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2.1 Principles of Pigment Dispersion in Plastics [15]

2.1.1 |Initial Wetting

Initial wetting requires_tiat I ! aid vehicle be sufficiently well-mixed
and have sufficient affinit aration when further work is
applied to the system. | gment to pelletize or cake on
equipment and the amf regent™following such a blend are
measured of initial wei g is often underestimated
because of the usually si Yet, it is not only essential,
but often controls the quéli * _~’ SI0N, ofyat least the amount of time
required to obtain it. Surfagta an al i reasing the affinity between pigment and
vehicle, thereby improving ing the time needed to obtain initial
wetting.

However, o\!p;n )i¢al, composition and surface

)

characteristics, so no* !f_.-'! dite'Serve all situations equally
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Size reduq(!tion may be achieved by impagty, particle-to-pasigle attrition, or by
shear tr%rwg]ra@a ﬂlrﬁrguauﬂa I‘a:]ea I%E&Je’sq aﬁﬂnt mechanical
energy m‘ast be introduced to overcome forces holding aggregates and agglomerates

together. Because this is often carried out in the presence of a vehicle, physical

characteristics of the vehicle can be extremely important.



2.1.3 Intimate Wetting

Intimate wetting is the process of replacing the envelope of air surrounding each
pigment particle. An obvious benefit of air displacement is reduced attraction between
particles, which might otherwise produce flocculation in systems where flocculation can
occur.

The fundamental need for some degree of intimate wetting, however, it can

promote a strong bond between pigment and vehicle enough to withstand forces which

applied to the system in later proce g.  Particularly, those intentionally introduced in
melt or liquid shear dispersio S't0% gglomerates.

, ﬂ
The theoretical discussio pnixir marlzed as follows [12].

1) Dispersionis a g od n -t n and wetting-out of pigment
particles by#he gér

2) High shear pié

dispersion will occur.

4) Larger agglomerates "'7“‘-.-5 perse eas Iy than the small ones in the
early stage of dispess f‘f‘?a 27

5) The total ghapgeatany time in g disnersionaracess is dependent upon the
time of mi| ' .

)
6) The ultimate Te vel of dispersion achleved depends upon the maximum shear

avaﬂ u 8 mzev'lTﬁwaﬁrwmrﬂ ﬂﬁwe greater the change

in dlsqlarSIOn

AT A

dispersion is a first-order process.

8) Pigments differ considerably in their respohse to shear : in general, inorganic

pigments disperse more easily than organic pigments.



2.2 Dispersibility [16]

Dispersibility of a filler is established primarily by (1) the chemical nature of the
filler, (2) its surface characteristics, (3) its particle size, and (4) the process by which it is
made. The chemical nature of the filler defines the bond strengths and many of the
special surface characteristics that will be encountered in any given material. The
physical and chemical properties of the filler surface will establish its tendency to

aggregate and the strength of the clusters formed.
surface energies of particles j

particle size drops below

0,its ease of dispersion. In general, the

such that the driving force for

0.1 um, the tendency
progressively and substa

also be employed to*stapilizg" e, pértic M\, reagglomerating once the initial
g J‘E‘;i ¥
aggregates are broken dtring g[s ersion P

-"‘-ﬁ—-"

Finally, the procesées y w‘még’ e .‘ jers a

produced have an all-important

e i

effect on the ultimate dispers |b|| AaET e" on e Favorite techniques include (1) the

,#.

use of various surface treanamfsifg# M A€ surface chemistry and reduce the

: L
forces of particle-pa Cie—atiattoi—aha—ponaing—aha—(zJ
f —

drying process or reducﬂth fi

thods to circumvent the

atﬁcur during drying.

Proper dispersion |s essentlal to the performance and ultimate success of the

filed system. ﬁﬂﬂ ﬂ%ﬁmwmeﬂﬁe 2.2 shows a good

dispersion of fillefparticles in matrix.
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-

Figure 2.1 Agglomerated filler in matrix

*®




Figure 2.2 Filler dispersed to discrete size in matrix

2.3 Dispersion Methods [12; "///
In compounding, th diq.ers@es are commonly used : dry

blending, melt shear,

e, a combination of these
techniques is often e pounder is still the primary
factor determining the Sic dispersion processes for

pigment-plastic system

2.3.2 Melt She Dispersi
Melt shear dispergign is most @ammonly employed in thermoplastics

compouncing. 38 DI WIS WELARNS cy vencing, e

effectiveness of melt shear depends @n the ease o&/vettlng of the Q}r by the polymer

s Q FAREN SR H HADIPH AR B e

the filler aagregates.

2.3.3 Liquid Dispersion
Liquid dispersion processes for plastisols involve predispersion of the filler in the
plasticizer. Equipment type can vary, but the type of dispersion forces is generally

determined by viscosity, which is most often controlled by the filler concentration.



In practice, a combination of these processes is often employed to take
advantage of the merits of each. For example, intensive dry blending before melt
dispersing can improve dispersion quality as well as reduce overall cost, and
predispersion in plasticizer is often the least expensive means of obtaining high-quality
dispersion of some colorants in vinyls. The development of dispersion procedures by
any of these processes has been largely empirical, depending heavily on the past

experience a formulator has had with pigments, dispersing equipment, and resin

systems. However, appllcatnon of \ \ i heory should suggest ways in which

these procedures can be impEOV g dispersion technique usually is

“
dictated by cost, the ultimate"propesty red we@ﬁ”ed composite, and, finally,
the dispersibility of the filler: / of o] (o \\ Rroperties.

Since this work udy, of dispersibility of organic

pigments in MDPE via dry ahd n their mechanical, physical,

follows [9].

and thermal properties.” Thafefare \L e o this work are reported as

Dobbin, C.J.B. and*Ba| r, '»;L stud >C 2 analysis of dispersion quality

in highly pigmented polymer sy -”‘5 9"Us -f_ ing" electron microscopy and image
analysis techniques. The pape - Showed 2anning electron microscopy (SEM)

in Conjunction With -"""h aVat oY lal i aa e Va VoMo AT AW e N (M et W/ ek Favas — ‘ uantltat|ve|y Charactenze

particle dispersion in polye . T@ompounds containing high

loadings of organic and ngorganlc pigments were evaluated directly in order to avoid

agglomerate reﬁtﬂﬁ%ﬂgﬁﬁ%ﬁﬂwrﬂﬁﬂﬁof various processing

conditions and addlitives on dlspersmn quality were also examined. The results showed
that in thaaﬁm]) ﬂ(ﬁm uﬂﬁmarwﬂ C!Taoflof preparation
had a furqiamental effect on dispersion quality. In their study, two highly pigmented
polyethylene systems were 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 certain additives on pigment dispersion was also explored.

Teshima, T., Yabe, N., Terashita, K., and Miyanami, K. (1993) investigate the

effect of mixing time on dispersion of the toner compositions. These were composed of



thermoplastic resin, carbon black, and a charge control agent which is a material for
toner. These compositions were mixed with a stir type mixer at various mixing times.
The mixing process was investigated by measuring the load ratio and temperature of the
mixture during the mixing operation, and the state of the mixture were examined by SEM
observation, X-ray microanalysis. 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 pro

In-eure, P. (1994) studie conditions on the dispersion of

pigments in polyethylene he kneading temperature, the

rolling temperature, the spege®® .-/-. \V“\\\ W), 2 and the particle size of pigment

particles were studied. 2lysis method to evaluate the

dispersibility of pigment j howed that the higher the

kneading temperature, the ig gdl # ? \o gment in polyethylene, but at the
higher kneading temperaturejthe -r eSS €e ) 1 e Of mixing than dispersion. The

dispersibility of the pigmeft in€reasgg '_1 51 / otatl oF a speed of the screw increased
since a higher speed provided h ear stress to break agglomerates of

Tl 4 Y
the pigment, so that the pigment eokid i SpE er than the smaller one. Finally, the

rO”Ing temperature ha ,,,mu ‘

y of the pigment. It only

affected the internal strut : thylene.
Okada, K., Aksuka S Kuriska, H., and AkaJ| Y. (1995) studied the influence of

mixing procesﬂaﬁlﬂ Q’J %ﬁ%ﬁww ﬂ‘ﬂ muxtures consisting of

polyethylene andl)different kinds of ceramlc powders They proposed a method of
evaluatua a ﬁ ﬁ?mpﬂﬁ ﬂTﬂg rﬂﬁﬁ] ﬁ E]/arlous mixing
condltloone dynamics rheological properties of the mixtures. The degree of
dispersion in the mixtures was highly influenced by the mixing temperature and the
mixing speed of a twin screw extruder. With increasing mixing temperatures, the
viscosity of the mixtures increased due to the presence of agglomerates.

Phingchin, N. (1996) investigated factors influencing the dispersion of pigments
in polystyrene upon using a continuous twin-screw kneader to find the most suitable

kneading conditions. This study also applied a fractal analysis method to evaluate the
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dispersibility of pigment. In addition, comparison between the experimental results and
the corresponding ideal-case values obtained from the computer simulation was
studied. The experimental results showed that the higher the kneading temperature and
the rotational speed of the screw, the higher the dispersion state of pigment in
polystyrene, but as the feed rate of polystyrene pigment mixture increased, the
dispersibility decreased. Further more, the comparison result between the inorganic

and organic pigment showed that the organic pigment (carbon black) dispersed more

uniformly than the inorganic pi ide) because the physicochemical

properties of carbon black is styrene than those of iron oxide.

.—‘
wg the dispersion of organic

pigments in polyethylene uge G ' . \\\\ iwin-screw kneader. The studied
hspeed of twin-screw, the feed

rate and the premix time j f 10 “detek ‘ e Uil Ie kneading condition. The

fractal concept was app _ ; ate the dispers state of pigments. Raw materials
used in the study were#wo ic S, 4C3 n Dlack and quinacridone violet
pigment, and high density lene n ‘,‘“ In addition, effects of the
kneading conditions on the*en f_-g- HDPE kneaded with either pigment

were also investigated. It wa ',"5‘3:,- N ,a H sibility of either pigment increased

as the kneading tempe Eiaie-anttHeolationai-spestrinciod

r

LD

X

feed rate was, the lowerthe @ 0 became. The premix time,

d, and that the higher the

upwards of 10 minutes of.prlmary mixing, had |n3|gnmcant influence on the kneading

result. As for ﬂaﬂﬂ d}%ﬂawﬁwrﬂﬂoﬂtﬁ tensile properties of

polyethylene witijpigment, it was found that as the kneading temperature and the

rotatlonaq ﬁ Q ﬂm ﬁeﬂltﬂa"wm d more brittle,
espeCIallyqa kneading temperatures abov Incidentally, comparison between

the carbon black and quinacridone violet pigments revealed that the carbon black
pigment, which had a smaller size (approximately one-sixth of that of quinacridone
violet) and less polarity, provided more uniform dispersion state and better properties of
the polymer blend.

Horiuchi, S., Kajita, T., and Tachibana, T. (1999) [17] examined the dispersion of

the pigment in LDPE by dry — impact blending method. Dry-impact blending method
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was employed to prepare hybrid particles composed of fine particles of phthalocyanine
blue and a coarse particle of low-density polyethylene (LDPE). A simple mixing in a
Henschel-type batch mixer of the two kinds of particles, which were largely different in
the size, at ambient temperature applying high stress produced hybrid particles, where
the fine particles are distributed on the surface of the core particle. The surface
appearances and the cross-sectional views of the particles were observed by scanning
and transmission electron microscopy. It was revealed that the hybrid particles
exhibited a capsule formation wit ‘ W%ted with the phthalocyanine layer,
where the phthalocyanine fi ‘ ' ded in the LDPE core particles.

——

Consequently, the hybrid , helps fine dispersion of the

pigment into the LDPE matg thet nted BDPE sheet shows excellent color

N

quality.

2.4 Forces Involve

There are two prifici 4 ' cting ifythel pigment dispersion process
to bring about mechanical ., pal : rushing and shearing. These
are illustrated diagramatically’ in/fgure industrial dispersion equipment
(commonly referred t_o as mj {‘j"}t.‘ 1 e_will operate to a certain extent
although depending*@ e _action ot the paricuiarmitt=eitier one or the other may

(]

.rﬂ- projectiles (e.g., balls or

dominate. Crushing IRwDIVe

i
beads), moving at high speed and giving rise to disintegration of pigment agglomerates.
L

These forces ﬂ [ﬂfﬂ%%ﬂﬂﬂlﬂ?ﬂ?t such as ballmills,

sandmills and quml Is.” These mills are commonly used for dispersion of pigments
into relative iSEOSity e ¢ i ta-i liguideinkss ﬂ{ fficiently high
impactq\aomgbgﬂjemlmfmt, s m\;ﬁsﬁﬁom stresses
exerted within a high viscosity fluid as the fluid flows, and these in turn cause
mechanical breakdown of the pigment agglomerates. For efficient shearing, the flow
pattern within the fluid must be laminar, a type of flow which is characterised by a
regular linear flow pattern. The chaotic movement of fluid which is caused by turbulent

flow conditions gives efficient mixing of the ingredients in the formulation but a poor

dispersion results due to the low shearing forces which are generated under these
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conditions. Shearing is the principal force involved in dispersion of pigments into high
viscosity media such as paste printing inks, for example those used for lithographic

printing, and into molten thermoplastics.

material. Most plastics materials 3-- sSsed in their natural post-polymerized

condition. Post-polymerizedsplastics-are the ials, they must be enhanced for
processing. Plastic ; ----------------- .‘:i pose during processing

and produce useless pﬂ!u’c ech fj‘ ogy focused on the addition

of additives that enhancecyend stabilized the ‘r‘\ﬁterlal during manufacturing. Today the

covenss G FHVHFIG BT Goomin. oo

technical advanﬂges and enhanci .pg the performance characterlsttcs of plastic
= RAREAIHUNINY1A Y

THe development of new uses for plastics materials largely depends on the
creative use of additives. There are thousands of additives; but each one fall into 16
different categories. Additives formulated to improve process ability are called process
additives. Process additives improve the materials ability to be melted, molded,
shaped, and compressed without decomposition. If additives are used to provide stable
products, these are called functional additive. Functional additives improve the plastic's

product life by enhancing the chemical, physical, and environmental properties of the
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material. In recent years the extensive use of plastic materials has been due to the
development of functional additives. However, plastics materials can only be produced
with the addition of both process and functional additives.

Compounding relies on the understanding of mixing principles. Mixing
principles deal with the production of a homogeneous mass, uniform in composition and

structure. There are three basic mixing principles that must be considered.

First, the surface area between the components must be spread so that more of the

materials are in contact with each other. ing this is accomplished by melting the plastic

and kneading, smearing, folding, s \ ing, and shearing it with the additives.
In addition, the rate of shear a . g foi eséform throughout the compounding
process. All portions of the plasti dler st -' - e path, experience the same shear

and heat history. Third, the

I-' /f‘(r S n l
uniform mix. Compounding.i acg / .. }\\

\.\~ g the gap between the stationary

2.6 Colorant Forms and ME ' ,_:_ G rp ) Colorants into Plastics

ly.throughout the mixture to form a
stic's melt at right angles in the
direction of flow, controlling the

and rotating elements of t

Colorants can be inffodiiced- mio s Dy several methods. A correct

incorporation method speeds-<¢ ades quality, and reduces cost.

Thermoplastics are setsinadhat the internal coloring of

|

thermoplastic resins c: € eoloring of thermosets avoids

1)
heating [20, 21]. Conclt swely, accepted colorant forms commonly used to pigmented

e "Steﬂ 'ﬁbﬁf‘ﬁ NUNTNYING
HETTt M ua. .. .

thermoplastics. It offers the advantages of an almost unlimited color range (capable of
matching nearly any specified color from a limited colorant inventory), little waste, and
extreme flexibility in production (quick switch over to other colorants). On the other
hand, the dry mixing may generate colorant dusting (with possible contamination of
other plastics in the area) and the dispersion attained is less complete than that

obtainable by precolored methods. Although dry coloring is relatively simple, certain



14

precautions must be observed. Colorants must be weighed with accuracy, the timing of
the tumbling stage must be uniform from batch to batch (and preferably at a location
apart from other processing operations), and the resin itself must be dry. Even if dry
resins are used, it is normally necessary to dry moisture-sensitive resins after addition of
the colorant and before molding. In addition, dry concentrates do not settle or separate
and are cleaner to handle than paste. Dry color may be used in compounding when

intensive mixers are used, but housekeeping and health considerations must be taken

%

Table 2.1 Colorant forms eommon us (U 10°e0loF Plastics [21]

into account.

\1\ \\\”"'-. Fomms

Plastics - orant Paste Precolored Resin

plorant Masterbatch

Thermoplastics®

Acetal
Acrylic

Cellulosic

Nylon

e £ € c &

Polyethylene, Polypropylene,

Polystyrene
Polycarbonate

Fluorcarbons

Thermosets

Phenolics

e Y ¢ WH’MW mﬂfi

Polyurethane -

Z:Tfifrﬁm’l AN ‘iIlJlJWTJﬂmﬁ d

Diallyl phthalate

{

c C

® Vinyls use all four forms
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2.6.2 Precolored Compound (or Precolored Resin Masterbatch)

Extrusion coloring is concerned primarily with thermoplastics. Here use is made
of precolored resin compounds (highly colored intermediates that provide better
colorant dispersions and more uniform color). The colorant ingredients are first
thoroughly mixed with resin in the dry blender and then charged to an heated extruder
where the feed screw mixes the fused resin and colorant mixture. The continuous

extruded colored strands (approximately 1/8 in. diameter) are either air or water cooled

and then cut into pellets. ional gl strands are cut before cooling (say for
olyolefin resin) in which casehe sl re spherical shape.
poly ) SRR " e sp P

Precolored compo stry. The rigid PVC industry

Color concentrg coneentr mixturest of colorant in resin (the
concentrate may contain _ r ortion lorant needed in the finished
plastic item). The term co -n’if- iﬁ: Q ) or pellet form of colorant for use in
polyolefins and vinyls. However, r'E ¢ .{' lor concentrates are use extensively

10 COIOr Viny| COM P O

Special equi en 3r’| oncentrate since a high

“ Multiple passes through an
extruder are e \Ai’ e been used very
successfully buﬁaﬂxaﬂﬁ ﬂlj “ﬁj:ﬁc‘j; and economical for
volume ﬁ °(fEJhousekeeping
problems %ﬁﬁeﬁvﬁ ﬁ 5 Mﬁiﬁﬁﬂﬁﬁ olor has been

developed to optimize its properties.

percentage of colorant elng added (10-15 %w colorant:

2.6.4 Pastes (or Paste Colorant)
Thermosetting resins supplied as powders (urea, melamine, phenol'ics) are
commonly colored by mixing in a machine that blends the resin and colorant without too

much generation of heat (ball mills and attritionAgrinders). Thermosetting resins



16

supplied as liquids (polyesters, epoxies) do not lend themselves to the addition of dry
colorants because lumping, settling, and premature curing or hardening may take
place. Rather, the method for coloring the thermoset resin depends on the method of
fabrication. In the case of a molding operation the colorant is added in a liquid or paste
concentrate form (a highly concentrated mixture of the colorant made by grindihg the
colorant into the liquid resin).

Thermosetting resins also use paste concentrates since the molder or fabricator

easily achieves both complete dispe | llent color development with this form
of colorant (used almost exclt .\S gimoset resins). Paste concentrates

. J . .
are also widely used with"thermoplastic nylw The paste dispersion may

vary in consistency from a g e 10

fraple’ syrup . paste. Paste concentrates are

normally employed only tlsfactory since the added

grinding step necessary tofio cfpasie nore expensive.

AN
b X N
The tendency Or pigients.y P\\\\\'\ dispersion is a continuing

<

#

ot > ‘ \
problem. In the case of #othforg 2’ O Inorga \u an \ S this may be induced by the
presence of an impurity or#esidual sglist _ Since organic pigments are softer, they
are more susceptible to this 29gl6 f’.f.: n" y [21].

f,."-'Td{:, 7

e

2.7 Pigments — "

g ‘yzl 3 ‘

The successful marke isTClosely keyed to the “right”
choice of an attractive ar}d pleasing colorant to provide sales appeal and customer

acceptance. Tﬁ Wrﬂdﬁﬂ'ﬂﬁ@ﬂﬂ é‘]eﬂﬂ/e and growing, and

includes such diYgrse items as pack%glng, automobale upholstery, canlster sets, pens,
telephowasw cﬁﬁ ﬁﬁ % Ejtd’T ﬁrketabmty and
|dent|f|catq>n 67lvough colors specified ;ﬂtj? ese ends arﬁased on esthetic
principles, achieving the desired colors is based on physical, chemical, and
engineering principles.

Colorants are defined as materials that will modify the light incident on a surface
so that light of other wavelengths, at the same or lesser intensities, is reflected or
transmitted [20]. Colorants are generally colored materials, although optical brighteners

that reinforce color appearance may themselves be colorless. Colorants can be
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incorporated into the plastic mass or applied to the surface of the plastic as a coating or
laminate.

There are basically two types of colorants : those that are soluble in the
formulation (dyes) and those that are insoluble (pigments). A comparison of the general
characteristics of dyes and pigments is contained in Table 2.2. Some pigments show
slight solubility, although such manifestation is generally undesirable and considered a

defect. Solubility leads to bleeding or migration, plateout, and crocking, and might lack

for the other properties, like pigme \ eptable properties [20].
Q) /

Table 2.2 A comparison © general &ara stics '. dyes and pigments [18]

Characteristic ‘/} Dyes Pigments
Solubility Requj Q IJ" ble equnred to resist dissolving in any

S

ts which they may contact

Traditional applications

\
4 ﬁ I I ﬂh ,\\1\\\“ s, printing inks, plastics

Method of application spersed into a liquid medium

h subsequently solidifies

Main chemical types Jrganic types : azo, phthalocyanine

and carbonyl; inorganic types

Application classification Pigments are multi-purpose materials

and @pplication classification is

jeevely unimportant

S

Color properties Irﬂde colored, white and metallic

271 1ﬂ Huﬂ;ﬁ.ﬂﬂll, hs [18’ L= ‘,] ﬂ ‘j

rw mw 93 m(a of particles.
Primary particles ar the smallest pigment particles not normally further subdivided.

However, during the manufacture of pigments, and especially at the stage where the
pigments are dried to produce a powder, particles tend to cluster together. Two
different types of particle clusters can be considered : aggregates and agglomerates.
Aggregates are considered to be groups of primary particles joined at faces.
Agglomerates are considered to be groups of aggregates or primary particles joined at

edges and corners. These types of particles are illustrated in somewhat idealised form
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in Figure 2.4. Because of the nature of the particle contact, agglomerates are much less
tightly bound together than aggregates and are therefore easier to break down by

dispersion.

Figure 2.4 Typés

and agg s (00T
9 o :

2.7.2 Selection ofsF
The selection ,1:'_._1 depends primarily on the
nature of the plastic, ='5[ vel of Cole ic end use.

1. Nature of Plasti¢ &

ﬂ uss f%‘”ﬂfﬂtﬂg w&’}ﬂag critical factors in the

selectlon%f a pigment for |t§ coloration. If a plastic is &ocessed at high
TR RAITRER 2
2.9 Level of Colorant

The ratio of colorant to resin varies the color effect. In general, high
concentrations of colorant are more lightfast than low concentrations (tints).
However, in the case of certain red pigments, progressing to high
concentrations promotes “bronzing.” Low concentrations of colorant minimize

“bleeding” and “crocking” tendencies.
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Some pigments (iron oxides, phthalocyanines) have an antioxidant effect
and when used at high levels can inhibit the cure of certain catalyzed plastic
polymers.

3. End Use

The intended application of the plastic product is an important

consideration in the choice of pigment colorant. If the plastic is in contact with

an acid, the pigment must be acid resistant; if in contact with an alkaline

environment, it must be alk e3ist; Colorants can be selected to either

enhance or reduce S desired. Toxicity may be a

. - . J .
controlling factor, With"FDA 2R ro-Iofmbemg mandatory.

The following fact g6l gon \ SiCourse of evaluating pigments :

heat stability, lightfastnes \\ reS|stance tinting strength,

chemical resistance, 'Sion behavior, behavior at low
concentration, and plateaut.

Some aspects of pigmght b \gvior.a h00t G on int and will vary depending on

heat history, dispersion techhiq J‘:ﬁ:_,;r it

£i7 Lo
evaluation program will be designed- .‘ @m e variables.

and other additives. |f feasible, an

(7 Y
2.7.3 Applical '

Pigments are us d for the coloration of a very broad and diversified number of

materials, and ﬁd‘j Elf 1W1n| chemical structures.
However, their smheses and their ptyzlca aftertreatments generally differ.
tgn E]catlons
mmm’m Nl)

printing inks for paper (lithographic, rotogravure, and flaxographic systems)

and for other materials (metal plates, foils, artists’ and writing materials),
- coloration of plastics and rubber,
- textile printing,
- coloration of man-made fibers by mass pigmentation before fiber formation

(dope dyeing), etc.
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2.7.4 Organic Pigments [18, 24, 25]

Pigments can be classified according to a variety of criteria. The usual
classification of pigments is according to chemical nature (inorganic, organic) and
genesis (natural, synthetic). The subclasses of white, black, colored, luster, and
luminescent pigments are also characterized.

Pigments are conveniently classified as either inorganic or organic. These two

broad classes of pigments are of roughly comparable importance industrially. Table 2.3

presents the characteristics either inorge Wanic pigments.
: ce ﬁcs of inorganic and organic

Table 2.3 A comparison ¢

pigments [18

Characteristi ’ \ \ Organic Pigments
Color Strength High
Color Brightness High
Opacity Low
Transparency High
Lightfastness oderate — excellent
Heat Stability moderate — good

Solvent Resistance moderate — excellent

I-'. Oderate — high

excel.e:i::.:mﬁﬁ.ﬁ N 1M1
ANy .....

organlcs. On the other hand, they frequently suffer from the disadvantage of

considerably inferior intensity and brightness of color compared with organic pigments.
Organic pigments are characterised in general by high color strength and brightness
although they are somewhat variable in the range of fastness properties which they
offer. There is, however, a range of high performance organic pigments offering

excellent fastness while retaining their excellent color properties but these tend to be
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rather expensive. The ability to provide opacity or to ensure transparency provides a
further contrast between inorganic and organic pigrhents. Inorganic pigments are, in
general, high refractive index materials which are capable of giving high opacity while
organic pigments are low refractive index materials and consequently are transparent.
Moreover, for material to be colored, it is necessary that it absorbs light
selectively within the range of the visible spectrum, i.e. light with wavelengths of about

400 - 750 nm. The colors of pigments are complementary to the color of the absorption

Table 2.4 Relationships between light abs .-... ana“color [25]
Wavelength (nm) // ‘1';;:\ w\\ Visible
400 - 435 ’ //// @ ‘\\\\\\ ellow - Green
435 - 480 S \\\\ Yellow
480-490 l l # y\\\\\ Orange
VL W\

490 - 500 Red

bands, as shown in Table 2.4.

500 - 560 Purple

560 - 580 Violet

590 - 595 Blue

595 - 605 Blue

605 - 750+ ==izie e BlUE - Green
s —— LY |

As mentioned, tgselectlon of colorant depends on such factors as the nature of

the plastic, its pﬂgrgja;f ﬁﬂ\ﬂ ?Wﬂf‘) ﬂﬂs suitable for coloring

plastics can be dgp

o RS T e

unsaturated group called a chromophore. The presence of certain substituents in the
molecules, known as auxochromes, has been found to strengthen and deepen the color.

Commonly used chromophores and auxochromes are summarized below [11, 25] :
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Chromophores :

— N=—0 —N<O >c=o0 So=—s

nitroso nitro carbonyl - thiocarbonyl
SN=N< —N | —=c<

azo

ethenyl

Auxochromes :

AULIRENTHENNS
AT HHRIFBHARY « coec -

chromoge% and is not necessarily colored. In certain cases, however, an accumulation
of chromophores in a molecule leads to the development of color without the presence
of auxochromes, e.g. diacetyl, CH,-CO-CO-CH, , is yellow and azobenzene, C,H,-N=N-C,H; ,
is orange. The presence of resonating systems, i.e. conjugated systems, also enhances
the color development due to the ready absorption in the visible range. Polymorphism
can also produce differently colored crystalline forms, e.g. quinacridone exhibits red

and violet polymorphic forms [25].



Table 2.5 Organic pigments suitable for coloring plastics  [21]
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Color and Pigment Class Resin Types Heat Resistance
Limitation” (°F)
B reen
Phthalocyanines
Blue All resins except fluorocarbons and silicone molding 425
compounds
Green All resins except silicone molding compounds 450
Indanthrone blues All polymer OXCE er reducing conditions) 400
Yellows, oranges » ” /‘/
Nickel-azo (green yellow) l0S orocarbo es, flexible vinyls 375
Hansa Yellows (light yellow) Amin s, phenrol-forn aidehyde 250
Tetrachloroisoindolinones ' 400
Disazo condensation 450
pigments
Benzimidazolones 550
Flavanthrone Yellow ‘ nditions) 400
Quinacridones slight “solubility) and 375
cryst: \ )
Perinone orange ad wigdl v' C orantin all polymers 400
R m ns, viol :
Lithol rubine (bluish red) 300
Permanent Red 2B (Mn) 350
(maroon, light red)
Permanent Red 2B (Ca) Flexible vinyls 350
Tetrachloroisoindoli |no es ers exce tnyl!aé 400
Disazo condensatu ﬁ 5 w ﬂ ’] ﬂ ‘i 450

pigments

zi'::;::zzsmw AYTIRIANIANEIRY -

styrene (promotion of crystallization)

Perylenes All polymers

Dioxazine violets All polymers; widely used for shading greenish

phthalocyanine blue to reddish hue

450
375

® Acetal resin excluded from listing (individual colorants should be checked for application in this resin).

2 Pigment should either not be used or should be used with extreme caution in polymers that are to be subjected to

prolonged processing above the listed temperatures.
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Organic pigments are divided into two major groups, the azo pigments and
polycyclic pigments. A rough distinction can be made between azo and polycyclic
pigments; the latter are also known as nonazo pigm-ents. The commercially important
group of azo pigments can be further classified according to structural characteristics,
such as by the number of azo groups or by the type of diazo or coupling component.
Polycyclic pigments, on the other hand, may be identified by the number and the type of

rings that constitute the aromatic structure. Table 2.6 and 2.7 show the relation of visual

2.7.41 Azo Pigm

Azo pigments, su ol ‘ dudisazo pigments (Table 2.6),

have the azo group (-N=N ' The synthe \-\-‘ pigments is economically
attractive, because the'Sta wence & ) \ formation and subsequent

OWS access to a wide range of

1\ :\

reaction with a wide chofCe lifig ¢ X 3

products.

Disazo Pigments

!
involves the coupling of di- and tetra-substituted diaminodiphenyls as diazonium salts

with acetoacetﬂﬂcgs]‘ ‘hl w uﬁ E’M‘Tfl]aﬁj in Figure 2.5) or

pyrazolones (dlqzo pyrazolones) as cou‘gng components. The second group,

wy bbby g 1aD )

The color potential of disazo pigments covers the color range from very greenish

materials. The first an’ sompounds whose synthesis

yellow to reddish yellow and orange and red. Most show poorer lightfastness and
weatherfastness; but better solvent and migration fastness than monoazo yellow and
orange pigments. Their main applications are in printing inks and plastics, and to a

lesser extent in coatings.
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Table 2.6 Organic colored pigments : Azo pigments [26]

Chemical Blue Violet Red Orange, Yellow Yellow- Green

Structure Brown Green

Monoazo Monoazo

Monoazo orange yellow

pigments pigments pigments
(alsoas (also as
lakes*) lakes**)

iaryl yellow pigments

Disazo Bisaceto
pigments acetic acid
pit enf arylide
r : P gments
2 ‘ ‘-l
\ap 13\ \\ Metal complex pigments**
Wl@? ﬁ\s&\\\\
Nap alg \\
Others

pdoline pigments

RIgIE its

o
* Pigments in lake form are | Me-sattsbet

I:;_"" roups of dyes and metal salts
(Me = alkaline earth, Na, Mn -

** Me complexes with azo or a / ethine groups (Me = Ni, Co, Fe, Cu, Zn). v

Ut Ingningns

Figure 2.5 Chemical structure of diarylide pigment (PY 83) reddish yellow shade [22]
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2.7.4.2 Polycyclic Pigments [22]

Pigments with condensed aromatic or heterocyclic ring systems are known as
polycyclic pigments. The several pigment classes that fall into this category do not
reflect their actual commercial importance; only few are produced in large volume.
Their chief characteristics are good light- and weatherfastness and good solvent and
migration resistance; but, apart from the phthalocyanine pigments, they are also more

costly than azo pigments.

b
.

Table 2.7 Organic colored p nent ; olychelieDigments [26]

Chemical Yellow- 4i Red Orange Yellow
Structure Green o \‘ , Brown

Aromatic and \\\\ Quinacridone pigments

Heterocyclic

\m e pigments
', ‘m\ Perinone pigments

Pigments

..ﬂl\\\"' go pigments
\ )

Flavanthrone
yellow
pigments
Anthraquinone Anthrapyrimi-
Pigments Pyranthrone pigments dine
v pigments
S than Quinophtha-
pigments lﬂ throne lone
. "3 = ; pigments pigments
Pl 1 EI'J'VIEJ'VWWH 1)

Aromatic or Heteﬂcychc Pigments

AR SN TIN L TEY = -

shows in §igure 2.6, a tetraazatetrabenzoporphine. Although this basic molecule can

chelate with a large variety of metals under various coordination conditions, today only
the copper(ll) complexes are of practical importance as pigments. Excellent general
chemical and physical properties, combined with good economy, make them the largest
fraction of organic pigments in the market today. Copper phthalocyanine blue exists in
several crystalline modifications. Commercial varieties include the reddish blue alpha

form, as stabilized and nonstabilized pigments; the greenish blue beta modification;
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and, as yet less important, the intense reddish blue epsilon modification. Bluish to
yellowish shades of green pigments may be produced by introduction of chlorine or

bromine atoms into the phthalocyanine molecule.

N
C/ \

G
|
N

Figure 2.6 Chemical str dhithalgcyanine pit . 1. (PB 15) reddish blue shade [11]

The quinacridone gffuctlié i§"z jine - : ve anellated rings, like was
depicted in Figure 2.7 % Thgle 1ent$ pey \ | e phthalocyanine pigments.

Outstanding light and weathgr fz 0 selvents and migration resistance

\!

justify the somewhat higher Cations for high grade industrial

coatings, such as automlve : asti s, and special printing inks.
P,

Unsubstituted trans-quinacride 5’,1’1 amercially available in a reddish

violet beta and a ;;f""""'f"'““-'""""*“ :. of the more important

substituted pigments is e 2, W -;j affords a clean bluish red

4

shade in combination with .excellent fastness propertles Solid solutions of unsubstituted

and differently ﬂ‘t&uﬁ’}ﬂ:ﬂﬁ %ww ﬂ!}»ﬂ ‘ﬁxlnacrldone quinones

resulting in reddiéii to yellowish orange pigments are commerC|aIIy avallable while 3,10-

el Wﬂ”ﬁiﬂﬂr‘?ﬂmﬂﬂ’?ﬂ HTRY

Figure 2.7 Chemical structure of quinacridone pigment (PR 122) bluish red (magenta)

shade [22]
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2.8 Medium Density Polyethylene
Polythene is the accepted abbreviation for the chemical name, polyethylene.
This is the least complex of all the synthetic plastics, containing only carbon and

hydrogen, linking on polymerization into a simple linear carbon-hydrogen chain [1].

Polyethylene (P oplastic polymers. There is

a wide variety of grad ve an equally wide range of

properties. In general, polyethylene are : toughness,

ease of processing, ch ance, electrical properties,

impact resistance, low co ero moisture absorption [27].

Thus, PE is one of the most and easily molded by the following

standard processes : injection el ; fors ousehold goods including buckets,

bowls, toys, noveltieg)extru ets, films :-,---M—-;.._-_,;, ic bags, cable insulation
e G LY
‘%a Jeeze bottles, milk bottles

3 d rotational moldlng, which is [ik v

or in packaging); vacl a.'.}

and liquid containers); blow molding but used for

RN 241111) 1171 (011110) e
ARSI ..

polymerization of ethylene [29]. Polyethylene is roughly classified by the density (grams

per cc) as shown below [30].

Very low density polyethylene (VLDPE) 0.890 - 0.910
Low density polyethylene (LDPE) 0.911- 0.925
Medium density polyethylene (MDPE) 0.926 - 0.940

High density polyethylene (HDPE) 0.941 - up
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Many resins are available for molding plastic containers. Table 2.8 illustrates the
comparative properties of polyethylene with other common resins. These resins are

available in several grades that can alter and modify its properties [31].

Table 2.8 Properties of common resins [31]

Requirement PE PP PET PC COC PEN
Lightweight 2 1 5 6 3 5
Clarity 3 1 1 1 1
Toughness 15 3 5-17 2-7
Water Absorption 2 6 1 3
H,O Permeation . 7 1 3
CO, Permeation 9 6 2
O, Permeation 64 " - 8 e 2
Acid Resistance _' b 2 4 2 3
Alkali Resistance v d 7 2 2
Oil Resistance -, 4 5 2
Solvent Resistance . f ", 6 3 2
Resistance to high humidity fﬁ;’ 6 1 1
Resistance to sunlight - .-'4: ) 1 4 1 1
Heat Resistance 3 T J—; 7 1 1 1
Cold Resistance ' 5-7 2-7

Remarks - PE:P o hthalate, PC : Polycarbonate,
COC : Cygfié 0

e mhthalate

AREARERTRERT
AR IRIATUUNIINYARY. o o

high density polyethylene during the manufacturing process [32], so it provides

- 1 = best, 8= worst

intermediate properties between low and high density polyethylene. It is useful for
squeeze containers, where more rigidity and hardness than LDPE and less rigidity and
hardness than HDPE is required [31]. MDPE is a tough, semi-transparent material, and
better mechanical properties than LDPE [32]. It has good welding properties, and can

be welded at 130 - 160 °C. Comparing to LDPE, MDPE has lower in permeability of
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aqueous vapours and gases like oxygen. It has a good shock and drop resistance.
Notch sensitive of MDPE is less, however, it is better in stress cracking resistance
compared to HDPE [33].

Polyethylene is not difficult to color. Both inorganic and organic pigments are
suitable. The method chosen will depend on the equipment and level of technology of
the processor. If individual pigments are purchased, they must be blended to produce

the exact color desired. A more economical method is to purchase a mixture of dry

final shade which was produeé . ‘-“-. ied Withiuequipment or with the size and
shape of the resin partiglé - Spective cessmg temperatures are
determined the criteria foafpi given temperature, the flow
property of a system is , \ olecular weight of the plastic

and characterized by thefmel

F’T‘UEJ’JVIEWI?WEﬂﬂ‘ﬁ
awwmnmummmaa
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2.9 Rotational Molding

2.9.1 Introduction [3]

Rotational molding, also known as rotomolding or rotocasting or rotoforming [2,
34, 35], is a process for manufacturing hollow plastic parts especially in large and
uncomplicated products. In recent years, it has become a realistic alternative to

injection and blow molding techniques since it produces hollow articles with very low

developed slowly becausg / / 4 of | othe  ~~. materials.  Powdered

NN

tatina MY‘ about 1960 [4, 6].

; a &\_ e grade of polyethylene (PE) powder
.a' |

was introduced [3]. Aftefthat'time th och eveloped steadily, and today it has an

rofatic

thermoplastics have been g o

But it was not until the®€arly 1960 x)

annual growth rate of 10 to#5%. C ,.i.,:‘ Wdere \ polyethylene still accounts for the

highest tonnages processed) foffmgre-thai e volume in rotational molding

because of its acceptable procéssat .\ mal stability and good mechanical

properties [8], while \BVC pl: s ysed tess—ant ':;.-:,; er materials suitable for
e Y|

rotational molding are=4pre all |guantities.  These include

[
!
crosslinkable PE, nylons, aolycarbonate, polyester elastomers, polypropylene, ethylene

o L
vinyl acetate, eﬂﬁﬂﬁrﬂﬂ%ﬁyﬂﬂrﬂ]tnﬂyumthane& Because
‘ anges an po

of recent technmglcal G innovations in the ymer industry, rotational

TR S iy

The work of Chaudhary, Takacs, and Vlachopoulos in 2002 [8], was resulted in
faster bubble removal, more uniform thickness and shorter cycle times. These were
then evaluated the effect of blending minor amounts of an ethylene styrene interpolymer
which made by INSITE (Trademark of The Dow Chemical Company) Technology, or
ethylene vinyl acetate (EVA) copolymers which have a differing in vinyl acetate contents,

with polyethylene. The effects on cycle times and impact strength in rotational molding,
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were observed. Blending interpolymer or EVA with polyethylene resulted in improved
environmental stress cracking resistance and decreased flexural modulus. Besides two
years ago (2001) [7], they have studied the effect of low molecular weight additives as
sintering enhancers for PE, to validate the results in rotational molding on mechanical
properties. The following additives were blended with linear low-density polyethylene :
mineral oil, glycerol monostearate and pentaerythritol monooleate. The use of additives,
especially mineral oil, resulted in shorter cycle time without sacrificing peak impact

strength.

In addition, rotational V% process to model due to the
tio} of twphysical and phase changes

: |d "('ﬁ\:“'« ature of the boundaries within the

complexities caused by th
which take place in the pl
mold. Thus, the works in 89 with Nugent [36], in 1993 with
Sun [37], and in 1994 with ~ uter simulation to mend the
problems and to predict theo v- n. process. Comparison of the
output from the simulatié [ v§ that the software can give
accurate predictions of oven ; urthermore, the effects of mold
shape, mold size, powde * aterial physical properties, oven
temperature, room temperat e, internal heating and internal

cooling on oven time% ; ................... ‘ oftware [37].

2.9.2 Materials [1 .4 39]

A varletﬁ lﬁﬁ 4’3 %nﬁ&ﬁﬁ th ﬁﬁjare polyethylenes and

plastisols. The nidjority of rotationally ‘molded products are produced by polyethylene.
R TN TN QY o
medium density (MD), and high density (HD). Medium density is the most popular
grade of material with a typical density of 0.935 g cm' . The material has high impact
strength and is resistant to a wide range of chemical substances.

Food grade polyethylene is available as flame retardant and high UV resistant
grades. Polypropylene can also be rotationally molded for applications that require a
material with higher heat resistance. Polyurethane are more expensive and require

specialist machinery to produce. Other materials include cross-linkable polyethylene,
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nylon, fluoropolymers, cellulose acetate butyrate, elastomers, polycarbonate, ionomer,

EVA, and specially formulated compounds.

2.9.3 Process [40, 41]
The four-phase rotational molding process has been concluded to exhibited in
Figure 2.8, as follows.

(a) Charging : Pre-measured plastic resin is loaded into the mold.

(b) Heating :As closing the mold is placed into an oven, and slowly

rotated on two axes. Theshgat pe , molds, melting resin adheres to the

-J
d aft evwe entire surface.
(c) Cooling : During this

Phats / ‘ 'i"\ es.to be rotated to maintain even
walls as air, water sprey#or a'comk \\h gradually cools the mold.

\ NN

(d) Demolding : The mgidl isfogE| scl-the finis led'pa nally removed, and the mold
is ready for its next €yclg & = ’ \

In rotational molding, cle tine is one of the most important
requirements for increasing *. and reducing product cost. A
characteristic feature of the process nd plastic powder are heated from
room temperature to} i',“‘:m—m ‘ and then back to room
temperature. In additio heat input and subsequent
heat extraction occur at thi outside surface. In order to improve the heat transfer, the

work of Sun anﬂ:lu«ﬁ (J WE' Wﬁéw H"ﬂ‘i internal heating and

cooling. A mathéhatical model has been developed in which an mternal heating term
can be ﬂoﬁﬂcﬁTﬁ ﬂ NWWiEj;ﬁr/ﬁﬂowed that the
predictiong made by the mom accurate. In particular, it was found that the
introduction of internal heating was very effective in shortening the cycle time and that
the introduction of internal cooling in rotational molding provided a more uniform

structure and less likelihood of warpage.
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Plastic powder

-

| S

Figure 2.8

2.9.4 Products [39

With rotationalt ‘V --------------------------- »',ﬁ ally in a variety of shapes
and sizes, many of the@are d Dy any @er process. Industrial and
commercial products in Q\e agriculture, he@ and science, or point of sale areas

include specnaltﬁrHﬁ 6} QﬂeE] W ﬁww Mﬂu% processing, livestock

feeders, dramagﬂ systems, food s%;wce contamers instrument housnngs fittings,
medlcaﬁqmﬁﬁtﬂﬁwm mj% ﬁ]aégn%q Hﬂa&)ﬂers and road
markers. § Consumer products in the recreational, special application, toy and
transportation areas include boats, kayaks, child care seats, light globes, tool carts,
tables, planter pots, youth beds, playing balls, playground equipment, headrests, truck /

cart liners and air ducts.



35

2.9.5 Advantages and Disadvantages [2, 3, 5, 7, 8, 13, 14, 34, 35, 39 - 44]

The advantages and disadvantages of the rotational molding are listed as

follows.

1. Molds are simple and tooling costs are very low; the forces involved in

rotational molding are small, and cheap molds are satisfactory. The plant is also cheap

by comparison with other molding processes;

2. Rotational molding is a shear-free and pressure-free process;

3. Products are characteri

dimensioa
virtually interns SE S resrdual stresses, no weld

lines, an

very"highfphysical ‘ qul ‘~ nose published in suppliers’

WS

techni€al Senice . notes; \ st "processes do not achieve.

Rotation@llymoldgdtins : traf \ cones are exceptionally tough

i-‘

excellent ad -'---'- g pro
Yy ;). .,.I.Q;VF_

resistance zQIrosion
u “‘;,f-m"-'ﬁ”m"“*-"-"-' e tremltles compared with

blowmold .-»Jn, in corners

4

wide r%pge of part-snzes and thicknesses on same equipment.

ﬂ%ﬁ?ﬂﬁm BB RS oot vt st or e

Qlthickness below 0. 75 mm.

AT IALN AN TR

undercuts are possible with no draft angles required

10.) design flexibility from small and intricate to large and complex, fine

detailling and textures are easy to achieve. Very large and flat areas are

quite difficult to mold.

11.) variety of finishes and color

12.) metal inserts as integral parts

124221064
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4. The method is capable of more complex shapes than are possible by blow
molding, but not for sharp-cornered shapes.

5. Flexibility to have more than one material in a part, ability to produce multi-wall
moldings, hollow or foam filled, when multi-layer extrusion blow molds are not justified

6. Allows “molded-in" threaded inserts, either on the same plane as the mold
parting line or at 90°

7. Economical for short production runs, prototype research and volume

production | 4
8. One-piece constructiel “virtuall enclosed parts or with openings

9. In general, the pré t tenswe especially if multiple

parts are molded in one cay

10. Short lead-timea times, which are significantly
affected by the sintering rg e cycle times can vary from
five minutes to one hour dg the wall thickness and the
machinery involved.

11. Not acceptableffor

Researchs of rotationg he problems such as bubble,
warpage, and shrinkut. For example, Chen,
White, and Ohta in 1 4 old Pressurization in process of
rotationally molded polyetraylene parts. It was shown that relatively low pressurization of

molds substantﬂxﬂiﬁd}%ﬁmw(ﬁﬂeﬂﬁe parts. Samples cut

out of parts prodiiced in pressunzed molds had the same den3|ty distributions, Izod
impact, ta»cwvﬂ ﬁwﬂt?m ﬁﬂcﬁ]w Maai E]unpressunzed
molds. A§was shown in their earlier studies [4], warpage in rotationally molded parts is
associated with residual quench stresses associated with non-uniform densification due
to rapid cooling coupled with easy separation of solidified parts from mold walls. Mold
pressurization is found not to influence density distributions through the thickness of
molded parts or the mechanical properties of molded parts.

Four years later (1994), Bawiskar and White [6] studied the warpage, global

shrinkage, residual stresses, and mechanical behavior of rotationally molded parts
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produced from different polymers. It is the purpose of this study to make an
investigation comparing warpage levels developed in parts produced from seven
different thermoplastics including polyethylenes of differing density, polypropylene,
polyamide-6, polycarbonate, and polystyrene. Five of these thermoplastics are
crystalline and two are glasses. Generally, warpage, global shrinkage, and residual
stresses increase with increasing quench rate for all the polymers. Further, the levels of

warpage and global shrinkage increases with extent of crystallization, i.e., products from

glassy polymers exhibit little warpag ihose, from highly crystalline polymers are

highly warped. Increasing .-u-" : e ends_ierincrease elongation to break and

impact strength. These cof aconsiderat s earlier papers [4].

Afterwards, in 1999 ._, o .\~\\\\~ los [35] studied the bubble
e S\

dissolution in the rotatione S m- that bubble dissolution

,{ and air concentration in the

4 ai {" ‘
depends significantly on initial @tk a.lw. 6 ’\Q

polymer melt, but it is not igflug t scosity when the latter lies

d-l

within ranges typical for #0tatién ow g F ‘ \ pplication of pressure after the

polymer has melted leads#0 3 |gn (0%

. . ‘ =
an increased driving force for diff J"‘:-x-n- Srs

erat Op © the dissolution rate, owing to

Recently, in 2001, Oliveira-and ound that the rotational molding is
not favorable for the® ;,m ‘ the rotational molding of
semicrystalline polyme : the ) ra nd an almost absence of
shear stresses were led ‘;o a coarse spherulltlc morphologies free from molecular

orientation. rﬂrﬂmym Wﬁ%ﬂl 65 w mﬂnﬁeatmg pigments are

incorporated durfflg the mixing process For example the poor mlxmg capability of
turbobleq rWGT mw !Iq dgtﬂ ﬁ ﬂfﬁﬂmcles and to
the develgpment of os@énscme textures. Conversely, the more effective extrusion
compounding allows the pigment to disperse and distribute better and leads to the
reduction of the spherulite size. An improvement of the impact strength is achieved only

if the finer morphology is associated with a significantly lower degree of crystallinity.
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210 Compression Molding

2.10.1 Introduction [5, 46 - 49]

Compression molding is the oldest mass production process for polymer
products, a forming process similar to making a waffle. The molding process can be
carried out with either thermosets or thermoplastics. However, it is almost exclusively

used for thermosets and is not generally used for thermoplastics. The only important

product to use a thermoplastic in co olding is the long playing gramophone
record in black PVC copolyme is choice of process in this case
gives a clue to one of the features o g , the low level of orientation in

the moldings. It is difficu I|ke gramophone records by
injection molding without w g’ ihg orier I‘ 3dS stortlon to a dished shape or
a saddle shape, both clear ‘ ‘ w th | . duct Compression molding
delivers the flat records*whig r over 50 years, although now
being overhauled in the #/Marige \ is in fact injection molded.
The materials that form thg®main us on molding technique are the

thermosetting resins and t.-‘ﬁi-r:n.ﬂ ol

7

2.10.2 o~'.§::7‘_;=.:—:_‘g
Y X J

The principle o " Yo B85S © [: be outlined as follows.

1
The mold is held between the heated platens of a hydraulic press;

BTN Ao o

hand, nd the mold place |n the press;

QTR 2L N 11380 3 M

4) The compound softens and flows to shape; the chemical cure then occurs
as the internal mold temperature becomes high enough;
5) If necessary, cooling takes place, although for the vast majority of

thermosets this is not needed:;
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6) The press is opened and the molding removed. Frequently, the mold is

removed from the press and opened on the bench to extract the molding. It
is reloaded with a fresh charge before returning it to the press to commence

another cycle.

Compression molding is simply the squeezing of a material into a desired shape

by application of heat and pressure to the material in a mold. The three compression

8.

9.

N o &~ 0 DN

Retainable mechanicai~anc gle operties (because there is little

shearing flewaiccausetracks) -

;v ]

Class A (highr ,I. s -
i |

Low scrap arlSlggs (2-5%, but it must be remembered, irrecoverable)

o S ANSNTNGN N

11. Low nfgld maintenance There is little er03|on from the low shear forces.)

QW’WNﬂ‘ﬁNNWTJﬂEﬂﬁU
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2.11 Extrusion [5]

2.11.1 Introduction [49, 51]

Extrusion molding is the method employed to form thermoplastic materials into
continuous sheeting, film, tubes, rods, profile shapes, and filaments, and to coat wire,
cable and cord. In principle, the extrusion process comprises the forcing of a plastic or

molten material through a shaped die by means of pressure. The process has been

deforming pressure. The eariigst 5 Jawprocess for polymers similar ram-
driven machines were used: e “however, screws are used to
progress the polymer in the 6 or/ fubbe / ate along the barrel of the machine.
The most widely used typeg /4/; ' in screw extruders are also
used where superior mixing#o machine consists essentially
of an Archimedian scfew gfittigg Jolese } \ ‘barrel, with just sufficient
clearance to allow its rotafiondSg r il fed In atone end and the profiled molten
extrudate emerges from the'ot e f Its and homogenizes.

Twin screw extrusionis ’ 2 e Or mixing, compounding, or reacting
polymeric materials. The 7 extrusion equipment allows this
operation to be desigfe .—“‘;:_' T—-_:ﬁ-_-:o For example,
the two screws may be rote . eshing or nonintermeshing.

In addition, the configurati‘gns of the screws themselves may be varied using forward
(=1

conveying elewﬂﬁﬁfg% ﬂfwﬁqﬂlﬁs and other designs

in order to achievgjparticular mixing characteristics.
¢ _

ﬁW‘]@ﬁﬂ‘jmﬁWﬁWWﬁ 4
in 1987. tle reported about the versatility and benefit of twin-screw compounding. The

twin-screw extruder is a versatile tool, capable of handling a wide range of applications.
In addition, its inherent shear, conveying, feeding and mixing characteristics have made
it the machine of choice for the majority of today’s sophisticated requirements. Other
processing benefits are the ability to specify exactly where and how much shear input
would be within the processing section and the ability to control the degree of mixing

intensity by varying screw arrangements. With this versatility, it is possible to achieve
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optimum process conditions for even the most difficult mixing and compounding tasks,

obtaining the desired end-product properties.

2.11.2 The zones in an extruder

1. Feed Zone
In the first zone, usually termed the “feed” zone, the function is to preheat the

polymer and convey it to the subsequent zones. The screw depth is constant and the

length of this zone is such as to ensuré 2

nor overfeeding. This var' Rl | " um performance with different

J
polymers. ———

2. Compression ‘

The second zone | \\»&‘-\
WA
AN

walls is improved as thé n y- -;» \ \\ y thirdly, the density change

ere are several functions for
this zone, usually called t zone. Firstly, it expels air
trapped between the fer from the heated barrel
during melting is accommao@aige. '#@;_ fe is i\.. on in the ideal design for each
polymer type. :

3. Metering Zone

The function c,i“-‘-':“u*-—-‘:“:-—r'? ---------- supply to the die region

. l
p@ature and pressure.

CAmminL...... ...
= ST T

The next division is determined by whether the two screws mesh with each other

material which is of ho 16

or not; they are described as meshing or non-meshing. The non-meshing types consist
of essentially two single screws side by side and work in a similar manner to single
screw machines; they are not true twin screws and are better described as “double

screws”. Within the meshing (or intermeshing) types, there is a further subdivision into
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conjugated and non-conjugated machines, depending on whether the meshing flights

fully occupy the channels in the meshing area.

2.11.4 Process [49]

1.
2,

Dry plastic material is first loaded into a hopper.
Then, it is fed into a long heating chamber through which it is moved by the

action of a continuously revolving screw.

At the end of the heating'cf ', , ! /. e molten plastic is forced out through a
S\\\\17/;

small opening or die.with eSiiet in the finished product.

As the plastic ex FUISION Comé o.~--.. it is fed onto a belt conveyor

where it is cooledmBstfieq S.or by immersion in water.
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