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1. Introduction

Polypropylene has good physical properties, and
its mechanical properties are better than those of
polyester. The main restrictions on the use of poly-
propylene fiber are its low thermal property, low
hygroscopicity and poor dyeability. In spite of exte-
nsive research efforts of many researchers focused
on the development of an dyeable polypropylene
fiber, no truly commercial product is available on
the market at present'™®. Therefore, dope dyeing
of polypropylene is still the most widely used. Pol-

ypropylene fibers are difficult to dye by conventio-
nal dyeing techniques due to either lack of dye
receptor sites in their molecular structure or diffi-
culty of penetration of certain types of dye molecu-
les into the structure®.

The highly crystalline and oriented of polyprép—
ylene fibers make difficult in special dyeing me-
thod. In addition, modification of polymer before
extrusion by introducing dye reactive groups(e.g.,
=0, SO;H) also has a limited practical application
¢1b In spite of recent developments of synthetic
dyes, no polypropylene dyeable dyes are develop-
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ed due to compact structure of polypropylene fi-
bers. Dope dyeing is widely used in plastic indus-
try but is difficult to use in textile industry. The
problem of dope dyeing is due to adequate colour
yield and control of color matching.

Therefore, modified polypropylene(Grand P)
was developed for this study. Grand P was made
by mixing an natural additives such as the extracts
of eulalia, reed, rice straw and leaves to the polyp-
ropylene prior to extrusion. It has both merits of
polypropylene and cellulose fiber. Grand P has
many attractive properties, such as low density
combined with thermal stability, static resistance
and biocompatibility. In addition, Grand P has a
good dyeability.

1.2 deiner Grand P filaments was spun, the fila-
ment has grey color which originates from natural
additive. The fabric knitted or weaved from Grand
P filament which shows grey colour like flax. The
purpose of this study was to standardization of
bleaching process of the Grand P fabrics.

2. Experimental

2.1 Materials

Grand P and regular PP was supplied by Wooju
Company. Grand P fiber was prepared by melt
spinning. The fineness of obatined yarn was 80d/72
f. The drawn multfilaments were knitted to a fab-
ric. After and before bleached, the fabric was wei-
ghed at RH 65% in order to calculate the amount
of removed cellulosic materials(Table 1). Used
Chemicals in this study were commercial grade.

Table 1. Amounts of removed impurities at
70T, 60min.

Bleaching Conditions
(% NaClOz)
Amount of removed
cellulosic materials, % o.w.f

8.218218482185

Amount of remained

cellulosic materials, % o.w.f

358/ BEREMTEGE #10% $655(1998. 12)

2.2 Preparation of Grand P

Figure 1 shows Grand P preparation process.

Preparation of the cellulosic materials
(rice straw, leaves, reed, eulalia and pulp etc.)
\:

Grinding of materials
(below 50% moisture)

{

Feeding into reactor
(cellulosic materials, PP, chemicals)

{

Reaction
(200~ 300, 50~ 100kg - f/cmi)

{

r Purification and selection |
\
| Feeding into hopper load J
!

( Feeding into extruder |
{
| Preparation of pellet J
1
I Spinning |
{

r Knitting and weaving ]

Fig. 1 Manufacture process of Grand P.

2.3 Miscibility

A polarizing optical microscopy(Carl Zeiss, Inte-
rphako JENAPOL, Germany) equipped with a hot
stage was used to observe the miscibility of polyp-
ropylene with cellulosic extract. The polymer sam-
ple was observed at 160 and 2787, and then held
at 185C for various times(5 sec., 25 min., 60min.
and 120min.).

2.4 Morphology

The Morphology of Grand P filament was stu-
died with a SEM(JSM-T330A, Jeol Co., Japan)
equipped with a Plasma etcher. The cross sec-
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tion and side face of filament was observed at the
following conditons ;

Forward powe 400W

Reflected power 12W

Pressure 2mBar

2.5 Bleaching

In order to select the appropriate bleaching
agent, Grand P was treated with various bleaching
agents such as sodium hypochlorite, sodium chlo-
rite, potassium permaganate, hydrogen oxide, so-
dium hydrosulfite and Rongalite C(NaHSO,CH,0).
As a result of the treatment, sodium chlorite sho-
wed excellent bleaching effect than the others.
Therefore, In this experiment we used sodium ch-
lorite as bleaching agent.

Bleaching of fabrics were performed using sha-
king bath with bleaching solution as below and
then treated with 0.2% H;O, solution for dechlori-
nation at room temperature for 20min.

The dechlorinated fabrics were rinsed throughly
and dried.

The bleaching recipe used was .

0.1, 0.2, 04, 0.6, 0.8, 1.0, 1.2
% ow.f

0.3g/2

Penetration agent 0.3g/¢

10, 30, 60, 120 min.

50, 60, 70, 80, 90, 100
Liquor ratio 30:1

Sodium chlorite
Acetic acid

Bleaching time
Bleaching temp.

2.6 Colour Measurement

Colour of bleached fabric was measured with
Data Match Spectraflash 500(USA, Data Color In-
ternational Co.,) equipped with data MASTER VL
O program. Colour Measurement gave L* a* b*,
C* H,X,Y,Z x, v, and L* value used as a criterion
of whiteness. The experimental condition was as
below.

Specular include

Aperture small
No. of flashes 5
UV filter calibrator 70%

3. Result and Discussion

3.1 Mechanical properties of Grand P

Mechanical properties of Grand P filament and
other synthetic fibers were shown in Table 2 for
comparison. Tenacity of Grand P filament was lo-
wer than other fibers but elongation is higher.
Moisture regain of Grand P was between regular
PP and PET. This might be due to the pore gene-
rated during blending process and remained cellu-
losic material in the Grand P. The other mechani-
cal properties of Grand P was similar to regular
PP.

Table 2. Mechanical properties of Grand P

Fiber Grand P| PP PET |Nylon 6
Tenacity(g/d)
dry 40~50]|45~65|43~55|4.8~64
wet 40~50]45~65|4.3~55]42~59

Elongation{ %)
dry 25~80 | 25~60 | 20~32 | 28~42
wet 25~80 | 25~66 | 20~32 | 36~52

Modulus(g/d) | 40~50 | 40~50 |90~100| 50~60
Specific gravity; 0.98 0.94 138 113
Moisture regain(%)] 025 0.0 05 45

3.2 Miscibility of Grand P

In order to investigate the dependence of misci-
bility of polypropylene and cellulosic extract upon
time and temperature, polarizing optical micros-
copy is used. Their results were shown in Photo
1 and 2. Photo 1 showed the polarizing optical mic-
rographs of Grand P at 160 and 278C. As shown
in Photo 1 (a), Grand P was almost solid phase
which indicates miscibility of polypropylene and
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cellulosic extract at 160C. Photo 1 (b) showed
more homogeneous state which may induce misci-
ble state on the spinning process of Grand P. The
time dependence of miscibility of polypropylene
and cellulosic extract was shown in Photo 2.
As seen in the Photo 2, Miscibility of Grand
P was miscible state with time(5 sec, 25 min,,
60 min. and 120 min. at 185C). This meant that
modified cellulose has high affinity with polyprop-

after 5 sec.

ylene.

Photo 3 showed the polarizing optical microgra-
phs of Grand P filament. The upper Photo showed
750 multiple magnification and below one showed
1500 multiple magnification. As shown in two

278¢C

3

(B) at
Photo 1. Polarizing optical micrographs of Photo 2. Polarizing optical micrographs
Grand P. Grand P at 185C.

360 / BEBEIREINTEOF F10% 565:(1998. 12)
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(B) X1500

Photo 3. Polarizing optical micrographs of
Grand P filament.

photos, Grand P was homogeneously mixed. Photo
4 showed the polarizing optical micrographs of
Grand P filament with 1500 multiple magnification.
The upper Photo showed side face and below one
showed cross section of filament which etched by
oxygen plasma. As shown in two photos, modified
cellulose polymers were homogeneously dispersed
as a shape of filler.

3.3 Bleaching of Grand P

3.3.1 Time dependence of bleaching

Figures 2~7 showed the time dependence of
bleaching of Grand P under various concentration
of sodium chlorite and bleaching temperture. L*
values of bleached sample with 04~12% NaClO,
at 50~100C were plotted against time. As shown
on the figures, L* value increased with the time

of bleaching where L* value of untreated sample
was 63.

(B) %3500
Photo 4. SEM photographs of Grand P.

Figures showed that bleaching was more effec-
tive at high temperature. The result demonstrated
that the time required for bleaching was 120 mim.
at 50C, 60 min. at 60C, 30 min. at 70~90C and
10 min at 100C. From the result it is believed
to be induced that it was effective to bleach Grand
P at 100C for 10 min. in a short time but 70T
for 30 min. was optimum in an economic point
of view.

3.3.2 Dependence of bleaching tempera-
ture

It is general to bleach cotton fabric at about 90T

when using sodium chlorite. To investigate tempe-

rature dependence of bleaching of Grand P, Grand

P was bleached in 1% NaClO; solution for va-
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rious times, ie, 10, 30, 60, 120 min at each tempera- 90
ture. These results were shown in figure 8. L*
value showed a tendency to increase exponentially .
. . . . a5
with temperature, increasing drastically upto 70T s g
and slowly increasing at above 70TC. It can be de- '
duced that 70T is optimim in economic point of a o
view except 10 min. of bleaching time. This result
indicated that 70C was optimim temperature to . o
. . 3 |
activate NaClO; when bleaching Grand P. FA
3.3.3 Dependence of bleaching concentra-
tion 70
In order to find out optimum concentration of
sodium chlorite, Grand P was bleached under the oom
o . 65 a06n
fixed temperature of 70C and treatment time of oe
| y
30 min.. Figure 9 showed L* value with NaClO, o
concentration. As shown in figure 9, L* value inc- 80 . -
reased with NaClO, concentration, and then equili- ° * ,imf(omm_) » 2
brated above 0.1 % NaClO, concentration. Accor- Fig. 3 L * value of Grand P fabrics bleached
ding to these results, the optimum bleaching con- at 60C.
centration was 0.1 % sodium chlorite.
90 90
8
e H
a ]
2 ¢
80 a 80
r'y
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. ! S ¢
E ° s
4 - a
A
[=]
70 : 70
[
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oom o oo
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Fig. 2 L * value of Grand P fabrics bleached Fig. 4 L * value of Grand P fabrics bleached
at 50T. at 707C.

362/ BEREMMTEGEE H10%E #657(1998. 12)



85

80

L « value
~
o

70 +

65

60

Fig.

80

L * value
&

70

65 |

60

Fig.

70 Polypropylened] E3}A4is 9 39

g ]
4
A
S\Urtiveched
oasms
ADEn
Do
L0
L 2 s
[} 30 60 90 120
Time{min.)
5 L * value of Grand P fabrics bleached
at 80T.
P ! *
'
o
I
SUrblesched
00.a%
ADE%
nogs
[ 3 *10%
»1.2%
0 30 60 90 120
Time(min.)
6 L * value of Grand P fabrics bleached

at 90T.

20
8 8
85 0
L
80 }
L]
E
g5
-
70
@ Unblaacted
004
65 A0S%
Qo
b oto%
AL2%
60 "
) 30 60 90 120

Time(min.)

Fig. 7 L * value of Grand P fabrics bleached

85

80

~
o

L * vajue

70

65

60

40

at 100C.
[
"]
A A
. g a
o
=]
A
hd [+]
A o
o]
A
o
[+]
o
@ Urbleached
O 10win
& 30min
0 60min
@ $20min
50 60 70 80 - % 100

Temperature(T)

Fig. 8 L * value of Grand P fabrics bleached

in 1%NaClQ, solution.

J. of the Korean Soc. of Dyers and Finishers, Vol. 10, No. 6(1998. 12) / 363



40 Zad-zA%-3

]
85
A s 4 a
A
A A
80
A
H a
s
.
-t
A
70
A
4
65
60 * - -
0.0 0.2 0.4 0.6 0.8 1.0 1.2
Conc.(%}

Fig. 9 L * value of Grand P fabrics bleached
in a various concentration of NaClQ,.

3.3.4 Photo of bleaching sample

Photo 5 showed photographs of bleached sample.
The treatment condition of each sample was © (A)
original sample, (B) treated with 0.1 % NaClO;
solution (L. R. 1:30) at 100C for 20 min., (C)
treated with 0.1 % NaClO; solution (L. R. 1: 30)

at 100T for 120 min.. As shown in Photos, untrea-
ted sample (A) showed deep grey color, (B) sho-
wed light cream color and (C) showed white color.
According to these results, sampies (B) and (C)
showed good result. Considering economic condi-
tion, sample (B) was good enough to be reached
whiteness standard.

4. Conclusions

To improve dyeability of polypropylene, we pre-
pared modified cellulose polymer as master batch
(contain 90% of modified cellulose polymer) and
then melt blended with polypropylene.

From results of the polarizing micrographs, the
modified polypropylene showed a miscible state.
The fabric knitted from Grand P was grey colored
like flax. The present work aimed for the standar-
dization of bleaching process of modified polyprop-
ylene filament, and from the experimental results,
the optimum bleaching condition was 0.1 % NaClO,

concentration, 70C and 30 min.
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(A) (B)

©

Photo 5. Photographs of Grand P treated with 0.1% NaClO: solution. ; (A) untreated, (B) treated
(30min. at 70C), (C) treated(120min. at 100T)
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