Chapter V

HDPE.

As mentioned earli o E | pe (SEM) photographs had
to be used to obtain th : the dispersion states. A sufficient
magnifying power is nec y.to_ distinguish differences between pigment
particles and air bubbles ore@F m the present work, it was found

that the appropriate: mag ) SEM ( 15000 X for the carbon
black pigment and 759 X fi |o|e@igment. Figure 5.1 shows

some examples of the mi€rephotographs ofiboth pigments thus obtained.

o ) Wk L& AW EILLEN e o
AT T A

fractal dimension defined by equation (2.2). Since the observed fractal dimension
depends considerably on the sample population size and the actual number of
pigment particles varies somewhat in each sample, the experimental result has to
be normalized using the corresponding ideal-case value obtained via computer

simulation. In this way, a comparison between the corresponding cases of the
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carbon black and quinacridone violet pigments and among the same case at the

same kneading conditions can be carried out correctly.

D
D* =

(5.1)

uniform
where D* = normalized fractal dimension with respect to the corresponding
uniform random dispersion.

[ /
D = experimental fractal d@n.

—

Duniform =

ffaéfa& dimension for tﬁe;#deal uniform random dispersion
_—

with the same sample p‘og.ue( ,‘s-ize.

]
a -
- 4
-

e
e

Figure 5.1 a) An example of SEM microphotographs in the case of carbon black

pigment at kneading temperature 200 °C, speed of screw 162 rem,

feed rate 51.2 g/min, premixed time 30 minutes
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28KU AP s300

Figure 5.1 b) An examplé of SEM micnfop‘hotographs In the case of quinacridone
violet/pigment at kneading temperature 200 °C, speed of screw

162 rpm, feed rate 5712 g/min, premixed time 30 minutes

I i

5.1.1 Kneadir;g tér-rkiiperat'ure

Thedispersion staté! offeach:pighent was‘éxamined at 200, 220 and
240 °C in the case of carbon black and at 180, 200, 220 ane 240 °C in the case of
quinacrigone. ' violety The results | at these temperatures far woth  pigments are
summarized respectively in tables 5.1 and 5.2 Figure 5.2 shows the relationship
between the normalized fractal dimension and the kneading temperature for the
case of carbon black pigment whereas the case of quinacridone violet pigment is

shown in figure 5.3
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Table 5.1 Effect of the kneading conditions on the dispersion of carbon black

N

.

pigment in HPDE.

Kneading Temp. | Speed of screw Flow rate Pre-mixed time D D*
T(°C) R (rpm) F (g/min.) tp (min)
10 1741 | 0931
51.2 20 1761 | 0932
30 1746 | 0934
| 10 1745 | 0928
30 1.748 | 0930
= 10 1747 | 0929
20 1755 | 0929
: ; 30 1.758 | 0930
10 1.810 | 0968
2430~ 30 1798 | 0962
A
e 10 1789 | 0952
PYAD

1T 30 1.834 | 0970

P }“i‘ v 10 1834 | 0.981

—— 2 20 1834 | 0981
2008 30 1831 | 0979
A0 1821 | 0969
g 1855 | 0.969
-m _ﬁ 10 1.827 | 0977
g, 925 20 1840 | 0979

‘ F 1835 | 0971
q 51.2 10 1762 | 0942
; 162 o a/ 1,776 | 0950
'] a q n rj 3‘] i ﬁ%ﬁ%?& 0933
220 30 1765 | 0934
51.2 10 1.856 | 0993
324 30 1.860 | 0989
925 10 1.839 | 0978

30 1873 | 0981
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Table 5.1 Effect of the kneading conditions on the dispersion of carbon black

pigment in HPDE. (continued)

ARIAIN TN

Kneading Temp. | Speed of screw Flow rate Pre-mixed time D D
T(C) R (rpm) F (g/min.) tp (min)
10 1785 | 0955
) 12 20 1783 | 0953
30 1799 | 0957
10 1.820 | 0953
30 1794 | 0949
10 1789 | 0952
" g" 20 1783 | 0953
o) 44 30 1790 | 0957
_ - - 10 1831 | 0979
240 ﬁ.‘--_ 30 1835 | 0976
5 ‘g 3 10 1821 | 0963
7. 30 1861 | 0974
; PR 10 1883 | 099
m; 20 1859 | 0994
0 1885 | 0997
1889 | 0989
1.885 | 0997
m 10 1875 | 0982
¢ Qs925 20 1876 | 0.982
w E' 1864 | 0986

Y1 Y
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Table 5.2 Effect of the kneading conditions on the dispersion of quinacridone violet

pigment in HDPE. (Premixed time = 30 minutes)

Kneading Temp. | Speed of screw Flow rate D D*
T(°C) R (rpm) F (g/min.)
162 51.2 1559 | 0.829
180 925 1510 | 0812
51.2 1625 | 0.855
1590 | 0.846
1684 | 0915
1641 | 0873
1814 | 0955
1.703 | 0.931
1736 | 0923
1644 | 0.893
1.748 | 0935
1.737 | 0919
1.818 | 0.960
1782 | 0948
1774 | 0934
1.731 | 0921
1.741 | 0936
1667 | 0.896
1.818 | 0957
1736 | 0933
786 | 0945
1713 | 0911
% 0.959
1794 1.0.949
1.801 | 0.948
925 1651 | 0917
240 243 51.2 1829 | 0949
925 1.748 | 0930
30.0 1.856 | 0.982
324 51.2 1.861 | 0979
719 1848 | 0973
925 1778 | 0.946
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. 1.2 g/min, 30 min
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— — — 925 g/min, 30 min

(c) Effect of feed rate and premixed time ( constant rotational speed at 324 rpm )

Figure 5.2 Relationship between the kneading temperature (Temp) and the fractal

dimension (D) in the case of the carbon black pigment
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0sR e T LIS Linear (324 rpm, 92.5
170 180 190 200™240" 260 L
Effect of rotational speed andfeedse e co P emixed fi t 30 minutes)

Figure 5.3 Relationship be

dimension (D) in

increased as the kneﬁiing,v ‘ era tzlh pigments, especially
i. w7t G L e
around 180-200 °C for /iol { .\J' degree of dispersion

erature m&ased. This is probably
because the d gf 3 ﬂi{' creased kneading
temperature ma ‘fijz me QYE Ej?tto th En)jnﬁjasuy Moreover, the
dlstnbutlmomawﬂ pﬂ!m ﬁﬂtﬁ] Wﬂé’[lﬂ tE]nelt polymer
increased. in this study, the highest kneading temperature (T = 240 °C) gives the
best dispersibility. It should be cautioned, however, that an excessively high
kneading temperature could and did cause thermal degradation that impaired the

tensile properties of the kneaded polymer. The evidence for thermal degradation will

be presented in the later section.
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(c) Effect of feed rate and premixed time (constant kneading temperature at 240° C )

dimension (D) in the case of the carbon black pigment

Figure 5.4 Relationship between the rotational speed of screw (R) and the fractal
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Figure 5.5 Relationship bgtwgen the ~3 o : d of screw (R) and the fractal
. WV
dimension (D) ifl the case of tHe & acridone violet pigment

etely f
Ji*ff;ﬂ.;:\ _LV

5.1.2 Rotational spee

The -.‘nv : i speed of ine | ‘ ..' s on the dispersibility
of both pigments, carbon black & violet, was investigated at 162,

243, and 324 rpm. The effect,of the rotational speed on the dispersion state was

shown in figure @;uﬂgnwlﬂ niwﬂ ;Lflluinacridone violet
pigment. ﬁﬁfﬁr giflfﬁuggj 3 mﬁ }T? ﬂg rp] a’#z "zed fractal
dimension tended to increase as the rotational speed increased. In other words, this

means that the higher the rotational speed at which the sample was kneaded, the
higher the degree of dispersion. It is surmised that the increase in the intensity of
shear stresses resulting from increasing the rotational speed led to more destruction

of the particle network structure as well as more breakdown of the agglomerates.
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(c) Effect of rotational speed and rotational speed ( constant kneading temperature at 240 °C )

Figure 5.6 Relationship between the feed rate (F) and the fractal dimension

(D) in the case of the carbon black pigment
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Figure 5.7 Relati \; ) and the fractal dimension

D) i one violet pigment

PR
i’yﬂg
ey Fod

5.1.3 Feed rate S = i

The feed rate _-'Lg-j;g{_ premix ixture between HDPE and either

pigment was varied ;"’" “"""'""""“"‘““:4 e effect of the feed rate
/ .

on the dispersion. Fi@e

dispersion for the carbon‘blaek and quinacridéne viole}iif]nents, respectively.

A A e
TR

rate decreased. It is speculated that at the

- effﬁt of the feed rate on the

a‘lied fractal dimension

same rotational speed of the twin screws, a lower feed rate prolonged the resitence

time of the mixture, thus resulting in better dispersion.
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(c) Effect rotational speed of screw and feed rate ( constant kneading temoerature at 240 °C )

Figure 5.8 Relationship between the premixed time (t,) and the fractal dimension

(D) in the case of the carbon black pigment
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Figure 5.9 Relationship b 3 n the premixec tp) and the dimension in the

case of quinag

5.1.4 Premixed time

f the premixed time jispersibility of either of the

- ———

pigments, carbon black 2 d quinac le ‘\j igated at 10, 20 and 30
minutes. Figure 5.8 shmvs the effect of the premixed time on the dispersion state of

the carbon blaﬂﬂlé ﬁl%ﬁ Wﬂqﬂ\?ed fractal dimension

as well as the dégree of dispersion ‘;emalned rather constant as the premixed time
was vaﬁiWn’]/ a Q&pﬁ}l’j m tﬂé%ﬂ@ WB Qﬁf E minutes used
in this study could already provide sufficient premixing between either pigment and
the polymer. Therefore, any further increase in the premixed time had insignificant
effect on the dispersion of the pigments.

As shown in Figure 5.9, a subsequent set of experiments in the case

of the quinacridone violet pigment also supported the above conclusion, so no
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further experiments were not carried out in the case of the quinacridone violet

pigment.

5.2 Effects of kneading conditions and the dispersibility of pigments on

?l/

In this study, the effects of kr I on tensile properties were also

tensile properties

investigated. The tensile : e measured, ac ording to ASTM D882-91.
An example of the me t ‘ e isst W in figure 5.10. From each |
of the stress-strain cu i ‘ ly, the strain at break, 0.2%
offset yield stress, w were obtained and shown
graphically in figure 5.

The strain at break is e n ai 1 € ibited by the test sample at the
point of breakage. The 0.2 % offs d= is the value of the yield stress on

the stress-strain curv&cvmm e

The work done is the

sérity by 0.2% of the strain.

otal v d by the test sample from the

f| |

start up to the time of reakage The modulus of elasticity is defined as the slope

of the tangent tﬁﬁﬁ%%ﬂ% @WEJ ’] ﬂ ‘j

It should °de noted that generally the ten&e stress-straIUelatlonshlp of a

pobmerdeiénid 51 b g fad e o] B4 . ire e

temperature was room temperature and was the strain rate 50 mm/min, which

corresponds to the medium rate specified in ASTM D-638.
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Figure 5.10
. Constant speed o
(a) at kneading te gt
i
5 .9:';

150 200

in and premixed time at 30 min.

0 °C, (c) at kneading temp. 240 °C

- &)traln @ break
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A 324pm, 925 gmin
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T(°C)

190 200 2108 - Z205"-230)

Figure 5.11 Relationship between the strain at break and the kneading temperature

(T) in the case of quinacridone violet pigment
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Figure 5.12 Relationship between the strain at break and the kneadlng temperature
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5.2.1 Effect of the kneading temperature on tensile properties

The effect of the kneading temperature on the strain at break is
shown in figure 5.11 for the quinacridone violet pigment and in figure 5.12 for the
carbon black. The strain at break for both pigments tended to decrease
’f increased, regardless of the other
f& fact that the heat history of a

eover, an excessively high

substantially as the kneading t

kneading conditions. This

:

polymer considerably infl

kneading temperature of HDPE, especially in the

absence of antioxida degradation of pure HDPE was

evident at the higher extrudate turned yellow

and brittle. As a con required to stretch and

break the specimens d el ificar as shown in figure 5.13 for the
quinacridone violet pigment and | for the carbon black regardless of
the other kneading congitions
[ |
N ] o j W 162 pm, 51.2 g/min
2500 + s ; o/ | X 324 pm, 512 g/min
| AUBIRHNTNYNT ¢ 2
1 ol \ Vs 7\\\.‘ A 3241pm, 925 g/min

162 rpm, 51.2 g/mi

R jW'] AN ‘m BRI NG B

e 162 rpm, 92.5 g/mi

Work done (N.mm)

iy Y 324 rpm, 92.5 g/mi

170757980, 180 - 200 «210 -~ 220" 74930. 240 260

T(°C)

Figure 5.13 Relationship between the work done and the kneading temperature (T)

in the case of quinacridone violet pigment
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170 |

- Y N3

Figure 5.14 . Reldtionship between tpe work done and the kneadin .Jq temperature (T)
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The HDPE containing either pigment, carbon black or quinacridone violet,
did not exhibit a clear yield point. Hence, the 0.2 % offset yield stress is reported
instead in this study. Figure 5.15 and figure 5.16 show the effect of kneading
temperature on the 0.2 % offset yield stress for the quinacridone violet and carbon

black pigments, respectively. As seen from these figures, the higher the kneading

temperature, the higher the 0.2 % se Id stress. It may be attributed to the fact
that the fine pigment particles wit ‘ rdness than the polymer matrix

were quite uniformly distributed in i ‘ g the hardness and the load

162 rpm, 51.2 g/min
324 rpm, 51.2 g/min

162 rpm, 92.5 g/min

324 rpm, 92.5 g/min

> & X =

162 rpm, 51.2 g/mi

ol 0 e S ot - 324 rpm, 51.2 g/mi

i 162 rpm, 92.5 g/mi

m.fﬁll”ﬂ mmmmm

0.2 % Offset stress (N/mm?)
S

= 324 rpm, 92.5 g/mi

ARIAINIUURIINIA Y

Figure 515 Relationship between the 0.2% offset yield stress and the kneading

temperature (T) in the case of quinacridone violet pigment



103

40 4
E
E
£ 07
o s
4 :
% 201
§ ]
b= 3
D= 1400
> 4 4
N. R
e :
0
170

180

162 rpm 51.2 g/min
324 rpm, 51.2 g/min
162 rpm, 92.5 g/min

> & % D

324 rpm, 92.5 g/min

162 rpm. 51.2 g/mi
------ 324 rpm, 51.2 g/mi
162 rpm, 92.5 g/mi

324 rpm, 92.5 g/mi

(a) constant premixed ti

40

- g
E :
g ]
g 071
- ]
3 4
3 2%
‘s'." ]
g :
e 107
q 4
o g

0 -

170

180

O 162 rpm 51.2 g/min
X 324rpm, 51.2g/min
® 162rpm, 925 g/min

A 324 1pm, 925 g/min

324 rpm. 512 g/

162 rpm, 51.2 g/mi

162 rpm, 92.5 g/mi |
324 rpm, 925 g/mi |

(b) constant prﬂﬂjﬂﬁjﬁ‘a’ W‘ﬁw 3 w EJ ’] ﬂ ﬁ
o RRARYG FIBT R e s

temperature in the case of carbon black pigment
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From figure 5. 1 figure 5,18 it is evident that the modulus of elasticity
increased with the kne&dint erat #__' or be \ igments. This may again be
attributed to the brittleneSs imparted by t disg 3rsion of pigment particles in the
kneaded polymer, which was acee decrease of the work done.
I
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|
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Figure 5.19  Relationship between the strain at break and the rotational speed of

screw (R) in the case of quinacridone violet pigment
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o AR ARFIHADL Al b o

screw (R) in the case of carbon black pigment
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5.2.2 Effect of screw rotational speed on tensile properties

The effect of the rotational speed of the twin screws on the strain at
break is shown in figure 5.19 for the quinacridone violet and in figure 5.20 for the
carbon black pigment. The strain at break clearly decreased as the rotational speed

. w frequent polymer chain scission at

higher shear rates. The pr: horte the kneaded polymer resulted

increased. This effect may be a

in more brittleness.

Similarly; 24/ And figui \ eal that the required work
done decreased as the r 3 1 \\ he other hand, the modulus
of elasticity increased as g - 54 \\\ -,\ arbon black and figure 5.24

J‘lg:-p ¥i | ‘
for the quinacridone violet et &/ - ) \ \

i )
.l;ﬁ;’ﬂ-.::l . i

P - e
Fe i | - L

=i e ""':59*.-‘5”! ¥

| 3500 -+
J 200 T, 51.2 rpm
’é‘ 3000 240 T, 51.2 g/min
- E 2500 + 200 C, 92.5 g/min
2 |
| e 2000+ 240 C, 925 gimin
| RO e
|8 ' 4600 200 C, 51.2 g/mi
| = ¢
| g 1000 | 240 C,51.2 g/mi
i 3
5 SR A s e e O i —&/ 200 C 925g/mi
| 3 | 3 0 W s 3
' ‘
1
|
1

1 a E] 240 C, 925 g/mi
350

Figure 5.21 Relationship between the work done and the rotational speed of

screw (R) in the case of quinacridone violet pigment
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2007, 51.2 g/min
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> ® ¥ 0O
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200°C, 92.5 g/min
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200 C, 92.5 g/min
240 C, 92.5 g/min

(b) constant preﬂewﬁ'ﬂ'w‘ﬂ ﬂ ‘j w EJ f] ﬂ ‘j

Figure 5@ w ""]"M‘ﬂ’%ﬂi Wﬂa %ﬁﬂ Elﬂra sHed of screw

(R) in the case of carbon black pigment
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' \\\\
o IIIE‘

i O 200°C,51.2 g/min
? X 240°C,51.2 g/min
; 300 + ,
i e 200°C,925 g/min
| A o T p
f €5 A 240°C,925 g/min

200 C, 51.2 g/mi
...... 240 C, 51.2 g/mi
———  200C,925g/mi

—--— 240 C,92.5g/mi

Modulus of elasticity (N/mm?)

150

R (rpm)

o contrfit W Qoﬂ@’ﬂ INYINT
7 ANNIUNRINYIAY

Figure 5. 53 Relationship between the modulus of elasticity aiid the rotational speed

of screw (R) in the case of carbon black pigment
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‘E w O 200-C, 51.2 g/min

E X  240°C, 512 g/min
g o | © 200°C, 925 g/min

% A 240°C, 93.5 g/min

= 0 200 C,51.2 glmi
s ey | L. vl S M PN e I R VT e s TR A 240 C, 512 g/mi
é 100 + ——— 200 925g/mi
3 —--— 240 C,925 g/mi
- 0 e

50 100

Figure 5.24 Relationsh ty and the rotational

speed of s e violet pigment

As in section'5.2! t '_ at the hardness rose with the rotational

speed of screw could be supporie » e se in the 0.2 % offset yield stress,
as shown in figures §. 1 5.26 in the bon black and quinacridone
violet pigments, respeat i A

Obviouslymnermal degradation at an excﬂive kneading temperature

(240°C) had a -ﬁwﬁ ﬂa{rwlﬁwm ws than the rotational

speed had.

QW’]ﬁ\ﬂﬂ‘iﬂJ UAIINYAY
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speed of screw (R) in the case of carbon black pigment
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= 304 .

R ——— 200 C 925g/mi
[ 4
B —--— 240 C,925g/mi
i 0 —

50 100
Figure 5.26 Relationship bgfwee ).2% offset yield stress and the rotational

speed of & e violet pigment

J -JJ

523 Effectoffeedr 4..

Figu V ¥ 7 ‘# of feed rate on all four
[
tensile properties for tlm case of the carbon black and ure 5.31 to figure 5.34 for

the case of theﬂ:ﬁﬂﬂa%ww ﬂﬂﬂ?ay be reached. First,

in contrast to the kneading tempergture and the screw rotatlonal speed, the feed

e B TR S 5 o e

only a se%ondary effect. This is the reason that the trend of its effect could become

reverse when one of the key (primary) factors was different.
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Figure 5’%ﬂflo§hlp ﬂwj ﬂﬁle strain at b rgkqa{r!ﬂele rzg;cje (F)in the

case of carbon black pigment
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in the case of carbon black pigment
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Figure 5.32 Relationship between the 0.2% offset yield stress and the feed rate (F)

in the case of quinacridone violet pigment
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Figure 5.34 Relationship between the modulus of elasticity and the feed rate (F)in

the case of quinacridone violet pigment
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5.2.4 Effect of premixed time on tensile properties

From figure 5.35 to figure 5.38, it is seen that, as in the case of the

feed rate, the premixed time had only minor secondary effect on the tensile

properties. It may be attributed to the fact that the lowest premixed time in this work

(10 minutes) was sufficient for pr.

{
| 200 ; S e
o 200°C.162pm
= e X 240 °C, 162 pm
3 ® 200°C,324pm
5 5
$ - A 240 C,3241pm
® 100 o~ — ) 7
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£ E et UERAR WA W | 0
g ‘ - . ey - 240 C, 162rpm
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0 10 &- 2601~ 40
| sl
f P
¢ _‘a..:J.-l
(a) constant feed rate at 51.2 g/min Jil, 2
A
i
200 -
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o
g - m , m X 240°C,162pm
s » ® 200°C, 324 pm
E & ¢ L S5 % & z4o'c.?24mm
@ 200 C, 162 pm
© ﬂugq 'lEJ 5 EJ"] s+ 20 C.162m
& 50 | % ........ W ‘3 — == 200C 324mm
¢ a - Qah c o
AR TINEIQE
q tp (min)

(b) constant feed rate at 92.5 g/min

Figure 5.35 Relationship between the strain at break and the premixed time (t,) in

the case of carbon black pigment
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Figure 5.36 Relationship between the 0.2% offset yield stress and the premixed

time (t,) in the case of carbon black pigment
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Figure 5.37 Relationship between the work done and the premixed time (t,) in the

case of carbon black pigment
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Figure 5.38 Relationship between the modulus of elasticity and the premixed time

(tp) in the case of carbon black pigment
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5.3 Relationship between pigment dispersion state and tensile properties

Other key experimental factors being the same, the tensile behavior is
expected to be influenced by the dispersion state of pigment particles in the polymer

matrix. HDPE is a highly crystalline polymer whose structure consists of spherulites,

spherical aggregates ranging from\.z opic in size to millimeters in diameter.
If the pigment particles are %@sﬁd UO&!

growth of the spherul:y
the melt and the sizes Hen

uniform. It may be be

n the melt during kneading, the

|s to occur uniformly throughout
‘ ' be smaller but also more
bqbt}y“ role of nuclei for initiating
the spherulite growth. ' t\d{s"*rsmn state is expected to

affect the tensile beha ! ‘_ nin i h&modulus of elasticity and to

T R Strain @ break (Work done| 0.2% offset E D*

°C) M | [stress (N/min® )| ( N/mm? )
200 | 162 s%g ﬁg 1203 d | 2234 | 0931
1243 1289 2192 236 209.8 | 0.963
] 324 1043 % | 2117 & 240 ﬂi 2339 | 0976
ZW 162 1 Gg ; | 242 n} 224.8 | 0.940
N1 1890 191 ' 269 ' V1 2654 | 0.985
240 | 162 62.9 1164 29.3 2566 | 0.954
243 51.5 906 28.6 2523 | 0.973
324 47.7 899 28.5 285.3 | 0.991
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Table 5.4 Effect of the key kneading conditions on the averaged values of

tensile properties and normalized fractal dimension in the case of

quinacridone violet pigment

T R Strain @ break | Work done 0.2% offset E D*

(°C) |(rpm) (%) (N-mm ) | stress ( N/mm? )| ( N/mm?)

180 | 162 151.6 05 21.0 1424 | 0.821
324 119.9 ol ‘ 22.7 186.9 | 0.851
81 12380 M\ 1248 & 21.9 150.0 | 0.894

200 | 162 11& A F 203 188.8 | 0.926
243 1029 | 205 25.1 2250 |0.927
324 : = 171 25.2 202.3 | 0.941

220 | 162 7l 1A 24.5 2175 | 0916
324 7 1 - has 3 2501 | 0.945
81 of 4 FORR R Ne4. 1 160.8 | 0.928

240 | 162 . W F OO0 NN 2131 [ 0.943
243 5 1 6 N R84 2351 |[0.940
324 .. N 4 2439 |0.970

1
i
S ik
Table 5.3 and 5.4's manéé‘traju > ns between the key kneading
Aaidins < ciaily
conditions, the averaged values ef the properties and normalized fractal
_"_',,',4*““ A% _-,_;. -

dimension (an index" Jf the dispersion state) in “? of the carbon black and

quinacridone violet pi

7 ents, respectiv‘_m

—

)

i <
As seen from gble 5.3, the average value“of D* (normalized fractal

dimensions) aﬂ;ﬂ ﬁ%rﬂﬁlwéfwﬁqrﬂ r%ational speed of the

kneader increaséd from 162 to 324 b;pm A similar effect on D* was observed as the

s i T A b i s e

These observatlons undlsputedly confirmed the earlier conclusions that both the

kneading temperature (T) and rotational speed (R) greatly enhanced the degree of
dispersion of the carbon black pigment.
Clear-cut trends of the tensile properties with respect to T and R were also

effect. In brief, T and R clearly exerted a negative effect on the strain at break and
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the work done, whereas they exerted a slightly positive effect on the 0.2 % offset
stress. The only exception appeared at T = 240 °C, in which case the effect of R
was slightly negative. As for the modulus of elasticity (E), T clearly exerted a
positive effect but an intermediate rotational speed (R) appeared to yield a minimum
value of E.

The strongly negative trenq',‘,

) “#}‘liat break as well as the work done

versus T, when contrasted to n D*, clearly indicated thermal
| —— i —

degradation was a sy‘ :
Though the negative

and 240 °C because

of the tensile properties.

R was less strong at 220
polymer chains was less

severe than that of th ded that these two tensile

e RN INS
R P SR D b e s

kneading conditions (T and R), it was obvious that carbon black was more uniformly

dispersed in the polymer matrix than quinacridone violet was. One reason is that the
average size of carbon black particles is only 0.02 pum, about one-sixth of that of

quinacridone violet (0.12 um). Another reason is that carbon black molecules have
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less polarity (are less polar) than quinacridone violet molecules. Thus the former is

more compatible to the non-polar HDPE matrix. So it was more easily dispersed.
When the values of the strain at break (and the work done) in tables 5.3 and

5.4 were compared under the same kneading conditions, it was again obvious that

carbon black yielded better properties than quinacridone violet because the former

was more uniformly dispersed, > size and more compatible to the

matrix.

In conclusion, y rbon - black“pigiment was a better (more
preferable) additive thar oné violet .

AULINENINYINS
PMIANTUNNINGAY
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