CHAPTER 4

ISCUSSION
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Computer-simulated experiments used Monte-Carlo technique to simulate
the dispersion of pigment particle in a sample. These computer experiments were
used to elucidate the effect of sample population size of pigment particles on the
evaluation of pigment dispersibility. Thus the Monte-Carlo approach was used to
create random patterns of pigment dispersion. In the present study, two types of

random patterns were used, namely, uniform random and normal random
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dispersion. A computer code written in the BASIC language (Quick BASIC) was
written, which used mathematical functions to generate pseudo uniform random
numbers and pseudo normal random numbers to create two different types of
dispersion patterns. The objective here was to evaluate pigment dispersibility in
terms of the fractal dimension defined by equation (3.3.4) as proposed in the

present study and Terashita's fractal dimension and to see how these fractal

dimensions were affected by ent population.

each resin sample ma ¢ particles and in. The position (X, Y)
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random dispersion (sample population size was 64) was shown in Figure 4.1
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4.2.2. Normal randon

Here the .4‘:. cles were ral sersed around the center of a

sample according to thg 1

détermine the position (X,
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= the position of pigment particle on the X axis

Y) of pigment particle E sample W

P

the position of pigment particle on the Y axis

standard deviation of variable X

Ox

Oy = standard deviation of variable Y
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Of course, different RNG were used for the calculation of each X and each
Y. An example of the normal random dispersion (sample population size was 64) is
shown in Figure 4.2

PYrer Y AN\
Figure 4.2 Example no@ random \ sion of pigment particles
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obtained from f"’ mp ulation

At each simila & computer program-would count the number

of subsections containiﬁ ,;.‘4 J Iﬁ) as well as calculate the

coefficient of variance (D;) It was assumed‘gat each pigment particle was uniform

in-size (equal ﬂ u@@%ﬂ%@ w%ﬁ}lﬂ@ that each particle

existed mdwlduﬂly in all the simulations. 'I'h the relatlon between N(1)
versus Q Wﬂ@sﬂeﬂ ’j%u% ’]e’t}%eﬂ '}%mensmn for
each case of sample population size of pigment particles. Next the relationship
between the sample population size and the observed fractal dimension, as defined
by equation (3.3.4), was listed in Table 4.1 and plotted in Figure 4.3. |

g
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Table 4.1 Computer-simulated results (fractal dimension is found using
equation (3.3.4))

Observed fractal dimension (D)
Sample population size | uniform random normal random
dispersion

10 0.1837

64 0.5345

256 S 0.9800

640 1.234

1280 1.408
3200 1.610

6400 1.715
12800 1.801

From Figure 1 be seen : __._.7,-“.__.’:5,;, m and normal random

dispersion. The obsenﬁl' f »
sample population size grst increased. As the sample population size further

ichBudd: theﬁ %Em%% fincReased Wﬂnﬂq fubfe gradually.  Thus

theoretically, thg‘lﬁactal dimension for uniform random dlspersa}l ranged from

ety 8 T 8 4 B A B ot i

dlspersmn ranged from about 0.18 to 1.8. What was most surprising was that the

\ creased rapidly when the

observed fractal dimension for normal random dispersion was greater than that for
uniform random dispersion when the sample population size was smaller than 400.
Above 400 the observed fractal dimension for uniform random dispersion was, as
expected, greater than that for normal random dispersion. At the sample population
size around 400, the fractal dimension for both cases was about 1.1. This it means

that when the population size was smaller than 400 pigment particles, the normal
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Figure 4.3 Relationship between th Frved fractal dimension and the sample population size in the present study
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random dispersion, though less uniform, yielded a greater fractal dimension than the
uniform random dispersion. The converse was true when the population size was
larger than 400. In any case, particle dispersibility should not be evaluated when
the sample population size lies between 300 and 500, since the fractal dimensions
for both cases show very little difference.

Since the pigment mediau particle sme (0.1 ~ 0.2 pm.) in this investigation
was very small, a sufficiently high magngying pqwer was necessary to distinguish
between the magnified pment paiticles and smudges or even bubbles. It was
found that the magmt&mgﬁgﬂer of scanﬁ'.ing electron microscope should be 5000X.

Figure 4.4 shows two eﬁy’i@; of tbe-migrpphotographs that were taken by SEM
//

— e

in the present study. & & £/ 3 4

D = 084 D= 0.96

Figure'4.4 |Examplés of SEM microphotographs

Similarly, the relationship between the sample population size and
Terashita's fractal dimension was listed in Table 4.2 and plotted in Figure 4.5.
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Table 4.2 Computer-simulated results (Terashita's fractal dimension)

Observed fractal dimension (D)
Sample population size | uniform random normal random
dispersion dispersion

R

. Ll

256 1.990 0.8993
640 0.6267
1280 S 04338
3200 10.2017
6400 0.0659
12800 0.0915
From Figure 4.5, it c;m?% the observed Terashita's fractal

dimension for uniform m dispersio: ine id 2 while the for normal
fop . @-fmp le population size

increased.

This mﬂsga W YLDW ccurate and robust
measure of disp@fsi e one efined by equatlon?ﬂ In the case of
= SO SO T ST T -

(between1.8 to 2.2) regardless of the size of particle population m the test piece.
In this case of normal dispersion (non-uniform) Terashita's fractal dimension
becomes smaller and smaller as the population size increases.. This confirms the
common sense that a certain sufficiently larger sample size is required to
differentiate between bad (normal random) and good (uniform random distribution).
For Terashita's case, a population size as small as 64 would be enough to clearly

differentiate between the two types of dispersion.
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On the other hand, to obtain Terashita's fractal dimension in the present
study, it necessary to use an image analyzer linked to SEM, which was not
available. Therefore, the present study cannot but use the fractal dimension defined
by equation (3.3.4). Only microphotographs taken by SEM are needed to

determine the fractal dimension.

aly,

4.3 EFFECTS OF KNE@NDMO@ DISPERSIBILITY

applied. During m1x1ng of the
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occur. Particle-size ie :mon reqmres mm ﬁsses to overcome the

structural strength o tfj st miatler than that required to
L ,
overcome this strength the partlcles mlght not be reducg and dispersed. Intimate

wetting facmtﬁ m Mewﬂ% ?WHTQ ‘ﬁrface by carrier. It

requires compafibility, like initial wettmg, but is more ult to achieve because
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mechanisms call for the role of the shear stresses. The shear stresses can be

manipulated by the operating temperature, nature of the polymer and speed of
mixing.

As mentioned earlier, the present experiments were carried out to study the
effects of kneading conditions on the dispersibility of pigments in polyethylene using
a continuous kneader. The investigate parameters were the kneading temperature,

rotational speed of screw, roller temperature and median particles size of pigment.
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The resulting dispersibility of pigment in polyethylene was evaluated using the
fractal dimension defined by equation (3.3.4).

4.3.1 Kneading temperature
The effect of the kneading temperature on the dispersibility of the pigment
| and 220 °C, respectively. The results at

" o, @me 4.6 shows the relationship
between the observed fron'ﬁld @eramre

Table 4.3 Effect of kneadifig s€imperature on | ispersibility of pigment in

No. Kneading tempé!

ﬂummmwmm

From Figire 4.6, it can be seen that the ﬁactal dimension 1n1t1ally increased
o AU LN AL
was essefitially constant. It showed that the dispersibility of pigment increased as
the kneading temperature increased and higher temperature did not affect the
dispersion of the pigment. However, at 200°C, the pigment will disperse better n
polyethylene than at any other kneading temperatures.
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4.3.2 Rotational speed of screw

Here the effect of the rotational speed of the twin screws on the
dispersibility of the pigment was investigated at 81, 122, 162, 243, and 324 rpm.,
respectively. The observed fractal dimension is listed in Table 4.4. and shown

spe &d o@e dispersibility of pigment

in polyethylene (k J te n ature 140°C, roller temperature
779C, and paftiglé si7é Of pi &

graphically in Figure 4.7.

Table 4.4 Effect of th

//)-
No. Speed of ! !m'ﬂ 'ension (D)
1 gy T 08186
2 L 0.8784
3
4
5

e G173 4 TN B TR s

increased as thé rotational speed 05 the twin screws of this contmuous kneader
o} 45 | B BB o 1
pm. andq324 rpm. though the kneading energy was proportional to the square of
the speed of screw. However, the overall trend shows that the observed fractal
increased as the rotational speed of screw increased. Therefore at 324 rpm., the

pigment dispersed best in polyethylene.
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4.3.3 Roller temperature

The effect of the roller temperature on the dispersibility of pigment was
investigated at 57, 67, 77, 87 and 97 °C, respectively. The resulting fractal

dimension is listed in Table 4.5., and shown in Figure 4.8.

t %ersibﬂity of pigment in
tempe a&speed of screw
e ' N 5 - 5

o N
D1 pigmen bl 1 u
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Table 4.5 Effect of rolle

81 rpm., and

w A WN

From Figure ﬂ‘ it can be seen that the ﬁ'acty dimension was essentially

simates M 0 S PRI T
wiemies M P S P RS IILT
potye :

not significantlylaffect the dlspersiblhty of the plgment n thylene
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4.3.4 Particle size of pigment

The effect of particle size of pigment on the dispersibility of pigment was
investigated at 0.11. 0.17, and 0.20 um. median size, respectively. The results are

listed in Table 4.6. and shown in Figure 4.9.

Table 4.6 Effect of parﬁcl size. dispersibility of pigment in

/// \
s ﬂ/@;my T

e
Since only thk pa(lele sizes were “ﬁ be concluded with high
ertheless, from Figure

el

4.9, it can be seen that the fractal dimension increaArJl as the particle size of

sy | ?”VTWW?N Ml i

the best d1spersgp polyethylene

URBEAIAR P08 e MY
suitable Kneading temperatures was 200 °C. Above this temperature the process
became more of mixing than dispersion because of the greater fluidity. Regarding
the rotational speed of the twin screws, a higher rotational speed yielded higher
dispersion because it raised the intensity of energy input and led to an increased
level of shear stresses passed through the kneaded material. The highest rotational

speed of 324 rpm. was the most suitable.
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The press rollers were used to spread the melt coming out of the kneader
into thin sheets. During pressing, pigment particles would be spread out, which
affected only the internal structure between pigment and polyethylene. Thus the
roller temperature should not affect the dispersibility of pigment in polyethylene.

AULINENINYINS
RN TUINIINGINY
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4.4 COMPARISON OF EXPERIMENTAL AND COMPUTER-SIMULATED
RESULTS

The fractal dimensions obtained experimentally and by computer simulation

are compared here. A summary of the experimental results was shown in Table 4.7.

Table 4.7 The experi

Particle size Fractal

of pigment atlire’ ‘ dimension
(um) | - 5C). |\ |\, serewi(zpm.)
0.1 | / N % 0.8186
0.11 0.7436
0.11 0.8589
0.11 0.8667
0.11 0.8577
0.11 0.8921
0.11 0.8109
0.11 » - ._ 0.8589
0.11 180, 87 au 81 0.8747
B NYBI NG | o
o1l o[ 140 &7 e 8 0.8186

SRR T D 5AT 9787) B
‘.11 140 77 162 0.9344
0.11 140 77 243 0.8401
0.11 140 77 324 0.9601
0.11 140 77 81 0.8186
0.17 140 77 81 0.9657
0.20 140 77 81 0.9673
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To compare the results of Table 4.7 with computer-simulated ones, it is
necessafy to estimate the number of particles that were present in the sample. It
was estimated that there were on average 239, 65, and 40 particles present for
pigment size of 0.11, 0.17, and 0.20 um., respectively. Table 4.8 shows the

corresponding computer-simulated results that have been obtained under the

assumptions of no size reduction an &‘” 7atlon or agglomeration.

Table 4.8 The comp@d rnlultsﬁ.leducnon no aggregation)

Particle size el imension (D)

of pigment ) e normal random
(um.) . DCTSio dispersion
0.11 . ;.,-,{*; i \*% \ 0.95
0.17 % }J;j 44 oo 0.55
0.20 0”3‘“—4 Q.‘ ' 0.40

== ff ;;:, N
The comp - -of " "o ated results is shown in
Table 4.9. D . m

Table 4% wrﬁnw e&ﬂegdwgaﬁﬁmmd results

(um.) (particle) | uniform random | normal random | Experiments
dispersion dispersion

0.11 239 0.90 0.95 0.8196

0.17 65 0.40 0.55 0.9657

0.20 40 0.30 0.40 0.9673




In studying the effects of kneading temperature, the rotational speed of
screw, and the roller temperature, the median particle size of the pigment used was
0.11 pm. When compared with the corresponding computer-simulated results,
most of the observed fractal dimensions of the experimental results in Table 4.7
were slightly less than the computer-simulated results. It indicates that the actual
1g in a larger size and smaller fractal

d"0.20 pm., the experimental fractal

dimension were signifi antly higher th Qer—simulated results. It
.’. ‘ ',:A' 1, 'n'.v‘w‘

indicates that pigment p m, resulting in a smaller

LOW)
g

agglomerate size and a high

AULINENINYINS
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4.5 EFFECT OF KNEADING ENERGY ON PIGMENT DISPERSIBILITY

Naruo Yabe, Keijiro Terashita, Kiichi [zumida, and Kei Miyanami (1988)
studied the dispersion of carbon black in resin when a similar continuous kneader
was applied. Their dispersion results were, however, evaluated by using ASTM-
D-2663-69 (See chapter 3). '

ISmEs Gesawam.ad

Figure 4.10 Relatlonsap
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From Figure 4.10 , it can be seen that the
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the screw in the present study. When the speed of screw increased, the kneading

between the degree of dlspersxml and the kneading energy

energy would increase in proportion and when the kneading energy increased, the

particle dispersibility would also increased.
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