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Who we are




THE ENTIRE NONWOVENS VALUE CHAIN

EDANA +310 member companies
supply products and services
ranging from raw materials to
finished products and everything in
between, including machinery,
special ingredients, development
and testing facilities. Materials often
used with nonwovens, such as films
and superabsorbent polymers are
also represented.



SUPD



TOP 10 ITEMS FOUND ON BEACHES



SINGLE USE PLASTICS DIRECTIVE (SUPD)



https://ec.europa.eu/environment/topics/plastics/single-use-plastics/sups-marking-specifications_en

WHAT IS A PLASTIC?

means a material consisting of a polymer as
defined in [REACH] to which additives or other
substances may have been added, and which can
function as a main structural component of final
products, with the exception of natural polymers
that have not been chemically modified

The SUPD includes all biobased and biodegradable
plastics

The SUPD bans oxo-degradable plastics



BIOPLASTICS




WHAT ARE BIOPLASTICS?
non-biodegradable

Fossil-based

Conventional plastics: Fossil-
based and non-biodegradable

Biodegradable and fossil-based

Biobased and non-
biodegradable

Biodegradable and biobased

biodegradable

biobased



WHAT ARE BIOPLASTICS?
non-biodegradable

PP, PE, PET Drop-in bioplastics e.g. bioPP,
bioPE

Fossil-based

PBAT, PCL PLA, PBS, PHBV

biodegradable

biobased



Source: European Bioplastics, nova-Institute (2022). More information: www.european-bioplastics.org/market and www.bio-based.eu/markets



0,003% of total
plastic production

worldwide 390.7
Mt




BIOPLASTIC FRAMEWORK

Limit the use of biodegradable plastics in the
open environment only to specific
applications for which reduction, reuse or
recycling are not feasible.

Such plastics should not be considered as a
solution for inappropriate waste
management or littering.

Coherent and science-based testing and
certification standards should be developed



BIOPLASTIC FRAMEWORK

Additives used to manufacture biodegradable
or compostable plastics should biodegrade
safely and not be harmful for the environment.

Plastics labelled as ‘biodegradable’ must always
specify the receiving open environment for
which they are intended and the required
timeframe for their biodegradation, in terms of
weeks, months or years.



BIOPLASTIC FRAMEWORK

Industrially compostable plastics should only be
used for specific applications when the
environmental benefits are higher than their
alternatives and when they do not have a negative
impact on the quality of the compost;

Examples: fruit and vegetable stickers, tea bags and
filter coffee pods, as well as very light plastic carrier
bags although alternatives with no packaging or
reusable alternatives are to be preferred

Among the range of potential non-packaging
applications for compostable plastics, absorbent
hygienic products merit particular attention.



PACKAGING AND PACKAGING WASTE DIRECTIVE

Compostable and prescribes that filter
coffee pods, sticky labels attached to
fruit and vegetables and very

lightweight plastic carrier bags shall be
compostable by 24 months after the
entry into force of this Regulation.




MICROPLASTIC RESTRICTION

Exemptions for:

a) Non chemically modified natural
polymers

b) Biodegradable polymers
c) Polymers with solubility > 2 g/L

d) Polymers that do not contain carbon
atoms in their chemical structure



UNINTENTIONAL RELEASE OF MICROPLASTICS

Between 200 and 600 Olympic-size

swimming pools of microplastics
unintentionally released into the environment
every year in the EU

u/







This includes

biodegradable
plastic pellets




Unintentional release of microplastics

Some geotextile materials are used
to keep plants in place while they
root.

One policy measure could be:
the mandatory use of biodegradable
and bio-based materials



GREEN CLAIMS

Empowering consumers for the green transition




« MAKE GREEN CLAIMS RELIABLE, COMPARABLE
AND VERIFIABLE ACCROSS THE EU, TO PROCTER
CONSUMERS FROM GREEN WASHING »



Green Claims directive



How to make green claims

EU institutions are developing
different legislations on green claims

Not: biodegradable
But e.g., “the packaging is

biodegradable through home
composting in one month”
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Application of water-soluble island fibers in the field of nonwovens




H3xz/CONTENT

—~ KN B £ 4
T KIS By A EAE SiHE B A 4E R X )

VU 7KVE PRI B 2T 4R ) R R Hl 3%



Island fiber
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The difference between water-soluble island fibers and traditional island fibers
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Alkali reducing island fiber
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Application of water-soluble island fibers in the field of nonwovens
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Nonwovens Market Trends after the COVID-19 Pandemic-
Nonwovens Moves to a Sustainable Future
ANFA 2023

Mark Snider, Chief Market and Industry Analyst



INDEX 23 Results

INDA interviewed over 100 companies at the INDEX show in
Geneva, April 2023 and every one of them mentioned sustainable
initiatives as their #1 Objective going forward. Since then, the
World of Wipes and Filtexpo mirrored the desire to move to a more

sustainable future.



What is SUSTAINABLE?

Overused and misunderstood but useful

Trying to achieve a lower carbon footprint is the goal...while this
objective is not completely sustainable it is a step in the right
direction.

Primary Goals — Try to reduce the carbon footprint
and be globally conscious and aware of consequences.

A product does not have to be 100% sustainable to have a significant
affect on sustainable goals.



Market Trends

Several Trends have come forward in 2023

- Government push to develop sustainable goals and new supporting
legislature for sustainable initiatives.

- A push to use non-manmade raw materials.

- Improve production efficiency.

- Utilize non-fossil fuels.

- Focus on both disposable and durable markets equally.

To Discover New and Innovative ways to Recycle



Specific Trends / Geotextiles

- New requirements for roads and
engineered composites.

Increases road life by 30 to 50%

Reduces the amount of aggregate,
asphalt and or concrete.

Although these materials aren’t
recycled, they contribute
considerable sustainable value.

Gealoxtila
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Specific Trends / Agrotextiles

- Promote re-use of crop cover substrates.

Improved material development to meet new performance requirements for
strength, absorbency and UV stabilization.



Specific Trends / Wipes

- A push to natural fibers.

- Stricter flushability standards

- Natural packaging

- Legislation to ban certain non-sustainable products.

- Some government legislation is in the process of banning ANY wipe
with plastic in it!



Specific Trends / Automotive

- A push for lighter substrates/Electric Cars
- Improved acoustic performance.

- Longer lasting batteries/Laminar
technology

- More durable and heat resistant.

- Over 40 automotive applications for
nonwovens.

- As with Geotextiles; Although these
materials aren’t recycled, they contribute
considerable sustainable value.



Specific Trends / Filtration

- A push for higher performance
substrates with lower air resistance.

- Improved filtration efficiency.
- Lower carbon footprint.
- More durable and heat resistant.

- As with Geotextiles and Automotive;
Although these materials aren’t recycled,
they contribute considerable sustainable
value.



Nonwovens, Technology Innovations

Its All About Science and Engineering...

Process Control:

- Temperature Control
- Air flow

- Polymer flow

- Speed

Testing and Performance

- Specifications

- Accuracy

- Handling and Storage
- Construction

The sample at right represents a
composite media of spunbond /
Meltblown / Spunbond (SMS)

Fine meltblown fibers improve
filtration efficiency and overall filter
performance.

Fine Fiber
Meltblown

Spunbond
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SOME CURRENT STATISTICS



Nonwovens

A successful, growing, continuously evolving,
dynamic, and extremely diverse industry

Absorbent Hygiene Vehicle Construction
Filtration (Air and Liquid) Building Construction
Wipes Home & Office Furnishings
Medical/Surgical Geosynthetics
Disposable PPE Apparel (Durable PPE)
Other Disposable Other Durable

262 Categories

A $19.2B Industry in North America

US Nonwoven Growth Typically Exceeds GDP Growth by 75% +

2023 Nonwoven Material at the Producer Level



Supply-Side Trends for 2023

— Investments

Increased Capacity Growth for Staple and Stitch Bond Processes

Government re-evaluation of tariffs

Slight Shift down for Resin-Based Processes

— Sustainability

Increased Usage of Natural Fibers and improved sustainable initiatives
Focus on Bio-Based Materials (Biopolymers, Bio-Based SAP and PET)
New processes for bio-degradable substrates

Plastic Recycling (Mechanical AND Molecular)

— Technology Innovation

Functionalizing Nonwoven Material
Nanotechnology / Fine Fibers / Meltblown

Machinery and polymer development

13



Lines Start...and Lines Close

North America Capacity Changes
(by Line Type, 2017-2022)

Number
of Lines
50

M Lines Started
Ml Lines Closed

40 -

30 A

20 A

-20 A

-30 -

-29
Drylaid Drylaid Drylaid Spunbond/ Meltblown Other Spunlaid Wetlaid Airlaid
Needlepunch Thermal/ Hydroentangle Spunmelt Processes Short Fiber

Chemical Bond

Source: INDA North American Nonwovens Supply Report 2021, May 2022
14



Automotive
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Vehicle Construction Nonwoven Material Consumption, 2022
Left Axis: Value Left (MM) and Tonnes (M), Right Axis: Square Meters (MM)

Passenger Cars Light Trucks/Vans/SUVs Other Modes

@ Material Value ($MM) ETonnes (M) mSquare Meters (MM)

Source: INDA Estimates, 2023
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North America Investments Exceed GDP

North America Capacity by Process, 1990 to 2022, in Thousands of Tonnes

5,565
5,361
30 years
Nonwovens 4.1% 4712
UoSo GDP 2.4% 4’162
3,577
2,930
2,085

1,486

Investments Have Been and Will Continue To

Be Made in North America

1990 1995 2000 2005 2010 2015 2020 2022

Source: INDA North American Nonwoven Materials Annual Study 2022

16

E Airlaid

Short-Fiber

H Wetlaid

HE Spunlaid

M Drylaid



North American Capacity End of 2022

North America Capacity in Tonnes, 2022

67%
Fiber-Based

5.565 million tonnes
=~ 950 lines



Variety of Processes & Attributes
North America Capacity by Detailed Process, 2022

Green Shades Represent
Spunlaid Processes

18

Blue Shades Represent
Drylaid Processes



Variety of End-Uses

North America Production by End Use in Tonnes, 2022

Green Shades Represent Blue Shades Represent
Long-Life / Durable End-Use Disposable End-Use
Markets Markets

51% 49%

19



Significant Increase in Investment
North American Capacity, Tonnes, 2017-2023 with AAGR

2017 2018 2019 2020 2021

20

2022

@ Capacity




INDA’S VISION FOR THE
FUTURE



INDA’s Vision for the Future

INDA will continue to support the Global Nonwovens
Industry by:

— Providing more comprehensive and timely reports
—  Washington Alert (Monthly releases 2023)
—  Market Pulse (3 Quarters released this year)

—  NA Annual Study (Supply Report released May 15t 2023)

— Providing more training and webinar support

—  Improved In-house training program for both beginner and intermediate training

—  More frequent and scheduled webinars of industry interest

WE WILL CONTINUE TO GROW THE INDUSTRY

22



INDA is Changing with the Future

Nonwovens is a Strong Growth Industry

Incredibly Dynamic and Diverse

Engineered Material Solutions are Always on the
Forefront

—  Innovation is Driving Growth
—  Technology is Driving Growth

—  Sustainability is driving Growth

Attractive for Capital Investments

Nonwovens Protects and Improves Lives



INDA’s Vision [ Our Events

Adjust events to reflect our Industry wants/needs

— INDA has listened to it's members

— We have relocated some future events to make them less costly
to exhibitors

— Lower venue costs

— Lower hotel costs at exhibit cities

— More accessible to airports and
local transportation

— Lower food costs

24



Thank You!

msnider@inda.org

404-218-5552
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Market, Challenges and Opportunities on Air Filtration Materials
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technological product in

1

dual carbon strategy
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Achieving carbon peak and carbon neutrality is also a major strategic decision made by the Central Committee of the
Communist Party of China to coordinate both domestic and international situations. Xi Jinping emphasizes: "To achieve the
'dual carbon' goal, we should not wait for it to be done by others, but we must do it ourselves. China has entered a new
stage of development, and doing a good job in the "dual carbon" work is an inevitable requirement for promoting high-
quality development, a strategic measure to strengthen ecological civilization construction, and an important guarantee for
maintaining energy security.

REESG AMEAT @, REMR&RE" |, HRFBRESR, SReEIEF-ReEwEAY, AEESROMRAE, TEEELS, 7
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The company focuses on "Developing technological product in service of the dual carbon strategy ", develops green and
healthy products, runs the green concept throughout the entire product lifecycle, leverages its core material advantages,
focuses on its main business, continuously adjusts its structure, improves its efficiency, expands its market, and continues to
provide users with "systematic, comprehensive, complete, reliable, and stable" low-carbon and dust-free space "solutions
and technical products.
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RELLTHE AHEEZ[ERE
Household Dust-free air Conditioning Public Space Air System
EIRRIR KEFRERE

Ex Iy Ioj #Hgvxawirg Insulation for Household Appliances such as Refrigerators
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Scale of Chinese fresh air market
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In the field of comfortable spaces, indoor air quality is easily overlooked. We are more
concerned about whether the ground is clean and whether we wash hands and change
clothes in a timely manner, but we have forgotten the most crucial point - breathing.
No matter who you are or where you are, everyone's breathing is indistinguishable,
and our demand for clean air is indistinguishable.

Indoor air is not as pure as we think. In addition to conventional gases such as oxygen,
carbon dioxide, nitrogen, there are also many substances that we easily overlook, such
as dust, dust, pollen, particulate matter, heavy metals, radioactive elements, etc. As
people attach increasing importance to their own health, it is urgent to upgrade the
air purification in their living spaces

With the advantages of years of deep cultivation of "clean air" technology and

materials, Zaisheng Technology provides "low-carbon and dust-free space" solutions
and technical products for comfortable spaces. Widely used in fixed scenarios such as
civil residences, commercial office spaces, social spaces, and green home appliances.

RIEFEWAREEIE, 2016E20205F, REFNEFAHHMERT73ZTIEE
1981275, RETRNEFHREFNARAHHNESFLIEKEY, BHEERKIAR
£, KEBRK=E®RK.

According to data from the China Academy of Commerce and Industry,
from 2016 to 2020, the market size of China's fresh air system
increased from 7.3 billion yuan to 19.8 billion yuan. Although the scale
of China's fresh air system market has shown a continuous growth
trend in the past few years, its penetration rate is still low and there is
a large room for long-term growth.
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Glass wool insulation material
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The Glass Cotton Insulation Product adopts the advanced ultra-fine
centrifugal cotton production technology unique to Zaisheng Technology,
and has undergone a series of improvements and upgrades in traditional
production processes at various stages. Compared to ordinary glass wool
manufacturers, our product production and manufacturing process
significantly reduces resource loss and waste discharge. Patented
technology produces more uniform and slender glass fibers with moderate
aspect ratio, excellent resilience, and superior insulation and sound
absorption performance.

We adhere to the principle of "taking from nature and returning to nature",
using specially made environmentally friendly adhesives. The product has
no harmful gas release, a soft and comfortable feel, is not prickly, non

allergenic, and biodegradable, and has biological safety.
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To build a 200000 ton capacity glass microfiber factory
Control the materials in our own hands

i#
BRI - S E BT ATAE The largest production capacity of micro glass fiber in Asia
. Unique formula, international leading quality and scale
SRR
MARMBRAORNTEA advanced technology of basic raw materials

oo Micro glass fiber diameter can reach 100nm
DR 533 4 Superfine: the diameter is 1/200 of the hair; Soft: skin feeling, not
. touching hands;
> S~
RRIRRL - FILF> Biosafety: it has obtained the non carcinogenic substance mark
EWZ e IR B IFBURY RS IAIE #X FHE AL, certification (Euceb certification) and meets the EU harmless

FEMBLEEZE(LESK - requirements.

Digital factory

HEWiE BT - ¥Bff - BErErm\s Supply capacity of high-grade filter paper for nuclear power, military,
RSB S A IR R A semiconductor, medical and other industries
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Separators for Battery Cold-chain transportation and Insulation



AN =]

FVEINIRIESR D - AREARTER -~ YAt - MRSBHTEEZE[FRELE - MR SEEWIR TR R
CREREARS » SR EMRZRIESRE FRE - BEEMBERAENHEEE - RASZMIEN - MEFESRE
IR ZEIENE SR F BE RN InA= -

(4) HREER

5354#F 4347 - PHPR - BFRRHA Y (RTREEREEZE RN ARIEIMEHGAERT AN TENEDI) 1 (s5363#FA1KiA
ETohFE) - HPSRAE+TKITHNG - BBIERIXENR - AEREK - ERLiEE RS EREETH - TEERRRIEN T ~ T
WIAETT) ~ M2 BIRIRAIETE) - REBEBREBBERITH - BHEFIARIKRTE - FEERAEFIT « Ol NIER AT
o~ ZBEKERTH - SMXBRERRAEITHEISNAET KT -

EFZRDATEIA (hreelRAE W ARAX (53546368 ) ) PiEHE - HEMBERSEHANREKENMNE - MEERSESHA
ERREFUVEREAENEESOMEHERE FFEIEKNEESIZE -

SEEXREMEER  KEMBERAEZNNSIEDTE - #H#IZREARNEZHEERE -

(5) TR

ERBEDMERKESIRSG - s3ss#EZEMBERAERME= 9;; 140W - 2iFEHIEK
<617 ( ° B2 s5355#FFKR - TEFBERAFERBER 464380 - 5RFES=EN 71 ( -
BEZENTEENFN LI GRET L RINEERKRZHEEAEZ M - HBRERHZR AT A
NBEEITANBEEZRERE - BE] NIEWNSA JEESEQEEEEEREK - BEEARXRXN S m
FRAEFNHASEN  AEAPXNERIEPIHNEDE « 555 « BF - SESERKHEARA - BT
SRR SEENFEEREREERAZKZRETHNARAD BEREWRAXRER R LSEE
BES MR AEREEWMNE - AERESHEE - EARY « EMMMRERSMEREZREIES
BHTRG -

EAELEHEERAEEWIRY - RZESFERMSR D ARSmINEAMmA A 7 ShEEEHz34s

A EAREARTAREESREONEN - MR A/ NMNEE sp sBHIRIEAZE
TRER sP3BHKNER - HFRIBRUERRESE <<k: (- NMTIEEREMESHIERE - 5
#1E -



AN |z

(5) TWiEEHE

BEATEMMERKESIRS  c3sc#ETEMEEBEAERIMHEE 9o;; L#OW - EELEIEK<617 ( - 2 53554#FF
K- ZEHBERAERBESA 464380 - OAESEN 78 ( - AEZTIMRTEMNEN T RELLTHINEEE KZ
HEREEE R - HBRERED 1$Lﬁkﬁ)”’]$ﬁ7]ﬁ’]§w§lmlﬁ B NEENIAEEsEDEEHEEEK -
B}ﬁ%ﬁ»ﬂﬁmuuﬁiéﬂ’]tﬁéﬁ AERAPNERIAZEINELE -« 5758 © B - SEEEKEAR - EIT Sk
B BB REERARKZIREENARELD  SXEWRAREZERASREESRES iR EREEY
MH - NERESHEE - EARY » EIMMRESVIWAEZEIRSIRME 7 &4 -

EE% apE AR A F EWR Y - RZESSRFEMDARGM MM AR 7 FHECHBFRGTF - E%Q&EﬁETmE
ZESE /uE’JHH‘J S BRI BI I A/ NNE B sp sBHIRIRA ZETRE A sP 3BHlRIE - FHTENERRS

B cck: (- NMSRIDREEEMBZESHHRIRE - S021E -



P H R TS

ETBARRZERMSTAESSTAMMRINMLE - ATE FERBZIHHVRRRARATNAFERESZENESRER
RSB EE - BUDRESPEUEA/ )RR - ’%%Exflﬁ%u&fﬁﬂi e kd -~ AR - BYTck - BERT - LWEEEY
F X 316pp HIFURI L IBMR UL <<k: ( RULE - UEBFAREFAZERESE - BENZES - IBRASERGEE - RIFS5E
AGRE - BASREZEM - BN LEXDRE 1ﬂ/%, RER - Ltﬁﬁﬁﬁﬁ%}un °

PEE MEFNSMELEm - SWERANZEWRA - MATAFEEBZEREES - ARZHFRERE - B3 aJsElsT#
ZSHRIE - AEFEFABIMIZE STEESSRABAEMERAFIRNNARIR - TPRAZIKHEERAERFRHETEES
S BRI IR IRIE -




1600

1400

1200

1000

B4 D

Car ownership (10K)

1310

794
492
381
261
153 l

20174

20184

20184

20204

nEEE (hH)

20214

20224

1620

20235 h1

ARRHER, MR, AHZB, RESBHNBATEELN AT AMIBBEFEBEPATRRO—ES. A, b
EREGIBRENANIEN, EREEMRESRAMBAZETE, EBPREAKCERATERXNTNER. ARBRE
TR RS, HRFIETHEER. BE. BRNZSUMFET SRR thEREZ RIS,

BAREESERH "TEES" BRAMMRONS, ABhZEEME RRLEZE" IRRESESRATR. N2
BRI T MRS, MERAEREE. AHTBEWE. SHEEEnEFqE.

HolBERARE RN BEBHIRETERAZREFRERN, RIFARSRESE, FBRIRSETIEPIIEEKT,
NATFHHRENTELEFER R, TERETRESSPNSMHEENR, REBIBATSRE. ARBE
Zett, REFRVEFENE. ERBNRESERED.

In modern society, mobile cabin spaces such as aerospace, public transportation, and automobiles have
become an indispensable part of people's daily production and life. However, with the continuous
increase of technological transportation equipment, energy consumption and environmental pollution
issues are becoming increasingly serious, and advocating energy conservation and low-carbon has
become a global focus of attention. In the development of the transportation equipment industry, issues
such as energy consumption, noise, safety and comfort in cabin operation have also been increasingly
valued.

With the advantages of years of deep cultivation of "clean air" technology and materials, Zaisheng
Technology provides solutions and technical products for "low-carbon and dust-free spaces” in mobile
spaces. Widely used in fields such as aerospace, new energy vehicles, public transportation, and cold
chain transportation.

Among them, products such as sound insulation blankets can achieve good weight reduction in mobile
devices, with good sound absorption and noise reduction characteristics, and reduce the energy
consumption level during equipment operation. The air conditioning filter related material products
applied to mobile devices can effectively filter out various harmful substances in the air, improve the air
quality in the mobile cabin, driving safety, passenger comfort, and extend the service life of mobile
devices.

Bk, ®EHMERSEREEAITI6205H, AARAELENS 9%, X—HFHFIEK, BRE
T ERFERAETBNEXREN, FUFERSESSTRNHZENEREEZIEKE.

In recent years, countries around the world have been actively promoting the
development of green energy, with new energy vehicles receiving much attention.
According to statistics, as of the end of June 2023, the total number of new energy
vehicles in China has reached 16.2 million, accounting for 4.9% of the total number
of vehicles. The continuous growth of this number once again demonstrates the
enormous potential of the domestic new energy vehicle market, so the market
potential of air filtration for new energy vehicles is also growing accordingly.



New energy vehicle air filtration products
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Effectively filter small particulate matter, gas pollutants, bacteria,
viruses, dust, aerosols, plant pollen, mold spores, dust mite excrement,
etc. scattered in the air, with a concentration of 2 0.3 p The particle
filtering effect of m can reach 99.97% or above, allowing drivers and
passengers to enjoy clean and healthy air inside the car. It can prevent
and improve driving comfort, protect the health of drivers and
passengers, improve driving safety, and prevent dust from
accumulating inside the air conditioning system, extending its service

life
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Certificate No.: CTEC-L210022

s

Professional Classification: Testing of non-metallic materials - Testing
of sound insulation materials

Test Ability: drainage test; Capillary phenomenon test; Corrosion
resistance test; High performance test; Sound absorption

coefficient test; Adhesive content experiment; Flow
resistance test.
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In the process of industrial manufacturing, storage, and operation, enterprises are increasinﬁly paying
attention to product yield, safety, and energy consumption issues. In order to comply with the development
of the times and enhance their own competitiveness, enterprises have an urgent need to solve the solid
and gaseous pollutants encountered in the manufacturing process and reduce energy consumption.

With the advantages of years of deep cultivation of "clean air" technology and materials, Zaisheng
Technology provides solutions and technical Iproducts for industrial spaces with "low-carbon and dust-free
space". Widely used in semiconductor, panel, precision instrument processing, biopharmaceutical, medical
and health, food, nuclear power, military and other fields

Glass fiber filter paper is the main filtering material for clean rooms, with uniform fiber distribution, large
dust capacity, low resistance, and high strength. It can effectively filter pollutants encountered in industrial
ma:jnuf]zcacturing processes and control air humidity in different scenarios, thereby enhancing product yield
and safety.

ZREZFRE, REFSEIEGTUEXE—ENE., HUEER, 2022FKEETEET
BT mipiEt—EgK, 1£2407.30127c, EER12.17%, Wit2025FFE=T
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After years of development, the clean room engineering industry in China
has reached a certain scale. Data shows that in 2022, the market size of
China's clean room engineering industry further increased, reaching
240.73 billion yuan, with a growth rate of 12.17%. It is expected that the
market size of clean room engineering will reach 327.53 billion yuan by
2025, with a new filter material scale of 16.38 billion yuan and a need to
replace filter materials scale of 10.73 billion yuan
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The company focuses on the research of new materials such as ultrafine fibers, membrane materials, adsorption
materials, micro electrostatic materials, oil and gas separation materials, and sound insulation materials. With
materials as the cornerstone, the company deeply explores the advantages and performance of materials. Relying on
the company's "National Enterprise Technology Center", the company leverages the technical advantages, material
advantages, testing advantages, research and development advantages, and design advantages that have been
deeply exploited in the field of "clean air" for many years, Implement strong integration and cross-border strategies,
continuously expand application areas, and provide

"clean air" application products and solutions
to address energy, dust, and noise in the air in the "three major spaces".
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To build Chongging's first carbon neutral building

To create a Low Energy Building Demonstration Park for Green and Low Carbon Building
Demonstration Centers

To create a distinctive green and low—carbon demonstration park

With the concept of 'infiltration, stagnation, storage, net use, and drainage' in the construction of sponge cities, through visual
rainwater gardens, diversified permeable roads, green roof gardens, small and micro wetland parks, shared space hydrophilic
platforms, and fun circular water features and other ecological facilities, we create a sponge city characteristic exhibition area,
providing a novel experiential space, while ensuring functional aesthetics, playing a role in science popularization and publicity, and
enhancing interaction between people and ecology
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Hong Kong Convention and Exhibition Center
Hong Kong, 30-31 Oct. 2023



Hong Kong Convention and Exhibition Center
Hong Kong, 30-31 Oct. 2023
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Nonwovens in Apparel and Textiles

Apparel, home
textile and
upholstery




Advantages of Nonwovens

—  Versatility
Continuous web, without yarn structure Lightweight nature
Breathable High productivity
Absorbent _  Cost-effectiveness

Liquid repellent

Soft, resilient

Stretchable

© AR
é

Disposable ugligagh {0
Cushioning nonwoven
Filtering

Bacterial barrier and sterility

surgical mask  woven cottor



Bringing Convenience, Happiness and
Success---Significant



Cost effectiveness of Nonwoven

Polymer

Fibre spinin

Plantanimals

Fibre

Home furnishing

Yarn spinning

Yarn
Weaving, knitting,
braiding, tufting
Fabric
Apparel Industrial use




Cost effectiveness of Nonwoven

Fibre Spinning Yarn Spinning Weaving Preparation
Spinning P Fi ,
pinning Frocess riow Fi]hng Yarn Warp Yam

Prepuriion Preparsion
winding winding
Combing l

Harpig

slashing
Roving i
Spinning dr&Wiﬂg'iﬂ or tYiﬂg‘in
Winding

weaving




Non-woven: from Polymer to Fabrics

Process is so short and the speed is very high
SS: Production speed up to 450 m/min

gear pump

e lock assembly
high speed hot air

die exit —'_'?‘f
== fiber formation

nonwoyen fiber mat
collecting stage

Polymer

7

2/

Extrude
Quench
Attenuatio

. Compaction
Forming

Fdg
Guid

Winde

Guide



Versatility of NonWoven Technologies
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History of Nonwovens

Freudenberg and DuPont Bicomponent fibers were Electrospinnin
developed enhancing developed in meltblown and P g

technology in spunbond spunbonded nonwovens
Metal collector

F_,,.:-ﬂ ;@ Polymer solution
;Z:@M Polyner
2714

i D@ o
1920s- 1970s .. 3; =

1930s Water-jet technology was MW oo rmothers
developed for surgical gauze

ANANANAN

Cin N Calasnbin dnmanas da abons walivsns wnaalliawn ko alasban

Chicopee
Manufacturing
Corp developed

Viscose rayon
Products, for
hygiene uses.
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Versatility of Electrospun NonWoven

Type of polymer Polymer Solvent Reference
Silk fibroin Formic acid [42]

Natural polymers Chitosan Trifluoroacetic acid(TFA) [39]
Gelatin Acetic acid [41]
Collagen Hexafluoroisopropanol (HFIP) [40]
Fibrinogen HFIP/10 X minimal essential medium [43]

Synthetic polymers PCL Chloroform/dimethylformamide (DMF) [44]
PLA Dichloromethane (DCM) [45]
PVA Water [46]
PVP Methanol [47]
PAN DMF [48]
Nylon-6 Formic acid [49]
PET TFA/DCM [50]
PU DMF [51]
PI N,N-dimethylace tamide (DMAc) [52]
EVOH 80 % propan-2-ol/Water [53]
CA Acetic acid/Water [54]
PGA Water [55]
PEO Water [56]




Electrospinning and Applications

Electrospinning

Polymer solution or molten polymer

N
. . Qo
Voltage is applied. - =
High voltage
device
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Advanced Functional Nonwovens In

Textiles and Apparel

» Thermoregulatory textiles

» Wearable Sensing Devices
» Functional Filtration Systems

» Protective Clothing

» Hygiene and Biomedical Textiles

14



Thermoregulatory Textiles



Body Heat: Input, Output and Pphysiological Responses

Heat transfer pathway between the human body and outer environment as
well as adverse physiological responses to variations in core body
temperature; Metabolic heat and solar absorption are two heat input
mechanisms. Output channels include conduction, convection, radiation, and

evaporation.
16



Low-emissivity passive heating membrane with warmth retention for

Thermoregulatory textiles-Warming

A supramolecular-enhanced membrane (SupraEM) acting as a mid-infrared (MIR) reflector
to solve the conundrum of warmth-wearability performance.

https://doi.org/10.1039/D3MH00768E
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Infrared spectroscopy Spectra

(b) Reflectivity, and

(c) Emissivity of PVDF&PU,
PVDF/MXene, PU/MXene,
and PVDF&PU/MXene.

(d) Schematic diagram of
the heating platform
experiment, with the heat
transfer direction.

(e) Real-time temperature
record of PVDF&PU/MXene
at 35 °C.



Mechanism of SUPRAEMS

The optimized
configurations of (a)
PVDF/MXene,
(b)PU/MXene, and

(c) PVDF&PU/MXene
during the process of
mutual absorption. SEM
images and insert pore
size distribution of
polymers (d) PVDF, (e)
PU, and (f) PVDF&PU.



Performances of SuprakEMs

(a) Water vapor
transmission rate

(b) Strain-stress curves

(c) Comparison of the
maximum temperature
difference and maximum
withstanding strength
with other reported
studies.

(d) EMI curves.

(e) TGA curves

(f) DSC curves. Photograph
of the combustion
process

(g) PVDF and
(PVDF/MXene,

(h) PU and PU/Mxene

(i) PVDF&PU and
PVDF&PU/MXene.



Evaporative/radiative electrospun membrane
for personal cooling



Thermoregulatory textiles :

Single-Layer Janus Fabric with Directional Water Transport for Integrated Personal Cooling Management

A Janus Nonwovens for directional water transport property and cooling management

10.1007/s42765-022-00200-4
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Wearable Electronics



Directional Moisture-Wicking Electronic Skins for Biomechanical Energy Harvesting and
All-Range Health Sensing

Wearable devices developed from PVDF electrospun nonwovens, integrating moisture-
wicking effect and static signal sensing. It can monitor walking, speaking, pulsing.

10.1007/s40820-023-01028-2 24



Directional Moisture-Wicking Electronic Skins for Biomechanical Energy
Harvesting and All-Range Health Sensing

Wearable devices developed from PVDF electrospun nonwovens, integrating moisture-
wicking effect and static signal sensing. It can monitor walking, speaking, pulsing.

10.1007/s40820-023-01028-2

25



A Bionic Skin for Health Management
Excellent Breathability, In Situ Sensing, and Big Data Analysis



A Bionic Skin for Health Management

Excellent Breathability, In Situ Sensing, and Big Data Analysis

Wearable devices developed from PVDF electropunk nonwovens, integrating moisture-wicking
effect and static signal sensing. It can monitor walking, speaking, pulsing.

https://doi.org/10.1002/adma.202306435
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A Bionic Skin for Health Management

Excellent Breathability, In Situ Sensing, and Big Data Analysis

Wearable devices developed from PVDF electropunk nonwovens, integrating moisture-wicking
effect and static signal sensing. It can monitor walking, speaking, pulsing.

https://doi.org/10.1002/adma.202306435
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A biocompatible and antibacterial all-textile structured triboelectric nanogenerator

for self-powered tactile sensing

Anti-bacterial and self-powering nonwovens

https://doi.org/10.1016/j.nanoen.2023.108734
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A biocompatible and antibacterial all-textile structured triboelectric nanogenerator

for self-powered tactile sensing

Anti-bacterial and self-powering nonwovens

https://doi.org/10.1016/j.nanoen.2023.108734 30



A biocompatible and antibacterial all-textile structured triboelectric nanogenerato

for self-powered tactile sensing

Anti-bacterial and self-powering nonwovens

https://doi.org/10.1016/j.nanoen.2023.108734 31



Functional Filtration System



An Intelligent Wearable Filtration System for Health Management

Multifunctional face mask with high filtration efficiency and signal-sensing ability.

https://doi.org/10.1021/acsnano.3¢c02099
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An Intelligent Wearable Filtration System for Health Management

Multifunctional face mask with high filtration efficiency
and signal-sensing ability.

https://doi.org/10.1021/acsnano.3¢c02099
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Protein-Based Face Mask with
High SARS-CoV-2 Neutralization Ability and Breathability

Electrospun protein-based masks for anti-COVID-19 virus.

https://doi.org/10.1002/admt.202300590
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Protective Clothing



Bioinspired Hierarchical Multi-Protective Membrane for
Extreme Environments via Co-Electrospinning-Electrospray Strategy

Nonwovens from electrospun and electrospray technologies for protective clothing.
It is breathable and fire-retardant.

https://doi.org/10.1002/smll.202304705
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Bioinspired Hierarchical Multi-Protective Membrane for
Extreme Environments via Co-Electrospinning-Electrospray Strategy
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Others



Electrospinning Membranes with Directional Water Transport as

Ecofriendly Dry Facial Masks

Janus facial mask with directional water transport properties.

Advanced Materials Technologies, DOI: (10.1002/admt.201600015)
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A skin-like nanostructured membrane
for advanced wound dressing



A skin-like nanostructured membrane for
advanced wound dressing



Conclusions

. Nonwovens are versatile and cost-effective technologies
compared with traditional woven and knitted fabrics.

. Nonwovens have huge applications in Apparel and textiles

. Electrospun nonwovens are becoming feasible and provide
huge opportunities

. Nonwovens now can be modified with advanced and multiple
functions to meet new and challenging textiles and apparel

requirements by electrospinning

45



Thank you
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