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Preface

This monograph deals with the prqpertm of thé various mineral and
other powders and some fibres and fibrous materials. commonly
mixed with polymers to form the material of the familiar plastics
article. We shall refer to these materials by the convenient if colloquial
word ‘fillers’. It is a convenient, word because it includes both

. powders and fibres and can even be stretched to cover such materials

as paper; it is commonly used throughout the plastics and rubber
industries and is also understood in the paint industry. Although it is
necessary to consider the interaction between the polymer and the
filler, to consider for example why it is even possible to mix one into
the other, it is the properties of the filler and not those of the filled
polymer which form the contents of this monograph, The aim is to
provide a short reference book dealing with all the main types of
filler, listing typical physical properties, describing their origin and
morphology. Chapters 24 discuss powders, and Chapters 5 and 6
deal with fibres. Chapters 7 and 8 cover glass, paper, felts and woven
materials, which, though not strictly fillers in the same sense as the
other materials, are considered relevant in this context. Discussion
of the properties conferred on the polymer by the use of the filler is
avoided except in broad outline and in the particular case of the
special nature of the properties conferred by carbon black on
elastomeric polymers where it was felt an absence of discussion on
the phenomenon of ‘reinforcement” would prevent adequate
appreciation of the differences between the various types of carbon
black. The chapter on carbon fillers has therefore a section on
properties conferred on rubbers rather than on plastics.

The term ‘filler’ is apt to carry with it the implication of a cheap

"additive to an expensive material but it must be emphasised that



with plastic materials this is not the case. The filler is incorporated
with the polymer to give a plastic material in which both the polymer
and the filler contribute to the desirable properties of the plastic
material. Often, as for example in woodflour filled phenolic moulding
materials, the filler is much cheaper than the polymer, but fillers,
such as particular forms of glass fibre, may be as expensive as
the polymer and in the case of graphitic carbon fibres the filler is
much more expensive than the polymer with which it is mcorporated

Although four of the eight authors who have collaborated in
producing this monograph hold university ‘appointments almost
all have had industrial experience within the polymer industry. It is
hoped that the result will be of value not only to the plastics and
rubber industries but also to technologists of those branches of the
heavy chemicals and textiles industries for which plastics provides
one outlet.

The thanks of The Plastics Institute Monographs Subcommittee,
the Editor and the authors are due to the companies who have
generously prov1d¢d directly or indirectly mformatlon and facﬂmes
which have helped in the complet;on of this work
The City Umverslty, .o o T WCW.
London S ' o
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| ‘_"‘Interfaciafl phenomena

.W. C. WAKE, Ph.D., D.Sc., F.R1.C., F.LR.L

~. Visiting ProYessor in Adhesion Science,
‘The City University, London

1.1 INTRODUCTORY REMARKS

Whether the filler for the plasuc is 3 powder, is fibrous or in the form
of continuous sheet or cloth, contact between it and the polymer must
be intimate and capable of remmmng so even when the material
is subjected to deformation. It is also desirable that polymer and
filler should preserve intimate contact when exposed to water or
other hqmds or vapours. This cannot be dchieved universally as

'syecnﬁc interactions between certain liquids and certain polymers

or fillers result in displacement of the polymer from the filler surface.
The ease with which.contact ofpolymet and filler is achieved, and
the strength and nature of the union are interfacial phenomena
occurring. on the surface of the filler and leading to modifications
in the behgviour, of the bulk material. How the interfacial behaviour -
brings about the changes in mechanical and other properties is not
entircly understood but, after a discussion of the surface properties
that are believed to be important, an ipdication is given of present
views on the mtq'acuou of surface and bulk propcmes.

12 | THE WETTING OF POWDERS BY LIQUIDS

Itis possible to float or; the surface of water powders whose density

1
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“

is greater than water. Usually, after some time has elapsed, the
powder slowly becomes enveloped and sinks. This may never
happen with graphite because it is not ‘wetted’ by water. The
powders which are mixed into polymers must similarly be wetted
by the polymer and it is customary to approach a discussion of
wetting by considering, instead of a powder, an extended plane
surface of the same chemical constitution and a simple liquid of low
molecular weight and therefore low viscosity, to represent the
polymer. This model of the wetting situation enables terms to be
introduced that are useful when considering the actual situation of
powders or fibres surrounded by polymer. A drop of liquid placed
on the imaginary plane surface will either remain as a drop exhibiting
a finite angle of ¢ontact (8) with the solid or will coﬂévse By spreading
and wetting the surface uniformly and the contact angle is then
zero. If y, is the free surface energy of the solid, 'y, that of the liquid
and 7, the free interfacial energy:between them then the:simple form
of the Young equation states that y, =y, + y,cos 8. We can also
imagine making the liquid r1g1d and lifting it to leave a clean dry
surface. To do this takes work and Dupré called this the work of
adhesion, W,.

Now, WA [Free surfaoe energy of solid] + [Free surface
energy of liquid] — [Free interfacial surface energy]. The Dupré
equation can be combined with ‘the Young equatlon to give W, =
(1 + cos 6). If the free surface energy of the llquld Is equated to.its
surfacé tension then the work ‘of adhiesion of the liguid to thé soljd
can 'be ‘calculated from a Knowledge of the’ ‘surface” tension and
equilibrivm’ cofitact angle: This' very simple mdédel must be modi-
fied before ‘wetting can be discéussed. The mo&ﬁCatlon necessary
is the ifitrodwetion” of the vapour: pressure of the tiqaid, the 3 bsoqs-
tion of the vapbut By the'solid and the' recdgnmon at Yedovat of
the liquid from the'surfacé will Iésve an adsorbed film of the substance
behind. The lighid forming the" drop will,’ of ‘course; ‘be Yolatile to a
greater ‘'or lesstr ektent and the atmosphére-: above the ‘surface on
whichthe drop fests will e saturated with the Vapour of the ‘hquld
This vapour will 24§61 o the surface of the ok nbt covered by the
drop arid, becaisethe atmi}sphex‘e near the diop-id saturated with
vapdur, ‘the ‘adsorbed 'layer Will "be more’ thap 4" mﬂﬁoléyer iri
place of 3, on' the {eft *hand"side’ ‘of the' You } éQuatroﬁ’n
neceéssdry to write “p..[ -as the tension bilaficitg “the” drdp; afnd
(v, — 7<) is kiiown®“as the  spreading meﬂime?h 7. The Young
equation may consequently be ‘written in the form y, = n, + y,, +
Yiv C0s 6. When the contact angle.is zera the spreading cpefﬁcwnt
governing the wettmg of the surfade by the b\fﬂ liquid is given by
Mo = s — Y1 — y, and we may regal'd the energy rppres;nted by nq

<
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as providing the driving force which will determirie the rate at
which- the liquid will spread under the constraint of its viscosity.
The work of adhesion when an adsorbed: film is left on the solid
is considerdbly smaller than that which refers to the clean surface.
The work of adhesion is, of course, a free energy which can be split
by means of the Gibbs equation: into enthalpic (or heat content) and
entropic terms. The heat of adsorption-can be derived from the direct
wetting by the liquid of the solid in the form of a fine powder and
this brings us more closely to the real situation. It is then possible to
know something of the interaction of the characteristic groups of the
polymer, by using a low molecular weight model liquid, with actual

* fillers. Thus with paraffin hydrocarbons simulating polyethylene,

the interaction of —CH,— groups with a variety of crystalline
powders has been examined. More recent work has enabled the
work of adhesion to be broken down into energies of interaction
due to the London. dispersion forces, dapole mteractlon, electro—
static attraction and so forth2.

It is now clear that it is the London dispersion forces which are the
most important at the short. distances.which exist between powder
and enveloping liquid but the other interactions add additional
energy when the adsorbed molecule is already polar or on amionic
crystal where the charges can induce dipoles in the adsorbate. The
powders used in plastics range from carbon,-threugh-comminuted
organic materials to powdered ionic. crystals. The interaction is
therefore least between carbon and a saturated; hydrocarbon such as
polyethylene .or. polyisobutene, and greatest: between -an -ionic
powder and a. polar polymer. such as polyvinyl chloride; -but as
between vazious ionic powders there will be; very. little difference of
interaction unless there is some specific cheical reactivity present.
Tal;le 1.1 illustrates these points, by reference to-some. typical ionic
solids wetted by ethyl acctate, which may be mgarded here as'

sie

Table L1 éﬁm’lgiﬂé OF mm‘slon N mJ /m'z OP umes Ip 1oNIC sorius mp 'c').gnoﬁ

» .. " ‘Ethyl'. ~ Carbon - < femethyl’

~ -, acetate’ ~tetrachlonde3 Iso-octane B enzggg ' cydohexaue‘
BaSO, . 430 T 280 _ — “";,2,10,3-,411& , 998
TrOz(anatase 420 1300 C1ss ) et
form) RS o - - . i . S A e
SiO, 520 2203%,211* 336
Zr — 340 160 L2600 —
7:9i0, — 810 7 280+ 830 T
Graphlte -, 255 — 295% —
Carbonblack — . . — - = — (A58% L L200.,
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simulating PYA; carbon tetrachloride, a rather poor model for
PVC and iso-octane to simulate a saturated hydrocarbon polymer.

1.3 THE CRITICAL SURFACE TENSION OF sbuos,

Whether or not a liquid will spread over the surfaces of a solid
reflects 'the extent to which the attraction betwéen molecules of
liquid and substrate exceeds the cohesion of the liquid. When dis-
cussing the:interaction of liquids with surfaces of low free surface
energy, Zisman in an important series of papers® has introduced the
concept of a critical surface tension. This is a property of the solid

and refers to the surface tension of a liquid which will just wet the

solid. It is obtained by plotting the cosines of the contact angles of
the homologous series of organic saturated aliphati¢ hydrocérbons
(other homologous organic series give similar though usually slightly
higher values) against their surface tension and extrapolating the
straight line obtained to cos @ = 1. This gives the critical surface
tension of the solid, usually written as y.. Most of the powders used as
fillers have surfaces with high free surface energy and as they are
polycrystalline they will have'many places, such as edges of crystals,
dislocation ends, and so forth with exceptionally high surface energy.
However, there are the exceptions to this such as carbon black,
. silica and powders or surfaces which have been treated ‘to rendeér
them hydrophobic and which must be regarded as having surfaces
of low surface free energy. Such surfaces will not be wetted spon-
taneously by liquids whose surface tension is greater than the
appropriate y . In the case of a polymer instead of a liquid wetting

the surface, it is convenient to replace the idea of a high surface"

tension by a high cohesive energy density (CED) since surface
tension and CED are closely related. (N.B. If E is: the total internal
energy and V the molar volume CED = E/V and is therefore a
measure of the ‘internal pressure’ of the substance. The internal
pressure is given by y/V'*) There is doubt concerning the wetting
relation between some of the more polar polymers and some low
energy surfaces. This does not imply that the polymer cannot be
adsorbed onto the surface but only that wetting does not proceed
spontaneously and that desorption is possible. The work of adhesion
of a liquid in similar circumstances is relatively small, not much
greater in fact than the work of cohesion of the liquid itself.

1.4 THEMOBILITY OF ADSORBED LIQUIDS ON POWDERS

Vapours or gases adsorbed onto jonic crystals seem to obey

- "n
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Langmuir's ,hypothes:s that the.molecules remain: fixed at given
sites. on. the, surfacg; There is, hotever, an: alternative situation
when the adsorbing sqbatrate has a low.free. syrface energy namely,
that.the adsorbed moleculs, whilst, it remains attached to the surface
may, neverthelcss, move over the surface at a fixed distance from it
without requirjag extra energy to gvercome potemlal barriers. This
sjtuation, cou,ld exist. with carbon black, and theré is some, evidence
that it dogs®, and could also possibly exist on a glass or. silica surface
treated thh a silaxane or a clay surfage treated. wl 3 long, chain
aliphatic, amjne. The nature- of the c\qdence for..this: is thermo-
dynamic. and involves the calculation. of the entmpy of a.dsorpupn
for two distinct models;,ane corresponding to. fixed-site adsorption

‘and the other to mobile adsorption; the observed .valuc is then

compared .with the, expected valyes, The importance of the .possi-
bility.of mebile tion im the prcsent context is that it providesa
mechanigm- for the elief of local stress.in a filled. polymer thlgout
d@sorpt),on of tbe polymer from the powder, N o

;
coupte g b et e

1. 5 ADSORPTIGN QF POLYMERS

Sofar the duseussmn has concempd thcorm an,d Mta obtamed from
liquids of low molecular weight and their extension to pelymeric
materials has been; by: analogy only. Some wosk_ has. indeed been
¢arried out on. the adsorption of polymers,into solid syrfaces: but
this has concerneddilute solutions of polymers and not bulk material.
From solunonf,polymets do.adsorb onta the sprfaces.of solids and

.whether the polymer is.in an extended orclosely coiled state depends
“on. the solvent. Injtially, only a small. part of the polymer chain is .

adsorbed but gradually adsorptxop of other parts. occurs, with a
looped conﬁguratlon being formed of parts adsorbed. and parts
still solvated. It is appropriate. to ‘emphasise here that all adsorp-
tion.is a dynamic p,henomenon with adsorption :and. desorption
continually occurring, What deterinines the equilibrium condition
is the dwell time of an adsorbate before desorption. occurs. The

-looped adsorbed condition ngolymprs should not be regarded as a

static situation but one where the rates of desorptzon and. resorptxon
of parts of the molecule are.equal. -

The higher the surface caergy of thc adsorbmg Qudaoe, ‘the more
likely is any.given portion of the polymer chain.to be flat on the
surface of the adsorbent. A low energy surface with no polar inter-

action between supface and adsorbate will resuit in large logps

- of the polymier chain free in the solvent. In the.equilibrium situation,

the higher molecular - fraction. will be 'putmnumy adsorbed®
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because there are more points of adsorption and less likelihood that
all of the larger humber of adsorbed points will desorb at the same
time. However, in the short term, the smaller molecules, because of
their increased mobility, will be preferentially adsorbed.® This could
be of technological importance because glass reinforced polyester
resins are made by dissolving the ester resin in styrene and applying
this solution of a polymer in a solvent to the glass surface before
polymerising the solvent. The cross-linking of polyester and solvent
into one large molecule then impedes molecular diffusion to or

from the glass interface and, contrary to the true thermodynamnc )

equilibrium, the smaller' molecules may be retained at the interface®.
The most lmportant of such molecules is phthahc acid®, present as an
impurity in most polyester resins.

\The adsorption of polymers from solution onto glass beads has
also been examined for its effect on the mobility of the polymer
chains’®. The chain segments which are strongly adsorbed, are not
only unable themselves to move but materially restrict the move-
ment of loops to which they are attached. In the case of glass rein-
forced polyester, adsorption of polyester is established in solvent
conditions which "afterwards become ‘frozen’ by ‘polymerisation
of the styrene. The material is then at room temperature well
below the glass transition temperature of the resin but this tempera-
ture, which reflects segment mobility, is influenced by the adsorp-
tion phenomcna which occurred during the liquid regime. Thus
PMMA, unfilled, showed a glass transition temperature of 62°C
which was raised to 77°C by the addition of 5 per cent (by weight)
of glass beads and to 86°C by the addition of 30 per cent!®.

Little is known of the structure of bulk polymets outside the field
‘of crystallites and’ crystallisation phenomena. Where the polymer
has been- ‘prepared by an emulsion process, there is evidence, ¢ven
after processing, that the latex particle persists as a unit: Possible
structurd] orders have recently beert discussed®! !2 but there are as
yet, .no general,ly accepted ideas. The presence of carbon black'!
or silica’? in' natural rubber is known to chiarige the X-ray diagram,
and the appearance under the électron microscope eficourages
the belief in the: presence of mxcrocrystalhm in the nnmed:ate
‘neighbourhood ‘of the fifler-particle - -

Russian workers!3 have emphasised ‘the dlffefem which ‘mhust
exist between wetling of a sarface—and thetefore of a powder—
by a low molécular weight liguid and & polymer; "Thus polyacrylic

acid, which would be expected to et crystalline ‘aluminium hydr- -

‘oxide, ‘doés ot do so according - to" the appearanoe of ‘electron
photomicrographswhich show otily occasional point contact Between
the twd matevials. Similar ‘photomicrographs ‘were obtained with

X
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polyxsobutene and carbon black though when adsorptxon took
place from solution (in tolucne) the boundaries of separate particles

. were no longer apparent and wetting seemed complete. The point

is made that adsorption of a polymer chain onto a surface must
involve a large entropy term which could completely alter the ener-
getics of the’ system when polymer and powder come’ into contact
with the former in its fully coiled state. The work of mixing the
powder into the polymer may be in part a necessary uncoxlmg
and straining of polymer molecules in contact with powders in
order that the polymer may have ‘a conformation suitable for
wetting the powder. .

1.6 THE INFLUENCE OF FILLERS ON THE PROPERTIES
OF POLYMERS

It is not proposed to deal with the very comphcated data which
exist on the important technological properties of polymers and the
way they can be modified by fillers. This section is concerned solely
with generalised properties conferred by any filler, independent of
its nature. .

The theory of the increase in modulus ‘which fine particle fillers
cause when ms;orporated in a polymer is derived from that evolved
for the 1 increase, in the viscosity of a liquid carrying rigid particles
in suspensnon This. exerqse in hydrodynaimcs was first successfully
studijed by Emstem who considered the case of a dilute suspenswn
of rigid spheres. Shearing of the liquid by the flow process results in
shearing forces across tlge diameter of the spher& Whnch act ascouples
producrng rotation. This absorbs energy whlch showyas an increase
in viscosity, If ;ﬁe ratio of the viscosity of the suspension to that of the
pure liquid is Meets. Einstein showed that for a dilute solution Neet =
1 + 2:5¢, where ¢ is the volume conoentratxon of the spherical

particles. The  equation shows the relative vxscoslty to be mdependem
of the size of the spheres and of their chemical sature. If the corden-
tratxon is, mcreased interaction occurs ‘befween hquld near the sur-
faces of ne;ghbom;mg spher&s and further energy 18 dlssmated The
equation] becomes™® .., = 1+ 2-5¢ + 14c? and furthier elabrations
cal particles ‘and higher ¢oncentration. This
n ception, has beex; applied to elastit behaviour
us .rgpla ng viscosity and partiéfe shape becommg of
ignificance; the” developmenf Zof fhgorm nd équations
fepresenting clastic behavigur s’ reyiewed by  Mullins™® with
Particular reference to elastomer behaviour. ‘Becaisé of the,im ort- :
ance of the unique reinforcement conferred by carbon black ’6n
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hydrocarbon qlastomers, this filler has been studied more an any
other dnd discussion’ of ityréinforéing efféctis reserved for C
of this’ mon ograph. HoweVer, it i§ necessary to''stite Herg' ‘th:ﬁ tlie

remforc;ement of, e1astoniérs by “certath ‘caibon” blacks involves -

enhancement “of projgertm “other than 'mioduRis. A fncrease of

modulus, tl;at §tiﬁ‘er np, i$'shown by any ﬁller though recent work -

suggests, that the magiijfude’of the éffbct ' fiot' as indépetident of
yaﬂlclq§ surféce as hésn}l;iéh ‘assiimed wiid that ‘althBugh physical

' adsorptxorx and c}iex‘inscrption is fnvolvéd, 'the more neatly”the -

atoms. of The. pqlrvmer ¢an 'colndide’ with® those: of the/'filler?’ ! the
greater the interaction between' polymer arid filler 4hd thie greater
the modulus change. This question of fit betweéen adsorbaté’ and
absorbent atoms, the question of valence bond length of the polymer
matching the inferatomic digtances of, the crystal of the filler,
involves the entr:f)py of adsorption and was dicgweq@%me ys,ars ago
in relation to adhesive forces'®.

Lagr e, S I R A T TUF [N TP B
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With the exception of carbon black in rubbers with hydfBearbor
‘main chain sty ctu:candtoal rextent ﬂne rﬁcicsi ca in the
same rubbers but also in’ sihcon rubbers; the 4ddition'of pat‘tmilate
fillers wﬂl decxease the tcnsﬂe stxength of a pok mdrb’ or féss in
proportion to the’ volumé preggnt. Fibrous, fifiérs bthave d
 provided that the volume loading is su{ﬁéientl ti.iﬁﬁ, I
diameter ratio. éugicnentlyl €, ar 't s strong.
With these conditions’ satjsfied ‘the’ tensﬂé Strengfli, as al&o “the
giffness and flexural strength, is detcrmm alm t whally by the
fibre or filament. The properties are markedly anisotropic and éven
randomly oriented chopped strand mat from’ glass or asBéstos fibres
has properties uniform in twq and not three dis pnsibng.
"However, although fibire reinforcements ;, scisased in Chapters
58, itisin many ottheeaaesdxscussedacoll mal‘misuseoﬂanguage

to call the fibrous. material a filler for the polyme{ . The guestion .

‘concerns whether the stress is "borne substantmﬂy y the fibres or
, ents, the polymer seyymg only as a biridér or coafing matérial
or whether the stress is. substanttaﬂy sustained by the polymer.
Glass reinforced polyestet, for example is' 10ad-bearinig i ‘tension
,solqubecauaeofthestrengthofthe ass, the Tesin being the means

transferring the stress in shear over the large intetface, frort the

thcoutﬁidetotheﬁlxm@nisgndfromﬁlamenttoﬁhmentinude"

thebulk.” " "
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1.6.2 EFPECT OF EXTENSION

The. mcreased medulus caused by ﬁllexs is assomated w1th a se—
duction in the breaking strain. -Apart from. the vcarbon black -and
silica reinforced. rubbers, the. strain energy .of the polymer (the
product of tensile strength and strain or ‘the area under the curve’;
sometimes:called the,toughness of the material) is reduced by particu-
late fillers. At strains approaching .the. breaking strains, maay
transparent polymers show internal crazing which gives a whitened
appearance dug to the formation of internal flaws, the boundaries
of which act as, reflecting surfaces. It might be expected that such
flaws  would develop when a crystalline powder is-mixed intq a-
polymer for whether this is rigid or flexible it will be far less rigid
than the powder. If the particles are spherical, elongation of the
filled material might be expected to cause separation at the inter-
face due to imperfect wetting of the powder and the prior existence
_of microflaws. The. wetting of the powder. by the polymer should,
however, be almost perfect because crystalline powders have sur-. ¢
faces of very high energy and ,mixing is carried out.at temperatures.
where surface tension and viscosity are relatively low. The adhesion
of polymer to, powder will then exceed the cohesion of the polymer.
and failure sheuld .occur in the polymer were it not for additives of,
low cohesive strength which preferentxally adsorb at the. mterfaces
and allow separation to, oceur. ..

A PVC compound filled at 25 per cem of its, volume w1th
beads showed.a 10 per cent increase in volume -on extenslon
This was just the theoretical ingrease if complete breakaway oocum
with the formation -of cone-shaped voids on the aspects. of the
spheres in the stress axis. On the other hand a range of rubbers showed.
very little breakaway frpm barium sulphate and calcium carbonate -
particles at 100 per cent extension and even at elevated temperatures ,
the volume increase on extension was only a small fraction of that
ptedwted for cone- shaped voxds2° .

1.7 THE POSSIBILITY 'OF CHEMICAL |NTERACTION
SURFACE ENERGY AND THE. msPLAc(-:MENT OF"
ADSORBED MATERIALS K o

The interface which has been studied the most is that of resm—glass
- in glass reinforced plastics?!. If untreated glass is used: with a
polyester resin, immersion in water is rapidly followed by the appear-
ance of water at the glass-resin interface. Water diffuses through-
the resin and displaces it from the glass surfaoe ‘The surface free .
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energy of glass is, for a number of reasons, not easy to define, but if
the glass is treated with vinyl trichlorosilane, a low energy surface is
obtained whose y. can be measured easily. The work of adhesion of
water to this surface can also be obtained and since the water dis-
places the resin from the surface treated with the siloxane as easily
as from the bare surface the work of adhesion of water must be
greater than that of resin?2. When' certain other so-called coupling
agents are used on the glass the appearance of water -at the inter-
face is delayed and some process other than dlﬁusmn determines the
rate. In these cases physical displacement of the resin is impossible
until hydrolysis of chemical bonds has occurred lndlcatmg a true
coupling of the surfaces by chemical linkages®*. The various ways
of .achieving this are discussed in Chapter 7.

1.7 CHEMISORPTION

Although there is not much unambiguous, direct ewdence there is
also little doubt that siloxane molecules are irreversibly adsorbed
(chemisorbed) onto glass and silica surfaces and, by suitably reactive
organic groups attached to the silicon atom by a carbon chain of
sufficient length to render them accessible, chemical linking to
polymers can be achieved. Similarly, amines are strongly adsorbed
onto cldy minerals and can thus ‘provide, by giving them a long
hydrocarbon chain, a low energy, hydrophobic surface. It must be
emphasised that such a surface does not provide better adhesion with
a hydrocarbon; the work of adhesion will be less but so also will the
work of adhesion of water, and hence water is not preferentially
adsorbed and it is therefore a surface from which polymers are

not displaced when the compound is placed in water. As has already '

been explained, the low surface energy probably also results in a
modification in the mode of adsorption, some surface mobility
allowing 'adjustment to strain and thus preventing immediate
desorption on extension of the compound. This may also be of
importance in procuring dispersion of the powder in the polymer
although the reason for increased dispersibility of coated fillers is
most likely the direct reduction in inter-particle adhesion due to
replacement of electrostatic charge attraction by simple van der
Waals dispersion forces.

1.8 . CONCLUSIONS

Powders interact with the polymer matrix but much of this inter-
action is generhl in nature and is independent of the chemical



