CHAPTER Il

LITERATURE REVIEW

The present work aim

pigments in a polymer gp IStz atian pr@' he twin-screw kneader is used
method for evaluating the

to compound pigmy mer matix,
dispersion state is based of Az cc \ dctal geometry.  Therefore, this

literature review will emg 2. 7a

Daniel F. Mie uut twin-screw compounding.
Today's compounding eguig BE: ade ‘advanced plastics compounding a
reality for polymer processgrs. ‘ Fhe twin-Secew éxtruder is a versatile tool, capable

of handling a wide range of a _ :‘ addition, its inherent shear, conveying,

feeding and mixing : ? je n 3 achine of choice for the
majority of today'sisaphisticates v “’ this flexibility, it might be

necessary to 5acnﬁ material quality {0 be able to oﬂpuund at high levels. Other

processing b ﬁ ﬁ and how much shear
input would hﬁﬂ iﬂﬂ Wmﬁi control the degree of
mlxln mm rﬁ' it is possible to
chieve mmm 1[1’1 IE:LI{ mixing and
mmpnundlng tasks, obtaining the desired end-product properties
In 1988, Keijiro Terashita and Kei Miyanami (1988) studied about powder
mixing and kneading. Relationship between powder properties and mixing state,
which is important in the field of powder mixing, was investigated. It was clear that

the mixing state (the degree of mixing) in a fixed-type mixer was hardly affected by

particle size ratio and internal friction coefficient. In the case of tumbling mixer,



suitable mixing conditions yielding a satisfactory mixing state of a mixture composed
of different powder properties were suggested, and it was indicated that the mixing
in this type of powder system was promoted by convective mixing and shearing
mixing. As an example of kneading, kneading of magnetic recording matenals was

employed. The relationship betw.‘ ‘ neading and the dispersion state as well

as their evaluation --._"'- o ._The state of kneading could be

'n@ma binder on the component
uated using the square ratio and

appreciated by observigg Ol NE
particles and the atat

orientation ratio. A , is _huted to good dispersion of
magnetic powder matege . ‘ " \ videotape In conclusion, it
could be said that good guality, ended on its kneading state.

Maruo Yabe, Keyiro/Te \\ ida and Kei Miyanami (1988)

studied the dispersion of S by a continuous kneader and its

assessment. A kneading sxp

i the nplastic resin and carbon black was
- "/ o -

caried out with a &t ieeding rates. In addition to

the measurements.af | 7 \“ the residence time of the

material, an as&essrmnt of the dispersion state of Aun black was attempted by
means of im ﬁw ﬁ examined. From the
results, it waﬂjxﬂ; a Hil w;ﬂ:i?l‘isba determined by the
densi ﬁ m that the degree
of di ﬁm {ﬁﬁmIMS d m long mﬁnf the residence
time, that is, the mixing action worked both radially and axially, or with an increase
of the kneading energy.

C J. B. Dobbin and W. E. Baker (1992) applied scanning electron
microscopy (SEM) and image analysis techniques to analyze the dispersion quality

in highly pigmented polymer systems. Their paper showed the use of scanning

electron microscopy in conjunction with a commercial image analysis system to



quantitatively characterize particle dispersion in polyethylene color concentrates.
Compounds containing high loadings of organic and inorganic pigments were
evaluated directly in order to avoid agglomerate reduction resulting from sample

dilution. The effects of various processing conditions and additives on dispersion

quality were also examined. The résults showed that in the area of polymer color
concentrates, the method __ aration had a fundamental effect
on dispersion quality, lfkteiSiudy; MMmented palyethylene systems
had been examined t( ‘ o MiCr scopy with the resulting images

characterized using =driven) image  ar s techniques. Agglomerate

levels were determine ' 1 ‘and comelates mcess conditions. The effect

of certain additives on ‘dispersloriwas explorad Although clearly not

applicable for routiné qulity conlol- (AB)Jscanning electron microscopy coupled
\

with image analysis provifled - Criques fof examining the state of pigment

In 1993, Takash

L

nd Kei Miyanami (1993)

studied the effect o ; ot o of toner matenals for their

A pre-mixing Jupanment was carried out on
toner materi ar mﬁ time as variable. The
obtained pm@ﬂ ﬁnﬂﬂ ﬁ nﬁﬁ and then the kneaded
maten sified, ?I éﬁ aluation of the
knea:i Lﬁmm acten j nﬂl ﬂlxlng time was

examined. The results show that the agglomerate area ratio in the kneaded

toning and charging ‘ haracteristics.

matenal and the charge control agent (CCA) concentration on the surface of the
toner particies enabled the assessment of the kneaded state and the consideration
of the pre-mixing process. Furthermore, it was clarified that an excellent kneaded

state was obtained at longer pre-mixing times, and the condition of CCA dispersion



on the surface of the toner and the charging characteristics were determined by the
kneaded state.

At approximately the same time, Takashi Teshima, Naruo Yabe, Keijiro
Terashita and Kei Miyanami (1993) studied the mixing of toner composition and its

evaluation. Thermoplastic resin

” lack and a charge control agent (materials

arious mixing times. The mixing

process was investigata sﬂ'lng@ current of the motor and the

temperature of the mix #rg thel _un, and the state of the mixture
were examined by SEMMfobseqal - oanalysis and so on. The results
showed that the folidWwidt/ drocesses, IlhE crushing of resin, the

K Q& conlrol agent, surface coating of the
hd!;f g \

deagglomeration of ca#c

resin particles by the fifie a@%’fﬂ -and;th gglomaratian of crushed resin
i 4 * bl 1
simultaneously progressed duntig medagislt was suggested that the state of the

mixture obtained by pre-mixing UtedH o the dispersion of carbon black and the

L

charge control ager

Yoshihisa Miguno, Keijiro ' ] 'anami (1993) studied the

operating plan for m‘ltinuuus kneading of an elemc-ally conductive resin using
analysis of ti i ‘m m able-state production the
feeder that fﬁma ial ﬂﬂh t) r :Iaﬂicﬂva material must be
cont m i i i ‘ﬂﬂ@lw ‘U ir work, kneader
dynar:ﬁs as s Smming r;spunseé n the maﬁma region and the

frequency region, between variation of the feed rate or kneading temperature, and
vanation of kneading torque, which represented the state of flow of the objective
material. From this analysis, it was found that the response in the low-frequency
region was most remarkable. The resuits showed that kneading could be performed
in stable state by avoiding variation in the feed rate and heating. Continuous

kneading of the electrically conductive resin was carried out with the control of the



feeder that took the dynamics into consideration. It was confirmed that variation in
electrical conductivity of the electrically conductive resin could be made small, and
that the effectiveness of control was remarkable when the flow state of the objective

matenal in the kneader was plug flow.

electrically conductive Vage-c | ‘ nn state on a cross section of
the resin was fed in : Al compiter from, a ~ age processor and the fractal
dimension of the disper statibased on the‘area ratio was calculated. The
fractal dimension was « atedHfor ima of Sixteen kinds and was effective in
quantitative representation of the-gi sion state. They also tried to evaluate the

electrical conductivity of the electricall ondut 2sifi with the fractal dimension,

Electrical conducti '!‘tl f 1 aln could be related to the

product of fractal di nsicn and length of filler. Prmctlon of the dispersion state

::;::;;mmmmmm T
SRS I T T e e

the evaluation of filler dispersion state. Using stainless steel fiber and metallized
glass fiber as electrically conductive fillers, electrically conductive composite resins
were prepared by continuous kneading.

Among the factors affecting the electro-conductivity of the composite
maternal were the filler dispersion state and filler length in the matrnx resin. The key

to excellent electroconductivity was to form an electrically conductive network
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ensuring long filler length, a uniform filler distribution and filler onentation in every
direction. As quantitative indexes of the filler dispersion state, the fractal dimension
and direction ratio were used. A good filler dispersion state was obtained when the
fractal dimension was high and the direction ratio was low. The electrically

to show excellent electroconductivity,

imespective of filler type, provi fac /Iler length was long, the fractal
.—d

icn ra Q Uniform filler distribution and

orientation with long ¢re oblawed when the number of paddle

revolutions Ny was low IRE j SS © to resin viscosity p was high
and the ratio W/Vp, of ;.l

Another researg ¥, #w Jstigatad the.ap icatinn of fractal geometry was
d ﬂhuu ¥

presented by Yoshihisa MiZur E' oSl i izu, Keljiro Terashita and Kei
Miyanami (1993). They egaluat iSgersion of filler in composite material. To
design composite materials, - plimize the manufacturing condition,

quantitative evaluall = ffiller contained in composite

Ad

materials was impt ading of thermosetting resin

and circular partl{:I "and the continuous kneadiry’ of thermoplastic resins and

elach'ically m persion state in these

composite mq:rg was ﬂmmnn ion and the coordination

numbq Wﬂ ﬁjml pblﬁ uniform state if
mgh and the aggreg

the valge of the fractal dimension was ation ﬂf the fillers was
broken substantially if the coordination number had a lower value. Based on the
relation between the fractal dimension and the state of flow in the kneader as well
as that between the coordination number and the state of flow, the kneading
mechanism was discussed. It became clear that the aggregation of the fillers was
broken preferentially if elastic mixing was performed, and the diffusion of the fillers

in the material was accelerated if counter-flow or diffusional mixing was



11

predominant, It was also pointed out that an excellent electrically conductive resin
could be obtained when the product of the fractal dimension and the coordination
number gave a high value.

Recently, Pijarmn In-eure (1994) studies the effects of kneading conditions on

addition, evaluation me Iy @ simple_quantitative index of pigment

dispersion have been siddigt /T ental results showed that the higher the
kneading temperature, t  ‘ pert ! - rsibil \ gment in polyethylene, but at
the higher kneading temip; , ecomes more of mixing than

dispersion. The dispersib e pigment ingreased as the rotational speed of
the screw increased since a fighs f rovided higher intensity of shear stress

pigment could disperse better

than the smaller o ='-‘: no significant effect on
the dispersibility of the pigment. [t only affected thaﬁtemal structure between the

pigment and

s E}ﬁﬁimnimm - IOWRes,
AR L AR e

resolution limits, and fractal interpretations without consideration of resolution can
be misleading. To obtain a fractal dimension, a particle perimeter is measured
many times with many different scales of measurement. The scale of measurement
is called the stride length. With large stride lengths, the particle is modelled as a

polygon with just a few sides of equal length; with small stride lengths, the particle is

modelled as a polygon with several hundred sides of equal length. Decreases in
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the measurement stride length result in an increase in the estimated perimeter. The
log-log plot of the stride length versus perimeter estimate is called Richardson plot.
The fractal dimension is 1.0+f3, where f is the value of the slope of the best-fit line
of the plot. Sometimes one line can be drawn through all data points, its degree of

ruggedness is the same for all sCaleF casured. Sometimes, particles have two

different slopes. The linear
segment corresponding oolarge stide I@called the structure; the linear

segment commespondific 5 \\ - Is called the texture. The
interpretation of fracta -‘// ] \ hysical processes A paricle

with different structural ay have two different physical

{JLaF - \1\

mechanisms forming (W i \ ness at different scales of

observation.
The diagrams appe pe vary difierentiand the interpretations seem to be

contradictory. These appare: clions are potentially misleading, but

investigators can” sion. There are four

A
recommendations 4d ~‘,'. itivity: (l) Always scale all

Richardson diagmnﬂ using both absolute and Fﬂl-nurmalizad measures, (i)
Select a co . (i) Use the highest
possible mmﬁﬁmmm )lﬁ f physical models and
physi

R SRIMATAADEINL, e

application of the Voronoi polygonal analysis for evaluating the dispersed state of
particles, where the coordinates of particle positions are measured and the Voronoi
tessellation is conducted to obtain the distribution of cell areas. Although the
method can provide precise data concerning particle dispersion, it has the dement
of being time consuming Hence this paper proposed a simple method to obtain the

distnbution of Voronoi cell areas from the measurement of variation in local particle
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concentrations by a probe of adjustable size. Evaluation of the state of particle
dispersion therefore became faster for TV monitoring systems.
Masanori Horizoe, Ryuzo Itoh and Keishi Gotoh (1995) studied the uniform

dispersion of fine particles in 2 magnetic flud and its evaluation. Particles confined

in a thin horizontal layer of magneficifluid were uniformly dispersed by applying a
vertical magnetic field _ ¥h :-. | )ments were observed both in
p‘@aﬁnns. The regularity of particle

experiments and in two.dispeisicnal eém
dispersion was defin e e ‘r= & = the areas of the Voronoi polygons
particle arrangements. The
clusters of particles wegé Vi f ed by u aly swelling all of the particles
The distribution of the ster s i’ wu ized for detailed evaluation of the
particle arrangement Sgulanity & ‘. ‘_ flicle dispersion depends on the
repulsive force acting bet@ieen4he particles. The uniformity of particle dispersion
increases with the intensity of s atie field and the initial concentration of the

particles.

Kenji Okad&sShin Akasal ki @.dnd Yasuharu Akagi (1995)

studied the rhaolugiml prediction of the dispersion m powder in ceramic injection
molding mixt uﬁﬁjff ﬁﬁ’mﬁﬁme the dispersion of
powder in cerami io nﬂ ixture e ed for mixtures consisting
. g o
AL
mixture der various conditions was  evalua g the dynamic

rheological measurement of the mixtures. The degree of dispersion in the mixtures
was highly influenced by the mixing temperature and mixing speed of the mixer
With increasing mixing temperature the viscosity of the mixtures increased, and the
degree of dispersion in the mixtures reduced as the particle size became smaller.
On the other hands, dispersion in the mixtures was improved with decreasing mixing

temperature. This improvement in the dispersion resulted from the increase in the



14

mixing strength of the mixer to break down agglomerates with increasing viscosity of
the matrix. Increasing the mixing speed was also a processing parameters that
improved the dispersion of powder in the mixtures. Furthermore, a simple

rheological model was proposed to evaluate the mixing strength of the mixer to
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