CHAPTER 2

FUNDAMENTALS AN RELATED WORKS

The subject of colo

summarized as follows: 7 /)

2.1 POLYETHYLE

Polyethylené (PBEY is jor. er, of oly s. It is one of the most
widely used polymers The basic structure of
polyethylene is the chain, i manufactured from ethylene by

polymerization.

Low-density polyethylene is manufactured by free-radical polymerization
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High-density polyethylene is produced in a low-pressure process using
either Ziegler-Natta catalysts or metal-oxide catalysts (usually referred to as Philips
catalysts). HDPE is essentially linear, having much less branching than LDPE, and
has a melting range of 130-138°C.

Recently, low-pressure processes for the production of linear-low density

polyethylene (LLDPE) have been announced. The LLDPE polymers are linear but



had a significant number of branches. The linearity provided strength, while the
branching provided toughness.(Ulrich, 1982)

Polyethylene is partially crystalline and partially amorphous. Linearity of
polymer chains affords more efficient packing of molecules and hence a higher
degree of crystallinity. On the other hand, side-chain branching reduces the degree
eases density, stiffness, hardness, tensile

ﬂ istance, barrier properties and

ability and impact strength.
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Table 2.1 Types of Po

Density
Al )
LDPE _~ 509 High pressure | 0.912 - 0.94
LLDPE ° >50% | Bowpressure | 0.92 - 0.94
HDPE = e| >00958

Polye x‘%l emical fesistance and i attacked by acids,
bases or salts. ﬁjﬂotjer ?:Emmmlﬁch have led to its
widespaq ﬁé ‘m m&t@ ?]‘Hg‘l gﬁl insulation
properties, toughness and fle le clarity of

thin films, freedom from odor and toxicity and sufficiently low water vapor

permeability for many packaging, building, agricultural applications.

Major markets for LDPE are in food packaging products, industrial sheeting
and trash bags, whereas HDPE is used mainly in blow-molding applications (milk
bottles, household chemical bottles, fuel tank applications), in corrugated pipe, and

in wire and cable applications.



2.2 COLORANTS

Colorant is a general term for describing the material used to impart color to
objects. The two basic types of colorants used in plastics are pigments and dyes. It

is not always easy to distinguish between a dye and a pigment. Generally, dyes are

from product to productsand during product ~‘ are cap able of being influenced
within certain limits. In gfle defibifion of pigment particles, a distinction is made
between primary particles’o & garticle Aggregates and agglomerates (see

Figure 2.1).
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Figure 2.1 Elements of a pigment



Because of their extremely small particle size , primary particles such as
those usually obtained during production, exhibit a pronounced tendency to
combine. This massing together in a single plane results in the primary particles
forming aggregates, which thus possess a smaller surface than that corresponding
to the sum of the surfaces of their primary particles. The massing together of

primary particles and/or aggregates comers and edges results in the
a ch deviates only slightly from
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formation of agglomerates, the tota

J'l\ "

colorants produce opaque dull eslor eolors, —althe some are transhicent at low
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than inorganic pigments. Table 2.2 shows the popular organic and inorganic

pigments for plastics

Dyes generally have higher optical transparency or clarity than inorganic
pigments and many organic pigments. The major limitation of the use of dyes in
polymers is migration or bleeding from several polymer types such as flexible
polyvinyl chloride (PVC) because of the incompatibility of dyes in the system.



Table 2.2 Popular organic and inorganic pigments for plastics (Zeller, 1989)

Color Inorganic Organic
Reds (including maroon and | Cadmium mercury Carbazole violet
violet) Cadmium sulfoselenide | Disazo condensation
: Isoindolinone
Permanent Red 2 B
Perylene

Blue

Yellow

Green

Orange

3 maﬁﬂlm;w

Chrome oxide

ﬂ u ﬂ ngxated chr%eaoqxlde

Cadmn‘;m sulfoselenide

Quinacridones

I Phthalocyanine

Diarylide

"Disazo condensation

FD&C Yellow #5

Vat anthraquinone

Monoazo (Hansa)
pindolinone

-.‘:;' i V kel-aZO

N

Phthalocyanine

e i

Disazo condensation

i yob

Brown/Buff Iron oxide
Black Carbon black
White Titanium dioxide

Source : Plastics compounding 1984/85 Redbook
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2.3 COMPOUNDING

Adding and mixing colorants into plastic resins is an integral part of a much

broader operation called compounding. Few resins are useful in their natural form;

Un erials to improve or enhance their
olesedise Wi do i ’ @ applications. The process by
which ingredients inclu@ant?am&n intimately mixed togéther

into as nearly a homogeneous.massés possible is | as compounding.
/la mgl t

they are, therefore, mixed with ofl

The importance ofif€outy industry could not be

overstated. A particular goal/could be reached by employing various polymers,
s
.J-ji‘.-:.g /)

might be arranged in several wa < it dnvolved ma

additives, compounding prgcesses of ‘toutes. The compounding line

1y ope: élons, each of which could

be executed on more than one Specifi of eqn ipment(Moloney, 1986).

Additives are substances T
= -

| in very small quantities to impart
desirable properties iiitp ‘materials »

-~ operties. There are

N

Processing additi - Procssmg stabilizers

- Lubricants
- Processing aids

- Blowing agents

Modifiers of mechanical properties | - Plasticizers

- Reinforcing agents

- Toughening agents
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Table 2.3 Type of additives in plastics (continued)

Type of additives Example
Modifiers of surface properties - Antistatic agents
- Slipping agents
- Antiblocking agent

‘s dhesion promoters

=Antiwes agents

S

Modifiers of optica //, * ,.j“.' aents and dyes

Performance extenders

,\uw:z.. righteners

. . 4 \
: '-. * \
'_'_ . / hern ablllzer

_‘,._x‘ etal deactivators

e vt iy 1 g s S

homogenépus mass that is uniform in composition and structure. ns in this
type of mixing consist of smearing, folding, stretching, wiping, compressing, and
shearing. Three groups of the plastics compounding equipment are:

Nonintensive Mixers (Maloney, 1986) In most instances, the polymer
feedstock to a compounding operation is in particulate form, as are most of the

additives. Compounded polymer grades are frequently preblended by adding the
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additives to the polymer or mixing the additives to form a package. When small
amounts of a number of additives are required, premixing is an inexpensive route to
the final formulation. Mixers used for preblending are predominantly batch mixers,
usually for particulates. Preblending usually achieves distributive mixing only. The

following are examples of nonintensive mixers.

two rotating shafts upoﬁ.iwhlch the drum is anl oﬁiontal.ﬂr (see Figure 2.2). Drum

tumblers are mmdﬁ ﬁ ﬁiﬁl{] Wqﬂd ;’T ﬁn§Mmtly loaded.
Q WA :,'f‘

Figure 2.3 Double-cone blender (Maloney, 1986)
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Double-cone blenders consist of two conical shells joined together by a
cylindrical shell and attached to a drive shaft across a cylinder diameter. A typical
double-cone blender is shown in Figure 2.3.. As the double cone rotated, material is
tumbled in the radial and tangential directions, and axial flow is provided by the

impingement with, and sliding on, the conical section walls.

f ummnm pie
Q ) a\j Gﬁm N?I’]Ee mm a In“the general

sblenders might also be used

configuration shown in Figure 2.4, two cylindrical shells are joined perpendicularly
and closed on the remaining ends. A shaft is then assembled to the V at 45° to both
cylinders. The shaft-V assembly is partially filled with the necessary ingredients and
rotated. The V geometry ensures mixing in all directions. Agitator shafts geared
independently from the drive shaft might be mounted inside the V to provide more

intensive or speedier mixing.
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Flgur% ’R;bbon blader (Maloney, 1986)

f’ y 5*;

idd
Ribbon blenders, prd{qply the mosticommon of batch mixers, are much

larger than tumblers. A ribb?‘ blend!:r conﬁ’tg of a large cylindrical shell in which

,u

two spiral ribbons are mounted on'x drrve shaﬁ (see Figure 2.5). The rotation of

the ribbon in the cyhndqer prov1ded mlxmg in all duectlons f For any unit, a number

of ribbon designs are~a¢a11able to give a wide range of ipphdatlon Unlike tumbling
mixers, the units operate nearly full. Some units consist of two cylinders and
ribbons mounted.side by, side; the, walls, between, the ribbons are removed to allow
cross-flow. Similar mixers are set vértically with“a" screw' mounted in a conical
shell.

Medium-intensity Mixers (Maloney, 1986) Mixing shafts are used in a
wide variety of units known by the name of the inventor or the manufacturer. Such
mixers included the Forsberg, the Marion, the Littleford, The Day, and the Willow
Tech (see Figure 2.6). Their essential features are twin shafts with overlapping
mixing plows. With this type of mixer, pastes and bulk molding compounds might
be prepared, and ingredients fluxed. The mixing action is more intensive than in the

mixers already described above. Another similar mixer is the sigma-blade mixer.
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Its shafts or blades are designed to produce an intensive mixing action which, in
most instances, fluxes the ingredients. Many other blade designs are available,
permitting a wide spectrum of mixing actions which might be tailored to match the
compounding requirements. Double-planetary mixers are less intensive. They are
used to blend pastes, but can not flux solids, and are widely employed in
preparation of plastisol, i.e. mixture of plhrl and plasticizer. These mixers consist
of drive shafts with mtermeshmg stnrers /Each revolves on its own axis

and simultaneously orbits Mmmng chhmber;—-AlLthe mixers described in this
x y

group are batch mixers.

Intensxvmm? l\fiitqr;] (glrﬁpey, 1986} ~The, mixers in this group

might be batch or pontmuous Alt’hough t|he latfer is prefeired ﬁom an operational
standpom, eqw ?atpp xmms @respll nse@; The mos*t,wdl.]mowq 1s the Banbury
mixer, whmh had fts ongms 60 yéars agg n rubber compoundmg, today, it is widely
used for polyolefins. The Banbury mixer consists of two spiral shafts which rotate
about fixed centers in a counterrotating mode (see Figure 2.7). The spiral lobe on
the shaft provides a degree of axial mixing which, coupled with the radial mixing
across the gap and the tangential mixing between the rotor and the chamber wall,
ensures excellent distributive mixing. Dispersive mixing occurs mainly in the

clearance adjacent to the chamber wall. The Banbury is top-fed, and the ingredients
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to be compounded might, of course, be added in stages. The motions of the spiral-
lobed shafts ensure adequate melting. In fact, the chamber is drilled for circulation
of a heat-transfer medium to remove excess heat. The time of mixing and pressure

exerted by the ram might be varied to accommodate the material being

compounded.
The roll-mill batch mix: L counterrotating rolls mounted on
drive shafts (see Fi : : | faster-driven roll and is

o

R e rolling bank and once

returned to the gap entry. At th .

more disperses as it :‘ s:s through the gap' between the rolls. The speed of the

i o T ST T e

material. ‘ q] rJ 5 ‘ W :
ARIAINIYL

Figure 2.8 The roll-mill batch mixer
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Some compounding is performed on single-screw extruders which,
however, frequently could not provide the required mixing intensity (see Figure
2.9). Since an intensive mixer is more expensive to purchase and operate, a single-
screw extruder is preferred for compounding wherever possible. Its key element is
a helical screw turning inside a stationary shaft and pushing the material toward the
die. The barrel is heated, and the matsz as solid particulates, melts. The melt

is mixed by circulating in the ives are encapsulated by the melt

and distributed by its cﬁ@éﬁg\& -‘-ﬁh is then pumped from the
extruder as compounde : | &

The applicability of" si Fed 's to compounding has been
eﬁhanced by some innovative /4 ' N glass fiber, could be
introduced downstreart thrgugh tHe extri ' Jbarrel int 1&‘ melt using a screw-type
feed perpendicular to . ha the glass fiber is added
directly to the melt. There i

loss of glass fiber.

he screw and barrel and less

| . Hopper
. 41
Perforated B
arrel heater Control thi i g
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: Screw, pocket
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Figure 2.9 Single-screw extruder

Dual-diameter extruders accommodate feedstock with low bulk density.

The large-diameter inlet and smaller-diameter outlet give high compression ratio.
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The Transfer mix is an extension of the single screw extruder. In addition to
the helical channels cut in the screw, reverse helical channels are cut in the barrel in
the regions where the polymer is molten (see Figure 2.10a). As the screw rotates n
the stationary barrel, the molten polymer is transferred back and forth between the
screw channel and the barrel channel. This is achieved by appropriately varying the

respective channel depths. Recirculating vortices in these channels ensure adequate

en the channels provides some

allow screw channel, the

ich might be forwarded.
itrate is compounded with
constitutes a significant
part of the material, it as it is transferred to the

deeper channel. This ¢ compounding of color

concentration, masterbatching _dispersion of low percentage pigment or
additive.

(A

— ing, Variable

Jacketed feed |Pr ) LU RO T eXtrusion shear
throat L stator st e , section
. '* I it

IHD
>

ElS) ‘ 0 0 a . ,..
YRV Y) IEAIAL ) N Y
. D
@ 2 / 4

(b)-

Figure 2.10 Sterlex Transfer mix (Maloney, 1986)

(a) double concentric screw extruder (b) flow pattern for mixing per stage
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Kneaders are single-screw extruders which provide the rotation of the screw
in the barrel and a reciprocating axial movement. Unlike other single-screw units,
the flight on the kneader screw is interrupted, usually three times per lead. These
flight segments provide one-half of the kneading gap. The other is provided by
inserting pins that protrude from the wall of the barrel (see Figure 2.11). As the
screw turns and reciprocates, the pins form uagrow gaps with the flight segments in
such a way that all sides of the flight segment§ fa’;ﬁ‘phls are wiped, material hang-up

is thus avoided.

Figure 2.11 Buss-Kneader (Maloney, 1986)

The two commercially available kneaders are the Buss-Kneader and the
Baker Perkins Ko-Kneader. The Buss-Kneader has segmented screw and barrels,
and the pitch might be varied along the length of the screw without replacing the
screw. Both types have a clamshell barrel for easy maintenance and cleaning. Both
units have provision for cylindrical pins or pins with a parallelogram cross section to

achieve the appropriate shear stress in the gap for a certain time. ‘In addition, the
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Buss-Kneader could be fitted with restriction rings which provided dams across the
channel and throttle the forward conveyance of material, imparting extra mixing.
Neither the Buss-Kneader nor the Ko-Kneader could generate high
pressures. Except for dies with low restriction, the unit must be coupled with a
single screw crosshead or in-line extruder to provide the pressure necessary to force

the material through the die.

Twin-screw extrude

J/#ﬂscrew units, have two screws

. —— e — £ i

mounted in the parallel w \@e-elght cross section (see
: O ;

Figure 2.12). In corotati S, /e serew “We same direction. These

highly successful units v cturers. For flexibility,
corotating twin-screw e - sott:,vs and segmented barrels,
allowing a wide choice o \gtio). Therefore, segments

vertical
feeder

e

vacuum

7
S,

right-handed kneading element~
homogenizing screw element =~ ét)t)

Figure 2.12 Twin-screw extruder

The screws for corotating twin-screw extruders could vary in several ways.

The number of channels could vary from one to three. The more channels, the
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more intensive the mixing. Some units use the same barrel for screws with different
channel numbers and even allow the channel number to vary along the length of the
shaft. The screw elements are available in a variety of shapes, e.g., deep channels
for the conveying of solids and devolatilization, shallow channels for melting and
melt conveying, kneading blocks for dispersive mixing, réverse flights, reverse

kneading blocks and neutral kneadin cks for restricting forward conveyance.

ctory product is obtained. In

mghly filled materials.
““13-- versatile intensive mixer

Screw design is made by trial a@} m}il _

another variation, dual dlam mn ggmp

opposite directions. Thi . ﬂxé seometr] of\thé&screws considerably and
allows the unit to pletely L ive: a!plﬁement pumping action.
Because the bulk density i s.f} sed s vasf] ' ferent from that of the melt,

\?ﬂ Or Crosswise open or

ts similar to the corotating
units.  One manufac@er pro”Vthts 2 eshingj, arrangement where the
intensity of is between that of single<serew extruders and intermeshing twin-
et U AN BN AN NS

0 eﬁ dvantages 6fboth the twin“sérew corotating
extmdﬂmcﬁ“ﬁj\ 5]2 3 ’ELI]OQSEJf two stages
with a twin-screw corotating unit or a unit for conveying and melting the
ingredients. A single screw pumps the mixture to a die. The two extruders might
be arranged perpendicularly on a horizontal plane or perpendicularly with the first
stage mounted vertically. A great variety of screw elements is available for the
twin-screw stage, the barrel is of the clamshell type. Valves inserted in the barrel

control the forward flow of polymer, whiéh affords control over mixing intensity
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and enables the unit to compound a wide variety of polymers with the same screw
configuration. The single-screw stage ensures excellent pressure generation.
Devolatilization is easy, since the vent is in a region polymers should never reach.
However, two-stage units take up more floor space than single-stage units. For

some unusual application, three-stage machines might be used.

planetary-gear unit is atgzhgﬂf nnec@l directly to the rotating

extruder screw, and the amhulus to the barrely A number of planet gears are placed

between the mﬂruﬂ Q m ﬂxm ‘}nw)&leaﬂ j section could be

considered as a mlxmg section on a’single-screwsextruder. It provides a highly
intensiv;g:tﬂ aua lﬁdnomq ’; m &Lf}eat&lrew moves
solid matenal to the planetary-gear section, where it is plasticated and mixed.

These units are commonly used for processing PVC powders, but are by no means
restricte& to these materials. The PVC application is able, owing to the ability of
the planetary-gear extruder, to operate at high output without excessive heat
generation because the material is spread out in thin layers, i.e., 2 mm, between the

gears and is not insulated from external cooling sources. Furthermore, the high
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shear is not continuous. To ensure that residence time in this region is not too long,
all gears have a 45° helix angle that pumped the material toward the exit die.
Provision might be made in all intensive-fluxing mixers to devolatilize the melt with

a vacuum-venting arrangement.

2.4 DISPERSION OF PIGMENTS I&WCS

Dispersion is usuamd thro gﬁmaﬁon of three mechanisms

u
e

that all occur simultaneous d, | o \

pigment and carrier be suﬂiclentlY' it
J r:-r" .

other so they would \?}k separate when

Mﬂmglid to the system. The
mutual amnlty, compaAat 1 L i.

through a change in ’e surfacev characteristics of e er or both, by use of

surfactants. Pi W rﬂimﬁth different surface
characteristics,mvary m the rate at et-out in a given system.
Sometuﬁ WAT ae ﬂm ml aé" ﬂ Sualisy of

gless of the processing that ollows. This

dispersionf that can be obtained regar

£

varying nature of pigments also explains why no single surfactant is ideal for all
dispersions. The importance of initial wetting is often underestimated because of
the simple means by which it is usually obtained. Yet, initial wetting is not only
essential, it often controls the quality of the final dispersion.

Size reduction is the process of breaking up the pigment aggregates and

agglomerates to primary pigment particle size. Studies of the processes which mix
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pigments and plastics together ha\{e generally excluded the size-reduction
mechanism from consideration, but the size reduction requires that sufficient
mechanical energy be brought to bear on the particles to overcome forces holding
them together. This energy is usually in the form of shear stresses developed in the
polymer, which rupture the agglomerates. When these stresses (the magnitudes of
which are determined by the viscosity olymer and the mixing conditions) are
greater than some threshold vab{i;( v ﬂ end upon the characteristics of
the agglomerates and agg e": e gdu e place. If the stresses are
smaller than required to bhe th m of the particles, it would
not be dispersed. Becausg he [«a C nd t?bko the polymer influence the
effectiveness with whichsthe' me umqr» \ gy cm be transmitted to the

particles, predispersior §

considered.
The bond energi in pigment aggregates and
agglomerates vary conmdetab‘ Vanatxons in manufacture and

stress but be inferior a.a highef_sh caring F tin&sjat several levels of stress

for each dispersion att f importafcé are needed for a comprehensive
evaluation ofeaﬂiﬁﬁxy] E‘TEV' ’jw EJ q ﬂ ﬁ

i »w ting i ﬁ replacing air a i t-air interface
with a a}iﬁj@;ﬁﬁﬁ j ni[ﬁ)lﬁ-mﬁiﬁilns requiring

high transparency or maximum chroma in dark shades. Haze and reduced chroma
are produced by light scattering at plastics/pigment interfaces if the wetting is
incomplete. Effectiveness of shear transmission in the dispersion process also
depends to a great degree on the amount of intimate wetting obtained. Shear

provided by dispersion equipment through a fluid medium would have no effect on
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a pigment aggregate unless a bond exists between the pigment surface and the
medium, and this is accomplished only through intimate wetting.

The same considerations discussed under initial wetting also apply to
intimate wetting, i.e., a need for compatibility and the role of surfactants. However,

intimate wetting is made more difficult by the much smaller particle sizes involved,

particularly for organic pigments ir high-surface area and microscopic

N

interstitial pores. Such plgmemk\% d dispersion cycles to achieve
¢ —
desired results. - 9
While many attempts-Have bee m\t\le\\‘%ngment dispersion, most

have been restricted to thedfilds of paint and printi > ; and few are related to the

plastics media. Irrespecti 'm‘ermn levels have been shown
-

to improve with increasin mn:mg, but they might also be
A

Dispersion is an expo sint '-.-.-:-:‘-_w n process analogous to radioactive
e S ¢

and the maximum - stl_fess. If. particle : - qua strength, the rate of

R

dispersion is independem]l of time although the total chang in dispersion is not.

The totﬁhﬁﬂ ?ﬂﬂ ﬁ hﬁnw uTﬂ ration developed,

is dependent upon the energy o mixing process As the time of mixing
e QW ITNIT) m ""WEQ"‘T g e
level corrésponding to that :Eeved by n;ﬁn:‘for itely long time at that
level of shear. But long processing times do not compensate for a lack of intensity
of shear, and no matter how long the process is extended, low shear levels would
not generate good color development. This relationship has been observed with
many different pigments.

Dispersion becomes progressively more difficult as particle size decreases.

At some threshold size, any further increases in dispersion ceases completely. As
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yet there is no means available by which the strength of these small pigment
particles might be measured, and therefore no definite idea might be formed of the
size of the smallest dispersible particle or of the way in which this changes with the
ambient rate of shear.

Since dispersibility varies with agglomerate size, it is to be expected that

each size would disperse at a dlﬂ'erm The observed rate of dispersion in a
sizes would thus be given by

population of particles contam‘?.gzl_
the average of all the mdl\qmas ofdlspe@ce the rate of dispersion for

small particles would c / little t\i\)mobserved rate during the

early stages of mixing, thge€ar anepend on the number of
large particles. As the miXing' cy: i e ’ ed " the large particles disappear,
the small particles would bécon ' ifiant, 2 dﬂ;? rate of dispersion would

fall. This might or migh ! e, depending a})on the level of shear and
& ':,; 24 ]

the difference in dispersibility, emcﬂ-!d.‘the'

spersion achieved with any mixing

As might be expected, t
,,a-" ;;._; .

"'"J i

process depends upon) the energy It
ability of the procesT *supply that‘ nergy. The )ects of this relation might

¢ agglomerates and the

be examined separatelyj

The m:ﬁ nﬁ ﬁf y the nature of its
design, determmﬁ tﬁ Wﬁ ﬂﬂj fli‘ﬁveloped within any
given W ﬁ r, example, in
the plastigs compoundmg mdustry, mW HYT - O:I a specific energy

which in turn limits the level of dispersion finally achieved.

Design would also control the residence time (that is, the time for which the
agglomerates are exposed to shear) as well as the proportion of that time during
which the agglomerates are exposed to high rates of shear. Time must be allowed,
in any mixing process but especially in batch mixing, to ensure that all the

agglomerates which are present pass through the zone of the highest shear. Other
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variables limit the shear developed during mixing; these include the operating
temperature, the nature of the polymer, and the mixer speed. Higher speeds raise
the energy input as well as pass material through the zone of maximum intensity
more frequently. Thus, more agglomerates are dispersed more quickly.

The theoretical discussion on dispersion mixing may be summarized as

follows:

3. There is some ti ersion would occur.

4. Larger agglomerates would-d: spe nor1E :. than the small ones in
the early stage of dispersion. / % , }"_*" _ | |
, i L
5. The total changg at eﬁ& adispersion process is dependent upon

the time of mixing.
6. The ultimate level of

eved depends upon the maximum
shear available in the fixer. Tk ‘

fie greater the change in

dispersion. w i L
7. The maxlmmglevel of dispersion 1s approa

f)roceeds. Evatﬁ;jgcﬁ‘%xﬂnﬂ ﬁgw Er;.Tﬁ %ows that dispersion

is a first-order proc

RS d
inorganic ngments erse more easily than organic plgments

chﬂasymptoucally as mixing
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2.5 DISPERSION METHODS

The basic dispersion processes for pigment-plastic systems are:
Dry Blend Dispersion Dispersion by dry blending alone occurs largely by
impact and attrition. Except when followed by other dispersion processes, little

opportunity exists in later processing to; achieve the intimate wetting needed for

ique and equipment have been
ersion by this method. The
most important of these _ 1g hig Wers and use of particulate

pigment particles is obvious, si y ags gates 1&rates can be fragmented

only by exceeding the ‘¢ _
i

method is ball-milling the pigment wat M
general, dry-blend dispersion haS‘ cen

Ay da i
‘__,.-/&'r;,‘;{

at high loading pnmﬂly because of the 5t

extenders. T ‘a‘ -

-

Pigments vary gt onigl‘fn th quired tcu)reak up aggregates, but

also in their su T- Fracture of the rimary particle size (as
happens with lg ﬂgl m WOEJ)’JJ aggregates larger
than ar ﬂ equernt-results of over-

e RN T{l}jﬁ’im o

performance. Some pigments have also been known to change crystalline phase,

with an accompanying sharp color change, when dry blended too vigorously with
cértain resins. These changes are, of course, in addition to the commonly

encountered problem of discoloration caused by abrasion of the equipment during

grinding.
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The value of using particulate resins in preference to larger graﬁules or
pellets seems to lie in the significantly improved initial wetting obtained. The
importance of this should not be underestimated, even if used only in preparation
for melt shear dispersion. Experience shows that pigments are more easily and
completely incorporated into a resin when they are attached to the resin surface

provides more surface for coating,

ions, but also puts the pigment

in more complete, mnmnm with tmiesm mass so that shear is
transmitted 1mmed1ately and jnoT¢ et elxm@?mﬂal stages of fluxing. In

other words, no large loc izedaegious ofthigl resm high-pigment content exist

alongside each other. 48, jtherent 'diff e:hcasm consistency and melting

temperature would unde

It might seem would significantly reduce
impact stress when hitting still result in higher-quality
dispersion. However, this attes;s value of initial wetting to aid both

pigment must adher -' e resmwell ive intermediate handling.

Additives that would ﬁ’nder the resm' surface more wutable are often used to

““"“Mfm ?IYT‘WEJ"TH G
T SRS iR it m L s

in some syst

Melt Shear Dispersion As its name implied, melt shear processes depend
on transmission of high shear through resin to achieve dispersion. This is the most-
used method of pigment dispersion in plastics. Melt-dispersion conditions are
usually best at, or very near, the softening point of the system because of the high-
internal shear that can be developed at this point. At higher temperatures the

process becomes more one of mixing than dispersion because of the greater fluidity.
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Opportunities might be available in the more complex formulations to withhold one
or more ingredients (lubricant, plasticizer, lé)w-tack oil) to improve the working
consistency of the compound for dispersion; they could be added at the completion
of dispersion. Similarly, highly efficient additives or extenders that increase
consistency through surface absorption has been helpful. In line with this approach,

dispersion at high-pigment loadings, i ! entrated levels, is the very essence of
the well-known and highly rega@ &\13 %ess used to provide high-quality

dispersions to the vinyl, h‘mceﬂﬂose er industries.

As mentioned e Jectiyene S 0 1 _ ransmission to a pigment
particle through an intermg : \ 0 v pend on: the quality with which
the fluid wets the pigmen el 051ty of the system under
actual dispersion conditi ert vldo esive s(ragth of the fluid (referred
to in some industries as its of i en, s %gests directions that could
be taken to improve dispcrsign ¥ eren caractenstlc of the resin; the
only latitude in dealing with It ; e;;;?ﬁy éile resin or select an alternate
compatible carrier as3 dmspemsmg i t M}ﬁumted dispersion in the
base polymer. We 'the surface to be wetted.

Again, surface-active dg*ents can oft to imprcﬂe wetting or an alternate

carrier might etter wi acteristics. Viscosity is more
within the pracaalﬂgj ﬁ?j m&waﬁﬁig he needs some
basis fi ‘ m i ; ginﬁ{g viscosity is
likely to tﬁu ate eﬁl m Egmgm

All melt dispersion equipment for plastics depends on the utilization of
hydraulic shear to break down pigment aggregates. This shear is, of course, directly
proportional to the viscosity of the polymer which in turn is directly dependent on
the temperature involved. The temperature developed in milling a plastic is a
limiting factor in many operations since it reduces the viscosity on which the shear

depends.
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Three general types of equipment are in use today: two-roll mills, Banbury
mixers, and compounding or milling extruders.

Two-roll mills are excellent for producing good pigment dispersion.
Through careful temperature regulation of the rolls it is possible to maintain the

viscosity of the plastic mass indefinitely, within a desirable range for producing the

shear necessary for dispersion. \\ ' ,/
The Banbury mixer K; \ @e intensive mixing at high

- ., . - n%
viscosities. A relatively w inpit 1s-o-u-iated on a small volume of

Mmperature build-up. The

ed ,dr che viscosity of the mass

material. The result is e
increase in the tempera

with resultant loss of i g\hotor in this equipment, as
at

‘H/ r”_f E -

%shmally necessary to mﬂﬁ in conjunction with a

good dxspersmn It

) est pigment dispersion in
plastics, that can be obﬂ!!hed by mechamcal means.

The co Tgﬁ W Efﬂa? ﬂl]? principle, with the
important exception that the extruder the material is in working area for a
it R TR 717 o6 NW"T’]"VTWT@“’EI e a

shear rafés. This can be accomplished through proper screw design and
temperature control in the compounding zones. Various screw designs are available
for compounding. In all cases, fairly close clearance between screw surface and
extruder barrel is desirable to generate the shear area so necessary for good pigment
dispersion. The screw design should contain a large proportion of metering area.
Some areas of the screw are frequently left without flights to further increase the

area of minimum clearance between the extruder barrel and the screw. It is possible
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to do a fairly good job with an extruder-particularly if the pigment and polymer
have been subjected to intensive mixing beforehand.

Liquid Dispersion Liquid-colorant addition to plastics during processing
has become firmly established in many resin-fabricating operations, and has a quite

exciting projected rate of growth. The advantages of liquid colorants relate directly
to better economics and the abf i mate operations. Technological
advancements lead to impr N & In addition, the concept of
colorant addition in a liq;'u‘Enr;as h!en o include the simultaneous

feeding of many other 35 S :Nagents, antioxidants, UV

qts is made in a liquid carrier,

o]&cular weight polymer, or a

combination of these. Caufiers eolorants are selected for compatibility

with a wide range of thermd astic isols. In fact, liquid colorants are

now available whose carrier syste'@@;ﬁr), 0
e ..—'-:.'f s

. ible with virtually all widely used
thermoplastics, mc]%rﬁﬁng mmu & i

as polycarbonates,

phenylene-oxide-baset ers. This degree of

compatibility results ﬁad?x several spe lﬁc propertles of Lu carrier system, whereby

there is a small %IT system to bond to
the polymer ch owever megree of compatibili ? is obtained by an
L ‘ﬂ‘ﬂ‘ﬂ‘m WA e e e

matrix. The total effect is to provide a carrier system with a high degree of stability
for carrying colorants into a resin without significant effect on the resin's physical
properties.

The carrier system for liquid colorants involves other considerations relating
to product performance. One characteristic involves the optimization of pigment
dispersion in the finished liquid colorant. The technology here consists of
mathematically computing the required surfactant blends for a given pigment to
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permit the maximum amount of solids content with the minimum of residual
surfactant in the dispersion. This process is described by the HLB system
(hydrophile-lipophile balance) built on the theory that numerical designation can be
calculated to reflect the type of behavior expected from a surfactant system. Then,

coupled with the empirically derived and established requirements of known
colorants, pigments can be dxspersi‘\y
other important performanqg\‘
dispersion.

ir optimum effect while maintaining

- the overall liquid-colorant

mode of energy transfer (1 e. unpﬁa > shear), still dictates the level of

= 4,

fluidity needed. qut_ﬁl pigment dxspersxon technolog s, borrowed a lot from
paint technology. Ali'those technolog ¢ vhi it are employed by the

paint industry are impt!rtant in the preparatlon of IM.ud dispersions.  Shear

[
processes are cw \% m EI
At high loa g?ﬂpamcular pigments can have rath?r pronounced non-
Nevony Y8 € eplr s ﬁﬁ”ﬁ‘ﬂ“ﬂﬁ“ﬁ Y-

might give little insight into its actual consistency during milling. Furthermore,
viscosities of millbases containing high-surface area pigments tend to increase
sharply during dispersion as the pigment surface is wetted, so that viscosity
adjustment might be required during the grinding to maintain proper working
consistency.

The quality of initial wetting in liquid dispersion is easily measured by its

mix-in time, i.e., the time required to form a coherent mass, or, in the case of a
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three-roll mill dispersion, the time needed to eliminate tailings and separation.
Surfactants can be particularly effective at this stage of dispersion. Progress in
particle-size reduction is generally followed by fineness or texture measurement on
a grindometer scale; however, the compounder is again reminded that this

measurement does not necessarily correlate with development of other dispersion

Wc etc., which involve particle sizes
that can not be measured by

Principles of mﬂh}fmmuhtﬁn Qent operation to achieve
o e Me as already described for

attributes of importance, e.g., color\

result in dispersions of difi erent viscosities. Resistance tgr‘ilow of liquid dispersions

might sometinﬁ ction of pigment
concentration ge\pEy alleviates Eflyrclﬂe TI-I ttery dispersions
are ext W 1 tﬂ Wﬁx E]ses because
of somrjqil)hyswal ﬁeﬂcﬁﬁﬁ?ﬂtﬂﬂ the dispersion liquid-probably a
swelling of pigment particles involved. Benzidine pigments are notorious for this.
The plastics industry is gradually tuming to the use of liquid dispersions.
Liquid pigment dispersions are introduced some years ago, with disastrous results.

One reason is that the wrong dispersion media are chosen;-also, the early colorants

cause plating out on the screw. Another reason the liquid-colorant concept has
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developed such a bad reputation is that one of the major areas of interest,
polyolefins, is completely neglected in the early days.

Liquid dispersions utilize conventional high-performance organic and
inorganic pigments dispersed in a liquid vehicle system which is essentially
nonvolatile at normal molding temperature up to 400°C. Like solid dispersions, the
vehicle becomes an integral part The vehicle is capable of
carrying high loadings, in the % %nents Because of the nature
of liquids, the chspersmn ic of plﬁhqmd systems is much more

important than in sohd-w( 7TA BN :

Some concemn a

vehicle on the surface o
technologists. Carrier mi
dispersions are reported to ' ] ofec the recent experience of the
industry has confirmed the ‘

dispersions are competitive w1th i

i s /25‘ .
In practice, .gjoﬂﬁm&hon of t{ese ocesses i £§ ten employed to take
advantage of the me -~ elch. For e, iry blending before melted
dispersing could 1mpr e dxspersmnquahty as well aueduce overall cost, and

predlsperswn ﬁ Wﬁ ﬁm of obtaining high-
quality dispersion of some colorants e evi I §ment of dispersion
LGN ULV 13 g

on the past experience a rmulator has had with pigments, dispersing equipment,
and resin systems. However, application of the dispersion theory should suggest

ways in which these procedures can be improved.

TAN{B 33/
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2.6 EVALUATION OF DISPERSIBILITY AND QUALITY OF
DISPERSION

If pigments are to be used efficiently, more information about their behavior
in a dispersing environment is required. Several attempts have already been made

to devise methods of measuring Lhi of dispersion and the way it changes
o

with mixing. Most of this effor "tmting strength" test, although

a method based upon pa@ﬂh&ﬂ haswt:en developed.

made under conditions especm],lyﬁs 1 e high or low d1spers10n For an

e - :‘"‘"ﬁ;
-“' el
exact comparison Qf_iihadesl specttographe &ﬁ be used, but direct
colorimetric measurements are M cise to be used on most

occasions.

There ﬁ, m\ﬂﬂg wﬂﬂuﬁa mﬂ The level of

dispersion can have a pronounced eﬂ'ect upon 1 color and upon
e 1 e e
always used so that the total amount of scattering should remain almost constant, it
is assumed that this pigment remains unaltered during subsequent processing.
Finally, large color-pigment particles appear as nearly black specks in the mixture
and therefore make only a small contribution to the color.

There are other methods by which the size characteristics of pigment
particles might be examined, although most are rendered useless by the presence of

the solid polymer matrix which surrounds the particles in plastics. Of course, a
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microscope could be used, as it has been in the past, despite the inherent tedium and
subjectivity normally associated with its use. The recent appearance of automatic
particle counters has largely removed these objections and has assisted in the
development of procedures which counted and size particles at high speed. There

are several particle counters currently available, but on]y the Quantimet has

achieved wide acceptance. ,
The measurement of dlspersmn is a difficult task.

Only the large particles senkd @ptlcal microscope. One
/ ——

convenient and accurate measurl

j0d is to prepare a 5-mil pressout of the

colored plastic 6 of ounted for viewing in a
regular optical microscopsg ‘ Use ale superimposed on the
field facilitates estimation ge ~ sservation of films or press-
out plaques also serves as ' life e poor dispersions appear to
be hazy and even to have visil [ ; - Sar

A qualitative estimate ET?E{ dispersion can also be obtained

s, . e of these properties

are: flow of melt throug ctm faults in a wire coating,

clogging time oﬂ ﬁmﬁ:ﬂ%’qﬁmﬁ% of fibers and thin
Q W éNﬂ‘iﬂJ UR1INYIAY

on the presence or absefice ¢

ok extremely small apertures, ele
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2.7 LITERATURE SURVEY

Daniel F. Mielcarek (1987) has reported about twin-screw compounding.
Today's compounding equipment has made advanced plastics compounding a reality
for polymer processors. The twin-screw extruder is a versatile tool, capable of
handling a wide range applications ition, its inherent shear, conveying,
'“' e machine of choice for the

majority of today's sophﬁw m this flexibility, it might be
4 ‘_\b\l&t ound at high levels. Other
el

input would be within the progess -v and the ;ﬂ)@tyto control the degree of

necessary to sacrifice materi

re and how much shear

mixing intensity by varying ar  -~ hents, Wi versanhty, it is possible

to achieve optimum process gonditions. for Most difficult mixing and

K Terashita and 1
eijiro Terashita an ;;ﬁf iy «3‘

( ad
mixing and kneadm%r._lkehtmnship betweenpc&ﬁ ies and mixing state,
which is important in"the eldofpo der mix —ﬁ“, ated. It was clear that

l £,
the mixing state (the deéree of mlxmg) in a fixed-type tLLer is hardly affected by

particle size raﬁ qnonwgw%wﬂ h] ﬁ f timbling mixer,

suitable mixing g¢on satlsfactory mixing ate of a mixture
e R T TR
the mixing in this t;a;e?f po:;:r system was pr(ﬁted bgconvéﬂctwe mixing and
shearing mixing. As an example of kneading, kneading of magnetic recording
materials was employed. The relationship between the kneading and the dispersion
state as well as their evaluation methods were discussed. The state of kneading
could be appreciated by observation of the coating state of the binder on the
component particles and the state of dispersion could be evaluated by square ratio

and orientation ratio. A satisfactory kneading state contributed to dispersion of
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magnetic powder materials and ensured high-grade videotape. In conclusion, it
could be said that good quality of videotape depended on its kneading state.

Naruo Yabe, Keijiro Terashita, Kiichi Izumida and Kei Miyanami
(1988) studied about dispersion of carbon black in resins by a continuous kneader

and its assessment. A kneading experiment of thermoplastic resin and carbon black

was carried out with a continuous kn‘t WEZ arious feeding rates. In addition

to the measurements of the m%wtque and the residence time of the

material, an assessment Wrswf staw!of-enbon black was attempted by

i of.,\t-bis: method was examined. From the
A\ Ny

bersion Gould be determined by the

2 @wa‘; clarified that the degree

microscopy and imag : A1
electron microscopy (S ) n conJunctlon wnh a commercial image analysis system

to qumtltamelﬁlwmﬂﬂvr?w mﬂxjtmlor concentrates.

Compounds containing high loadmgs of orgamc and morgamc pigments were
evaluat dﬁ WW d ﬁT\ﬂﬁom sample
dﬂutlonﬂThe :jects of various processing condlzgn?atﬁddltwes on dispersion
quality were also examined. The results showed that in the area of polymer color
concentrates, the method and conditions of preparation had a fundamental effect on
dispersion qilality. In their study, two highly pigmented polyethylene systems had
been examined using scanning electron microscopy with the resulting images
characterized using computer-driven image analysis techniques. Agglomerate levels

were determined numerically and correlated to process conditions. The effect of
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certain additives on pigment dispersion was also explored. Although clearly not
applicable for routine quality control (QC), scanning electron microscopy coupled
with image analysis provided a unique tool for examining the state of pigment
dispersion in polymer concentrates.

Yoshihisa Mizuno, Keijiro Terashita and Kei Miyanami (1993) studied

an electrically conductive resin with

the operating plan for continuous lg:ni
analysis of time series. In @uoﬁi or stable-state production the

feeder that feeds raw mat-mthe héaterﬁts objective material must be

controlled with consxd' os bﬂ%kneader. In their work,

responses\x&the real time region and

conductivity of the eleeJﬁcally conductrve resin could bumade small, and that the

effectiveness oﬁulgrgewknguﬁ an bjective material in

the kneader was@plug flow.

LN Wﬂ‘?mﬂ WY TR 2 e
about evaluation of dispersion state of an electrically conductive resin with fractal
dimension. To determine the dispersion state of filler quantitatively in the
electrically conductive resin, the image of the dispersion state on a cross section of
the resin was fed into a personal computer from an image processor and the fractal
dimension of dispersion state based on the area ratio was calculated. The fractal
dimension was calculated for images of sixteen kinds and was effective in

quantitative representation of the dispersion state. They also tried to evaluate the
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electrical conductivity of the electrically conductive resin with the fractal dimension.
Electrical conductivity of the electrically conductive resin could be related to the
product of fractal dimension and length of filler. Prediction of the dispersion state
was also attempted by comparing the fractal dimension and the dimensionless
number calculated from the data obtained during kneading.
Takashi Teshima, Keijiro, ’R\d and Kei Miyanami (1993) srudled
the effect of pre-mixing time qg:g:e knea & toner materials for their toning
and charging characten@e—mﬂ'mg % t was carried out on toner

materials with a high-sp 3 e as variable. The obtained

i gx_{ime was examined. The

/ e surface of the toner
and the charging charaeéenstlcs were determmed by the l&leadéd state.

Takastﬁfﬁiﬁ :1; wﬂuﬂ f w WTd Kei Miyanami

(1993) studied the mixing of toner composmon and its evaluation. Thermoplastic
resin, mixed wi
VARG E LI R e
a stir ;ﬂ mixer at@e:S)us mr?mt;t’gmes The mixing prﬁ[:jewas imvestigated by
measuring the load current and temperature of the mixture during the mixing
operation, and the state of the mixture were examined by SEM observation, X-ray
micrbanalysis and so on. The results showed that the following process, that is, the
crushing of resin, the deagglomeration of carbon black and charge control agent,
surface coating of the resin particles by the finer particles, and the reagglomeration

of crushed resin simultaneously progressed during mixing. It was suggested that
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the states of the mixture obtained by pre-mixing contributed to the dispersion of
carbon black and the charge control agent in subsequent kneading process.

Keijiro Terashita, Tetsuya Tanaka and Kei Miyanami (1993) studied
about continuous kneading of electrically conductive composite materials and
evaluation of filler dispersion state. Using stainless steel fiber and metalized glass

fiber as electrically conductive ﬁllers . ically conductive composite resins were

prepared by continuous knea@g ' factors affecting the electro-

\., .
conductivity of the electmnndugwe e material were the filler
dispersion state and ﬁ( iy m\nﬁ‘b&\ The key to excellent

ve network ensuring long

filler length, a uniform fillef dis pufion aid il an;éhzgtlon in every direction. As
quantitative indexes of the fillf dispersi 0 ﬁapt'gl dimension and direction
ratio were used. A goodfille ..dJ %btamed when the fractal
dimension was high and the @ emﬁf ra The electrically conductive

composite resin was found to ; ectroconductivity, irrespective of

___-v_-

filler type, when the ‘ij_l}er length was lonfg, A 1¢ fractal dimension was high and the

direction ratio was lowt oientation with long filler

-

length were obtained whén the number of paddle revolutighs N, was low, the ratio

/u of shearing Eljﬁrﬁ ﬁmﬁ% %&Wﬁ. ;Tﬁl;jraﬁo WV, of u to

holdup Vj, was

A S YL
Miyanami ( ied application "of fracta aluation of

dispersion of filler in composite material. To design composite materials, and to
optimize the manufacturing condition, quantitative evaluation of the dispersion state
of filler contained in composite materials was important. In their study, the batch
kneading of thermosetting resin and circular particles and the continuous kneading
of thermoplastic resins and electric conductive fibers were performed, and the

dispersion state in these composite materials was evaluated using the fractal
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dimension and coordination number. According to the evaluation, the fillers were
dispersed in a uniform state if the value of fractal dimension was high, and the
aggregation of 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 diséusged. It became clear that the aggregation

of the fillers was broken -*-»'* >__'__—‘ £ g was performed, and the

diffusion of the fillers in the« ol ‘Qounter-ﬂo.w or diffusional

mixing was predominant : that an excellent electric

conductive resin could bgfobta he fractal dimension and

the coordination number
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