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Investigation of the Strength of Textile Bonded Seams
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The strength of the textile bonded seams was analyzed. Two or more fabric layers joining are based on use of base layers
structural properties and thermoplastic properties of adhesive film used for bonding. Five commercial produced fabrics
of different structure (woven, knitted, laminate) and fiber content (polyester, cotton, flax) were used in this experiment.
Thermoplastic polyurethane film was transferred from the base of silicone to fabric using 160 °C temperature and 10
seconds pressing duration. Fabric layers were bonded using 180 °C temperature and 30 seconds pressing duration. The
strength of textile bonded seams was investigated using four different bond types, in order to determine method suitable
for the analyzes of bonded seams of knitted fabrics and method suitable to analyze woven fabrics.
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INTRODUCTION

New design possibilities have opened up as a result of
Sewfree’s ability to permanently bond an almost unlimited
range of materials. Different technologies of pasting and
welding are used for thermoplastic bonding of textile
layers. It allows the elimination of sewing for many
applications, including seams, hems, zippers, pockets and
patches. By using adhesive films designers may perfect the
technology of garments and improve their construction.
Sewfree bonds bring both aesthetic and economic benefits.
Bonded garment technology allows for a seamless look
and feel, moreover, bonded seam can be waterproof [1]. As
a rule bonded garments weigh less than sewn ones.

Adhesives are widely used in textile industry for
bonding layers of materials or fibres together [2—4], ap-
plication of protective layers of coated fabrics [5—7], car-
pet backing [8, 9], application of decorative finishes [10].

Bonded seams are developed by BEMIS company for
the textile industry [11]. The thermoplastic materials can
be incorporated into the fabric or there is a wide range of
films, tapes, nets and even coated threads that can be
incorporated between the layers of non-thermoplastic
materials. However, ultrasonic [12,13] and radio
frequency welding can also be used for fabric bond.

Quality of the joined layers depends on their bonding
parameters such as temperature, pressure intensity and
pressing duration [14]. In order to obtain particular bond,
correct parameters must be chosen. The melting point of
thermoplastic film needs to be not too high, because it
affects the dimensional stability, color and handle of the
fabric. Again, too low temperature can be the reason of the
bond failure [15]. Some thermoplastic materials used for

*Corresponding author Tel.: +370-615-74252; fax: +370-37-353989.
E-mail address: zivile jakubcioniene@erdbves.lt (Z.. Jakub&ioniené)

172

textile layers bonding have additional layer of silicone
paper. Therefore the two stage bonding has to be used [16].

The particular demands that a fabric bond must satisfy
make the replacement of conventional thread stitching very
difficult: adequate bond strength, resistance to washing and
cleaning, no staining or discoloration, no spoiling of
texture, maintain breathability, rapid setting [17].

The bond strength between substrate and adhesive
depends on their chemical nature. If the substrate has an
irregular surface, then the adhesive may enter the
irregularities prior to hardening. This simple idea gives the
mechanical adhesion theory, which contributes to adhesives
bonds with porous materials such as textile. The chemical
adhesion theory invokes the formation of covalent, ionic or
hydrogen bonds [18]. It is also worth mentioning that
bonding strength depends on fabrics treatment, too [16].

The previous our experiments have shown that during
delamination of bonded seams the fabrics’ structure in
most cases changes as seams deform due to the external
forces [16]. Especially large specimens’ deformation was
observed during knitted fabrics bonded seams
delamination. In order to determine influence of fabrics
deformation on strength of adhesive joints, the several
types of different specimens with bonded seams were
investigated in this work. The main purpose of this work
was to choose suitable bonded seam type and method for
its delamination which allow to investigate fabrics with
wide range of their structural elasticity.

EXPERIMENTAL

Five commercial fabrics of different structure and fiber
content were used in this experiment. Table 1 provides
basic information about the tested materials [19, 20].

The textile specimens were cut in lengthwise direction.
Four different bonded seams were investigated (Fig. 1).



Table 1. The characteristics of investigated fabrics

Density, dm™ : : _
Fabric Fiber content Surface; dgnsuy, Thickness, at p21 0.19 MPa,
Weft /Course Warp/Wale gm mm [21]
K (woven) Polyester 600 380 205 0.73
C (knitted) Polyester 240 200 250 0.83
. Polyester (woven) 700 380
*
D* (laminate) | p 10 ter (knitted) 170 170 253 0.79
L (knitted) Cotton 160 120 210 0.92
N (knitted) Cotton 180 160 105 0.61

Note: * — three layer laminate: polyurethane film between knitted and woven layers.
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Fig. 1. Schemes of bonded seams (a) and their fixing in tension
machine (b)
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Fig. 2. Principle scheme of fabric specimen layers (L and U)
bond using adhesive film (B)
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The specimens were prepared when thermoplastic tape:

1) coincides with the edges of textile tapes,

2) draw 10 mm from the edge of the textile tapes,

3) draw 70 mm from the edge of the textile tapes,

4) coincides with the edges of both textile tapes which
were reinforced with additional glued and sewed layers.

The dimensions of specimens were: (80 x25) mm for
the first and the fourth seams, (90 x 25) mm for the second
seam and (160x25) mm for the third seam. Two textile
tapes were bonded together using BEMIS thermoplastic
polyurethane film with silicone base. The dimensions of
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thermoplastic film specimens were: (10 x25) mm for the
first, the second and the fourth seams, (20 x 25) mm for the
third seam. The thickness of film layer was 0.09 pm.

Due to the usage of silicon paper the specimen’s bonding
was performed with Stirovap press in two stages using
different bonding conditions.

1 stage. Thermoplastic film was transferred onto right
specimen’s side at temperature 160°C for 10 seconds
pressing duration (Fig. 2, a). The silicon paper was peeled
after 5 minutes.

2 stage. The second fabric layer was bonded with first
layer using 30 seconds pressing duration at temperature of
180°C (Fig. 2, b).

During both bonding stages the same pressure of
0.037 N/mm? was used.

The bonding conditions were chosen according to the
properties of thermoplastic films and tested fabrics. The
softening point of thermoplastic film is comparably low —
only 72°C, and heat resistance of tested fabrics from
polyester and cotton fibres reaches 200 °C and more.

The pressing duration of thermoplastic films and
specimens was chosen considering the economic aspects.
Before the tests all specimens were kept at standard
conditions of 65 % RH and temperature of 20 °C.

Textile bonded seams were investigated using
characteristics as average peel strength /' (N/mm), seam
deformation degree during delamination a (%) and peel
length / (mm) (Figs.3,4). Due to the geometrical
parameters of the third seam, F and / values were divided
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Fig. 3. Diagram of textile bonded seam strength during delamina-
tion: I — strain zone, Il — peeling zone, I1I — end of peeling

The “Tinius Olsen HI0KT” tension machine was used
for seams delamination [22]. 100 mm distance between
upper and bottom grips was chosen. The speed of the upper
grip was kept at 100 mm/min. Experimental data of peel



was received from values variation of strength. The
diagram of textile bonded seam strength was divided into
three zones. In zone I specimen only strains, in zone II
delamination process takes place and specimen’s layers
begin to peel. The peel length was determined from this
zone. In zone III specimen’s delamination comes to the
end. For these reasons only zone II data is used for bonding
strength determination. In order to receive average result of
bonding strength Fav maximum peaks of diagram zone II
were measured, using 80 % of the central part [23]. In
average 20 peaks were determined in the curve of bond
strength (Fig. 3).

The length of zone I (/) characterizes the degree of
fabric’s extensibility before seam delamination.
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Fig. 4. Principle scheme of bonded seam specimen deformation
during delamination (a) equation to calculate degree of
seam deformation during delamination: a, — initial
width of specimen (25 mm), a, — specimens width during
delamination, mm (b)

Four specimens for each bond type were tested. The
coefficient of variation of test results ranged from 1.0 % to
14.5 %.

In order to determine the infiltration of thermoplastic
film into upper (U) and lower (L) layers of specimen, the
scanning electron microscope (SEM), FEI Quanta 200
FEG (KTU) was used. The view of investigated textile
edges surface was zoomed by the factors of x500 using the
accelerating voltage of 10 kV.

RESULTS AND DISCUSSIONS

Investigation results have shown that due to zone I
length /, tested fabrics seams may be divided into three
groups. The highest extensibility /, was in the case of first
and second type of bonded seams and it reached till
15 mm. The medium extensibility was determined for third
bonded seam and it reached till 10 mm. In this case non
bonded textile tapes were 35 mm long from the bonded
part. As for the fourth bonded seam it is reinforced with
additional glued and sewed layers (Fig. 1). In this case
zone | is shortest and reached only 5 mm. The result of II
zone length indicated that though the bonded seams width
in all cases is 10 mm the distance of their delamination is
different. It was determined that length of peel zone II
range from 15 mm to 35 mm for first and second bonded
seams, from 6 mm to 25 mm for the third seam and from
5 mm to 20 mm for the fourth seam. The different lengths
of zone Il point out to the various degree of bonded seams
deformation during specimens’ extension. Short III zone is
typical for all bonded seams (2 mm) (Fig. 3).
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The minimal peel strength for bonded apparel fabrics
recommended by company BEMIS is 0.63 kg/cm [10]. As
seen in Fig. 5 the values of the bonded seams strength F
for tested in this work fabrics ranged from 0.42 N/mm to
4.76 N/mm. The highest values of bonding strength are
obtained in case of the laminate D. The biggest values F
scattering depending on bonded seam structure and
delamination conditions was determined for knitted fabric
C (45 %) and the lowest in case of laminate D — 22 %.
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Fig. 5. Peel strength of textile bonded seams: |l — the first seam,
I — the second seam, C, —the third seam,[]— the
fourth seam

It is known that the surface texture has a significant
effect on the fabrics adhesion. The smooth surface
guaranty in most cases better adhesive bond than an
uneven surface [23]. The bonding strength of textile fabrics
depends on the contact area between adhesive
(thermoplastic film) and substrate (fabric) too. Textile is
made of threads, wherefore its surface is irregular and
contact area with thermoplastic film may depend on fabric
structural characteristic such as density and thread
thickness. Because of uneven bond, the strength of bond
decreases and peels uneven. Surface irregularity increase
number of peaks and differences between maximum and
minimum values of peaks. (Fig. 3).The cross views of
bonded specimens are presented in Figs. 6 and 7.

Fig. 6. The SEM of knitted fabric C bonded seam: 1 — L speci-
mens layer, 2 — U specimens layer, 3 — thermoplastic film

Analysis of bonded seam strength diagram showed
different intensity of strength range during delamination.
This range was estimated by variation coefficient of
strength highest peaks (Fig. 8). As it can be seen the values
of the variation coefficient ranged from 2.5 % to 12 %. The
highest coefficient of variation is obtained in the case of
the first seam of fabric K and is equal to 12 %, because the



values of the maximum peaks enlarge during peeling. The
lowest coefficient of variation is obtained in the case of the
third seam of laminate D and is equal to 1.8 %. With
reference to variation coefficient values it can be stated
that adhesion bond is more even for laminate D and knitted
fabric L and less even for knitted fabric C, K and N.
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Fig. 7. The SEM of laminate D bonded seam: 1 — L specimens
layer: a; — knitted layer, b; — polyurethane film,
¢; — woven layer; 2 — U specimens layer: a, — knitted
layer, b, — polyurethane film, ¢, — woven layer;
3 — thermoplastic film
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Fig. 8. Strenght peak variation of textile bonded seams: g — the
first, ggm— the second, C, - — the third, 37— the fourth
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Bonding strength depends not only on thermoplastic
film and fabric adhesion. The structural mobility of fabric
during delamination is important too. During fabric’s
extension, increases not only specimen’s length but also
decreases it’s cross measurements. According to [24] the
transversal fabrics deformation may reach till 80 % and
depends and on the extension force direction and fabric’s
structural characteristics. Regarding to it, the measure-
ments of specimen width with bonded seam without it
were made and deformation degree of seams during
delamination was calculated (Fig. 4). In case of woven
fabric K the width did not changed, because its
extensibility is low: /, range from 2.0 mm to 3.6 mm. The
biggest differences are estimated in case of knitted fabric
N. The main reason for these results is high fabric
extensibility: /) range from 7.4 mm to 15.0 mm (Fig. 9, d).

In case of the third seam width of the specimens
decrease: 20 % for knitted fabrics C and L, 12 % for the
knitted fabric N. There was no change in width of
specimens of the laminate D and weaved fabric K. In case
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of the second seam width of the specimen decreased: 12 %
for knitted fabric C, 20 % for knitted fabric L, 16 % for the
knitted fabric N. Again, there was no change in width of
specimens of the laminate D and weaved fabric K. In case
of the first seam width of the specimen decreased: 12 % for
knitted fabric C, 16 % for the knitted fabric L, 24 % for the
knitted fabric N, 28 % for the laminate D. There was no
change in width of specimens of weaved fabric K. In case
of specimen without seam, specimens’ width decreased
more than two times (Fig. 8).
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Fig. 9. Width change of textile spesimen with bonded seams
(black) and without it (white): knitted fabric C (a),
laminate D (b), knitted fabric L (c), knitted fabric N (d)

During delamination of the fourth bonded seam
specimens’ width did not changed. But this seam is not
suitable to investigate knitted fabrics, because when the
strength force is more then 30 N, the additional layers
came unglued and fabrics began to extend again (Fig. 10).
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Fig. 10. Delamination scheme of the fourth seam: front side (a),

back side (b)

CONCLUSIONS

1.

Bonding strength of textile depends on bearing surface,
therefore it is necessary take in account of fabric
surface characteristics.

It was determined, that during the delamination of
10 mm width bonded seam, because of fabric structure
deformation, its peeling length / enlarges from 11.2 mm
to 35.5 mm. Bigger values of / are typical for knitted
fabrics and lesser — for laminate and woven fabric.

It was determined, that transverse deformation degree
of bonded seam during delamination range from 0 % to
76 %.

The most suitable specimen for bond strength analysis
of woven, knitted fabrics and laminate is specimen with
bonded seam of 20 mm width situated at 70 mm from
the both edges of the textile tapes, because width of
seams vary least.
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