibers enable their reinforced cement-based composite materials to lose
weight significantly, and increase tenacities several times, obviously enhancing the ability of architectural
structures to resist instant impact and burst, preventing reinforcing bars from being directly exposed to fire,
slowing down the damage to architectural structures, and effectively reducing secondary disasters.

Table 1. Properties of common synthetic fibers for concrete

Tensile Modulus of Extensibility Specn‘lcgrawty Resistance to | /% Moisture | : "
Fiber type strength /MPa eIastluty/GPa /g/cm3 alkila absorption Light resistance

Polypropylene monofilament 285-570 good 0 poor
Polypropylene split film 450-650 8-10 8-10 0.91 good 0 poor
Acrylic fiber 250-440 3-8 12-20 1.17 S0 SO 2.0 good
Para-aramid fiber 1500-2000 27-40 35 1.43 50 50 2.0 50 50

High-strength high-modulus w Y J T
e e 1750-2250 280-500 0.1-0.2 1.7-2.0 good 0 good

2.2 Fibers for national defense and security
2.2.1 Personal protective system

A set of typical personal protective system includes five parts, helmet, combat uniform, portable tools,
bulletproof vest, and combat boots, able to be used to equip troops and armed policemen, providing
life-saving protection during war for individual troops in the case of combats across entire areas, and
attacks and defense in a three-dimensional way. The basic protective requirements of the system involve
camouflage, fire resistance, heat insulation, resistance to bullets, enduring wear and tear, ventilation,
moisture absorption, heat radiation, fast drying, water resistance, heat preservation, and being waterproof.
Higher protective requirements also include the protection against chemical, biological and radioactive
particles. American troops have started the construction of integrated personal comprehensive system
since 1980s, which started relatively late in our country, but has received great attentions in recent years.
The characteristics of the personal protective system as a whole lie in that layers can be added one by
one depending on different tasks so as to meet the requirements on the combats across whole areas.
At the time of designing, attentions should be paid to being easy to wear, being tight-fitting and secure,
being suitable for the movement of arms and legs, and providing diversified means for carrying personal
belongings, and being easy to take or deposit. The key to the development of personal protective system
is structural design and performance of materials. Special fiber materials provide possibilities for designing
performances.
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The varieties of fibers mainly are: aramid fibers, fire-retardant viscose, fire-retardant nylon, moisture-
absorbing sweat-wicking polyester, polyester with antibacterial finish, polyurethane fibers, modacrylic fibers

PURRRHRIMNE THERER, Bal, BIE=4ERY. ZHRmRY. and active carbon fibers.

ZHHAY). ERIFLIERY). HRIF z-pinning KYEEARNHE 2.2.2 In the field of aviation and aerospace

ZHDBONNRIRBEGHMRRE. FURMR. FUABNRIEEES As the key new materials for national strategic development, high-performance fibers and the special
BERABUNAZE, FNEIMMEMK VTEREE—EIEITHHIE textiles for reinforcing composite materials are increasingly applied and demanded in high-tech fields such
B AREE, BN —R TR0 AR FIE S5 B4, as aviation, aerospace, and national defense and security. The applications of high-performance fiber

composite materials in the fields of civil and military aviation have been extended from in tertiary structures
to primary and secondary load-bearing structural components, for example, in the rotor wing system,
rudders, and landing pads for helicopters; in the front engine taper sleeves, radar hoods, wave-transmitting
components such as electromagnetic launch windows and vertical empennages, rudders, landing pads,
and wing boxes for fighter jets; in the fuselages, silencers, cockpits, high-temperature pipelines, GLARE
floorings, various air engine fan casing containment rings, nozzle combustion chambers, flame tubes,
linings, heat screens, mixers, stator and rotor blades, nozzle adjusting plates, heat radiation components
such as gasket rings, and turbine guider insulation boards for A380 aircrafts. High-performance fibers and

their composite materials are easier to adapt to the requirements in the strict operational environment for
missiles, carrier rockets, satellites and space shuttles, and they have already been successfully applied in
missile-borne radomes, antenna windows, loaded cylinders, camera lens holders, and satellite restriction
releasing systems. Based on fiber materials, NASA is engaging in the development of filtration device
for recycled water treatment system in spacecrafts, life-maintaining system in spacesuits, and reflective

insulation layer and fire-retardant layer in spacesuits.
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Fig.1. lllustration of the structure of three-dimensional textiles
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Fig.2. lllustration of the structure of the three-dimensional textiles with interlocked layers
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Fig.3. lllustration of perpendicular type three-dimensional textiles
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In general, the fibers applied in the fields of aviation, aerospace, national
defense and security are required to have such qualities as of being low in
density, high in specific strength, and high in specific modulus, enduring high
temperature, resisting chemical corrosion, being low in electric resistance,
high in thermal conductance, and low in thermal expansion, and enduring
chemical radiation. The varieties of fibers in the spotlight mainly include: glass
fibers, polyacrylonitrile-based carbon fibers graded higher than T300 in M and
M series, aromatic polyamide fibers (aramid fibers [ll ), polyarylester (Vectran)
fibers, high-temperature asphalt-based carbon fibers and rayon-based carbon
fibers, boron fibers, silicon carbide fibers, quartz fibers, boron nitride fibers,
zirconia fibers, alumina fibers, mullite fibers, amanium (PI) fibers, polyphenylene
sulfide (PPS) fibers, polybenzazole (PBO) fibers, and ultrahigh molecular weight
polyethylene (UHMWPE) fibers.

The special textiles for aviation and aerospace have such a quality that the
degrees of their multidimensional freedom can be designed. Through the
changes in the inner structures of textiles, the mechanical and physical
properties of materials can be “designed according to measurements” in a very
wide scope so as to meet the usage requirements in special environment. At
present, the emulated three-dimensional textiles including three-dimensional
machine-woven textiles, three-dimensional weavings, three-dimensional
knitting, perpendicular type non-woven textiles, needle-punched and z-pinning
textiles are regarded as the most effective methods for improving such
performances as of increasing strength, resisting ablation, and resisting thermal
shock and creep deformation. Meanwhile, they represent the key technology
for designing and manufacturing integrated structures of aerospace vehicles,
becoming the core technology and key area in the development of new
generation of aircrafts.

3. Conclusion
Although there are a great variety of fibers for urban safety and national

security, the varieties of fibers actually applied in reality are very limited.
However, the rapid advancement in nationwide urban construction and the
fast development in defense construction have placed more demands on
fibers:

1) Fibers need to satisfy the requirement of development that they should be
high in strength, high in modulus, and lightweight, serve multiple purposes,
have intelligent features, and be low in costs. In the fields such as residential
buildings, combat clothes, and aviation and aerospace where there are special
requirements, the requirements concerning fire resistance, lox toxicity when
burning, wave conductivity, wave absorption, electromagnetism, sound
insulation, and heat insulation.

2) With regard to the fibers for reinforcing buildings, the compatibility between
fibers and concrete is improved through surface-building technologies, without

the problem of separation from interface.
by Cheng Bowen, Chen Li, Sun Ying, Ren Yuanlin, and Zhao Xiaoming
Tianjin University of Technology
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With the rapid development in science and technologies, new
fiber materials are constantly emerging and applied, playing an
increasingly important role in the development and application of
new products. New types of composite fiber materials and special
processing technologies carry a big weight in the development and
production of new weapons and equipment, being an indispensable
important part of modern industries.

1. Development in military application of new
fiber materials at home and abroad

1.1 Development in the military application of fiber materials
in the United States

On March 18, 2015, Obama personally announced the launch of the
competition for “Revolutionary Fibers and Textiles-Institute for Manufacturing
Innovation”. On April 1, 2016, Ashton Carter, United States Secretary
of Defense, announced the establishment of Revolutionary Fibers and
Textiles-Institute for Manufacturing Innovation (RFT-IMI), which is the
eighth manufacturing innovation institute in the United States’ network of
manufacturing innovation. United States Department of Defense took the lead
in organizing the establishment of this institute, which received an investment
of over 300 million US dollars from federal governments, local governments,
universities, enterprises, etc. RFT-IMI is under the leadership of Massachusetts
Institute of Technology, and supervised by US Department of Defense.

New advancement in fiber science has led to the fibers with unique qualities.
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1.2 BESESNFEFEMENER These new qualities have resulted in changes to applications of fibers and

ME2 T R ERM, KOOSR MEEL R BT ‘hESS” BEEEEE Y, 2016 ﬁz textile. Therefore, the term “revolutionary” is used. Revolutionary fibers
128238, EEEMTT ‘BREMESLERMS/NA, NMUATERSEATRE ‘& and textiles have unique qualities, being incredibly light and fire-retardant,

possessing extraordinary strength, and including the sensors specific to fiber
materials. RFT covers a series of fiber systems called “technical textiles”,
consisting of special fabrics, industrial fabrics, electronic textiles, intelligent

WMEIRR R A" BF 2017 FRmHRThIER.
AR B RALF AR RRAI R BEM, REEMMET 2@ S AR IR. ™

SEHFEIE. BN AMHETEEESLINBAE-ARHN™, BYFELRERSEE. E5 fabrics, and other sophisticated textiles. Fig. 1 shows the equipment in the
1. ThEEL BV HE MR, HEMMEFE N AR A SR B, SHEEMME S system for American troops, highlighting the application of high-performance
EBEBNRE. 2XE B “—MZA” WA, EXBESN: —BIEHMEME,; fiber and composite fabrics.

ShEBERSEME,;, Z24&HaME; MEALHERNME,; AR HRTME; REX National defense makes an enormous demand on revolutionary fibers and
HLEOMEL, XIS MR, WEREZS. BT RS Es M B ANIRE/ER, textiles. It includes four major categories, individual challenge and cargo airdrop

system, softly/rigidly walled shelter/tent and camp system, troop-oriented
power supply and data collection system, and troops’ uniforms. Specifically, it
includes: troops’ clothes (wearable electronic textiles power supply and dada

NFEmEEARMEE. BMEIBEEMEUNRSMEAEREGMEEREMTHXR
TR RR B EI. AR~ LLE, ZRERSMETUE TSR B2EFMS,

ERFREFMRS LR RS E, RENB EFENTENE, BYIFERIE 3D FTEIEL transmission bus), micro-climatic regulation and individual equipment, shelter/
BSMEL ZEAESBMEL AEFRSEFMREDAEBMACIFAE, MREEEEFIR™ tent, parachute, ammunition and explosion protection, chemical, biological,
N, #Bh% BENMREESI= S, radiological and nuclear (CBRN) defense, fire retardation and heat insulation,

safety flotation devices, anti-gravity garments etc.

1.2 Importance attached to development of new fiber
materials in China

Materials are the cornerstones of industries. It has great significance for
boosting “made in China” to intensively advance the development of new
material industries. On December 23, 2016, State Council set up a “team to
lead the development of new material industries in the country”, and based on
the decision made by this team, the “R&D and application of important new
materials” in major projects was launched in 2017 and guidance was issued.

Basic material industries are foundations indispensable for the development of
the real economy, and the production of basic materials in our country faces
the three outstanding problems, overall overcapacity, unreasonable product
structure, and failure to totally achieve self-sufficiency in the field of high-
end applications. It is urgently necessary to develop high-performance basic
materials that feature difference, functionality and sophistication, and to
facilitate the transformation, upgrading, and sustainable development of basic
material industries. Sophisticated basic materials refer to the new materials
that give excellent performance, accommodate huge demands from various
users, and “serve multiple purposes”, and emphasis should be placed on
the development of: firstly, sophisticated steel and iron materials, secondly,
sophisticated non-ferrous materials, thirdly, sophisticated petrochemical
materials, fourthly, sophisticated building materials, fifthly, sophisticated light
industry-oriented materials, and sixthly, sophisticated textile materials. The high-
end ones among these materials have the effect of supporting foundations and
providing protection on national economy, defense and military construction.

As to the special alloy, high-performance separation membrane materials as
well as high-performance fibers and composite materials, which are used
for high-end equipment, it is necessary to move up to the high end of the
industry chain for the materials needed in our country’s key strategic projects,
and increase the proportions of domestic products, and our country has to
take the strategic dominant position in cutting-edge materials. At present,

however, in terms of the role of cutting-edge new materials in leading
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industrial development, there is a serious lack of independent innovation capacity in our country, and it is
urgently necessary to intensify innovation, speed up the enforcement of intellectual property rights, and
attain strategic dominant positions in the front line of new materials such as 3D printing materials, super-
conducting materials, intelligent bionic materials and metamaterial, and graphene.

1.3 Application of fiber materials in military industry and national defense

The high-performance fibers such as carbon fibers, aramid fibers, ultra high molecular weight polyethylene
fibers, and bio-based polyamide fibers are of important value to the applications in military and civil
industries such as military defense, aviation and navigation, sport equipment, health care, buildings and
textiles. If applied in such fields as strategic missile-launching equipment, aerospace vehicles, man-made
satellites, fighter planes and individual protection, these high-performance fibers and their composite
materials can not only enhance the protective features of every piece of equipment, but also increase the
efficiency of individual combat.

In order to enhance the effectiveness of fight, lower the physical energy consumption by combat crew,
and reduce the expensive cost of transportation, the research should be intensified of the ground combat
vehicles and protective uniforms that are suitable to perform diversified tasks and light in weight. For
example, the high-strength nylon fibers that are low in specific gravity but high in strength, the carbon
fiber-enhanced composite materials that are used for tent poles and back frames, and the high-strength
modulus fibers that can make up light armors and bulletproof plates, can reduce the weights of individual
backpacks, of tent poles, and of gunstocks.

Composite materials represent the important direction for the study of weight-reducing fibers. Conventional
metallic materials have a poor fatigue performance, but although fiber-enhanced resin-based composite
materials are high in unidirectional mechanical properties, their performances will decrease seriously after
lamination, and brittle ruptures may occur. Fiber metal laminates break the boundary between them,
combining them with suitable technologies, so that they complement each other and bring out the best in
each other. Metal-fiber laminated materials are regarded as the sophisticated materials for next generation
of airplanes, not only being lightweight, but also delivering better mechanical performances. At present,
DLR has made some achievements in automatically placing the components of fuselage shells, and will
be dedicated in the future to the research into an automatic production line of fuselages, and use this
production line to make the first fuselage.

In addition, if applied in vehicles, weight-reducing materials can reduce the weights of vehicles (by 100-
200kg), while lowering fuel consumption, cutting emission, streamlining assembly processes, slashing
labor costs, achieving modernized assembly processes, enhancing operational effects, diminishing the
effect of damping on movement, and increasing engine speed. Likewise, they can also be used in logistical
equipment, such as tent poles, picnic tools sets (covering plates, oil tanks and pendent pieces), refrigerators
(walls and partition plates), and mobile medical cubicles (walls and stretchers). All in all, depending on the
differences in their performances, weight-reducing materials can be used in different areas of modern
construction, providing immense benefits without any harm.

A relatively complete industrialized production system has been established for fiber materials in our
country after going through the processes of development. It has been achieved that high-performance
fibers such as carbon fiber, aramid fibers, and polyimide are made domestically. Great achievements have
also been made in making conventional fibers have different qualities and more functions. This has led
to the development of industrial textiles. Connection to fibers across different sectors has been achieved.
The technical level of protective clothes has been improved. These materials have been applied to a certain
degree in key fields such as national defense, laying a foundation for strengthening the position of the fiber
materials for our country’s national defense.

1.4 Thoughts about the development of cutting-edge fiber materials in our
country
There are still many problems about the high-performance fibers in our country, such as, high prices,
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few applications in national defense, more studies, less achievements, more
applications for awards, less winners, too many small scientific projects, and
less large projects.

Among the high-performance fibers in our country, those for civil use are more
than for the use of national defense. It is necessary to draw on the successful
foreign experience of “civil-military integration”, to formulate a development
strategy suitable for the conditions of our country, to lead the way of developing
new materials, to enable high-performance fibers to enter fast growing stage,
to solve the above-mentioned knotty problems, to use the demands for
applications to lead the development of fibers, to create a system of research and
development that combines production, learning, research and application, to
attach importance to the development of applications and to applied services, to
combine upper and lower industrial chains, to achieve sustainable development,
and to establish a holistic standardized technical system.

2. Development in civil-military integration at
home and abroad
In order to ensure military capacity, and facilitate continuous progress in

military industry, all the countries in the world have integrated the modernized
construction of national defense and armed forces deeply into the system
for the development of economic societies, combining the modernized
construction of national defense and armed forces with the development of
economic societies in a wider scope, at a higher level, and to a larger extent,
that also is, the model of civil-military integration in a broad sense.

2.1 Revelation from the foreign experience of civil-military
integration

At present, the model of civil-military integration that is adopted in foreign
countries mainly refers to the model of “civil-military integration” in the United
States, the model of “the military disguised as the civilian” in Japan, the
model of “the military coming before the civilian” in Russia, and the model
of “the civilian leading the military” in Israel. The “civil-military integration”
strategy has produced certain effects in these countries, and comes somewhat
as an empirical revelation for the development in our country’s civil-military
integration.

Without its complete standardized system, US army cannot be today’s most
modernized and information-enabled army in the world. Many aspects of the
practice of developing military standardization in the US are worth our drawing
on: (1) using laws and regulations to facilitate the improvement on the level
of standardized military management; (2) using strict quality requirements to
control the increase in the standardized quantities for military use; (3) using
non-governmental standards to facilitate the integration of civil and military
standards; (4) Changes in the system of non-governmental standards playing
a leading role in promoting the military application of civil standards; (5) using
the popularity of standards to lead the development of the scientific industry
for national defense in the world.
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2.2 Development in our country’s civil-military integration

It is clearly stated in the “thirteenth-five year” plan for our country that “the strategy for developing
towards civil-military integration should be implemented, and a landscape including all the elements,
involving many fields, providing great benefits, and featuring the development in civil-military integration
should be shaped”, promoting the development in civil-military integration as a national strategy in a
real sense. In the strategy on the field of new materials to develop towards civil-military integration for
our country, it is stated that new materials for both civil and military use are leading, maintaining and
supporting technological innovations, and the use of new materials is changing the habit of human beings
and their way of living, while also exerting important effects on the construction of military defense.
New building materials have created more beautiful and comfortable living conditions for human beings.
New communications and transportation materials have enabled trains and airplanes to move faster.
Biological materials have provided new medical methods for human beings. New composite fibers have
enabled human beings to open more ways than the only one of obtaining natural fibers, and enjoy more
enriched colorful textiles and clothes. The development of information materials has enriched the means
of communication for human beings, changing the way people communicate. New materials have also
provided the precondition for the cause of aviation and space industry for human beings, offering possible
opportunities for mankind to explore living space.

It is necessary to make good use of the existing technical advantages in the development of new materials
industry for military purpose, optimize the distribution of civil and military scientific forces and industrial
resources, advance the accelerated translation of the scientific achievements in national defense into
economic construction, facilitate the organic connection between the civil and military technologies for new
materials and the processes such as basic research, applications development, production and purchase,
speed up the development in the processes of industrializing and producing in large scale the new materials
for both civil and military use, encourage leading new materials enterprises to actively participate in what
can make new military materials a complete industry chain, increase enterprises’ general strength, achieve
civil-military integration, establish the mechanism for transferring civil and military talent and sharing
the information on technological achievements, actively explore ways for market-oriented civil-military
integration, and push forwards the two-way transfer and spread of the technologies for the materials for
both civil and military use.

3.Future trends in development of fibers for both civil and military use
Scientific innovation and green development have already become the driving force for the economic

development in our country. Sophisticated basic materials, key strategic materials, and cutting-edge new
materials are the important cornerstones for the development of the emerging industries in national
strategy. It is of important strategic significance for facilitating the transformation and upgrading of
chemical fiber industry and improving the core competitiveness of the industry to speed up the making
and development of new fiber materials. The major trends in the development of the fibers for both civil
and military use in our country are toward high efficiency, high performance-price ratio, being green, being
lightweight, being systematic, and being standardized, and these trends will lead the research, development
and application of fibers.

In terms of civil-military integration for new fiber materials in our country, it is necessary to formulate
and perfect a standard system of the fibers for both civil and military use so as to boost the application
of chemical fibers, while the applications in national defense will promote the development and growth
of high-performance fibers, the research and development of new fibers for civil use will facilitate the
construction of national defense, and the development in civil-military integration will help build a powerful
country in respect of chemical fibers, so that progress will be made in an innovative, cutting-edge and
comprehensive manner in the research and development of new fiber materials in our country.
By Hao Xinmin, and Yan Jinlong
With Military Supplies Engineering Technologies Research Institute of Systematic Engineering Research
Institute of Military Academy of Sciences
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High-performance fibers include carbon fibers, para-aramid fibers,

meta-aramid fibers, high-strength high-modulus polyethylene fibers,
polyimide fibers, basalt fibers, silicon carbide fibers, alumina fibers,

BIERe L ESaME, RRRES, WE), BMUNSEWME, KRN AIRREMNE silicon boron nitride fibers, PBO, and M5. In the past decades, they
ME, JIHERERERNAESEMH—BERERT 2. MEMXSHFTLFTAISERE had been national strategic materials indispensable to the research,
YR, BRAHEERRLOIREZ— BERENRA, F—RESEEREREELNA, X development and production of weapons and equipment for all the
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strength, what's more, being the common core technology for the
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scientific advancement in weight reduction and corrosion resistance
for the low-carbon and sophisticated manufacturing industry in the

FRISHK KF. BESYIE. BEE. AEEMSELERIXWLE, B2 N6 future, and being one of the core competitive weapons for national
e N HEGMEIINGI & REMVIEIC AR, manufacturing industry and low-carbon economy.
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One. The great significance of developing high-performance fibers

and their composite materials
High-performance fibers and their composite materials are important strategic materials. A new round of

research and development of new weapons and equipment has new requirements for high-performance
fibers and their composite materials. The important trend in the development of high-performance fibers
and their composite materials is towards the integration of high-performance and structural functions.

Thanks to their high strength and low specific gravity, high-performance fibers and their composite
materials are indispensable strategic materials for the research, development and upgrading of new
weapons and equipment. Over decades, lightweight high-strength carbon fiber composite materials have
always been the indispensable strategic materials for national security, aviation and aerospace, and ocean
development, being one of the symbols for national strength. As China becomes stronger, the curtain has
been lifted on the new round of competition for weapons and equipment, which has new requirements for
high-performance fibers and their composite materials. Special projects such as for ultra-high-performance
fibers and structurally and functionally integrated fibers have been set up in the US, China, Japan, Europe,
and Russia, to tackle the key problems with ultra-high-strength fibers, high-modulus fibers, high-heat-
conductivity fibers, high temperature oxidation-resisting high-strength fibers, high-electricity-conductivity
high-strength fibers, high-temperature wave-conductive high-strength fibers, high-temperature wave-
absorbing and high-strength fibers. Especially, the interdisciplinary research and development team
involving the subject of fiber, nanometer, chemistry, physics of condensed matter, electromagnetic wave,
bionic constructions is expected to put forward brand new theories and make breakthrough in preparing
high-performance fibers and materials.

Two. Carbon fiber composite materials are at the core of the
manufacturing industry going lightweight

Carbon fiber composite materials are more than the strategic materials for national defense, and the
technology for lightweight carbon fiber composite materials even is the core competitive power for
low-carbon economy and advanced manufacturing industry. Lightweight technology can improve the
utilization of resources for communication tools, reduce emission, and enhance scientific level. Lightweight
technology can soften the effect of inertia on moving components, increase the speed of movement,
improve accuracy, reduce noise, lower energy consumption, and enhance the scientific level of mechanical
equipment. High-performance fibers and their composite materials are good at resisting corrosion, able to
improve the performance of resisting corrosion for the buildings and equipment in the fields such as ocean,
chemical industry, oil, and architecture, extend service life, and increase competitiveness.

High-performance fibers and their composite materials, in particular carbon fiber composite materials,
have seen their technologies constantly advancing after over 50 years of development, and their industries
becoming more mature, developing towards being the core technology for low-carbon economy and
lightweight-oriented manufacturing industry. Therefore, over recent decades, developed countries are
adjusting their development strategies, regarding the development of carbon fiber composite materials as
an important way for reviving manufacturing industry and enhancing the core competitiveness of national
manufacturing industry.

Over decades, such developed countries as Japan, the US, and Europe have always led the development
in the manufacturing and application of carbon fiber composite materials in global high-end fields such as
aviation and aerospace. In 2014, German’s BMW joined hand with industry chain enterprises such as SGL
and BASF to make breakthrough in the technology for applying carbon fibers in automobiles, establish
a complete system of supply chain, take the lead in achieving the application of carbon fibers in mass-
produced automobile models, and lift the curtain on the large-scale application of carbon fiber composite
materials in manufacturing industry. Lightweight carbon fiber composite materials will provide technical
support for communication tools such as large airliners, railway transportation, and energy-saving and new
energy automobiles to reduce weight, cut emission, lower consumption, and increase mileage. Reducing
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the weight and inertia of moving mechanical components will improve
accuracy, increase movement speed, lower energy consumption, reduce noise,
and enhance mechanical and scientific levels. The performance of resisting
corrosion delivered by carbon fiber composite materials will provide lightweight
high-performance corrosion-resistant materials for ocean projects, chemical
equipment and buildings, increasing the service life of equipment. There is an
immediate awareness that a lightweight-enabled technical revolution will come
in manufacturing industry, in such countries as the US, Japan, France, ltaly, UK,
China and South Korea, who have one after another regarded the large-scale
application of lightweight carbon fiber composite materials in manufacturing
industry as the core competitiveness to revive manufacturing industry, and
list it into the plan for national strategic development, welcoming the rapid
development in carbon fibers for industrial use.

Three. About global applications of carbon fiber

composite materials
The technology of carbon fiber composite materials for global industrial use has

been continuously progressed, and their industries have developed rapidly. The
manufacturing of high-performance fibers has seen technical advancement,
scale increase, and cost reduction. Progress has been made constantly in
the technology for shaping and equipping composite materials, and a batch
of new technologies for fast shaping and their automatic mass-production
equipment have emerged, laying foundations for the large-scale application
of high-performance fibers and their composite materials in manufacturing
industry.

For high-performance fibers, in particular, carbon fibers, aramid fibers, and
high-performance polyethylene fibers, the technology for industry chain has
advanced continuously, the scale has been increased constantly, and costs
have been reduced all the time, laying an economically feasible foundation
for large-scale application in manufacturing industry. Progress has been made
continuously in the technology for shaping carbon fiber composite materials.
Low-cost automatic mass-production technologies and equipment have
emerged constantly. The speed of production can be as fast as one piece/1-3
minutes, and there is still great potential for improvement, laying a technically
feasible foundation for large-scale application in manufacturing industry.
All the sectors in manufacturing industry have one after another attempted
to apply carbon fiber composite materials, continuously accumulating the
experience with application, constantly building up database, always improving
structural design and the ability for verification, and laying the foundation
for the demands and market for the scale applications in all the industries. A
good foundation has been built for aviation- and aerospace-oriented high-
end carbon fiber composite materials to develop in parallel with the carbon
fiber composite materials for industrial use that are high in quantity and wide
in applications. In 2016, the value of global output of carbon fiber composite
materials is over 20 billion US dollars, and it is predicted that it will be scaled to
35.7 billion US dollars by 2020 (aluminum alloy is predicted to be 126 billion
US dollars, polyester 36.4 billion US dollars by 2020)
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Four. Model of development in high-performance

fibers and their composite materials
Important changes have happened to the model of development in high-

performance fibers and their composite materials. The key to the future
development in high-performance fibers and their composite materials lies in
how to apply high-performance fibers and their composite materials, how to
reduce costs and increase applied fields.

How to apply high-performance fibers and their composite materials on a large
scale in manufacturing industry, the key lies in applied technologies and the
construction of their standards. In past decades, the key to the development of
high-performance fibers and their composite materials is how to manufacture
high-performance fibers and enhance the performances of weapons and
equipment. Over recent decades, with the scale application of carbon fiber
composite materials in manufacturing industry, how to apply carbon fibers
becomes a key central issue.

1. Integration between high-performance fibers industry and
manufacturing industry
The key to the large-scale application in manufacturing industry lies in the close

integration between the high-performance fibers industry and all the sectors in
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aviation and aerospace. However, the process of shaping takes a long period of time to end every cycle,
and the equipment comes with large investment and at high costs, unable to meet the needs of the fast
production in manufacturing industry. Therefore, it is necessary to research and develop fast shaping
technology, as well as its automatic mass-production technique and equipment, including fast solidifying
high-pressure RTM technology and equipment, low-viscosity fast socking RTM technology and equipment,
fast solidifying pre-socking and mould-pressed shaping technology and equipment, wet mould-pressing
technology and equipment, automatic placement shaping technology and equipment, automatic
wrapping and low-cost special placing equipment, extruded profiled materials and automatic connecting
technology and equipment, laser auxiliary connecting technology and equipment, and drilling, trimming
and processing technology and equipment.

(1) New technology for manufacturing high-performance fibers at low cost

New technology for manufacturing high-performance fibers at low cost is one of the key technologies
for the large-scale application in manufacturing industry. For recent decade, new technologies for
manufacturing high-performance fibers have emerged constantly.

1) The acrylic fiber project-based system for manufacturing and applying large-tow carbon fibers that is
developed in the US has laid a foundation for the low costs of carbon fiber composite materials.

2) The dry and wet method developed in China for manufacturing T800-grade high-performance fibers
can increase spinning speed, and is expected to largely lower the costs for manufacturing T800-grade
carbon fibers. The coal chemical industry (in many places, if there is difficulty in transportation, coal price
will be closely related to oil price, while in some places, they are less related) that is not affected by the
price in oil market is used to manufacture acrylonitrile, so as to stabilize the price of acrylonitrile, establish
the base for the large-scale production of PAN proto-filament and acrylonitrile in coal chemical industry.
Meanwhile, coal is used to generate electricity, and a large base is established for oxidizing and carbonizing
carbon fibers, bringing the advantages in raw materials and energy, and forming an internationally
competitive large base for the production of carbon fibers.

3)To research and develop new technology for increasing the capacity of single PAN spinning production
line (expansion of existing production line), and lower the cost of proto-filament for carbon fibers.

4)To research, develop and increase the efficiency of oxidation and carbonization, make the new
technology for the capacity of single production line and the production line for oxidation and
carbonization available domestically, and lower the depreciation cost of equipment.

5)To research and develop the mechanism for the effect of oiling agent and the pattern in the evolution of
oil film structure during oxidation and carbonization, make oiling agent being produced domestically, and
lower the cost of carbon fibers.

6)To apply new technologies such as microwave, plasma, and above-critical technique in the manufacturing
of high-performance fibers, increase the utilization of energy, and lower costs.

7)Intermediate phase and isotropic coal tar pitch-based carbon fibers, mass-production technology, and
serialized products with different modulus.

8)New technology for preparing modified PAN filament (improving the efficiency of oxidation, increasing
carbon yield, and enhancing the additional value of functional carbon fibers).

9)To develop the carbon fiber that is high in modulus but low in cost for industrial use (e.g. at a strength of
3.0 or so, and at a modulus of 400 or so), and increase the efficiency of reinforcement.

(2). Recycling and reuse of carbon fiber composite materials

The recovery and re-making of carbon fiber composite materials cannot only solve environmental issues,
but more importantly also lower the costs of carbon fibers through remaking. The recycling and reuse of
carbon fibers should be in the light of China’s actual conditions and the new trends in the development
of carbon fiber industry. Carbon fibers are the waste with high additional values, and should be recycled
with new methods, and are not supposed to be treated as ordinary waste that only addresses the problem
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of pollution. If the high additional value of wasted carbon fibers can be fully used, it can power the large-
scale production of carbon fibers in manufacturing industry. If carbon fibers can be reused for one more
time in pre-shaped forms, the costs of carbon fibers will decrease by half, and the costs for manufacturing
pre-shaped textiles will be lowered. At present stage, the waste from China’s workshops has reached
3700 metric tons, and the technology and methods should be developed for making good use of the high
additional values of the waste from carbon fiber workshops. It is hoped that the production line for carbon
fiber components can be equipped later on with a small recovery device, which will retrieve and recycle the
waste from workshops.

Five. Trends in the development of high-performance fibers and

their composite materials
China’s government has attached importance to the development of high-performance fibers and their

composite materials. China has a huge market, having the advantage of being a leader later in carbon
fiber composite materials, and is expected to become a strong and power country for high-performance
fiber composite materials.

Attentions have been paid to the industry of carbon fiber composite materials in the country. For recent
two years, the relevant ministries and commissions have intensively introduced policies, vigorously
supporting the development of carbon fiber composite materials. The development of carbon fiber
composite materials has been successively listed as key mission and preferentially-supported field in the
“Outlines of State Strategy to Drive and Develop Innovations”, “New State Plan for Scientific Innovations
in the ‘Thirteenth Five Years’ “, “State Plan to Develop Strategic Emerging Industries in the ‘Thirteenth Five
Years'", “Made in China 2025", and “State Plan to Develop New Materials.”

Lightweight carbon composite materials are one of the core technologies for Made-in-China 2025. 10
major preferentially developed fields, and 8 key fields are in urgent need of lightweight carbon fiber
composite materials, including aviation and aerospace equipment, advanced railway communication
equipment, new energy-enabled automobiles, electrical equipment, ocean engineering equipment, high-
tech ships, high-end digitally controlled machine, robots, agricultural mechanical equipment, and high-
performance medical equipment. China is a super country in manufacturing industry, ranking first globally
in many industries such as high-speed railway, automobiles, and shipbuilding, and having a huge market
for the application of carbon fiber composite materials, and is expected to take the lead in the application
of carbon fiber composite materials in manufacturing industry.

The industry of carbon fiber composite materials has been initially established in our country, with certain
foundations. After decades of efforts made by several generations of people, the initial capacity for mass-
production of T300-grade, T700-grade, and T800-grade carbon fibers has been built, but is dominated by
small tow for military use, and it is urgently necessary to develop large-two carbon fibers for industrial use
at low costs. After decades of researching, developing, and producing weapons and equipment, China has
already possessed a stronger capacity to apply carbon fiber composite material, with an annual usage of
carbon fibers at 20,000 metric tons, accounting for 25% of global usage. However, it is urgently necessary
to establish the system of applied technologies and the system of supply chains for carbon fiber composite
materials in such fields as civil aviation, automobiles, railway communication, new energy, high-pressure
containers, marine and chemical industry, mechanical manufacturing, and architectural engineering.
All'in all, China has the advantages of taking the lead later in high-performance fibers and their composite
materials, expected to become a strong and a powerful country in respect of high-performance fibers and
their materials.
Yu Muhuo'’s team
Donghua University
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Intelligent fibers:
Connected Smart Society
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The development of human society has been closely related to fibers,
from the natural fibers in primitive society, to the chemical fibers in
industrial society. Nowadays, revolutionary technologies represented
by Internet of things and artificial intelligence is driving society into
a smart era. As a result, the development of fibers is also entering
a new era, i.e. intelligent fibers. Intelligent fibers refer to the fibers
that can sense (the changes in external or internal environment),
process information and make response. Essentially, this is the
extended application of Internet of things and artificial intelligence
in textile industry, giving life and intelligence to conventional fibers.

One. Support programs at home and abroad
As early as in 2005, Up-tex, the base for technological innovations in new

fiber materials and industrial textiles, was established in the nationally second
developed technical textiles production cluster in Northern Lille of France,
dedicated to the innovation and production in such aspects as intelligent
fiber fabrics, and ecological and scientific fiber fabrics. Since 2013, a national
strategic project called “future textiles” (future TEX) has been proposed in
German, intended to transform the textile industry into an innovation base
relying on new materials, energy preservation, and smart products, aiming
to let new textiles and fibers lead Industry 4.0 and become one of the most
innovative industries in German. Europe Union published the “HORIZON
2020" Plan in 2014, making overall arrangement for fiber products to develop
towards high qualities and professional applications, and for the mechanism
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of their technological innovations, with high-performance and multi-functional
intelligent fibers as the core. Revolutionary Fiber and Textiles Institute for
Manufacturing Innovation (RFT IMI) was established in 2016 in the US,
dedicated to developing the intelligent fibers and textiles involving multiple
materials, multiple structures, and multiple textiles, effecting the change in fiber
materials from military use to civil use, and facilitating the integration of textiles
and fibers with other disciplines and fields. In 2016, a team of interdisciplinary
experts, dominated by academicians, proposed the concept of “great fiber” in
China, which refers to the new generation of fibers that are based on technical
breakthroughs and interdisciplinary integration in such disciplines and fields as
materials, information, machinery, biology, and energy, have the features of
"being intelligent, having ultra-high-performance, and being green”, feature
multiple functions, multiple structures, and multiple materials, and are able to
have the effect of highly affecting, essentially changing, revolutionizing, and
improving conventional industrial clusters.

Two. Design of intelligent fibers
1) From the perspective of materials, multiple components represent an effective

method for making intelligent fibers. The emerging materials represented by
carbon nano-tubes and graphene have special physical properties and excellent
performances, becoming the major materials for intelligent fibers. Graphene
is a two-dimensional slice-like nano material made of carbon atoms linked in a
cellular way, having the currently highest tensile strength and Young modulus,
featuring the fastest transfer of carriers and the fast heat conductivity, with
huge potential for application. Graphene fiber is a type of fiber that began
to be developed as late as in 2011. Graphene fiber inherits many excellent
properties from graphene. Carbon nano tubes are mainly the coaxial circular
tubes consisting of several to tens of layers of carbon atoms arranged in the
shape of hexagon, and they are a type of one-dimensional nano material,
having good mechanical, electrical, and chemical properties. Carbon nano tube
fiber inherits many excellent properties from carbon nano tube.

2) From structural perspective, multiple structures represent an effective method
for making intelligent fibers. Different cross-sections enable fibers to have
additionally special features, for example, when fibers are shaped into triangle,
pentagon, and octagon, the light shed on fiber surface can be scattered to the
highest extent, so that the textile does not looks dazzling, but appears more
colorful. Meanwhile, such structures as internally hollowed structure, graded
structure, and skin-core structure can make fibers highlight their intelligent
features.

Three. Intelligent fibers at initial stage
1) Electricity-conductive fibers: this research team has obtained graphene fiber

through continuous preparation with wet spinning method, the conductivity
of which reaches 10" S/m. In addition, Zhu Meifang’s team with Donghua
University has obtained electricity-conductive textiles through coating
polyphenyl thioether with graphene using surface engineering method, the
electric conductivity of which can be regulated between 102 and 10" S/m.
The electricity-conductive textiles have a good flexibility, and their electric
conductivity is not affected even if they are bended. These electricity-conductive
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fibers and textiles have the prospect of being applied in wearable equipment.

2) Electricity-generating fibers: Peng Huisheng’s team with Fudan University
prepared a type of carbon nano tube/titanium dioxide composite fiber, and
built solar cell fiber with it, the conversion rate of which is 2.73%. After that,
this team also prepared a type of graphene/platinum nano particles composite
fiber, and built a solar cell fiber, the conversion rate of which is 8.45%, close to
12%, at which, applications have practical significance, providing the possibility
for solar electricity-generating clothes.

3) Energy-storing fibers: at present, there are mainly super capacitor fiber and
lithium ion fiber. For example, if two graphene/manganese bioxide composite
fibers twin around each other, the intermediate insulating electrolyte can be
used as super capacitor fiber. This fiber can keep a LED lamp lit up for as long
as 8 hours. However, for lithium ion cell fiber, if nanotube/lithium titanate fiber
is used as cathode, nanotube/lithium manganese oxide as anode, and this
lithium ion fiber is woven into a textile the size of A4, it can charge a handset
2~3 times.

4) Sensing fibers: Zhu Meifang’s team with Donghua University prepared a
type of phenylethylene / carbon nanotube composite fiber, able to accurately
detect such harmful gases as ammonia, toluene, acetone and butylene oxide.
This fiber has such features as fast response (less than 40s), high sensitivity and
repeatable usage.

5) Actuating fibers: Wang Hongzhi's team with Donghua University obtained
graphene / sodium polyacrylate composite fiber. This fiber is highly sensitive
to near infrared, able to move the material that is 20 times as heavy as its
weight under illuminated conditions. Qu Liangti's team with Beijing Institute
of Technology prepared the graphene fiber with its cross section having an
asymmetric structure, which features a good response curve to humidity. The
fabrics woven with this fiber can achieve different bending effects in different
wet environments, and vary with humidity in regular cycles, achieving the
periodical movements, and are expected to realize a brand new method for
driving robots.

Conclusion
Intelligent fibers are booming, but are still at initial stage at present. From fiber

components, structures, preparation processes, equipment, to final applications,
they will face serious challenges and innovations. Intelligent fibers are not only
related to the subject of materials, chemical fibers and textiles industry, but also
involve many disciplines and industries such as mathematics, IT, electronics,
medical care, military industry, and aerospace. A film in 1985 shows a shoe that
can be tied automatically, but it wasn't until in 2016 that such a shoe became
true. Well, a film in 2008 shows Iron Man wearing coat armor, when will that
come true? This poses challenges for intelligent fibers.
By Wong Wei, Yang Junjie, Zhang Yang, Liu Qiang, and Zhu Meifang
State key lab for modification of chemical fibers and polymer materials
Donghua University

hEFERITHEIRE 2018/2019 CHINA FIBERS FASHION TRENDS REPORT



= . FisiEEmn
DOWNSTREAM OF FIBER
TREND FORECAST
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Direction & basis point of
fabricsdesign in Shanghai-styletrend
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The year of 2019 will see the centenary for the May 4th Movement in China.lt
also has been more than a century for China’s fashion to blindly follow western
mainstream fashion culture. In the past, China was lack of its own perspective,
which made itin a low-end and low-efficiency negative position ininternational
fashion value chains. Nowadays, The Belt and Road Initiative shows China’s
strategic insight of establishing and strengthening partnership with other
countries. Entrenched in indigenous culture, China takes global culture as its
source of inspiration and global talents as its reliable guarantee, and combines
international fashion trend withlocal lifestyle and aesthetic concept in an all-
inclusive manner It is also the essence of the culture of Shanghai-style culture and
the genetically modification of Chinese traditional culture and western culture,
which forges the universals values of “world under heaven”in Chinese culture.

The aggregate GDP of China surmounted was firstly over 80 trillion yuan, with
a year-on-year growth up 6.9%. China has taken on more new opportunities
and patterns in the period of reform and adjustment. The supply-side structural
reform has been intensified, with remarkable upward trend in consumption.

Flattening social structure and middle-class crisis overlay, andsenses of hierarchy
gradually weaken. Meanwhile, economic slow-down and demographic
dividend loss resulted that the middle-class will face re-grading of economy
after its falloackfrom the peak value throughout the three decades of reform
and opening up. Marketplace culture spares no efforts in makingfashionable
classics and re-traditional fashion continuously popular.

New business modes manifest strong appeal. After experiencing theimpactand
reshuffle of "Internet plus”, the new round of industrial structure surpasses
other developing countries with normal rate of growth to become the
touchstone for future global development, with the new mod transcending the
mainstream economic sphere of western countries.

The important feature of the whole-nation dissemination of multi-interactive
culture is the combination of various angles of view, occasionally with the ebb-
and-flow of culture. What is inspiring is the revitalization and return of the
cultural discourse right.

Big data makes people’s information transparent. Personality is classified into
symbols of age representing certain similarity. Each individual can speculate the
past and future in big data that is directed to the ideal vision.

According to the above basic points, Shanghai-style trend makes alignment
and judgment in cultural classics, natural destination, urban aboding and future
expectation.
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1. BIREZHAEF

Tone of Shanghai-style classics

F—=NEBE, BITBEBIEMEIEXHRZM. BR, LXFMNARTERE, PLERINE
HMESEEI AR HENSUAERERNBT, BATINBETEETES. fHES TR
FHIE T

In the new season, we will find more attention to cultural blending and transboundary with reorganization
of boundaries of categories. Those outmoded classic models become popular at grass-roots level again
through the dissimilationof communication and consumption. Popularityrebalances the tradition and
classics that are blended with the momentum in contemporary era.

(1) E&A5EFS

Golden age & function exaggeration
FENEMNEE BB HaY
BRI, SFSRRCOERMEL BRE.
RS R ERR AN EG S, B
ITEERRABN TS E MG RS
EERERAHIEAHEMET,

The flamboyant golden color has always been
a symbol of wealth of secular society. Flashing
glossy materials, pleats and falbalapatterns
become signal of mode again.Sparkling
redecoration and classical styling features
make alternative conversion in a coherent
way, which makes the secularity sacred.

(2) BRBKRS LR

Cross-border interest &new-wave magnificence

BRE5TR, RFE5ME. ESEK. 2
a5%a, RIZHABETRABMNARAHRE
BEE—MERE, ElEERER. 80 F
RBVERNEBERLEH, BESKNERS
Iz, SRR aES5EREELFR
BERI RIS R HA E S IEF RIS Em L.
We try to blendthings of different attributes, such
as the elite and the civil, the order and the random,
the smooth and the rough, the monochrome and
the chromatic, with a view to make multi-leveled
collocation. The ornate style in 1980sresurges
again, with the deconstruction and comparison
of exaggerated random lines, flashy colors,
contemporarymaterials and traditional patterns to
create gorgeous feelings in a vintage tone.
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2. WREANYIR

Natural matters’ image of Shanghai style

MPWMERBHE THERTE, YENEN, UEREREH, AXERAPBANETEK: &
Bk. Edp. EFHRAARNUEIMBEATDEH,

The prosperity of matters has eroded mental space, with the superposition of matter and theaccompanying
of spiritual experience. The gene of human beings is born to desire for the synesthesia of interest, life and
affinity that artificially influence theevolving of the nature.

(1) BABIEESATEA

Perceptual editing & artificial nature
BRARRESHE, BHEATEEELEE
e FRATHEHHIER KB RNV 2
HEEESNEE, BREANBHRK £
INESSANIRMNATE, RAONEXEURE
s, BANEEN, KWOE EHEE,
The nature is often related to the fragment of
feelings. The dwelling in urban areas for quite a
long time often provides us with impulseof leaving
away. The experience of travel is transformed into
montage-likevisional appearance accompanied
with real life. The pursuit of natural sense of -
freedom to decorate real but boring life realizes the Sarad

spiritual far-away by means of virtual formal beauty (2) BEEMSRBREZZ

that presents in natural texture. Realistic decoration &texture technique
KENAGRULATTHMRUNERLE,
H K58 EMRIENZE —HEENES,
XMERBE MBS AN QI A, &
R L RVIEAREME SAREMEIR A SN E
BERAEFEMATER, KEZXMIM
PSS EA MK CFIIEITFE T
FEMSHE,

The impact of long-focus leadsthe visual sense

towardabstract micro-world, with the effect oflife-
like and amplification as the decoration of an
alien reality. Over the past two years, with the
innovation and application of new materials and
new technologies, more and more techniques of
combining or multiple regrouping non-garment
and garment materials have become new credits.
A large number of secondary operation materials,
remolding and reconstruction have become
innovative designing skills, which are constantly
reconstructed and combined.
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3. BREMHHERF
Manifold order of the Shanghai-style urban
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The government strives to standardize the marketplace by combining street culture and mainstream theme,
which makes the originalavant-garde texture of the urban series become a bit affected. The emergenceand
solidification of new stratums coexists, with random freedom being artificially superposed with senses of
order.

(1) TEBESEXHR

Tooling reconstruction& subculture flow
TR IEE R, X TR S5
BRI AMLE. ATNEREEZBHE
BAAESE, MERESHERBA, %M
ETEW—, MEXRAEINEERBELN
RRETEE, RATEBSHERE, B
RRVBATTE T ATTHEE,

Thebrocade-like texture with continuousrise and
fall of chain of mountains and multi-colored
hillside under the sun is amazing. Artificial reality
even surpasses natural reality, with amplification
of beauty and ugliness in personality. Design
aestheticism is not the only vital thing, while the
pursuit of authenticity or even hyper-real defects
and imperfections has become the quintessence of
tooling reconstruction. The nature in the sense of
technology prevails in the city.

(2) ELFIBERERNS

Symbol of retro avant-garde &leisure
XUEHRFTRBIRHNENRINRES
NIERBIE, FARNITHMESAMNI K
R, ML ZHEIRGEUETTENENR T,
G EERZ XU RFSHEN
BEESKRWIE,

Cultural renewal often becomes the interpretation
of the new culture through the exploration of early
styles, the reengineering of retro styles, and mixture
and reconstruction of ages. The new technique
grinds old patterns to derive time trace. In the
design, the new culture is actually the recurrence,
exaggeration and even banter of the symbols for

the old culture.
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4, FikKRFKHIR

Counter structure of future Shanghai-style

BREXTHEFENANEMTREELE. B, BRNETRIER, THRNNERI5T
AIFUNIER —E, 8 Er TR RIER,
TR ASEo

Under the influence of Chinese characteristics, liberalism has an out-of-order random light-hearted idealof
intuition, full of unknown imagination, unpredictability, and even the concept of building a controllable,
expectable and applicable future. On the other hand, it seems that the tradition is constantly being broken
through and regulated in the orderly atmosphere.

(1) BRESEEXNSR ©
Random geometric& chaotic look
TRBRMFSENKFSER, TIMERE—
ARy L e, BETH AL e, &
RNF%, BRAREE. AIEFN/ AT
REMAENEHMFEENHRTE, /LA
S VRE AR AR 2R
MENER, RANAEMY, BREEILAEN,
MIFTHNERRXZNEIE, WRBEF WA
Kig5tR, AT5EE, BESHMRER
AIR—HEHAFNEA 5K,

In the geometric sphere for single and pure
appearance, the expression of order and
conceptviasynesthesiamixesthe methods of
dislocation, retracing and iteration and reconstructs
the geometric elements that could have been
classified with sequence into morerandom and
affluent abstract elements, with only geometric
characteristics of fragmentary trace preserved.
Process aesthetics has become the focus of research
and development, among which involves the
direction to the unknown, the dazzling simulation
and collateral carriers without causal relationship,
in particular, theattempts and experiments on
the endless non-uniformity between styles and
elements, details and entirety, colors and materials,
as the theory of chaos proposed.
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(2) ZRIRREMBRIGE
(2)Architecture disassembly& material
simulation
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Under the image, the deconstruction and
reorganization, non-specific modeling or
deconstruction techniques of rules or elements
emphasize the transfer of constitution core. In order
for more innovative and realistic of imagination in
simulation, high-tech materials and other realistic
technologies are applied, such as the optimization
of 3D printing material. The combination of subtle
and abundant details and exaggerated shapes form
with creative products with high practical value.
Meanwhile, high-simulation details will appear in
material changes, such as the integration of high-
imitation phantom style with sense of movement
in the materials with natural appearance.
FIEXZE LR

Shen Chen, Donghua University
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Fashion Design and Fibre Science
in Winter Olympic Sportswear

2018 FFELZFHIZE (2018 The winter Olympics in Pyeongchang B&F 2 B 9
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N s A& (2002)
%, REAKYREEBEN BRI LUBE TNEMNRASHRT Figure 3: The Swift Skin Suit developed
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1 2018 FFELRARY 2 2022 FILRERLZHY
Figure 1: The emblem for the 2018 Pyeongchang Winter Olympic Games Figure 2: The emblem for the 2022 Beijing Winter Olympic Games

The 23rd Winter Olympic Games have taken place in Pyeongchang, South Korea, between
9-25 February 2018. Most of the snow sports were held in Pyeongchang County, whereas
all the ice sports were competed in the coastal city of Gangneung and Alpine speed events
in Jeongseon. In four years time, in 2022, the Beijing Winter Olympic Games will be kicked
off on February 4, 2022, the fourth day of Chinese New Year. Beijing will host all of the
competitions on ice and all the snow events will take place in Yanging and Zhangjiakou.
Beijing Winter Olympic Games will surely promote the sports on "ice and snow", to be
participated by " 300 million people" as promised by the government.

Throughout the Pyeongchang Winter Olympics, it can be seen that the major clothing brands
have sponsored all different national teams. Before the opening ceremony, Ralph Lauren has
shown the black technology on self-heating coats. The other companies, such as The North
Face, Anta, Mizuno, Phenix etc. are all doing well in promoting the good performance from
athletes. This article will explore the function and fashion of winter Olympic clothes through
fashion technology, materials science and fashion expression.

1. Technology in Olympic Clothing and Equipment

In the arena, the result of a competition may be split by a thousandth of second. Therefore, the clothing
may play very important role in terms of reducing that can effectively reduce the resistance to movement
and improve the comfort of the wearer. For instance, how to reduce the wind resistance of the outfit is one
of the hottest research areas. Other important factors concerning clothing include fabric surface roughness,
elasticity, breathability, seam line position, to be studies from different research areas such as aerodynamics,
textile fiber science, biomechanics and ergonomics.

In the existing literature, Dias, for instance, reported the relationship between surface profile and fabric
structure parameters, indicating that the fabric's surface roughness and breathability can be controlled by
using different weaving parameters. Hoerner suggested the relationship between the aerodynamic drag
and the breathability of the fabric; Moria proposed that the surface roughness of the fabric is directly
related to the resistance to windage. Brownlie asserted that the speed skaters should wear a multi-panel
suit in the arena, that is, each part of the athlete's body should be covered with different performance
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4 79 Descente IEAZ B NMERREBKEZKAIF AL Vortex C2 LhZRAR, tB7E 2002 &£
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REFHNEELSTRizs FESER, Ralph Lauren hEEEXRNEFINABLESTT R
WHKE, —EREUZIERIE (WE 6)s XRAXZTRATSHEEAER, MARFAUEE

EREMFRISIT, BASBMUKREERESR, TET=MRENFEEE. #ItAHLE, — 6 Ralph Lauren HEEERMESIE 2018 ELAAFHNAKR
7@ éﬁﬂ i{ E/\] EE/E éf F%@E QI\EEM E’\J F_E@—FE; N\EWU E\_G%TEF‘ ﬁ , E@‘;ﬁl éﬁ m %E 0 % Eﬁo EE, [iaguurLenG: US national team Opening Ceremony uniform for Pyeongchang 2018 Winter Olympics in Korea, by Ralph
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fabrics. In 2002, during the Winter Olympics in Salt Lake City, the "Swift Skin Suit" developed by the
Nike R & D team for the American speed skating team was an example of the multi-panel suit (Figure 3).
Combining the characteristics of the speed skating action and the movement of each body parts, six types
of fabrics were used and placed in different positions in the skating suit. For instance, rough-textured
fabrics were used at the arm and calf areas whereas the smooth polyurethane coated fabric is used for
the torso and thigh areas. In addition, a low-friction fabric is placed on inside of the arms and right thigh
to reduce body friction and improve overall movement efficiency. The Swift Skin Suit reduces the friction

4 Descente J9 = AR S coefficient by up to 55%. Nike's tests show that in the 1,500-meter race, the same skater can complete
7KBABRZRY Vortex C2 LEZRAR the course 0.2 seconds shorter with this suit than the normal ones. This just demonstrates the effect of

Figure 4: "Vortex C2" suit developed by . .
Descente for the Canadian long track technology to the improvement of athletic performance.

d skati
speedskaling team Figure 4 shows the Vortex C2 suit, which was developed by Descente R&D group worn by Canadian
national speed skating team in the 2002 Salt Lake City Winter Olympics. The suit has been optimized for
fabric texture and used silicon strips forming a spiral pattern around the thighs and lower arms, which

direct the flow of air and enhance the windshield resistance of the garment.

In the 2018 Pyeongchang Winter Olympic Games, Odlo has designed of the Biathlon and Cross Country
5 Odlo HEZFM, WEFBEERARIILITAILL SRR skiing national team outfit for Slovenia, France and Switzerland (see Figure 4). Odlo uses a seamless knit
MEZA: ZE. Arasell. iHt) (2018) structure and body partition structure design, making the weight of the garment light and ensuring the

Figure 5: the Biathlon and Cross Country skiing national team outfit designed by Odlo for
France, Slovenia and Switzerland (From left to right: France, Slovenia, Switzerland) (2018) comfort of movement.

The technology for keeping warmth always draws a great attention at the Winter Olympic Games. In

the opening ceremony of 2018 Pyeongchang Winter Olympic Games, the jackets designed by Ralph
Lauren and worn by the US national team have proved to be attractive (see Figure 6). The conductive ink
| technology has been used in this jacket. The heating system is made of conductive carbon and silver ink,
in the shape of the American national flag. There are three temperature settings. Based on this design,
a slender power cord is hidden under the fluffy liner of the jacket, then extending from the right front
pocket, with battery pack placed in the pocket inside. The heating settings were controlled by two simple
buttons through the battery pack. At the same time the device can be connected with the mobile phone,

which can directly detect and adjust the temperature. This product was sold out immediately after it

appeared in the Ralph Lauren official website.
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2. KEIREHELIER 2. Material Innovation of the Winter Olympic

RSB R BIIE A A A MERI0IH, MERSRRBHLREFER, B8, TR 7 Clothing . o R
R . N o The technological advance in clothing is based on the innovation of fiber
£ 1982 £, Van Ingen Schenau St 2T REIMEHEREIEshRER WX EERETRE. FE materials and the whole materials science, which constantly promote the
ERSRFERHEL, SRERT Tm/s NRIENRNMEMESLY, BIREBRN, XKF@ Winter Olympics players to be faster, higher and stronger. As early as 1982,
B XREREN B 8T, FREmAH ZRESAZME+, Van Ingen Schenau found that different materials can reduce the drag on the
N 2014 FL£ R, EEMBEHRE Under Armour FIFZEFEFLLAS (University of athletes at different speeds. Comparing with Lycra, wool suit has less drag at
Southern Mississippi) Bt& ANZEEREBKNALLLERR, ERENLTAURFEMERS the speed below 7m/s. However, at higher speeds, the Lycra suit has lower

P ABRELEEE (Polyhedral Oligomeric Silsesquioxane, f&#F POSS), POSS £—F# drag. Thus, Lycra fabrics are widely used in various winter sport events.

BEWRRENENTNR AR, 2 LS 90 FAFH, XETFHRERE (Air Force
Research Lab, f&I#F AFRL) #EHERAZRENTHEZTENH—HER. StERSYME

In preparation for the 2014 Winter Olympic Games, the well-known sports
brand Under Armor teamed with the University of Southern Mississippi to
develop the USA national speed skating team suits. A special material called

HRE, XERN—FMSEENREHRUER . HEEAELATH Morgan BEAEAFRR polyhedral oligomeric silsesquioxane (POSS) was used around the head and
P8 POSS KK F1THEH) octaisobutyl POSS SERRHILE, Hl& octaisobutyl POSS/ BR arms. POSS is a kind of organic-inorganic hybrid material in nanometer scale.
IBNARKEEMEL, AFEI POSS DFHIJLAIFR. AFIRESERMERE. PRI MIERE. It was initially developed by the Air Force Research Lab's (AFRL) propulsion
REMEEX. HEVEEBREREERE, BILREE. REMEKYE, BHRBINEMEME technology committee in the mid-1990s to meet the requirement of a new

generation of ultra-light and high-performance polymer materials (a polyhedral
nano-hybrid system) from the Air Force. Professor Morgan of the University
of Southern Mississippi used derivatives of POSS nanoparticles, octaisobutyl

BEME . MARFNEMIE, HHEBR, BHBENNEDITRER POSS FEREMAKS
NINBEFREER, POSS DM AERE. IIh, BN POSS GUKFh 58 BMELH1E Mo

1£ Skin Suit BSKE R FEUEERRLEN, BEEHRME. FIE 7-8, POSS, to react with polypropylene to obtain nanocomposite materials. It was
£ 2018 4B |, DAHLIE FRAZBRMSR AMEME /B FIAILITT “Race Suit Champion” discovered that shape, composition and concentration of POSS molecules have
FEbERR (WE9), BB NN E R B iEE—NEN S, EERE—AXZER, BEXA something to do with the frictional properties, nano-mechanical properties,

and surface properties. The composite has ultra-low friction, as well as
enhanced hardness, modulus and hydrophobicity, but with little effect on
the matrix material. Atomic force microscopy, scanning electron microscopy,

transmission electron microscopy and spectroscopic analysis showed that

7@%2%%2{%#6%%% (POSS) P BIRIE POSS is preferentially distributed on the surface, far more than in the bulk.
Figure 7: Drag Reduction Bands made by POSS

In addition, the energy and hysteresis of matrix increase after incorporation
of POSS nanoparticles. The use of POSS at the head and arms of the suit can
8 Under Armour AEERE B KA LALLFREFE X reduce the drag overall. (see Figures 7-8 for details)

Figure 8: Arm areas of the United States speed skating team uniform developed by
Under Armour

9 DAHLIE AR EEF B SN FELRIM AR
(2018)

Figure 9: the Norwegian cross-country skiing team uniform developed by
DZHLIE for PyeongMing Olympics (2018)
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RSB HER, R EEELURR BRI
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FRMER 250 =LA, AMSHT ERE
b TRR. TR TXE. BEEMURES
PRI R AMKER, EIEshRNEE
SSEE, HEFALERMNBXESME. E0
B LUK/ NBR X33 SR A Schoeller &£ =HIM T
E# “Eschler Dimplex”, Xtk R EL
MEERABRREEMAEM, AEBEBURME,

P ww 4 BILIFE 22 2 75 A //NSY893EE T
10 MAMSFAE S TS E DAHLIE B 1R 10%. FRY, XRECFERTERNISF
15 A2 +15 ABHBETEER =5 SEENF +5F 10 BREZANTE, &
Figure 10: Norwegian cross-country skiing men's team = = >
wearing DAHLIE claimed a clean sweep of the men’s IE{&%U%E}:T%E%O yu 10 Fﬁ/—,l_—\; ﬁﬁ@zﬂﬁ

15km/15km Skiathlon podium
BEPA R BRI AR, 7E 23 BEREFA

WEE. BURMR&S.

AREERA L, PEGM Anta WAFER
AT TSR EREHS (WE 11), AR
ERBRLE dyneema fHEI2b 2L, @i ISU
PrEINE, ERAFRLTmIEX=RE
=25 50%, BRR/NXEPES. Bi/TEAKLE
AFER IR —— IS,

11 FEFE AR R AE S & Anta LLZEAR

(2018)

Figure 11: Short track speed skater Wu Dajing wearing
designed by ANTA

3. 2RRRMVERE
LRREMUESEREN K. MERFNENLARE, BFEEsEIRHNNE E RES
TRESHEEEFEE, TRTEMTEIRE. UTEEM ML RIREIRITHIZEG,
BRNERLLAZIZOEARZDGATHTZHEHRE XUNBE - HHEHF
(patchwork) . EBRERFIRITMZOERER, SIFREEL. RRLESHZOEZRREN
TERFHNZEYE, XEEEETEELT EFESRAMENENZEN, URBS IS
MRBZE L. R TESFHIXPELEREANER — SRR/ \ 22—, 1700 5F
BARE. B# 9 MK, 3MRES. 131MWE, RENREKESZMIES, XETERSHX
WEARBRERTHTFNEL L, SHNEEXRMGEEEMIR LN —EBEEEZMERIR
Fo ROBERFRBTHMNNOTTFE, TR THERBHMESIFO IEBIME S, MR
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In the 2018 Winter Olympic Games, DAHLIE's R & D group designed the
Race Suit Champion race suits for the Norwegian cross-country skiing team
(see Figure 9), which helps Norway to secure the first place in the medal table.
The suits are of all-in-one body type, made of polyester and spandex-blended
lightweight stretch fabric (made by Carvico in ltaly), reducing the number of
seams and the overall garment weight. DZAHLIE has decreased the weight of
female cross-country skiing suits to under 250 grams, which is the lightest in
today's market. The mesh panelling is placed under the arms and to the back
of knees as well as at central back for enhanced mobility and ventilation. The
‘golf ball" dimpled material "Eschler Dimplex", made by Schoeller, is used at
strategic points of legs and arms, which can reduce drag by as much as 10% at
speeds between 22 and 75 km/h. Meanwhile, this suit is also effective against
the winter temperature in Pyeongchang varying between -10 to +5 ®C, being
light-weighted and thermally isolating. As shown in Figure 10, the Norwegian
cross-country skiing team, wearing this shirt, has achieved excellent results in
the 23th Winter Olympic Games.

In the 2018 Winter Olympic Games, one of China's largest sportswear
brands, ANTA, has designed the Chinese Speed Skating Team outfit and also
demonstrated good performance (see Figure 11). The apparel uses woven
dyneema cut-resistant yarns and has passed the ISU anti-cutting standards,
which is 50% lighter than similar products in the market, effectively reducing
the drag. The suit helps Wu Dajing to win the only gold medal for the Chinese
team.

3. Fashion Expression of Winter Olympic Clothing
Winter Olympic clothing is not only about the frontline of apparel technology

and material science, but also concerning the visual impact of fashion. It can
only be regarded as perfect sportswear if both the function and fashion are
equally excellent. We will look at two case studies of Winder Olympic costume
design.

The core pattern of the 22nd Sochi Winter Olympics fully embodies the
essence of Russian traditional folk culture - patchwork. The design of volunteer
costumes uses the core pattern to express joy and liveliness. The core pattern of
the Sochi Winter Olympics demonstrates Russia's versatility, which reflects the
multifaceted nature in terms of its vast territory, both passion and tenderness.

12 % 22 BRELRBFHIZOER HHK T BREL

Figure 12: The core pattern of the 22nd Winter Olympics - " patchwork quilt"

REE BES
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BN RZET UG EL, B XENWRIR, PEN—EES:
NEZR, E12 RRELAHTHZOER “PHRT BERENK.
BREESZOBENNBELENSEEO L, FRERMNRE
BItELE,

Anta 4 2018 FFELRAFEFEARERIT TERLR “BERR
(WE 14, ZOBSNEESFEESRERERE R BSRA, 8
PERFEESLRS ‘X" FHEE, RABHAL, BEFEEEE
MELHR; BREEANEEARS, XRAAERAGIHEAE, FHE
MFHHE LHBEBRE, RABERT; ERERITEXRBESR
B I TZXRABIMEMERA, ENELNEAM LS CHINA M,
BRI,

FELEZNNE TR, FHRifFENE R 2022 FILREE
=R, FAREE, RITEURERSEROFENZENKE
MK, BARBHRATIWENIERERZFRELELN I,

IFERFEZ T XUFT FH1EE 14 $23 BFELELFENFRAE (2018)
Figure 14: PyeongChang 2018 Award Ceremony Outfit for the China Winter Olympic Team (2018)

It tells the story that Russia has the largest land area in the world - with area of
17 million square kilometers, nine time zones, three climatic zones, 13 inner
seas, as well as numerous ethnic groups and languages. These diversified forms
of culture and arts are embedded in the vast territory of Russia, which look
like a beautiful quilt covering the earth. The core pattern uses the patchwork
technique, developed specifically for the effective collage and split the cut
mesh master, the grid is composed of longitudinal diamond four continuous.
Through such grid extraction, a continuous pattern can be composed. Figure
12 is the evolution of " patchwork quilt" pattern of the Russian core figure for
the Sochi Winter Olympics. Figure 13 is the development of core pattern on
number vest in the competition, which Convey an active and happy mood.

ANTA designed the fifth generation "dragon champion outfit" for the

13 5 22 BRRLBLEHT HizOERZE H R A Chinese sports delegation in 2018 Pyeongchang Winter Olympic Games (see
Figure 13: The application of the core pattem of the 22nd Winter Olympics Figure 14). The core concept of design is around the Chinese traditional spirit

totem --- dragon, combing the written "dragon” in calligraphy and Chinese
word "winter". The dragon's head is holding up high, demonstrating the
determination and spirit of Chinese sportsmen. A large area of white and red
colours is used, with yellow colour decorations at zips and imprints. The pattern
of the outfit is semi-close fitting; The processing technology is steel pressure
technology, on the basis of the steel pressure printing red CHINA concave and
convex, which has the rich stereo feeling.

Following the close ceremony of the Pyeongchang Winter Olympic Games,

people start to expect the next on in Beijing. As the host country, we want to

show the best performance on the snow and ice after another four years hard

work. We also hope the Chinese textile industry will shine in the Beijing Winter
Olympic Games.

Li Liu, Jiayi Ren, Lei Ye

Beijing Institute of Fashion Technology
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Challenge against sports-oriented
smart wearable applications
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Technology
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Figure 1 Tend of market expectation to traditional wear and smart clothes in recent years

o EEPNRYMNAET RSN AT 2 TERE, fIRERIBEDFHRRIIEEH
AREANZE, Rzl RS R 2 BRRIZIER ; e e E A Rme~ £
RERE, TRITER; RREFPNFEENESERUNRTNEEEFBTEMTIEN
6 (AFRE. BT )o XIFHNARRFREFEHEENERLEIRE™ IRV . TNEER4E
BERRSATHIME TR, REM, RIECoHEENEE. BTN, EHEREBIE
HEBERNEWHHIREDINER, BRTSHEENERRDESIRRERMAELS  —HEREN
MR EERN, EESERCHEENMTRENREN, WinZMERST. FRNESERET
SR ET M. RYERE RN LURES IR, BT Sk EminAst
EEMUR. T pE, TEIIENERIEIEEMAEIRRIVBEMNI BT IHZ.

212

The current smart wearable technology is facing new challenges and opportunities. Routine
monitoring indicators, such as the blood flow, heart rate, step frequency and location,
havemet with bottleneckwith thecomprehensive popularity and development of electronic
devices based on traditional chips, such as smart watches and smart bracelets. The most
wearable soft sensing technologies, including soft sensing elements and soft circuits, are
emerging. A market report onglobal smart wearables by Berkley in 2015 showed that the
market’s expectation to the development of conventional chip electronic devices had cooled
down, while that to smart clothes that only about 20% consumers previously knew were
drastically increasing [Figure 1]. Among them, intelligent wear for medical treatment, health
and sports will lead the frontier of soft sensing technology because of its professionalism and
higher requirement for sensing precision.

The fiber and fabric in sports equipment are made in distinguished harsh working environment. For
example, the great strain in the sportswear caused by drastic motions, as well as the fierce friction between
fabrics and between skin and fabrics;a great deal of heat, perspiration andsweat steam resulted from
high-strength metabolism accompanying with movements; higher requirement for comfort andfunction
optimizationof specific categories of physicalexercisein sports, like heat preservation and quick drying.
Such demands for terminals make the intellectualization of sports equipment meet with severechallenges.
[trequires not only the maintenance the stable performance in motive environment of the sensing system to
ensure the comfort and auxiliary functions of sports equipment, but also the ability to provide professional
data analysis results. In general,there are two categories of solutions to intelligent sports equipment: one
is the most common and most direct kind, namely, it is additionally equipped withsoft sensing elements,
sensor network or servo unitsin maintaining the performance of traditional sports equipment; the other
one is to obtain special functions via improvement and optimization of fiber and fabric structure. Asthe
sports equipment market is on aspecified and professional trend, the opportunities and challenges
confrontingsmart sports equipment with different functionsare also categorized.
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Figure 2 ADVANPRO®: fabric bottom strain sensor (left) andsmart running shoes with soft pressure sensor (right)
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E3 (&) NadixemfiiillgsE () IMUBBRREREN

Figure 3 Nadi X® yoga training assembly(left) and IMU auxiliarytextile goniometer (right)

From the perspective of fiber materials, the performances of high elasticity, abrasion resistance, heat
dissipation, moisture permeability and antistatic in traditional sportswear have become more and more
mature byadding certain proportion of polyester and spandex fiber and adjusting textile structure. The
challenges confronting smart sports clothes are to ensure the stability and reliability ofsensing elements
and network in motions. Conventional motion monitoring means based on chips, such as the blood flow
and heart rate, are mature enough. The physiological and physical requirements in motion environment
will focus on the three major sensing technologies of mechanical measurement,attitude tracking
and bioelectrical analysis. For mechanical measurement, soft pressure sensors supporting large strain
measurementbased on elastic conductors, as well as pressure and torsion sensors, will have chances to
bewidely applied, such as fabricsubstrate strain and pressure sensors. These soft sensors demand fabric,
as the substrate and bearing body, to perform well in stretching restoring force, restoring speed and small
creepage, and the latter’s stretching and compressive stiffness to match with that of the sensors to ensure
the strength and stability of strain signals. Softsensing elements based on conductive polymerall meet
with the challenge. On the other hand, attitude tracking is an important digital means of athletic sports to
optimize movement track and force strategy, as well as the foundation of long-term digital rehabilitation
monitoring. For the human body, the essential part of attitude tracking is the measurement of joint
angle. Most of the current solution is to integrate the micro-chips of accelerometer, gyroscope, magnetic
induction instrument throughthe additional plug-in devices on both sides of the joints (e.g. Nadi X® yoga
training suit inthe left of Figure 3). However,the drifting commonly causedintegral time errors, especially,
the movement received impact often leads to measurement errors. The development and application of the
real soft angle sensing elementsare still in scarcity. At present, only the team led by Professor De Rossi of
theUniversity of Pisa is advancing, which can be seen in the right one ofFigure 3. In addition, the accuracy
of measurement units still needs improving. Besides, sole pressure / gait monitoring uniquely integrates
mature pressure sensors with the carrier ofthe shoe sole or insole,and meanwhile coordinates soft sensors
with the carrier of socks. Both of them need to deal with the influence of temperature and humidity on the
sensing elements and network. For bioelectricity measurement, such as ECG and EMG wearable devices,
the biggest challenge is that the design of the bearer needs to ensure the best working environment of
electrodes, that is, to keep close contact with human bodies in relatively fixed position and maintain the
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Figure 4 aibio®Flextrode ECG sportswear
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stability of the environment temperature and humidity. The fabric electrode
can greatly improve the comfort, as shown in Figure 4, the Flextrode ECG
sportswear. The fixed electrode positionrequires forgood distribution of stiffness
of the carriers, while the stability of electrical signals requires for airpermeability
and temperature balance of fibers and fabrics. As smart fiber material driven
by temperature and humidity can be transformed due to temperature and
humidity elements to ensure the balance of temperature and humidity
inside and outside, like temperature-driven shape memory material, so as to
improve the reliability of signals sensed by bioelectricity. In particular, as sports
equipment more often faces the needs of heat dissipation, moisture exhaustion
and quick drying, it is not necessary to focus on the functions of temperature
sensing, overheat alarming and humidity detecting. Currently there are two
kinds of servers, for micro-current stimulators and micro-vibrators. The former
has shown good effects in sports training, reducing fatigue and damage, and
enhancing recovery efficiency after intense exercise. The latter is used in the
communication between coaches and athletes in large-playground training.

As the best driving force of wearable devices, soft batteries and power
generation units are graduallyreplacing the small-volume solid packaging
rechargeable battery that is commonly used in current wearable devices. A
number of soft energy collection units based on light, thermal and mechanical
energy are developedprospectively. For sports and physical training, although
the basic value of energy conversion between thermal and mechanical
energy is the largest one, violent exercise often hasgreat demand for limb
heat dissipation, which is against the conditions that rely on heat collection.
Therefore, there will be more chances for mechanical power generation units,
such as triboelectricity and piezoelectricity. As the way of internal friction of
energy, triboelectricity units are more suitable for fitness than for athletics;
while the inertia-driven piezoelectric units, especially the collection unitsunder
the sole,have minimal impact on the whole body movement compared with
the former, and may be prioritized in application solving the difficulties in
generated power.

The realization of self-contained electric systemis bound to bring higher
requirements for the connection stability of power supply. With the increase
of requirementsfor professional motion data analysis, smartequipment will
develop from single data flow detection to interconnected multi-channel
synchronous data flow collection network. It makes the stability of conducting
wires more demanding in motions. However, the durability and washability
of the conducting fibers are not yet solved, and the traditional method of
embedding metal wires into fabric substrates is only suitable for the parts with
great rigidity and small deformation. As such, how to ensure the elasticity,
comfort, sweat-quick-drying and wear resistance of fabricsat the same time of
inserting conducting wires into the fabrics is still a challenging topic.

Wang Xi, Tao Xiaoming
Hong Kong Polytechnic University
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New Markets and New Opportunities for
Extension of Innovative High-performance
Fiber Materials into Medical Treatment
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Everyday, we are in contract all the time with the clothes next to
the skin and the textiles on the bed at home, which are just like
the second layer of skin in our bodies. Today, as we become more
sensitive to a healthy and comfortable environment, we have
increasingly higher requirements for quality and efficiency in life and
at work. Our requirements for textiles are no longer limited to the
conventional purposes such as of covering bodies, preserving heat,
and feeling comfortable, but instead have more to do with what
kind of healthy effect they have, and this kind of effect is just the
high additional value of a product, a technical breakthrough that
conventional enterprises can make through learning and innovation,
a new point of growth in the extension of conventional textiles
into medical treatment, and also a key to early achievements in
technological transformation.

1. Segmented market for the extension into

medical treatment
The field of this extension of textiles into medical treatment has been divided

into several sectors that have different features and applications. As shown
in Fig. 1 below, if broadly classified, it mainly includes the functions in four
categories, being highly comfortable in terms of the balance between heat and
moisture, being protective in terms of bacterial resistance and immune system,
protecting against external attacks, and being intelligent (monitoring and
diagnosis, exchange and communication, active regulation etc). Meanwhile,
the finely classified functions in these four major categories can use for
reference and combine each other, resulting in the medical textiles that serve
multiple purposes at the same time, and this is one of the major developmental
trends for the time being. At present, the features of medical textiles in our
country are showing a trend towards diversification, for example, remarkable,
revolutionary and innovative achievements have been made in such features as
adopting nano-textile technology, resisting virus and seepage, having a better
insulating effect, resisting static electricity, being lightweight, being extremely
thin and comfortable, having a good air permeability, causing no irritation, and
being degradable.
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EFgEnthiahes Market background in medical textiles
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EqJEP.%DEUfEXjJE—i(ETHjDFEi%, I R e HOE, MFREIEEEB AR textiles for use in no implantation, with China’s medical and sanitary textiles
STHEDOTIRLAL, SEMAMER LW R HALELAIT T SE8 i sy renched 1188 ko or, ot vl ety dependon
B, HREEL) INEANE RHRBRRSEARTIXENER, LERAIBTRE. on foreign trade in medical textiles, with exports totaling 3.15 billion US
BRI, . SETRLAT O ERSAT M, MBERARNERNEERTHR> R H dollars, up by 14.73% on a year-on-year basis. The products include disposable
M, TiZEM AT Allied Market Research BYIREFUN, F 2022 &, £IKBEEHRRTIHM medical clothes, medical dress, sanitary towels, paper diapers etc, with export
XM 2015 FERY 0.43 12378, 18K EI 53.60 123E7T, 2016 F X 2022 FRINE S FIEKE price far lower than foreign products in same categories. According to the
¥ 28.4% . forecast by British professional textile organization WtiN, however, the total

value of the global market for high-performance textiles is 166 billion US

dollars in 2017, and it indicates a trend towards a Compound Annual Growth

Rate of 4.6%, providing huge opportunities, where, the market share of health

and intelligent hardware grows in an especially outstanding manner (as shown

in Fig.2). Meanwhile, American market research organization Global Industry

Analysis and Opportunity Assessment also points out, global consumption

10 — of high-performance textiles totals about 34 million tons in 2017, and is
- predicted to reach 57 million tons by 2017. Among them, in terms of sales
and market areas, the highlighted areas in global high-performance textile
market are concentrated on Asia-Pacific markets, because Asia-Pacific markets
contribute to over 50% of the growth rate, where, China and India are the
biggest exports markets, and the proportion of investment to imports should
be increased. From the market perspective of different groups of consumers
and the market potentials of different products, the market for the maternal
) NEESREEEBETHNG (25) and infant and the market for the old will be the two ones that are growing

Fig.2. China's market share in medical and health intelligent hardware (source: iResearch, and Xtecher) dramatically, and relevant medical textiles for the infant and the old, espeda”y
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the intelligent textiles that can be used for healthcare, disease prevention,
monitoring, diagnosis, and treatment, the medical textiles that replace and
repair the organs in human bodies, will be the focus for market development
in future. In this regard, the report by the market research company Allied
Market Research predicts, by 2022, the market scale of global intelligent
textiles will increase to USD 5.369 billion from USD 943 million in 2015, and
the compound annual growth rate from 2016 to 20p22 will be 28.4%.

In addition, the concept of intelligent house has been constantly popularized
for recent years, and a great breakthrough has been made domestically in the
technology for electricity-conductive textiles, on top of wireless communication
technologies. The concept of I-home is being actively promoted, which not only
establishes the wireless communication of the flexible and wearable equipment
next to the skin with the entire house environment, but also enables the real-
time communication between the four parties, the wearer, family members,
background cloud data processing system and medical aid organization, so that
the physical status of the wearer can be known and shared. The monitoring in
real time and the sharing by multiple parties perfectly satisfies the requirement
that the two groups of the old and children are taken care of all the time, and
become one of the high-performance textiles that grow at the fasted rate.
At present, German is the leader in global wearable intelligent textiles, with
Switzerland next to it. Currently, highly conductive woven and knitted fabrics
can be extensively used in a variety of fields such as the military, personal care,
medical aid, health care, and sports and fitness. According to the forecast by
American Global Industry Analysis and Opportunity Assessment, the next 5
years will see the explosive growth of high-performance textiles in the field of
medical treatment. Although China relatively lags behind in this field, its market
share in medical and health intelligent hardware is growing fast and catching
up head-on. Therefore, a compound annual growth rate of 15.6% is predicted
for the years from 2018 to 20121, that is, market scale will reach 2.11 billion
by 2021, offering huge opportunities.

Finely-categorized consumer groups

The continuous improvement on production technologies has also caused
consumers to have increasingly higher requirements for the healthy and
comfortable effects of this second skin. Especially, these two special groups
of children and the old also require more functions in addition to the basic
comfortableness, such as the functions of speeding up the healing of cut,
improving micro-circulation systems, enhancing metabolism, and resisting
radiation. Therefore, for particular markets catering for the old and the infant,
the requirements from these two groups and their characteristics should be
analyzed carefully.

e China's aging population

The fast-growing problem of ageing Chinese people is just one of the
underlying reasons that rapid development in medical textile industry is pushed
forwards: today, China’s average life expectancy at birth has increased to 75.3
years in 2015 from 44.6 years in 1950, and is expected to reach 80 years in
2050. In the meanwhile, for the next 25 years, the proportion of the old aged
over 60 to national population is predicted to double, reaching 28% (402
million) in 2040, while the old aged at 80 or above can reach 90.4 million
persons in 2025, becoming the globally largest group of elders. Moreover,
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the problem of rural aging population is more serious than urban fast-aging population. It is predicted,
by 2030, the proportions of the old aged over 60 in China’s rural and urban areas will reach 21.8% and
14.8 % respectively. As the problem of China’s ageing society is increasingly serious, and young people
are migrating to the first- and second-tier cities along the southeast coast, the proportions of the aged in
inland and rural areas are far higher than in densely populated cities.

The change in the density of China’s such an ageing population closely relates to the change in health
condition and epidemics, for instance, the burden of iliness has gradually shifted from the issue of maternal
and infant health and infectious diseases to chronic non-infectious diseases: one of the major problems
relating to ageing is the dramatically heavier burden of chronic diseases, in particular, the illness closely
related to age, including the chronic diseases (non infectious) such as cardiac disease, cancer, stroke,
arthritis, and dementia. These diseases usually cause patients to gradually lose their ability of self-care and
free movements, leading to various problems such as the protection of personal health, and the real time
monitoring of health condition, and the number of persons involved will continue to increase. In 2012,
nearly 80% of the old aged over 60 in China died of non-infectious diseases, and it is predicted to increase
by 40% by 2030. Therefore, it is necessary to apply high-performance medical textiles in various medical
fields including daily health care and highly demanding surgical treatment, e.g. in vivo clinic surgical
sutures, in vitro wound dressing for fast healing, wearable medical textiles for monitoring health condition
etc, soft tissue substitutes, and corrective surgical implants.

¢ Market for infants and young children

For infants and young children as a special group, who have the relatively sensitive skin and the weak
immune system, they are weak in ability to resist external harmful substance or dangerous element,
vulnerable to the cross infection with virus, bacteria and diseases, and highly dependant on their care
takers. Therefore, the naturally bacteria-resisting bio-based fiber textiles and intelligent wearable textile
equipment have a good prospect of being introduced into the market for infants and young children.
Among them, the textiles for baby paper diapers have a relatively higher market share, maintaining an
average annual growth rate of 20%. It is predicted that China’s infants and young children aged less than
2 years will reach 45.2 million persons by 2020. If calculated according to 3 pieces consumed per day on
average, the consumption of paper diapers will reach 29.75 billion pieces for the whole year of 2020.
Among the products of this type, the requirements for skin friendliness, bacteria resistance, health care,
and real time monitoring of health condition become particularly outstanding.

Finely classified varieties of medical textiles

Medical textiles are extremely wide in scope, applicable for sanitation, health and personal care, as well
as for surgical operation. In other words, the market for medical textile industry is big and complicated,
including textiles and non-woven cloth, consisting of many varieties and departments, and diversified in
shape, size and composition. The value of the market itself in such a category as diapers and cleaning cloth
can reach as high as several billions of US dollars, while surgical implants, R&D projects, and other small-
scale production belong to the industry with an annual sales less than USD 100,000. What is between
these two can still be divided into several sectors. To make it simple, however, it can be divided into two
major categories: external and internal use, which can be further broken down. The applications of
different varieties of medical textiles are listed, as shown in Table 1.

Table 1. Different purposes served by intelligent fiber in the field of medical treatment and health

Purpose In vitro In vivo

Surgical suture, soft tissue, orthopedic surgical

Operation Gauze, bondage, wound dressing etc. implants, and cardiovascular implants.
Health products Medical protective uniforms, medical textiles for public use etc.
Drug control and release system Intelligent bondages, dressing and plaster.

Monitoring and sharing information on heart and blood vessels,
Biological monitoring blood circulation system, neural activity, movements and muscular
activity, respiratory movement, and thermal balance in body.

Electricity-stimulated physical therapy, physical therapy, auxiliary

Medical care and health care system, and active thermal balance-maintaining system.
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2. Natural high-performance medical fibers
Biomedical macromolecule fibers include: 1) natural macromolecule-based biomedical fiber, such as the

natural fiber finely made through direct separation of fiber-like natural substances, and the fibers made
by using natural macromolecule as raw materials and through chemical and mechanical processing,
including cellulose fiber and its derived biological fiber (oxidized cellulose), chitosan fiber and its derived
biological fiber, and silk and collagen fibers; 2) synthetic macromolecule-based biomedical fibers, such
as polyester, polyamide, polyolefin, polyacrylonitrile, polypropylene, and poly lactic acid fiber. Among
them, emerging high-performance materials, especially the emerging uncovered natural macromolecule-
based biomedical fibers, are organized as shown in Table 2. Main special functions include: resisting and
containing bacteria, stopping bleeding, reducing inflammation, and tranquilizing, speeding up the healing
of wounds, improving microcirculation system, preventing and hiding odor, dispelling heat and mitigating
pain, and being skin friendly. In the field of medical treatment, they can be used to make a variety of
medical dressings, surgical sutures, dialysis-specific materials, artificial organ components, personal health
articles, absorptive health products, medical protective uniforms, working uniforms, and operating gowns.
Moreover, the methods for shaping these fibers mainly are: dry spinning, wet-melt spinning, dry-wet
spinning, melt spinning, emulsion spinning, and gel spinning. Different spinning methods can give fibers
different characteristics of physical parameters, for example, the fibers made with melt spinning and wet
spinning have a fiber diameter that is close to the size of most animal and plant cells, while the fibers
made through electrostatic spinning are more close to the size of virus, at different levels from nanometer
to millimeter. Alternatively, through the design of a pre-installed spinning jet, fibers can have different
cross sections, such as triangular, pentagonal, cross-shaped, and hollow ones. At present, the products
with multiple functions are also one of the highlights of current development. Therefore, through the
technological integration of these new high-performance materials in the entire production chain from the
macromolecular materials, fiber yarns, and fabric structure at the beginning to the pattern design and post-
treatment at the end, such as the spinning through blending, the design and weaving of the fabrics with
multiple layers and different structures, and coating or post-treatment, such qualities as being comfortable
to wear, being beneficial to health, being sensitive, being safe, being protective and being convenient can
be upgraded to higher levels. For instance, in the process of spinning, through different spinning methods
such as for core-spun yarn, nicked yarn, and fancy yarn, and such as fiber spinning, band spinning, dyed
spinning and ring spinning, the above-mentioned one of more high-performance medical fiber(s) is
spun separately or are spun through blending with conventional textile maters, so as to form structurally
different yarns, and enhance medical effects. During the process of weaving, these medical yarns can make
up one-dimensional (linear), two-dimensional (flat) or three-dimensional (tubular and laminated) medical
textiles, applicable on different occasions.

Table 2. Different types of high-performance medical textiles

Natural fiber Synthetic fiber
Functions and uses in medical and health field Functions and uses in medical and health field

Copper- Functions: it is a type of functional fibers made
modified through spinning after bacteria-resisting copper
polyester fiber ~ materials are treated with nano-processing
(copper fiber) ~ technology, and melt into the melted mess for
(In the same spinning. It has the functions of fighting, killing and
theory as: inhibiting bacteria with a lasting effect, removing
titanium- odor and self-cleaning, protecting against mildew and

enriched health  mite, and improving physical immunity.
fiber, and silver  Uses: postoperative healing, wound dressing, personal
fiber) protective products, care-taking textiles, household
te;(tiles, cosmetic textiles, and clothes for the old and

infants.

*Functions: resisting bacteria, staunching bleeding,
speeding up the healing of wounds, improving immune
system;

Hitosan fiber ~ Uses: postoperative healing, wound dressing, personal
protective products, care-taking textiles, household
textiles, cosmetic textiles, and clothes for the old and
infants.
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Natural fiber Synthetic fiber
Functions and uses in medical and health field Functions and uses in medical and health field

Seaweek
fiber

Aloe fiber

Milk fiber

Pearl fiber

Bamboo fiber

Collagen
fiber

Functions: having an outstanding liquid-absorbing
ability and a great air permeability, releasing negative
oxygen ion, facilitating metabolism, improving
immunity, fighting and inhibiting bacteria, reducing
inflammation, preventing mite, speeding up wound-
healing, absorbing heavy metal and pollutants, and
protecting against low-frequency radiation and
ultraviolet rays.

Uses: postoperative healing, wound dressing, personal
protective products, care-taking textiles, household
textiles, radiation-resistant garments, household
textiles, cosmetic textiles, and the clothes for the old
and infants.

Functions: being good at moisture absorption and
liberation, showing the quality of weak acid, having
a similar ph value to the skin's, improving cellular
activities, speeding up wound-healing, having cosmetic
and sunburn-preventing effects, enhancing the supply
of blood to the inner organs and the skin as well as the
microcirculation, and facilitating metabolism.

Uses: personal health products, sunburn-preventing
clothes, household textiles, cosmetic textiles, and the
clothes for the old and infants.

Functions: milk protein fiber is made through spinning
and blending with cellulose fibers after milk protein
is Prepared with milk as basic raw material. It is
soft, skin-friendly, and air-permeable, insulates heat,
providing plentiful amino acid that is beneficial
to human bodies, slowing ageing, and improving
microcirculation.

Uses: personal health products, household textiles, and
cosmetic textiles.

When viscose fiber is spun, nano-grade pearl powder is
added to the fiber, so that nano-grade pearl participles
are evenly distributed on the inner and outer surfaces
of the fiber. It has a pearl-specific effect of protecting
the skin against ultraviolet rays, and a good ability to
absorb moisture, offers a comfortable feel, and serves
the purpose of being wearable.

Uses: high-end underwear, household textiles, and
cosmetic textiles.

Protecting against ultraviolet rays, having the effects
of producing negative ion and resisting insects and
bacteria, and functioning better in destroying and
fighting bacteria. Thanks to the presence of sodium
copper chlorophyllin, it thus has a good ability to
remove odor.

Functions: it is also called “collagen”, which is a
polymer making up extra-cellular matrix for various
cells, and plays the role of combing tissues in animal
cells. It exists mainly in the form of insoluble fibrin,
accounting for 25-30% of protein in the composition
of human body. It does not exist independently in the
extra-cellular matrix in vivo, but is gathered to form
a fiber, or is reorganized or treated to be in different
forms, such as fiber-like, membranous, tubular, spongy,
powdery or soft fiber textile.

Uses: it can be applied in the high-end medical
materials that are necessary for staunching bleeding,
regenerating nerve, shaping tissues, treating burns
and scalds, repairing hernia, doing operation on
urethra, releasing drugs, ophthalmologic applications,
vaginal contraceptive devices, remedying heart valves,
performing vascular surgeries, and surgical sutures.
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Modified
Lyocell fiber

Polylactic acid
fiber

Hollow fiber

Far-infrared
fiber

Polyglutamic
acid
antibacterial
fiber

EVOH
hydrophilic
materials

It is made through wet spinning after natural
cellulose is dissolved in the organic solvent of
n-methylmorpholine oxide (NMMO). It is more able
to absorb moisture than seaweed fiber is, so as to
achieve the effect of more continuous concretion
Uses: postoperative healing, wound dressing, personal
protective products, and care-taking textiles.

Functions: it is made through polymerization and
melting spinning after polylactic acid is prepared
through microbial fermentation with corn as raw
material. It has a similar strength to polyester’s and is
biodegradable.

Uses: medical stitches, surgical implants, artificial
blood vessels, as well as the products including
disposable diapers, the sanitary towels for use of
women, and the clothes for the old and infants.

Functions: it refers to the chemical fiber that has
thin tubular cavities in axial direction. It is more
Ii?htweight, preserves heat, and allows the passage
of moisture. If working with the drugs that it carries, it
can make for controllable effect-lasting drug-carrying
textiles.

Uses: it can be used for winter clothes, household
textiles, fillings, skin-friendly drug-carrying system,
and filtrating textile materials, for example, if blood
dialysis is performed on a regular basis for an artificial
kidney, the renal failure or uremia patient’s life can be
extended.

Functions: in the process of synthesizing textile
master-batch, the ceramic particles with %igh far-
infrared radiation rate are added, and through
melting spinning, the fiber with far-infrared functions
is obtained, which has the functions of facilitating
the microcirculation of blood, enhancing metabolism,
relieving fatigue, smoothing and softening blood
vessels, and improving immunity.

Uses: personal health products, household textiles,
and health care facilities.

Functions: being highly effective in resisting and
inhibiting bacteria, having a lasting effect, and being
good at absorbing moisture and able to absorb ten
times as much water as weighs equal to its dead
weight.

Uses: the clothes next to the skin, bedclothes, health
and medical products etc.

Functions: having a hydrophilic group (OH group),
resisting bacteria, reducing inflammation, being
biologically active, and facilitating wound healing.
Usages: staged dressing for chronic wounds.
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—IMHEBETARF. EBHRNBKALP L. FEEBAF. RE= In a public-interest project jointly launched by the Hong Kong Polytechnic University, HKRITA, Hong Kong
EHREfrdRARENAGZINE, FIENERERSEE, WNEaEd government, and the home for the old under Tung Wah Group of Hospitals, chitosan blend fabric is
HERE. AFFE. AeSEEHNEES R FNREMNLE, BN, % produced, delivering a good antibacterial performance on all of staphylococcus aureus, bacterium coli, and

albicans saccharomyces. Meanwhile, this fabric is highly skin-friendly, able to improve the performance of
the immune system, and facilitate wound healing. After improved and enhanced with chitosan spinning
technology, the fabric feels more comfortable. After the fabric is tested for how comfortable it feels by

ERREREFIFRKMEE, R AMHNREIEEEE, RHHBOTS,
HEIRRESLORANRERS, BHABBHFETELE, B

AR RRETIEEBENIR (Fabric Touch Tester, FTT), HIE/EHRFH. touch (Fabric Touch Tester, FTT), it has achieved good results in terms of the three aspects of thermal
Y BE=A R EEENEEFINE, B, TEEBEBETAFIR balance, softness, and slickness. Therefore, with the Hong Kong Polytechnic University providing the
M R R AR RIS T, BFHESMEESYE, iRy technology for spinning yarn and the support for product design, the government has offered financial aid,
RIFAE RIS &R A TBISE, NEABKIS RIS, BBAM and the industry has given materials and production equipment as well as human resources, and the care-

taking products that are soft and comfortable and have a long-lasting effect of resisting bacteria have been
designed for the group of the old. During the long-term caring of the old, personalized protective products
are very important, able to create a friendly and relaxed atmosphere. Therefore, in this research project,

BN RVEIFAR. MEEARNKRFERES, MERIFAAFE
FRmETHEEN, FIUEE—MHEIEMNRE. Alt, 7R

BtA T AR EMBRIENIEE RN ™M, FeEReEKE the functional care-taking product that provides a sense of design and is interesting is researched and
—HE, BAOKBKRHEEFMR, XLE-migttEE~HIBGAEE developed. The product package includes the three-piece beddlothes, adult bibs and handy handkerchiefs.
RIEZRFER, XNEZRENMIREEFHEBE, These products are manufactured in batches and donated to the home for the old under Tung Wah Group

. o of Hospitals, and better fabrics are provided compulsorily to the old.
3. BRI BRETH R~ m
BRIFHSEARTRESERAENEREES —, HRAANANE

BEEN—ES. WX ER, SETSHSRRRENRSA. B 3. Intelligent wearable medical textiles

One of the important development trends undoubtedly is towards intelligent wearable textiles from now

T W B BEFESFRRIRGSTANAERERELN. & on, which will become part of people’ daily life. Broadly speaking, intelligent wearable textiles refer to the
FENGHRM, EETHEFHS, RBBENEGRA, BANERA highly intelligent wearable ones that are comprehensively developed with the application of interdisciplinary
MR NWEINEE, X NSRS EREIRETFEESESRM. T knowledge such as of textiles, electronics, chemistry, biology and medical science, and they are based
BEEBE. S8, HEVSRARSIGERT, S— P EZERN on the concept in bionics, able to emulate a life system, while having the dual functions of sensing and
Eak, BHEESREMESTNNETS+SS, BaETE reacting. In a narrow sense, intelligent textiles refer to electronic information-enabled intelligent textiles.

S R N - . N N They integrate such technologies as microelectronics, information, and computer into textiles, becoming
YRR, AT, ENEERER. [NEEE, ¥IRaTE

an interdisciplinary combination, and having a bright prospect of being applied in medical treatment and

ZPa. AP, RANASBRSEERHR. HrL BARER health, for example, including many fields such as drug release, drug-targeted therapy, real-time health
EAGHELERNK=mEATERESEA. B IERAELES, monitoring, emergency room management, and physical treatment. Among them, electricity-conductive
o AEFAMERT M. KEREAVREBEMT R, RIS R intelligent textile, dressing, personal health care product, and the integration between underwear, Al
MEES. BEMMES. B HASEME R, B HESEME R, information technology, and electric engineering technology are the most discussed; able to be used in
(T MR BT MM RS A B S BN, NEA. EA. By a variety of fields such as pain relieving heated dressing, large-area thermal storage health care dressing,

_— [N " o NN N . controllable biodegradation dressing, skin care dressing, electrically enhanced healing dressing, electricall
RS EREMEINEE, RETHOEPREFATHE, NN 9 9 2 y 9 ressing /

enhanced cosmetic dressing, electrically enhanced blood circulation dressing. Better care-taking and

FRARE T BFHEEL. ADAIRRAE, REBREESHZREHA, medical effects are achieved for the groups of patients, the old, and infants who are lacking in the ability
HErh, RKNEEZSAANGEEETE, SR AR TR HE for self-care, and the time, human resource and costs spent on medical care are reduced, with more
WMZEE KNS ITAEIRIELR, RNIEEEIZALSINAE (#ER people benefiting. Among these applications, the widest is of underwear. Intelligent textile technology is
MEFEME), REMNESSHIRHMTRE, NTE 3T, XERE used to monitor all the physical condition indicators at any time and at any place. Meanwhile, according

to different levels of application (two levels, of health and of medical treatment), different signals and data
are collected, as shown in Table 3 below. These data collected will be shared in real time online through
the cloud with family members, medical center, and community rescue station, so that rescue and daily
care will be performed in time for patients in need for help. Therefore, the intelligent care in the era of

*® 3 EFANERASETFHISEHRFHAMRNSHLL

Table 3. Comparison of specific technical and detective parameters between pieces of intelligent wearable equipment at
medical and health levels

[ e meouw =1 () I e N TP

%:H“*E*ﬂ_‘ @ibﬁ;ﬁ\ {%Eiﬁﬁ\ ﬁif]ll}%\ @EE\ WHE\ 1$5E'1\ EﬂE\ ml*E\ U? u&\ ﬁf:?/li,\s Eﬂgx IE,\ EE N steps el consumption e e sleep Body temperature, blood pressure, blood sugar, respiration, fetal
7 = s g S Fim e 3 I " 3 Ak R K Aot =
A&, BMI, fighs. B8, A, XHE. HHEEFRER. BEATSE,; Detctive indicators oy far, weight, BMI, fat, bone mess, water content etc. 'é2rt: blood oxygen, a”"'"a'géj{:]f:t"eﬁﬁ_’a“°" ecilpaiiEl=ng
1 T jm] V, =AY T N V .
B FR iR, FA WA BFF RBE  BIR EA . ER AN R O EEAM%’ Hardware Bracelet, wrist watch, handset, patch, electronic scale, Wrist watch, patch, blood pressure meter, blood oxygen meter,
mattress etc. respirator, electrocardiogram equipment etc.
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Internet of things makes it more suitable for the old to “live their lives in retirement at home.” However, the
emergence of this kind of technology for wearable medical textiles is no longer as a brand new product,
and it has a history of developing for nearly 20 years. As shown in Table 3 below, its development is
characterized by the change from being small in the past to being intelligent and interconnected at present,
and in the future, it will develop towards service value and data analysis and conclusion.

As textile materials are modified at micro levels of fiber and yarn for serving multiple purposes, a single fiber,
filament or yarn can functions as a sensor, a brake, and even a cell, and these different elements in flexible
electricity-conductive textile materials can be further combined and connected with each other in different
fabric structures to establish complete functional electric circuits (or connect external functional elements).
As compared with previous wearable products, these textiles with complete functional circuits are more
flexible and comfortable, feel more like textiles, and can be worn for a long time by infants and the old
whose skin is sensitive, recording the characteristics of their lives during a long period of time. Meanwhile,
the area in contact with sensors will become large, the signals collected will be more diversified, so that
the results of analysis will be more accurate. Therefore, hidden health problems will be discovered earlier.
Moreover, the real time monitoring of physical condition can also more effectively prevent many acute
health problems, especially, the old falling down, having a stroke, or suffering sudden problems with lung
or heart, besides detecting their problems, which will be dealt with on a timely manner. For example, such
diseases as diabetes, alcoholism, uremia, immune deficiency or malnutrition are the common causes of
peripheral neuropathy. The patients with this will experience the sufferings such as pain, numbness, sharp
pain, burn or even loss of the sense of touch in limbs. Statistically speaking, especially diabetic patients
will suffer peripheral neuropathy usually about five years after the disease strikes, and 50% of them are in
danger of being amputated. Therefore, it is very important to continuously track and analyze the signals
for physical condition, remind users at any time of their physical condition, and enable users to solve health
problems at the time the occurrence of abnormality and remain in healthy condition, so that the goal of
prevention and being healthy can be achieved. Furthermore, they can be used for taking care of the old
at home, and monitoring the physical condition of infants. Videos of those who stay at home but have no
ability of self-care can be remotely accessed, and in the case of emergency, appropriate rescue measures
can be provided. Wearable equipment not only helps to provide more medical supports, and improve the
living standard for the patients with chronic diseases, and for the disabled and the old, but also reduces the
number of inpatients, saves medical spending, prevents diseases, enhances the safety and quality of lives
for the old by providing appropriate help, enables the old to be more independent, and has the potential to
become the integral part of modern health care system.
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Additionally, how to transmit signals through textiles is also a key factor.
Therefore, the technology for electricity-conductive fiber becomes very
important, featuring the fiber or yarn that is made of metal material to serve as
a conductive wire for transmitting signals. In order to avoid short circuit at the
time of transmission, it needs to be coated with insulating materials, so that
the electric circuit is fiber-like, and can be used to connect electronic element,
and has the qualities of being able to be water-washed, highly conductive,
flexible, and oxidation-resistant. Through the ingenious integration between
textiles and electronic science and technology, a circuit can be easily arranged,
designed, made and applied in a wearable equipment, and with intelligent
wireless transmission modules, information can be automatically transmitted
to the cloud for analysis. After users put on the clothes, they can do all kinds
of activities within the scope of access to wireless communication without
affecting the collection and transmission. Therefore, the wearable equipment
based on intelligent textiles will be highly practicable in terms of domestic care,
medical care and outdoor accident prevention.

4. Outlook

At present, global markets for medical textiles show three trends in
technological development: one, further combination of multiple technologies;
two, further interdisciplinary integration; three, technical integration and
innovation upstream and downstream of industry chain. Meanwhile, in the
light of the shortcomings in China’s markets for medical textiles that are low
additional scientific value and dependence on exports for most of surgical
implanted textiles and in vitro filtration textiles, it is still necessary to enhance
the ability for developing new products, intensively develop special medical
textiles, create the products with dependant intellectual property rights to
substitute for import, and especially, 1) develop and apply large polymer nano
fibers in such aspects as drug solution control and release, tissue bracket,
soft tissue repair, orthopedic implants and wound treatment; and 2) apply
intelligent medical textiles in a variety of intelligent medical products. During
this course of development, there is a huge difference between the applications
of medical products in different fields, where, their respective pathological
theories are complicated, and the development and testing of each medical
textile need the talented people from such fields as textiles, biology, medical
science, materials, and even electronic engineering to work together at the
time. Therefore, for particular products, talented professionals changing from
one field to other ones need to be accurately discovered.

In addition, not only is it necessary for enterprises to enhance technologies,
continuous improvement also needs to be made on the guidance of state
policies and laws, security mechanism, market access, and clinic experiment.
Through the flexible organization of spinning technology, production and sale
in every aspect from filament development to fiber product, with the support
of state policies, and under the guarantee that market activities will comply
with regulations, global market for medical textiles will be developed steadily.

Yang Chenxiao’, and Li Li* The Faculty of Textile and Clothing at Hong Kong
Polytechnic University

hEFERITHEIRE 2018/2019 CHINA FIBERS FASHION TRENDS REPORT



EHERI Rt BT
Smart wearable energy fiber

AEMNFZEBEIXMER, EPEFRBEELIT 200 ZTEHUEAOLRIBNK
W, B35 ZAMKNRE TS, “FTZIWE=818, KR, ETHM, A%
BT, 7, BLAME, HITHRE, BHAERFEENEERRRERNSZE. E1L
ARV, E5E. HUFRE, MR HRRESLE ALEEFFRR SR,
BRI TARABRNE, N5, MEFRKABREZIHSNEN, AHERSE
IREDI T 3 EM AR AR E S RIFEZAMNNEE, MERRA=ERNRMANRESL
IRERE, SREATFERANESRERRELRN—TEETL
BREFHFEA—TIXNTE, FEXFRIT. $HA. EREFE. MRZE. HENEE
FRFRBMANBEE. FXEMEERNAEMBERIE. ERMETF. FHEERD
Rz FFNRETRS E SR AN 75 BRI A RELT 4R RV AN R A

1. JjtRe. HiREM SR LB GHEFK
RIVEFNIFBFEEL. N AKEHESHER, MEKEXLIERHE DR
SEWNETFRERMIEBERAMBECANSE. B 1 HHFLLESSEITH
Ly, BT RABEA, FILE—K 320 BKENREAYS, BAMIELMERANAN
RENEREBRANBTRHBERATHRR, HIRBBRERIAAKRYNFEHML. &
LTRET AR EAPRIHE, BT LUFBTIE AME S S BAIAY BB AT LWL EE IR L AR e
B, NTIREMES BT RETETHIIE. RBEX, RABAEE, FERWETURR
RIS SERE

236

1 E5RRAEF- LT I FRME (£ 1RBA (Nature Energy) )

Figure 1. Electric powergenerated by composite energy fiber can support power for the watch (Note:source from Nature Energy).

Human beings have never met with such a situation:there appear metropolises with a
population of more than 2 million people in eastern China and more than 500 million people
have come from the countryside to the urban areas, just as what was described in the Spring
and AutumnAnnals of Viscount Yan, “Linzi has three hundred gates of alleys with so many
people that the sun can be curtained to darken the sky when they open up sleeves, the rain
can fall when they wipe off sweat, and the street will be overcrowded with people shoulder-
to-shoulder and tiptoe-to-heel”.Behind the heat supply in the cold winter, transportation
in trips and the city dwellers’ beautiful life is the support of energy consumption. In
thefossil energy driven era, haze, photochemical smog and emissions from fuel engines
broughtproblems to human life. Now comesthe time when we have to solve them. Today,
new energy technology is paid more and more attention.It is the aspiration of people to
fuel the urban transportation driven by new-energy vehicles to solve traffic pollution. New
energy technology not only exerts impact on traffic and transportation, but also significantly
supports the development of smart clothes through its combination with flexible wearable
technology.

As an emerging field, Smart wear requires the close cooperation between various fields, such
as aesthetics design, textile, energy chemistry, material science and computer communication.
This article will introduce the research and application of smart fiber energy from the four
aspects of energy collection, energy storage, fiber energy application and energy integrated
with other modules.

1. Fiber collecting light& mechanical energy in composite energy
coat
There are various kinds of energy in the environment where we live,such as light, wind and human

motion. How to collect these kinds of energy and transform them into electric powerto provide continuous
power for wearable electronic devices is a dream that human beings have been longing for a long time.
The Figure 1 shows a new type of whole-solid-state smart wearable fabric. By means of shuttle weaving
technology,we can weavea piece of 320-micrometer thick single-layered fabric in the solar module and
Nanogenerator module based on different requirements for electric output, and integrate it into the
different parts of clothing for the human body according to specific needs. Such fabric can not only collect
solar energy, but also transform the mechanical friction caused by human motions between the internal
fibers of fabrics into electric power, so as to driveportable electronic devices to continuously work. As long
as there is light, as long as people are moving, the fiber fabric can continuously collect energy.
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Figure 2. Fiber plane linear supercapacitor (Note: source from Advanced Energy
Materials andAdvanced Materials)
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2. Battery-like energy-storage fiber: textile-based wearable micro-

supercapacitor
The realization of multi-functional intelligent clothes requires the power supply of energy storage devices,

such as batteries and capacitors. Traditional rigid lithium batteries have been widely used in all kinds of
smart textiles. However, their non-flexible characteristics have greatly restricted their applications. The ideal
power devices for smart textiles should also exist in the form of textile fibers, can be directly woven into
clothes to connect with energy supply devices, and have no great influence on comfort and softnessof
fabrics. At the same time, after energy collection in the environment, the energy needs storing in time to
supply power for wearable devices. What areshown in Figure 2 arethe two-dimensioned plane and one-
dimensioned linear supercapacitor of fiber matrix. Theyknit redox graphene and other materials in self-
assembly form into conductive fibers to jointly display the role of energy storage.Light, thin and flexible
fibers, used as the substrate, can be directly woven intothe cloth, which are made of micron-leveled fibers.
Thereareenough gapsbetween each fiber and each bundle of fibers, which provides great specific surface
area, and naturally carries graphene and other battery active substances loaded into the fiber space.

3. Fiber touch: application of fiber matrix energy:
One of the applications of stored energy is to supply power for functional modules. In these functional

devices, pressure and stress sensors that can feel or respond to external stimuli are important components
of electronic fabrics. The rapid development of smart clothes has put forward higher requirements forthese
sensorsto have light quality, comfort and flexibility comparable to flexible fibers. However, most of pressure
sensors are silicon-based ones fabricated through traditional lithographic methods. Their high hardness,
low sensitivity and limited sensing range are difficult to meet the demands for the future development
smart clothes. What is displayed in Figure 3 is the pressure sensor array attached to different fingers of
artificial hands on fabric substrate. Its output signal can change in real time along with the change of stress
intensity, so as to provide fibers with "touch".

Google cooperated with Levi's in Project Jacquard, which releasedthe jacket with the touch-control function
last year. The jacket is made by the textile raw materials we are familiar with, including cotton,linen and
other fibers. These fibers are knitted with conductive fiber into yarn. When the yarn is woven into the
cloth, the touch-control function will work. The fiber can beknitted into the sleeves ofcowboy jackets, so
that the riders can control the cellphoneand other portable smart devices in bicycling by rapping, rubbing
and sliding sleeves, so as to switch music and obtainGPS.

B 3. FFefEE HERREsMESI GE: JRE (Advanced Materials) )

Figure 3. Fiber pressure sensor array (Note: source from Advanced Materials)
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4.Project Jacquard
Figure 4.Project Jacquard

4. RERSHMRRNERE —RIETHESHESR
DR ARRER. B EREFRESENR, NARXERRERER? KNG EZ——R
SBAHREAZIMHT, S EARUMFNEREEE FEHTRIEERENIRT, RS
BRIRER, NMABRKTLENTIE (E 5. IMRITIMRETEMESBIIAE, FEXALKE
DRI IHRERNETZ RS M.
EMERAR LR BF Tas SR TAMNBI 2B AN ERER ML BB LIS
EIRFET SR ENBIARE. AT A E R F Rl F A EMB g & TR FAERIBIAR
. JUNFNSEBRREHTRENRES. SHERRAMERNBLRLES, 256
BREARBIB R Z—, FEIPEREXN SR FRRETEE. FHHENEFRETESHER.
EFRAMZITTAHEL TR ITRRTHEY, BREERIRENLEFRER—FH,
EAEEMNBXMEANEFE, MXELTHERRSE BRI
HERIZRIERAKE RS RARAAT JEHE

240

Vem P e
&%

i
I

5. PR AR S BERMRMEER

Figure 5. Fiber-matrix flexible conductive pattern & flexible circuit

4. Flexible fiber conductive pattern: connection of energy

withother modules
There are many modules in smart clothes, such as sensors, Bluetooth, energy and so on. How to integrate

these modules? One of the ways is to weave conductive fibers into the cloth, and the other one is to
directly design flexible patterns on cloth substrate, so as to make them conductive without losing the
appearance of fiber, as shown in Figure 5. The advantage of such a design is that it hasconductive functions
and the personality of the desired graphical display can be designed at will.

The electronic components integrated into the clothes have aroused wide interest. For example, the fibers
implanted in different flexible sensors can achieve real-time monitoring of various physiological indicators
of clothing, the clothes that can operate and control the peripheral electronic products, such as cell phones
and other electronic devices, as well as the clothes that can chargecell phones and other smart devices. The
combination of new energy technology and Internet thinking is one of the ways of smart clothing research.
Meanwhile, consumers put forward higher requirements for the comfort, fashion and beauty in smart
wearable clothes. The programmer and the designer seem to betwo living things dwelling in two different
dimensions.However, in the development of smart clothes, neither of them can be dispensed with, because
both intelligence and fashion are needed by people, which is true of fiber energy.
Liu Mengmeng,
Beijing Institute of Nanoenergy and Nanosystem:s,
Chinese Academy of Sciences
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With the progress of science and technology and the changes of social demands and disease

spectrum, a concept for overall health enters people's life. It not only enhances people’s
pursuit of healthy life and awareness of self-protection, but also makes the demand for
medical and sanitary textile maintain high growth. According to the report by industrial
textile products association, China's demand for consumption of medical and sanitary textile
products in 2019 is expected to reach 424.6 thousand tons. Among them, nonwoven materials
are outstanding in the industrial textile products, especially in the medical and sanitary fields
due to their simple preparation process, abundant raw materials and low preparation cost.

1. Medical and sanitary materials

Since the transmission of SARS virus in 2003, China’s medical protective materials have emerged in an
endless stream. They can be categorizedinto disposable one and repeated practical one according to
function, or ordinary medical one, such as wound dressings, disinfecting wipes and hemostasis, andhigh-
performance medical one, such as breathing masks and radiation-proof medical clothes [1], according to
usage.

Medical and sanitary materialsare required to meet medical protection standards for isolation of microbes
and viruses, with the functions of "three antis", anti-alcohol, anti-blood and anti-oil.In addition, wearable
protective equipment is expected to be comfortable. Moreover, the implantable materials should be
biocompatible. Last but not least,the materials are supposed to fulfill certain physical and mechanical
properties to avoid being easily worn to cause the declination of protective functions in usage or dressing.

2. Advantages of nonwoven materials in medical services
Most of the traditional medical textiles are made by cotton, linen and other natural fiber, or synthetic fibers

ofteryleneor polypropylene, or woven fabric, high density fabric and coating fabric byweaving, coating
or laminatingblended materials. Such a kind of medical textilesis comfortable, with its coatingprocess
providing materials with multiple protection functions. However, the textiles formed by interlacing the yarns
have big pores between each other. Besides, theyneed complicated functional trimming.Upon washing-up,
the process of fulfilling again the protection requirements requires high cost. After repeated washing, the
surface fluff or coating of the textiles often shed, which makes the textile structure loose and thus reducing
the protective performance of materials.

Nonwoven medical and sanitary materials arethethree-dimensional structure created by the mutual friction,
cohesion and adhesion between sing fibers with the features as follows: First of all, such a structure is
with small and tortuousaperture, which increases barrier efficiency againstbacteria; secondly, nonwoven
materials are with high porosity, which makes them achieve efficient filtration or bacteria-resistance in
certain filtration resistance; in addition, compared with traditional repetitive medical and sanitary textiles,
disposable materials can prevent bacterial infection and cross infection, which makes the latter more
healthy and safe. Therefore, nonwoven materials have great potential in application in disposable medical
and sanitary field, such as wound dressings, surgical clothes and diapers.
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3. Development of nonwovenmedical and sanitarymaterials

3.1 Raw materials

Primarily, the raw materials to prepare nonwoven medical and sanitary materials included polyester,
polypropylene, polyamide and polytetrafluoroethylene. These synthetic materials are poor in comfort due
to poor hydrophilicity. A lot of materials with high biodegradability, compatibility and hydrophilicity and
modified traditional materials have emerged in recent years, including seaweed fiber, alginate fiber, chitin
fiber, polylactic acid fiber, modified Lyocell fiber, hydrophilic modified polypropylene and so on. In addition,
there appear high-performance materials, including temperature sensitive materials, thermochromism
materials, and reversiblewater soluble materials. The continuous progress of bio-based fiber and high-
performance fiber broadens the application of nonwoven materials in medical and sanitary field.

3.2 Technology
As people’s demand for medical and sanitary materials grows increasingly stringent, new preparation
technology continuously develops based on traditional technology of nonwoven materials.

(1) Bicomponent spun-bonded water-repellent technology was invented by Freudenberg from Germany. At
present, the Nonwoven Technology Center of Jiangnan University and other research institutes have made
great progress.Jiangxi Ji'an Sanjiang Chemical Fibers has a formal production line, with the technology of
preparing common circular fibers intowedge-shaped fibers and reinforcing them via spunlacing progress.
Its products are ideals materialsfor medical protective clothes as they are soft, comfortable and superior to
spunbonded and spunnonwoven fabrics in terms of blocking, bacteriostasis and drainage speed.

(2) Intercalation meltblown technology (as shown in Figure 1)was created by 3M, It originatedfrom
spraying hollow elastic short fiber into the fiber flow in the traditional meltblown process. At present,
Jiangsu Huanyu Group has conquered the difficulties in intercalation technology and inserted more
functional fibers to realize the functionalization and high performance of meltblown materials. In addition,
the electret technology of PP meltblown nonwovenmaterials has improved its performance of blocking
small particles without changing the permeability of air and water vapor of the materials.

(3) SMS composite functionalization technology. Traditional SMS technology, with PP as the main raw
material, was the combination of spunbonded nonwovens and meltblown products. In recent years,
composite technologies such as SMMS, SMMMS and SSMMMSS have been developed in combination
with coating technology and PP modification technique, so as to functionalize materials and improving
product quality and performance.

(4) Flash distillationtechnology. At present, such technology is monopolized by DuPont from the United
States. Many universities and enterprises in China are making research on the industrialization of such
technology to reduce its application cost. The technology is used to produce protective clothes. With great
performance in protection, durability and comfort, the clothes can protect medical and sanitary people
from micron particle damage, and thus becoming the best material for medical protective wear.

4. Conclusion
Medical and sanitary materials, closely related to life and health, are greatly demanded in themarket. With

the rapid development of medicine and people's pursuit of a healthy lifestyle, nonwoven materials have
established an unshakable position in medical and sanitary field with large space for development. The
future nonwoven materials will evolve toward the development and application of high performance,
differentiation and bio-based fiber, the improvement of technology,as well as the development of
functional and high-performance medical and sanitary materials. Thedevelopment of nonwoven materials
in medical and sanitary field in China has entered the thriving stage.
Shen Ying, Deng Bingyao
Nonwoven technology center of Jiangnan University
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Functional fiber has been on a rapid growth in recent years and

widely used in home textiles with its unique performances of anti-
bacteria, antistatic property, cool-feeling, thermal insulation,
moisture absorption, heat emission, high elasticity, slow rebound
resilience, as well as degradation environmental protection.

With the change of life styles, people are paying more and more attention to
the health, safety and environmental protection of household environment;
meanwhile, the functional requirements for home textile products are also
increasing. At present, home textile industrial products have evolved from
quantity expansion to quality enhancement, as well as from innovation in
design of pattern, color and style toinnovation of health, environmental
protection and technology. The reputation of home textile brands is also
continuously recognized by the markets and consumers. The research and
development of functional home textile products have gradually become a
highlight, strategic focus and development trend of home textile industry in the
current market competition.

As a carrier for expression of personal ideas, life and tastes, home textile
products have formed a unique textile culture. With the development of new
fibers, the market of functional fabrics has been expanded into new spheres
one after another. All kinds of functional fabrics have been released in the
market, with the innovation and enrichment in the connotation of textile
fabrics. First of all, the development of new high polymer materials has led to
the introduction of new materials and new properties. Functional components
adopt the technical processes and methods of graft copolymerization, alloying
and composite spinning to endow functional fibers with more marvelous
effects of usage and new properties. For example, milk protein fiber fabric
touchessleek, smooth, shiny andglossy, with the quality of real silk, which
is good at absorbing moisture and ventilating. The component of protein
amino acid makes the products feel smooth and protects skins and has been
developed and applied to home textile suite, and quilt core lining.Besides,
mint fiber fabric is soft and comfortable with good hygroscopicity and certain
cool sense. Witha lasting antibacterial function, the effective component of
menthone whereinis mainly used in summer textile products. Furthermore,
moisture-absorption heath-emission fiberproducts are featured with moisture
absorptive, breathable and warmth keeping, and mainly used in winter
blankets and quilt core products. Besides, Tai-Chi stone fiber performs far
infrared, anti-bacteria and microcirculation improvement, which makes it
mainly used in quilt core, pillows, suites and homewear.
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“ Name of fiber Feature of fiber Indicator of detection

Milk fiber Soft, sleek, comfonsalg:f and protective for Including 18 kinds of amino acids
2 Mint fiber Long-last anti-bateria Bacteriostasis rate of 99%
3 Moisture-absorption heat-emission Moisture absorption, heat emission, warmth Maximum warming value at 8.4, with average
fiber preservation warming value at 5.78
4 Tai-Chi stone fiber Far IR Emissivity of far IR at 92%

Secondly, fine denier and profiled fiber make new materials with unique surface states, optical effects and
corresponding special properties. For example, CoolMax fiber has a groove-type structure. It can avail the
capillary effect to achieve quick absorbing and drying, which is mainly used in summer quilt fabrics and
home wear. Thirdly, the improvement and development of production processes promotes the effective
research, development and production of functional fibers, such as MIYABI fiber and hollow fiber that
focuses on structure design, as well as thepolylactic acid fiber, also called corn fiber, and plant polyphenol
that make R&D in environment-protective production technology. In a word, the development and
application of functional fibers play an important role in guiding the trend of home textile products market
and promoting the development of home textile products.

The application of functional fibers has expanded the development room of home textile fabrics. In
addition to functional features, the properties of hand feel, comfort, color and moisture absorption has
been further developed and improved. For example, the superfine fiber has improved the performance
of moisture absorption, breathability, softness and draping. The emergence of graphene fiber has
made cutting-edge technology service common people. The polylactic acid fiber has changed corncob
from waste into treasure, and thusraising the utilization rate of crops and realizing the full degradation
environmental protection ecosystem.

Currently, it is commonly found that the fictitious is mixed with the genuine.The problem on safety of many
functional textiles is worth serious consideration. Those without accreditation of detection by authoritative
testing organizations might cause potential threats against people’s health. Consumers cannot distinguish
the authenticity of those products, which make them hard to guarantee their own interests. Therefore,
domestic market of functional textiles needs to be further standardized, which is conducive to its healthy
development.

After several years of efforts, Luolaideveloped a series of new functional textile products, with great gains
out of its R&Dand innovation in new materials, technology, technique and products of textile.Functional
fabrics of new materials, such as mint fiber fabrics, milk fiber fabrics and aromatic series, become
successfully applied to the suites and quilt core products with the brands ofLuolai, Luolai Kids, LOVO and
Yolanna, with great praise.Among them, the negative ion technology is applied to quilt cores, mattresses,
pillows and other products of e-commerce brands, and becomes”hot articles”. The application of new
materials becomesa vital growth point of profits for companies.

Therefore, the future textile materials are bound to develop towardnew environmental-protection, recycling
and high performance, and this is true of textile industry. Only by better use of functional fibers and
continuous innovation and R&D of functional textile products, can the industrial development be provided
with constant power and potential, so as to "make people enjoy home life of health, comfort and beauty".

Gong Huairui
Luolai Life Technology Co., Ltd.
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RECOMMEND PRODUCTS

Industrial Fiber

Dope Dyed Ultraviolet-Resistant High-strength
Polyamide 6 Fiber

Flame Resistant Polypropylene Fiber Used for Carpet

Jiangsu Haiyang Chemical Fiber Co., Ltd.

Zhejiang Sitong Chemical Fiber Co., Ltd.

Elastic Fiber

Low-temperature Heat-bonded Spandex

Ultraviolet Resistant Spandex

LDZ New Aoshen Spandex Co., Ltd.

Zhejiang Huafeng Spandex Co., Ltd.

Imitated Fiber

Linen-like Polyester Fiber

Bamboo Joint Controlled Polyester Fiber

Xiamen Xianglu Chemical Fiber Co., Ltd.

Tongkun Group Zhejiang Hengsheng Chemical Fiber Co, Ltd.
Jiaxing Shengbang Technology Co., Ltd.

Safety
Protection Fiber

Functional Antiflaming Molten Drop Resistant Polyester

Fiber
Hollow Antiflaming Polyester Fiber

Core-sheath Conductive Polyester Fiber

Shanghai Different Chemical Fiber Co., Ltd.

Sinopec Yizheng Chemical Fiber Co., Ltd.

Jiangsu ZJA New Materials Co., Ltd.

Functional Fiber

Anti-ultraviolet Cool-feel Polyester Fiber
Cool-feel Polyethylene Complex Fiber

Fine Denier Anti-bacteria Polypropylene Fiber

Spectrum Thermal Storage Fiber

Zhejiang Yinyu New Materials Co., Ltd.
Kaitai Special Fiber Technology Co., Ltd.
Guangdong Modern High-tech Fiber Co., Ltd.

Sinopec Yizheng Chemical Fiber Co., Ltd.
Zhejiang Hengyi Petrochemical Co., Ltd.
CHTC Sino Fiber Wuxi Co., Ltd.
Shanghai Antu Antiflaming Co., Ltd.

Soft Fiber

Fine Denier High-strength Polyamide 6 Fiber
Fine Denier (shaped) Recycled Polyester Fiber

Fine Denier Recycled Polyester Fiber

Fujian KaiBang Polyamide Technology Co.,Ltd.
Jiangsu Yongyin chemical Fiber Co., Ltd.

Suzhou Rusheng Chemical Fiber Co., Ltd.

Bio-based Fiber

Cool-feel Polylactic Acid Fiber
Dope Dyed Polylactic Acid Fiber

Three-dimensional Crimp Polylactic Acid Fiber

Mudar Fiber

Hengtian Bio-based Materials Engineering Technology (Ningbo) Co., Ltd.

Henan Longdu Biotechnology Co., Ltd
Shanghai Different Chemical Fiber Co., Ltd.

Hengtian Changjiang Biomaterial Co., Ltd.

Shanghai Mushu Biotechnology Co., Ltd.

Dope Dyed
Fiber

Dope Dyed Bamboo Cellulose Fiber
Anti-bacteria Dope Dyed Polyamide 6 Fiber
Fine Denier Dope Dyed Polyamide 6 Fiber
Gel Dyeing Polyacrylonitrile Fiber

Fine Denier Cool-feel Dope Dyed Polyester Fiber

Hebei Jigao Chemical Fiber Co., Ltd.
Guangdong Xinhui Meida Nylon Co., Ltd.
Yiwu Huading Nylon Co.,Ltd.

Jilin Qifeng Chemical Fiber Co., Ltd.

Zhejiang Jinxia New Materials Technology Co., Ltd.

Recycled Fiber

Dope Dyed Recycled Polyester Fiber
Recycled Polyamide 6 Fiber

Fluffy Heating Recycled Polyester Fiber

Fujian Changle Lifeng Textile Co., Ltd.
Changle Highsun Synthetic Fiber Technologies Co., Ltd.

Hangzhou Haike Fiber Co., Ltd.

Smart Fiber

Temperature-sense Discoloring Cellulose Fiber

Phase Change Thermoregulation Polyacrylonitrile Fiber

Phase Change Thermoregulation Polypropylene Fiber

Xinxiang Chemical Fiber Co., Ltd.

Beijing Yutian Phase Change Energy Storage Technology Co., Ltd.
Daqing Acrylic Plant

Beijing Yutian Phase Change Energy Storage Technology Co., Ltd.
Hubei Botao Chemical Fiber Co., Ltd.
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