GRRESERE “+-F" BELANEM

Nonwoven English
Bk B RE

L NN R



m%ﬂﬁ +_£ % FAR% okt

EIIE AiE

. Nonwoven Enghsh
; ,w”%éﬁ“%%

ﬁ% %&mﬁ

e A TSl e R




AR

A4 R ARRIE RS TR LA AR, AR RIS IESUE AR KR |
LR IFOR AR ZUE TR B | R R U BOGRTBAR AN B/ T JR
BEA A TR R B A AT SR

AR NAFRERRS TR LA CEO R A R UL &y 385 Zobt , tu AT
YR G5 9 T AR A 5 Ll (9 “ A S A e DRAR B SGE UREH » 7R T it 2 3
ZUEMRHS TRMXTIERNA RS .

BB 7ER 4% B (CIP) ¥i#7

e LV IE /B DMK, R . — L.
TREEHC A WA, 2012. 12

ISBN 978-7-5669-0195-8

I.OFE- 1. O @8- . QL ER TI—HEE—F
FFER—#HA INV.OH31

A [ i A (B - A CIP BB A% 5% (2012) 45 293973 &

ERELWHKIEF

A 2 N

TOiEGudE / kel

HE I / KR

HAREFT / B F A & HilRaE
T RE P 1882 5
MR BC 4 A - 200051

H A 4L / www. dhupress. net

W EHEA)E / dhupress. taobao. com

EH L / 021-62193056 62379558

we ) 2R k444

ENRY /b 0 B 2 el

JA / 787 mm X 1092 mm  1/16

Epsk / 14 F¥ / 403

MK / 2013 4E 1 55 1 fi

EN¥KR / 2013 4 1 A% 1 RENR)

445 / ISBN 978-7-5669-0195-8/TS * 366

EAM / 34.00 7T



FRETUYRGRTI W FH—PFHXTE. SRR
GREFRAELE, FREGEFEARRFIZRER.
BE . FRRE Rt NSRS FREAR, I
FR-ERFSERRNE L, SEN, MFEREMBS
TEZIVYMEAARBRERTESHNER:. AMBEE &
MEVHIR, MEENRERENEVRENAHEN. 5E
BREMRARFTERN TV EXAR BEZRRER®X
R9BE A1 AR & 51t R O F ™ @t O P s B s
BRXETVERXHARGIXHNEN; EBREARNSRE
Ml & Eah S EIMNE T AIEH TR AR 5 RAEE S
Fo Bt RFNRFWIENF S, RETWIIBEKE, 5
4 MIGEF ST BRI KRN A, AR ABM RS 2.

FEMABEEREMBETIRETYN T WK EHFE
FRMES, RENREFERBNERELAT L E HNF
CORAMNAR, RS T U XHMHOIE. BFE.SERSESS
BiT#HTE VDB S RAE .

EPHBEIMMNBR RS, PRSP /N\E, HPaTHE
HEIMMES, FHEHSRES, ERELEF, FE5E
MEFOEEEFERE THSHERNBAMNREY, BHiES
EMERTHZEIZHRERE FAPHEEENRR, &
e —HFRTWE IR

HTHREKFAR, BPUARZAERER, BB K
EEHVIEIE,

B H
2012 4E 10 A



CHAPTER 1 GENERAL INTRODUCTION
EM1 DEFINITION OF NONWOVENS

1.1.1 Definition of INDA

1.1.2 Definition of EDANA
1.1.3 Definition of ASTM
CLASSIFICATION OF NONWOVENS
DEVELOPMENT OF NONWOVENS
1.3.1 History and Background

1.3.2 Trends in Materials, Process and New Products

CHAPTER 2 FIBERS FOR NONWOVENS

(8]

o

[3°]

(3]

INTRODUCTION

. CELLULOSIC NATURAL FIBERS

2.2.1 Cotton

2.2.2 Flax

2.2.3 ‘Hemp

2.2.4 Jute

2.2.5 Ramie

PROTEIN NATURAL FIBERS
2.3.1 Wool

2.3.2 Silk

2.3.3 Camel Hair
2.3.4 Mohair
REGENERATED FIBERS
2.4.1 Rayon

2.4.2 Cellulose Acetate
2.4.3 Lyocell

Contents|g#

W W N e e

© © o o O O

10
10
13
13
13
14
14
16
16
18
20



SYNTHETIC FIBERS
2.5.1 Olefin Fiber
2.5.2 Polyester
2.5.3 Nylon Fibers
2.5.4 Acrylic

2.5.5 Carbon Fibers

CHAPTER3 WEB FORMATION TECHNOLOGIES

OF NONWOVENS
DRY LAID PROCESS
3.1.1 Fiber Selection

3.1.2 Fiber Preparation

3.1.3 Web Forming

3.1.4 Laying

WET-LAID PROCESS

3.2.1 Paper and Textiles

3.2.2 Raw Materials

3.2.3 Production Machinery

3.2.4 Special Features of the Wet-laid Process and Its Products
SPUN-LAID PROCESS

3.3.1 Polymer

3.3.2 Spinning and Web Formation

3.3.3 Characteristics and Properties

3.3.4 Applications

MELT BLOWN PROCESS

3.4.1 Polymer Type

3.4.2 Processing

3.4.3 Web Characteristics and Properties

3.4.4 Process Structure Property

3.4.5 Applications

3.4.6 Comparison of Melt Blown and Spunbond

25
25
30
32
35
36

42
43
43
43
44
46
51
51
51
53
55
58
58
59
61
61
63
64
64
68
69
70
71



CHAPTER 4 WEB BONDING TECHNOLOGIES OF

NONWOVENS 74

CHEMICAL BONDING PROCESS 74
4.1.1 Bonding Agents (Binders) 74

4.1.2 Chemical Bonding Processes 76

4.1.3 Applications 79

:] NEEDLEPUNCHING PROCESS 80
4.2.1 Process 80

4.2.2 Mechanism of Needle Loom 80

4.2.3 Felting Needle 81

4.2.4 Types of Needle Looms 82

4.2.5 Machine Variable 84

4.2.6 Applications 84
SPUNLACING PROCESS 85
4.3.1 Process 86

4.3.2 Materials Used in Spunlaced Technology 87

4.3.3 Parameter Affecting the Product Performance 89

4.3.4 Properties of Spunlaced Fabrics 90

4.3.5 Applications 91
THERMAL BONDING PROCESS 93
4.4.1 Binders 94

4.4.2 Methods of Thermal Bonding 95

4.4.3 Advantages and Energy Comparison 98

e  STITCH BONDING PROCESS 100
4.5.1 Batt Bonded by Threads 100

4.5.2 Stitch Bonding Without Threads 101
CHAPTER 5 NONWOVENS FINISHING 102
Y INTRODUCTION 102
=4 SURFACE FINISHING 103
5.2.1 Calendering 103

5.2.2 Embossing 104



5.2.3 Pressing 104

5.2.4 Singeing, Splitting, Grinding and Velouring 104
k]l SHAPE FINSHING 106
5.3.1 Shrinkage 106
5.3.2 Wrenching 107
5.3.3 Creeping, Perforating and Slitting 107
1 WET FINISHING 110
5.4.1 Washing 110
5.4.2 Dyeing 111
5.4.3 Printing 112
S CHEMICAL FINISHES 114
5.5.1 Antistats 115
5.5.2 Antimicrobials 115
5.5.3 Water Repellents 115
5.5.4 Lubricants 116
5.5.5 UV Absorbers and Polymer Stabilizers 116
5.5.6 Flame Retardants 116
5.5.7 Softeners 117
5.5.8 Absorbency and Rewetters 117
5.5.9 Thermoplastic Binders, Resins and Emulsion Polymers 117
5.5.10 Thermosetting Resins and Crosslinking Agents 117
5.5.11 Soil Release 117
5.5.12 Optical Brighteners 118
Sd COATING 121
5.6.1 Chemical Vapour Deposition and Physical vapour Deposition 121
5.6.2 Electro Deposition 121
5.6.3 Spray Coating 122
Sd LAMINATING AND FLOCKING 122

CHAPTER 6 PRODUCTS AND APPLICATIONS OF

NONWOVENS 124
HEALTHCARE AND HYGIENE 124




(1 INDUSTRIAL APPLICATIONS
6.2.1 Automotive
6.2.2 Building
6.2.3 Cable Wrapping
6.2.4 Filtration
6.2.5 Industrial and Institutional Wipes
(MR] PACKAGING AND AGRICULTURE
6.3.1 Packaging
6.3.2 Agriculture and Horticulture
6.3.3 Landscaping Fabric
(W] GEOTEXTILE
6.4.1 Geotextile Classifications
6.4.2 Geotextile Types
6.4.3 Essential Functions of Geotextiles
(B8] FURNISHINGS
NONWOVENS IN APPAREL INDUSTRY
6.6.1 Protective Dress
6.6.2 Fashion Apparel
CHAPTER7 NONWOVENS TESTING
NONWOVENS CHARACTERIZATIONS
TESTING STANDARDS
TESTING CLASSIFICATION AND BASIC TESTS ITEMS
TESTING METHODS AND TECHNIQUE

6.1.1 Absorbent Hygiene Products

6.1.2 Healthcare and Medical Application

7.4.1 Absorbency-capacity Tests

7.4.2 Electrostatic Properties

7.4.3 Flammability and Optical Properties

7.4.4 Permeability and Porosity
7.4.5 Filtration
7.4.6 Strength

124
128
134
134
137
139
139
141
145
145
146
149
151
151
153
153
156
159
159
160

163
163
165
166
168
168
170
170
170
172
174



7.4.7 Softness
7.4.8 Barrier

7.4.9 Contamination

CHAPTER 8 NEW TECHNOLOGIES FOR NONWOVENS
EMl NEW PRODUCTS FROM BIOCOMPONENTS
;4 NANOFIBER NONWOVENS
8.2.1 Electrospinning Process
8.2.2 Properties of Nanofibers
8.2.3 Applications of Nanofibers
8.2.4 Challenges in Nanofibers
GREEN OR ENVIRONMENT-FRIENDLY NONWOVENS
SMART TEXTILES
8.4.1 Definition of Intelligent Clothing
8.4.2 Nonwoven Confortable Fabrics with Electric Circuits

8.4.3 Stretchable Nonwovens

WIiCA%

175
175

. 176

182
182
186
187
188
188
191
192
194
194
194
196

199



CHAPTER 1

General Introduction

Definition of Nonwovens

Nonwovens are textiles/sheet products in form of webs of separate fibers. Different
from the conventional textile fabrics and paper, nonwovens are not made from yarns and
thus normally do not contain them. Usually nonwovens entirely consist of or at least
contain a big proportion of long fibers, which are bonded intermittently. Although paper
is composed of fiber web, the fibers are bonded to each other so completely that the entire
sheet comprises one unit. In nonwovens the fibers are not rigidly bonded and, to a large
degree, act as individuals.

The definitions of the nonwovens most commonly used nowadays are those adopted by
the Association of the Nonwovens Fabrics Industry (INDA) , the European Disposables and
Nonwovens Association ( EDANA) and the American Society for Testing Materials
(ASTM).

1.1.1 Definition of INDA

Nonwoven fabrics are broadly defined as sheet or web structures bonded together by
entangling fibers or filaments (and by perforating films) mechanically, thermally or
chemically. They are flat, porous sheets that are made directly from separate fibers or
from molten plastic or plastic film. They are not made by weaving or knitting and do not
require converting the fibers to yarn.

1.1.2 Definition of EDANA

Nonwovens are a manufactured sheet, web or batt of directionally or randomly
oriented fibers, bonded by friction, and/or cohesion and/or adhesion, excluding paper or
products which are woven, knitted, tufted stitch bonded incorporating binding yarns or
filaments, or felted by wet milling, whether or not additionally needled. The fibers may
be of natural or man-made origin. They may be staple or continuous or be formed in situ.

1. 1.3 Definition of ASTM

A nonwoven is a textile structure produced by the bonding or interlocking of fibers, or
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Nonwoven English

both', accomplished by mechanical, chemical, thermal or solvent means and
combinations thereof. The term does not include paper or fabrics that are woven, knitted
or tufted.

| New Words and Expressions

nonwoven [ no'wauven | adj . JEL Y
L&A
textile [ 'tekstarl | n. S W) iR
yarn [jamn] n. w2k
fiber [ 'farbo | n. “H Yk
bind [baind ] vt. (O EE
filament [ 'f1lomoant | n. K4
weave [wiv] vt. & vi. 2 L
knit [nit] vt. & vi. A0 gl
batt [ beet ] n. 2 5 4 0 5 A 2
tuft [taft] vi. T 18—
n. —;—
stitch [stit[] vt. 4% Y
in situ [n'sartjuz] TE R B 7R R 4k

| Notes

[1] A nonwoven is a textile structure produced by the bonding or interlocking of fibers, or both, ... JE4;
A 18 S T () 28 4 L B S A T IR B — P D R KAy e e
produced by. .. JafFAHAIEIEAE textile structure )5 B 5E 15, 255 “Mad - L (A7) B A R
551 M A)“which is produced by. . . "4 , (H A {3 .

Classification of Nonwovens

The production of nonwovens can be divided into three stages, which are web
formation, web bonding and finishing treatment.

Web formation methods: dry-laid, wet-laid, spun-laid and meltblown.

Web bonding methods: adding an adhesive, thermally fusing the fibers or filaments to
each other or to the other meltable fibers or powders, creating physical tangles among the
fibers, stitching the fibers or filaments.

Finishing treatment methods:

@ Dry finishing: shrinkage, calendaring and pressing, perforating and slitting,
splitting, grinding and singeing.

2



CHAPTER ¥ & General Introduction

@ Wet finishing: washing, dyeing, printing, chemical finishes ( antistatics,
antimicrobials, water repellents, lubricants, UV absorbers, flame retardants. . . ), coating,
laminating, flocking.

According to method of web formation, nonwovens can be classified into the
following types'': dry-laid nonwovens, wet-laid nonwovens, spunbond nonwovens,

meltblown nonwovens.

[l New Words and Expressions

dry-laid T
wet-laid FTR7S
spun-laid G522 M ; G Rk
meltblown P R7S
adhesive [ad'hisiv | n. FhEw
calendar [ 'keelinda | vt. LIS
slit [slt ] vt. Frég
split [splrt | vt. 2 BETF
grind [ graind ] vt. &vi. B s BB
singe [sindz] vt. & vi. BE
dye [dar] vt. & vi. Yefr
n. Jukl
antistatic [eent1'steetik | adj. DL
antimicrobial [eentrmai'kraubial | adj . PLE
retardant [r1'ta:dent ] adj . FESR A 5 {d R A Y
laminate [ 'leemainert | vt . BE
flocking i
spunbond YiEhk
|| Notes|
[1] According to method of web formation, nonwovens can be classified into the following types: ... 3##

SRR 73X, B A B A 4 o AR SRR oo
TR BB BB RS S R 2 (3 BRI BRI P SC ST, I ) B TR
BUEAT SR LT JURRET Ho AR A T B4 MR JURh K B4,

Development of Nonwovens

1.3.1 History and Background

The concept of making fabrics directly from fibers on needlepunch machinery

3



Nonwoven English

achieved commercial viability in North America and Europe more than 75 years ago. Much
of the early work with nonwovens was done by cotton mills, which were seeking to
upgrade cotton waste into salable products such as furniture stuffing and wipes. Facilities
for commercially producing nonwoven fabrics using wet-laid technology were established in
the United States during the 1930s. Large-scale commercial production facilities for
chemically bonded nonwovens were placed in operation in the United States during the
early 1940s as well as in Europe and Japan since World War II. The earliest nonwoven
products recognized by consumer were wipes, developed by Chicopee’s in the mid-1950s.

Up until the 1960s, the major technology for nonwovens was based on dry-laid
technology. The 1960s, however, saw the introduction of spunbonded, meltblown,
needlepunch and wet-laid nonwoven technology'’. By the 1970s, the establishment of a
trade association for nonwovens, the Association for the Nonwoven Fabrics Industry
(INDA ), provided a focal point for nonwovens as useful and distinct materials
differentiated from conventional textile materials.

In the decade of 1980s, nonwovens, particularly spunbonded and meltblown products,
dramatically increased throughout the world.

The 1990s marked the era of widespread acceptance of nonwovens as performance and
problem solving materials for industries as diverse as civil engineering and healthcare.
Many of the products that came into use during this time were based on composites made by
combining different types of nonwovens and/or nonwovens with other materials, such as
films and foams®’. By the mid-1990s about half of the worldwide nonwoven fabric
production capacity was located in North America, a third in Europe. Capacities in these
areas were expanding at annual growth rates ranging 6 to 10 percent through both
productivity improvements and the installation of new facilities. In addition, new
nonwoven enterprises were being launched throughout Asia and South America. At that
time about two-thirds of all nonwovens were made directly from fibers and one-third were
made directly from polymers. Some portions of the nonwovens industry were technology
driven while others were market driven. Many nonwovens producers continued the quest
for new markets and more opportunities to compete with traditional textiles, papers, and
plastics. Commodity materials definitely have their place in nonwovens, but in order to
strengthen industry competitive, special value-added products and unique technology are
crucial.

1.3.2 Trends in Materials, Process and New Products

Consumption of nonwovens is proportional to disposable income to households.
Demand for nonwovens will increase as middle classes grow in developing countries.

INDA reports that hydroentangling will become more prevalent as the process
continues to become more energy efficient and economies of scale are realized. Process will
be required to change as the cost increases and in short of inexpensive water. Emphasis
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CHAPTER ¥ @ General Introduction

should be placed on increasing of composite fabrics made by combining processes or
different fabrics. Besides, value added treatments will become more prominent.

Affected by globalization, nonwoven industry is, rapidly spreading new technologies
around the world.

The technical activity in the industry is focused on higher value markets, e.g. textile
substitution and value added applications. The industry is exerting strong pressure for
faster market tactics, value addition and cost reduction in manufacturing. Product
differentiation is considered as the key to competition and innovation the key for

nonwovens industry growth.

[l New Words and Expressions

needlepunch gl
viability AT
stuffing ['stafm] n. HAY) ; B
wipe [waip | vt. & vi. #,1K

n. WA ; GO 4K
healthcare LA LR fi s BT R
foam [fovm] n. WK 5 WL TR

vi. ALK
turnkey ['tzmki | adj . IR E FN 3 E
disposable [di'spavzabal | adj . HEPFERY ; — KR v B B X ACH
household [ 'hauvshauld ] adj . FKEEW ; XM
hydroentangling . TR
prevalent [ 'prevalant ] adj . e ) 5 BAT R s AT Y
tactic ['teektik ] n. 7 ik ; g

|| Notes

[1] The 1960s. however, saw the introduction of spunbonded, meltblown, needlepunch and wet-laid
nonwoven technology. #X1fi,20 fit42 60 4E48, RS A R T 45 Bl AmEs: Al AnS s H A .
saw(see) I RE N “Z57”, introduction 7E“% F "f#% .

[2] Many of the products that came into use during this time were based on composites made by combining

different types of nonwovens and/or nonwovens with other materials, such as films and foams. JHiFH]
IS F B9 VF 27 b R A T AR () 26 B ) JE 20 A L AR U A 5 oAb AR B R ) B A R E &
.
that came into use during this time J2& & i M 4], % 8] products, H 71 during this time £ % M % i B+ i
RiE .



CHAPTER 2

Fibers for Nonwovens

Introduction

Fibers are the basic elements of Nonwovens. Almost any kind of fibers, including
traditional textile fibers and recently developed hi-tech fibers'/, can be used to produce
nonwovens. The selection of raw fibers, to considerable degree'”, determines the
properties of the final nonwoven products. Besides, the selection of fibers depends on
customer requirement, cost, processability, changes of properties caused during web
formation and consolidation. The fibers can be in the form of filament, staple fiber or
even yarn.

Cotton has excellent inherent properties for nonwovens fabrication. Viscose rayon has
been widely used in the nonwovens industry in the area of disposables and sanitary
products. Rayon fibers can be easily made into webs and readily bonded into nonwovens
fabrics. All these cellulosic fibers, such as cotton, rayon and acetate are absorbent, and
they possess adequte strength combined with biodegradability™). Among the synthetic fiber
polypropylene (PP) is widely used. PP is inexpensive and has very good rheological
characteristics to form fine fibers'. PP fibers are hydrophobic, voluminous, and
thermoplastic in nature. Polyethylene terephthalate (PET) is used where strength and
mechanical properties are of prime importance. Nylon fibers are used for their excellent
recovery (resiliency) properties. Bicomponent fibers with different polymers in the core
and sheath are widely used in thermally bonded nonwovens. Recent developments in bi-
component fiber structure include segmented pie, islands in sea structures. Fiber
requirements for nonwovens depend on the product being produced and the fabrication
process being used- .

With nonwovens products successfully moving into more technical end-uses, the fiber
requirements have also become more exacting with regard to the fiber properties® . The
cooperation between fiber supplier and fabric producers is now seen as important criteria
for additional advancements to come about in the nonwovens field.

Although a large number of fibers are available, commercially important nonwoven
fabrics have been limited to relatively few types, the dominant fibers include polyolefins,
polyester, and rayon. These three fiber types made up a substantial part of the overall
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CHAPTER B8 Fibers for Nonwovens

nonwovens markets for fibers.

The Nonwoven textile industry has made dramatic technical and commercial progress
in recent years. World consumption of fibers in nonwoven production is 63%
polypropylene, 23% polyester, 8% viscose rayon, 2% acrylic, 1.5% polyamide and 3%
other high performance fibers. Future advancements will be in bicomponent fibers, micro
fibers (split bicomponent fibers or meltblown non- wovens), nano fibers, biodegradable
fibers, super-absorbent fibers and high performance fibers.

|l New Words and Expressions

microbial adj . AR

Polyethylene terephthalate B E R Z —FERR

criteria [krai'troris | (criterion YR E0 GHIE . HIW D bniE; R E
polyolefin R4

incontinence [ in'kpntonent| adj. CR/IMEE) 2514 ; ANRE B i

| Notes

[1] recently developed hi-tech fibers. Ut H & () & FH 7 27 4k .
developed 4t 254318 , A 2 F—ANTE 25 10) , 1 1 B 2 15 . 4841 hi-tech fibers; hi-tech Jg& ¥ 25 1d] , HAl
iAl¥: 4 high F technology B & BUH A 1 —#B /0 & fE—i& , fE“ R RHB "R “ B E AR "1 .

[2] to considerable degree 7E1R AFREE I,

IR BIBEVERE R R TR B 1fi selection of raw fibers,

[3] All these cellulosic fibers, such as cotton, rayon and acetate are absorbent, and they possess adequte
strength combined with biodegradability. B MILF4ERLF4E, AR A\ x 24 71 B8 £ 4k 40 B A B8 A9 %
KA I B 6 & SR ) B A IR AR . :

] ) such as ##%[F]{ 1% , B cotton, rayon and acetate % 4 cellulosics [ [l 15 , such as /5 {540 f#% .

[[4] PP is inexpensive and has very good rheological characteristics to form fine fibers. &P 4% (K B& , B
AT AR EF 4E 1) R A B AR A
] to form fine fibers A& R 4 15 =2 1% , &4 rheological characteristics.

[5] Fiber requirements for nonwovens depend on the product being produced and the fabrication process being
used. XL A A4 A SR B T A 7= 7= s R T il T2
being produced F1 being used #f & B 7E 43 i8] 9k 815 45, 4r HI/E product Fil fabrication process 4 J&5 &
EIG .

[6] With nonwovens products successfully moving into more technical end-uses, the fiber requirements have
also become more exacting with regard to the fiber properties. i 3F23 1 7= 5 i H#b i A 8 £ 197
Ml FASTU, , B X AT 4 BB A BER th e A A
With 5|59 17 42 18 75 R 3, With 4 “Bifi 2 7 ff , b 48 18 7T 24 o by o 4597 as 51 5 IKOIRE M ) As

nonwovens products successfully move into more technical end-uses”, 5 EAH[A] .



