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1. Introduction

Thermal effect in manufacturing of polyester ya-
rns and fabrics is the most important factor among
various parameters. Many works related to the
thermal effects in fibre spinning and yarn textu-
ring' ™ have been performed until now. But there
was a few work concerning the effects of wet and
dry heat temperatures in dyeing and finishing on

the physical properties of the polyester fabrics.

Therefore, this paper examines the effects of wet
and dry heat temperatures in sizing, scouring, pre-
set and final set processes on the thermal shrin-
kage and appearance colour of the polyester fab-

rics.
2. Experimental

Structural parameters of yarns and fabrics pre-
pared in this study are shown in Table 1.
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Process conditions in dyeing and finishing inclu-
ding sizing are shown in Table 2. Specimen I
in Table 2 was prepared for investigating effect
of thermal shrinkage of polyester fabrics according
to each process step. Specimen II was processed
for examining the effects of wet and dry heat tem-
peratures to the fabric thermal shrinkage and ap-
pearance colour of fabric.

Specimen Il was prepared for investigating the
effect offinal set temperature. Three warp beams
treated with 90C, 125C, and 150C of dryer heat
temperature in sizing were prepared. Plain fabrics
were woven by shuttle loom and satin fabrics were
woven by water jet loom. Each fabric woven from
three warp beams was treated by 90T, 110C and
1207 in the scouring process, total nine kinds of
fabrics were treated by 180T, 200T and 220T in
the pre-set process, respectively. And total twenty
seven fabrics were treated with fixed 18% weight
reduction and fixed dyeing, net-dry and final set
conditions as shown in specimen II in Table 2.

Specimen I in Table 2 shows the processing
condition of heat treatment in each process of plain
and satin fabrics, respectively. Specimen Il in
Table 2 shows three kinds of fabrics treated with
various final set temperatures and fixed conditions
of other processes such as sizing, scouring, pre-

Table 1. Structural parameters of specimen

set and weight reduction. Table 3 shows auxiliary
used in sizing and scouring and dyestuff used in
dyeing process.

3. Measurement

Various physical properties of fabrics were mea-
sured. Fabric thermal shrinkage of warp direction
after each process in dyeing and finishing proces-
ses was measured by weft density of fabric. Dye-
affinities of fabrics treated with various wet and
dry heat temperatures, K/S, were measured by
ICS-Texicon MM 9000(U.K.).

Crystallinity was calculated using following eq.
(1) and eq. (2).

(X¥a) = (p/p) { (p—p){/(pc—pa) } (1)
p.=1.457g/cni®
p.= 1.336g/cmi®?

(chry.) = (p_ pa)/(pc— pa) (2)

Equation (1) is weight fraction crystallinity(X¥.,)
and equation (2) is volume fraction crystallinity
(X*.y). Densities of perfect crystalline and amor-
phous regions in equation (1) and (2) were used
1457 g/em(p) and 1.336 g/em(p,) respectively®”.

Structural ‘ Filament Plain Satin
ructural parameters Wo Wi Wo Wi Wo Wi
T £ il t(Tes/6iD) 5.5/24 8.3/72
ex of filament(Tex/fi
* o (SPK) | (SD)
Twist of filament(t.p.m.) 100 2240
Density of fabrics
. 63 323 94.5 36.2
(ends or picks/cm)
Width of grey fabric(cm) 134.6 167.6
Densi
ensity of dent 15.7%4 185X5
(no./cmX ends)
Total warp ends 8400 (SWL) 15680 (WJL)
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Table 2. Process conditions in dyeing and finishing processes

Process | Heating condition |Specimen I SpecimenIl Specimenlll Remark
Sizi %0c 3 pi 2 chamber & 5 cylind
izin . ieces chamber cylinder
) g 125T O P O . y
(S . (1X3) (IIshin m/c) Korea
150C A
Scouring &| 90T X 20min. . )
. . . 9 pieces Rotary type
relaxation 110C X 20min. O .
. ) (3x3) (Sam-il m/c) Korea
(Se) 120C X 20min. A . @)
180C X 60mpm )
Pre-set . 27 pieces Sun super
200°C X 60mpm O O
(P/S) . (3X3%3) (U sung m/c) Korea
220C X 60mpm YAN
Weight i .
. fixed CDR Onomori Co
reduction 18% oA (18%) O a )
A apan
(W/R)
. . o Rapid, Onomori Co.
Dyeing 130C X 40min.(fixed)
(Japan)
(D/D)
. ) Non contact 2 chamber
Net-dry 150C X 40mpm(fixed) .
Onomori Co.(Japan)
170C X 50mpm (@YaN X
Final-set . P fixed Ichikin(Japan)
180C X 50mpm . X
(F/S) . (180C X 50mpm) 6 chamber Victex
200C X 50mpm X
plain O O=Fixed
Remark
satin A X =Variables

Table 3. Auxiliary and dyestuff used in dyeing & finishing processes

Process Auxiliary and dyestuff J Maker
Sizer : WB-800S(17% )
o Antistatic agent(1% ) Youngjin
Sizing .
Oil agent(1.5%) (No. 1413)
After oil(8%)
, NaOH(50% ) 4g/¢
Scouring & o
] Desizing agent 1g/¢
relaxation
Emulsifying agent 1g/¢
Palanil yellow 5GL : 0.55% BASF
Dyeing Resolin blue K-FBL : 0.285% BASF
Resolin red F3-BS © 0.32% BAYER
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Density of filament(p) in equation (1) and (2)
was measured by density gradient method using
n-Heptane and CCl, solution under the tempera-
ture 23+ 2T, relative humidity 55+ 5%. Orienta-
tions of crystalline (f.) and noncrystalline (f.)
were measured by X-ray diffraction device
(Cu-Ka, Rigaku, Japan) using equation (3) and
(4), respectively®.

3<cos’py — 1
cr: - (3)
2
"2(¢)sing cos’d d
Where, cos’p= f '¢ d) ¢ 4o
{*2,I() sinfdd
An=X'e A% ft (1= X' ) A% £, (4)
where,
An . Birefringence
A°. ' Birefringence of crystalline (0.29)[9]
A°,  : Birefringence of noncrystalline(0.20)[9]
X', - Volume fraction crystallinity
fee . Orientation of crystalline
f, . Orientation of noncrystalline

In equation (3), orientation of crystalline (f.)
was calculated about (105) face proposed by Her-
mans®. Birefringence (An) was measured by Po-
larized Microscope (Na-lamp, Nikon, Japan) using
equation (5).

An=—2R ®)
t
where,
An : Birefringence
. Retardation
A . Wave length of Np radiation
t . Diameter of specimen
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4. Results & Discussion

Fig. 1 shows fabric warp shrinkage according
to the each process step under the conditions of
sizing dryer temp.(Si), 125C, rotary washer(Sc)
120C X 20min., pre-set(P/S) 200C, 18% weight
reductio.n(W/R), net dryer temp., 150C(D/D), fi-
nal set(F/S) 170C X 50mpm. It is shown that fabric
warp shrinkage after rotary washer is about from
10% to 12%, after pre-set is 12%, fabric is relaxed
by 5% after caustic reduction and next, fabric is
shrunk by 5% after dryer, finally, fabric is also
relaxed by 5% after final-set. But these fabric shri-
nkages varies largely with various wet and dry
heat temperatures in each dyeing and finishing

processes.

H

©  Plain ® Satin
_—~5 * .
b . A N
@ e .
g e :
4
£ 5
£ *
@y ,

/
.
’ G/F . P/S ¥R Dry S
Processing step

Si 1357, S, 120Cx 20min. P/S 20T
WR 18%. Dry 130C. F/S 170Cx S0mpm

L

Fig. 1 Fabric warp shrinkage on each process

step.

Fig. 2 shows fabric shrinkage variations with
various wet and dry processing step and sizing
as well as pre-set temperatures. It was investigated
by authors'” that these shrinkage variations with
the heat temperature affect yarn and fabric mecha-
nical properties and thus fabric hand is changed.
For surveying appearance colour of fabric in rela-
tion with fabric thermal shrinkage by the
various wet and dry heat temperatures, apparent
concentration of dyestuff on the fabrics was mea-

sured and discussed.
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In Fig. 2, after final set, fabric shrinkage is cha-
nged from about 8% to 23%. And shrinkage varia-
tion of fabrics treated with 200C of pre-set tempe-
rature according to the each process is the largest,
shrinkage itself is the highest. Therefore, for sur-
veying appearance colour of fabric in relation with
fabric thermal shrinkage to the various wet and
dry heat temperatures, apparent concentration of
dyestuff on the fabrics was measured and discus-

sed.
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Fig. 2 The variation of fabric warp shrinkage
on each process step.
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Fig. 3 Appearance colour of fabric to the
sizing temperature.

Fig. 3 shows K/S of fabric according to the sizing
temperature with various scouring and pre-set te-
mperatures. K/S is decreased with increasing si-
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zing temperature. These phenomena are due to
decrease of fabric shrinkage with increasing sizing
temperature, it is confirmed by no change of crys-
tallinity to the sizing temperatures and no change
of amorphous orientation in the temperature range
from 90T to 150C. Next figures demonstrate the
evidence of these phenomena.

Fig. 4, 5 and 6 show fabric shrinkage, crystalli-
nity, crystalline and amorphous orientation accor-
ding to the sizing temperature, respectively. Fig.
4 shows fabric shrinkage with the sizing tempera-
ture. Fabric shrinkage is decreased with increasing
sizing temperature. On the other hand, as shown
in Fig. 5, crystallinity does not show any change
with increasing sizing temperature. Fig. 6 shows
relationship between crystalline and amorphous
orientation factors of polyester and various dry
heat temperatures of polyester filament treated
on the AIKI texturizing machine(TH312). This ex-
periment was performed for analysing the change
of internal structure of polyester filament with va-
rious dry heat temperatures. And as shown in Fig.
6, orientation factor of the amorphous region of
the polyester, f(a), which is measure of penetera-
ting of dyestuff, does not change so much from
90 to 150C in the range of sizing temperature.

Therefore, apparent concentration of dyestuff
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.
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o SchTP/SIET
o SctATPIIT

s SC10T,P/SA0T
o Sc1DC,P/SADCT

o Scl0T P/S20T
o SciCP 2T

Fig. 4 Fabric warp shrinkage to the sizing

temperature.

I. of the Korean Soc. of Dyers and Finishers, Vol. 11, No. 2(1999. 4) / 69



=N
I
=
r_%'»
o

&
o)
>
=~
> 55
-~
c o e H
= L rs
,‘E - - »
» L H o 4
> — A
1 5 s s
(&

° _ a o8
45 2 e
80 85 90 95 100 105 110 115 120 125 130 135 140 145 150 156 160

Szing terrp. ()

& Sc80CPIS200°C
¢ Sc110CP/S200C
s Sc120CP/5.200C

4 - ScH0TP/S.220T
°  Sc.110TP/S.220°C
o Sc120TP/S20C

o Sc.110TH/SI0T

& Sc90CP/S180C
o Sci20TPS10T

Fig. 5 Diagram between crystallinity and
sizing temperature.
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Fig. 6 Diagram between orientations of
amorphous and crystalline and heat

temperature.

on the fabric decreased with increasing sizing tem-
perature is only due to decrease of fabric shrinkage
without any change of appearance colour on the
fabrics.

Fig. 7 shows appearance colour(K/S) of fabric
to the scouring temperature with various sizing
and pre-set temperatures. Appearance colour of
fabric is increased with increasing scouring tempe-
rature. These phenomena can be also explained
the same as a result of sizing temperature.

Fig. 8 shows fabric shrinkage to the pre-set tem-
perature. A little differently to the sizing and scou-
ring processes, fabric shrinkage is increased at the

200T of pre-set temperature and then decreased

70 / BERBEMTREGE F11% $F257(1999. 4)

A 353

at the 220C. The reason why maximum fabric shri-
nkage is shown at the pre-set temperature, 200C
seems that maximum thermal stress of polyester
is shown at the range of 200C, which is originated
from recrystallization of polyester at the vicinity
of 200T, this thermal stress makes the fabric shri-
nkage high. The appearance colour according to
the pre-set temperatures is shown in Fig. 9. Fig.
9 shows fabric appearance colour to the pre-set
temperature. Appearance colour of fabric is increa-
sed with increasing pre-set temperature. But, these
phenomena could not be explained by increase
of fabric shrinkage such as the results of sizing
and scouring.

Fig. 10 explains the reason why the dye take
up of the fabric is increased with pre-set tempera-
ture even though fabric shrinkage is decreased
at the 220C of pre-set temperature. Fig. 10 shows
the dye take up of tube knitted fabric treated with
the various heat-set temperatures, as explained
in Fig. 6, which thermal experiment of filament
was also performed on the AIKI texturizing ma-
chine{(TH312). Dye take up is largely increased
at the 220T of heat temperature even though the
density of knitted fabric is same. It is confirmed
as the orientation of the amorphous region is dec-
reased with increasing heat temperature from 180
T to 220C as shown in Fig. 6.
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Fig. 7 Appearance colour of fabric to the

scouring temperature.
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Fig. 9 Diagram between appearance colour
and pre-set temperature.
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Fig. 10 Appearance colour of tube knitted
fabric to the heat temperature.

Fig. 11 shows the appearance colour and the
shrinkage of the fabric to the various final set tem-

peratures. Appearance colour and fabric shrinkage

show no change with variation of final heat tempe-
ratures. It seems that dry heat treatment in final-
set process after excessively treated by dry-heat
in the pre-set and net-dry processes makes fabric
shrinkage no change, and thus no change of appea-
rance colour of fabric is shown.
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Fig. 11 Diagram between appearance colour
and fabric shrinkage and final set

temperature.
5. Conclusion

1. Low drying temperature in sizing chamber
makes polyester fabrics high fabric shrinkage
and appearance colour.

2. High scouring temperature in scouring and
relaxation process makes appearance colour
of polyester fabric high as fabric shrinkage
is large.

3. Appearance colour of polyester fabric is inc-
reased with dry heat temperature in the pre-
set process. It is due to fabric shrinkage in
the vicinity of before and after 200C, then
above 2007, it is due to orientation of amor-
phous region.

4. There was no effect of final set temperature
to the appearance colour of polyester fabric.
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