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Motto:

Nothing exists more practical than
a godd theory
L. Boltzman, 1844-1906.

INTRODUCTION

Chronicle .of Science and Technology Periods

7

There is no logical reason for the ‘anticipation of the future from the experi-
ences of the past (1) .Induction is an attempt to transform incomplete information
into full information, which is impossible according to the theory of information.

Hovever, to have a vision of further development is the necessity of life and of
science and technology as well, :

The Paradigm in Science and the Material in Technology are the principles of
“lassification‘ in the historical sense. The paradigm is the main pattern of the
#ay of thinking, dominating the "scientific workshops" in the given period of time.

According to this Kuhn (2) concept, the development of science can be roughly cat-
egorized in the following periods:

- metaphysical - descyiptive formulation /since Aristotle, 350 BC/
~ - reason-result relation /since Galileo, Descartes, 16th c/
- system theory /since Bertalanfly, 1937/. '
. R - 4
With regard to the prevailing material used in the history'of mankind the fol-
lowing phases characterized by the standard of technology can be defined:
- Stone Age /until 3500 BC/
- Bronze Age /3500 - 1000 BC/
- I-on Age /since 1000 BC/
- Composite Age ? /since the end of 20th c/.

The phases of human culture are measured in hundreds of thousands of years. It
is just coincidence that we shall 'start the third contemporary millenium with
"Svsten" as the new paradigm in science and "Composite"™ as the new concept in tech-
nciogy. It means only that the new Scientific and Technological Revolution has al-

.;eady started (5) . One of its main attributes (5) is the craation of large Complex
2search Programs covering the full cycle from the concegtion to practice, viz. the
three phase programs: Idea - Invention - Innovation /I”~- program/.

This Symposium is also an attempt to sum up the Polymer Composite Program out-
lined by UTAM-USAV. The picture of ongoing valuable research and its successful re-
sults presented at the Symposium shows that at least the "threshold of Composite Age"

'« +is made of Polymer Composites. The great tasks and responsibility for further pro-
gress issue from that standpoint.

Between the terms "System" and "Composite'" there exists an inherent adequateness
noticeable intuitively, at least. They both derive (15) from Aristotle’s dictum:
"The whole is more that just the sum of components". The polymer composite could be
defined (7) as: A solid material sy s tem consisting of two or more phases,
at least omne of them wholy or partially built from solid polymer, with macroscopically
distinguishable boundary among phases, which attains properties not attainable by any
comzound /phase/ singly nor by simple summation of them.

It is of interest that contrary to its significance the system as a category of
contemporary science has not been well defined yet (3, 6, 8) . For the purpose of
this paper, we can treat the System Theory as the way of thinking (9, 10} concerning
cach problem /subject/ as a set of items so related as to form a unity /internal -
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ﬁelaFions/ and at the same time as a Particular part of some higher system -
environnent" /extornal relations/.

*

OBJECTIVES, BOUNDARY CONDITIONS, BARRIERS

No object, no structure of even the most sophisticated design ¢
without material. The aim of material productionm in the future will be also an im-
plementation in pPractice - application, Requirements for materials are becoming more
and more stringent to satisfy the demands dictated by continuous engineering devel~-
opment gnd growing industrial activates, There is no universal material with all
properties perfect. A universal material is not the goal of the future either, which
conomical point of view (11} . Devige "tailot—made" miteriala

1s obvious from the e
for particular applications - that is the guiding rule for the present and’ the (-
formulation of the material by wa

an he realized

ture (12) , which leads to

the given engineering appli
tions/ to the polymer compo
ance composite /Fig. 1/.

Materia!
properties

Service Service
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Marufacturin Technological
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Fig. 1 General scheme of material composite

designing according to material engin-
eering method

of information confirms that attitude and apparently ra
literature makes it obvious that "more information" is

rather "embarras de richesse". The real necessit
sive arrangement and verification of information
for a Material System Theory with an adequate cla
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cation /an analysis of technological ‘and service condi-
site with required pProperties,

usually a "“high perform-

One can foresce that the
remainder of this century
will be a period of great
changes in structural engin-
eering. It is rather unlikely
that the development of ma-
terials, per se, will play

a dominant .part in.the changes
of design practice. However,
the composites create the
unique chance for contempo-
rary design of both struc-
tures and their materials
(11)  with positive feedback.
Unfortunately these possi-
bilities have not been very
often taken advantage of ‘in
the practice,.

Energy - Ecology - LEconomy
relationship could be treated
as the main boundary condi-
tion /EZ-system, so called
E-triangle-/ imposed by Na-
ture itself (13) .

Inertia and conservatism in
the thinking of man seem to
be the most important /but
not sole/ barriers to the
rational fabrication and use
of polymer composites (11).
Although the trend of devel-
opment is obvious to the
majority of material and
structural engineers of to-
“day, far not all of them
have applied this trend to
their every-day work. Chaos
tionalize it. The study of
not what we need most; it is

y is to find the way of comprehen-
that exists, We are looking here
ssification and transformation




system (14) and, in consequence, for a "ready to serve" Ceneral Bank of Polymer
Composite In[ormatlon In turn, there is the nced to standardize terminology, stan-
dardize performance tests and educate suitable specialists, Unitl to-day mainly
/hut not only/ civil, chemical and mechanical engineers have kept the balance in
the field (15) and it is necessary to reflect this situation in edcucation pro-

gram. First of all, it creates the necessity to accelerate an e\change of 1ideas
among various research centres.

SYSTEM APPROACH TO POLYMER COMPOSITES:

Main Research Categories

Properties of every material can be treated as the reaction /Y/ of the material
to the action of some external factor /X/:

Under the given conditions the behaviour of a natural material /é.g. stone/ does not

change. The response /Y/ of a composite material /C/ is determined by its com—
‘ponents /Ci/ and structure /S/ '

A1}

X ——— c (c,s) | —=—x

In consequence the properties of man-made polymer compOSLtes appear as "designable",
ut least to some extent. The main question which arises here is the so called
"Material Model" /MM/ viz. Components - Structure — Propertlcs - Application
relationship /C-S-P-A model/: :

@ lr| = A

S/"

' The "Performance Model" /PM/, in turn, can be daefined 12 as the Technology -~ Con-
struction ~ Application - Material Requirements relationship /T-C-A-R model/:

T"““\%k'

| @A R
. 0 =—=

‘A ‘properly designed pdlyﬁer'composite /PC/ could be considered as the result of the
intersection of the two above mentioned models:

-
| @ |r | -Ai
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. Moreover, the given polymer com
Service -~ Load - Space (16} with me
- [Fig. 2/ *

posite structure is working in complicated
chanical, chemical, and physical types of loads

According to the model which has been
presented /Figs. 1,2/ the main research
.directions (17) can be broken up into
the following categories: 'Material
Properties", "Components", "Structure",
"Manufacturing Methods" and "Material
Model". Special problems arc ronnected
with the category.of "Application",
particularly the applicability erijteria
of polymer composites and the use of
polymer composites in anticorrosion
protection. In polymer composite devel-
opment it would be useful to take into
account also some general relations,
like "Material-Architectural Stylq"
(18) or "Material-Theoretical mechan-
ics" (19)not expresses explicitly in
the above mentioned model. Some of
these categories will be discussed
further.
Fig. 2 Material designing scheme as
the result of "intersection"

|

af- - ; v - of Material /MM/ and Perform-

;| | Meteriet Desining: Comporents and. t ance /PM/ Models in Service

:1 Structure selection . |,lI Load Space /SLP/

X ' I ' : _ R \SLP: Ch - chemical- load,

' [ " Construction Designirg I ':: - M- meche}nical' load

B T ; Bt F ~ physical load ,
| B —1 2 I - proper service conditions
| - [ Surface rotecticn (it any ) J . subspace, II ~ failure subspace,
| L. 7 III - fracture subspace

MM: E-energy, C-components,
S-structure, P—properties

PM: E-ecology, T-tcechnology,
C—construktion,A-application

. MATERIAL COMPONENTS AND MEANS OF FABRICATION

On the macrostructural level the polymer composite system is divided into two
subsystems: the matrix - as the continuous phase, and the inclusions - as the dis-
evrsed phase /Fig. 3/. Various types of binder: thermoplastics and their blends,
thermosetting resins and their blends and suitable polymer-mineral hybrids as well
as varlous types of filler, including mineral and synthetic lightweight aggregates
and/or different fibres, have given the framework of material variability of polymer
composites (20,21) . When considering only the existing polymers (22/ their blends
(23) and modifications (24), as well as over 30 groups of different fillers (25),
innymerable combinations of composites in the forms of filled plastics, concretes
or lJaminates will be obtained. This figure would be even multiplied by various com-
posite macrostructures depending on fractional volume and geometrical arrangement
od components. It means that it is not ah a priori obstacle to finding a suitable
polymer composite for the given application; more serious problem is to do so in
che most effective way. The primal problem is the proper selection of components
and structure of polymer composite as well as the method of its manufacture /Fig.4/.
7/ In the manufacturing process the significance of suitable machines, particularly
'mixing and casting machine (29,30) cannot be overestimated. It is important not -
only to lodok for new components, but also to implement in practice the new achieve-
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‘.Fig.3 Structural diagram of polymer composites
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Fig. & Structural factors and their influence on polymer composite behaviour accord-

ding to General Theory of Composite Material - GICM (14]
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ments of polymer chemistry and technology e.g. antiplastification phenomena (26,27)
or intcrpenefrating polymer networks (28).

MATERIAﬂ MODEL. AS THE KEY RESEARCH PROBLEM .

The quantitative description of the Material Model is the most important and
‘the most difficult problem. This is the topic of several ongoding research programs
(11,31,32,33), but some useful engineering approaches have been already found.
Generally speaking, the composite properties carnt be treated as the superposition of
additive and synergic interaction between components /Fig. 5/. . In such a case the
- o N - polymér composite properties depend on
: ) fractional volume and bulk properties of
components /on macrostructure level/ as

( Composite- j) ' well as on surface properties of components
<:~‘910D031H2.C(C1,C2) ) /on microstructure level/. Extensive study
//// \\\\> : in this fiels (31) permits to treat the

thickness /d / of the resin binder
envelop around the filler grain as a com-
plex factor connecting the structure and
the properties of a polymer composite.
In de5ign practice various ways can be
taken into consideration. The material
‘model permits to evaluate /to some extent,
at least/ a balance between practical sim-
plicity and .theoretical-accuracy of every
: : ' " material designing method. The main dircc-
T rion of research and technological devel-
opment is the utilization of synergic

Additive interaction | | Synergic interaction

Fig.5 Schematic presentation of the ' phe?omena to solve the negds of.the ap?ll-
. . cation, Better understanding of composite
composite ./C/ properties as the terials is the way to hieher efficic
superposition of additive ) m; i;lé $ 1s the way to higher elliciency
and synergic both way /C, 2= C2/ ° eir use.

interaction between the . .

compounents /C,, C,/. ' oo '
X - external factofr, Y ,,Y,,Z ,22-
intrinsic material responSse,
-exterior material response -
material properties .

DURABILITY AND RELIABILITY PROBLEM

Relative youth of the polymer composites in comparison.with the expected ser=-
vice life of structures requires the further study of durability. These tests will

_determine the material behaviour under long-term action of the given factor with _

constant /X = const/ and variable /X/t/ value as well as under various factors T
4 — oo . 4 —x o=

/X/Xi/ acting simultaneously, Moreover, further study of particular material features
{ —>oe .
e.g. radiation resistance, fire and thermal. shock resistnace, weather resistance etc.
will be expected, too. It is necessary to add here that new materials require very
often new testing methods, which represents arother «important research problem,

. The open question is still the actual failure mechanism of polymer composites
(34). 1If neglected, this problem, like the implicit character of material model
relations, would be the source of real troubles in practice.

If reliability of each element is 99 %, it means that the reliability of a sys-
tem consisting of 500 elements is only 1 % (1). This simple calculation has given
rise to a new very important topic: "Reliability of Composites". The case of polymer
composites is further complicated by the stochastic character of polymers themselves.
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Forecasting of Scientific and Technical Development of Polymer
Composites

‘Ladies and GentLemén,

‘more precisely "Enginéering Polymer Composites".

L. Czarnecki, R. A. Bare$

Mr. Chairman,

It is my priviledge to present you the enclosing Lecture of our.
Symposium. The Lecture has been prepared together with my friend,
Distingu1shed Professor Bares from CzechosLovak Academy of
Sciences. Our contribution has been entitled "Forecasting of
SCientific and Technical Development of Polymer Composites”,

We are fully aware of difficulties and various barrijers involved
with so named problem. According to Polish futuroLogist Stanislav
Lem: "There is no Logical reason for the anticipation of the
future from experiences of the past". The same conclusion can be
withdrawn from the Theory of Information. However, to have a vision:
of further deveLopment is the necessity of Life, and of science:

and technology as}weLL. Certainly, it is necessary to stress
from the” beginning uncertainity of any forecastings, Usually in
a scientific /technical/ forecasting we are too pessimistic,
contrary to optimistic view just om lLife. It is the reason, that
out of science, we are speaking about "Fortune-teLLér", not just
“"Future~tellter”,

We' ve encouraged also by motto from Boltzman - the end of nine-
teenth century = : Nothing exists more practical than a good
theory"

1 wouLd Like to present the Lecture according to the program,

© as iottows:

1. Introductory words, which I°'ve already done,
2. Determination of the start-point:
= Paradigm in Science and MsteriaL in Technology,
- Chronicle of Science and Technology Periods,
- Scientific and Technological Revolution /STR/; Complex
‘Research Programs as its attribute,_ .
3. Composite /or even Polymer Composite/ Age. Composite and
system interrelations,



2
4. Objectives, boundary conditions and barriers
5. Sys£ém abproach to polymer composites
Lb.»PoLymer composite material designing probLems'
L Theory of Compos1te Materijal
- Material model: additive and synergic - 1nteract1on, inter-

face phenomena
7. Durab1L1ty and reliability of PoLymer Compos1tes
8. Closing remarks

Let me start, according to this schedule. : | :

The prinCipLes of classification = in the historical sense - are:
_ - the Materijal in Technology, and

. - the Paradigm in Science. ‘ |
The Paradigm in this meaning is the main pattern of the way of i
th1nk1ng, dominating the "scientific workshops" in the given per1od .J
of time. According to that, we can find following period in '
science history:
- metaphysical description, since Aristotle
- reason = result relation, since Galileo and Descartes
- system theory, since Bertalanffy.

.5; Regardinéhto the prevailing material there aré wll known in the
: history categories: Stone, Bronze, Iron and recently Composite’AgeIﬂ
‘é£z4'é2zu When the new paradigm in science and new lLeading material in |
Eollecf Technology appear, Technological Revolution has aLready started.'
éb&%"“One of its attr-nbutes is the creation of Large Complex Research
mle Pfograms, covering the full cycle from the Conception to Practice:
Idea - Invenfiqn - Innovation, that means 13 - program. This
Symposium is also attempt to sum up the Polymer Composite Program
outlined. by Institute of Theoretical and Applied Mechanics of
the Czechoslovak Academy of Sciences. From the results which have
been presented here, it is obvious that at Least the "threshold
of Composite Age" is made of Polymer Composites. That statement
confirms the previous one, about simple "Age of Polymer Composite"
ﬁhich has been expressed by Academician Lipatov.
Btween the terms "system" and "composite" exists inherent adequate-
ness. Both of them derive from Aristotle’s dictum: "The whole is
more than just the sum o components". This adequateness has never
happened before. It is shown how close is in nowdays and should L
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be in future the reLat1on between Sc1ence and Technology, as 1t§ :

has been stressed by Academician Némec in the Opening Remarks/

' The‘aim of material production presently -and in the future is

just application. Requirements for materials are becoming more

‘and more stringent. Materials should satisfy chellenges decitated

by advances in engineering, as: |

= increase of height and spacing of construct1ons,

- reduce of weight and cross~-section,

- increase of service lLoad: mechanical and chemical ones, and
dicfeted also by economical conditions = in the broad sense, as

- shortcomihg of raw material and energy,

- relative reducing of financial means for researches, in the
meaniﬁg,rthat we should obtain much more effects from the
same fund. .

There is no universal material with all properties perfect at

the same t1me. There is obvious from the economical point of v1ew

also that- a universal material is not the goal of future. We-

need "tailor - made" materials for part1cular application. It

leads to formulation of the composite materials by way of its

material design from the g1veneng1neer1ng application -~ an

anaLys1s of technolog1cal and service conditions - to the polymer

composite with requ1red properties, usually "high performace”

composites That has been called by Academician Némec as "to be

master of materials".

The composites create the unique chance for contemporary design

of both structues and their materials with pgsitive feeq back.

Unfortunately these possibilities have not been very often taken

advantages of in the practice.

What kind of barriers are here?

- the first, boundary conditions imposed by Nature itself, that
is : Energy - Ecology - Economy: E3 - system /E~triangle/,

= inertia and conservatism in the thinking, apparently rat1onaL1zed
by chaos of 1nformat1on,

- material nature understanding level; the balance between
practical symplicity and accuracy.

The properties of composite materials as the response /Y/ to the

action of some external factor /X/ are determined by its com-

pomefts /Ci/ and structure /S/. In consequence composite appearg

as "designable". |
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) properly designed polymer composite could be considered as the

result of intersection of the two subsystems: "material model"
end "performance model". In such ceSe, main research categories
will be involved with: Components, Structure, Properties =
Applﬁcation on the side of Material quel /MM/, C =S - P = A
model and with Technology - Construction - Application - Mat-
erial Requirements on fhe side of Performance Model /PM/:

T - C=P =R - model.

Moreover, the polymer composite structure is working in complic-
ated service-load space, I mean, chemical - mechanical and
physical Loads._That S8ervice Load Space, in other words Environ-
ment influence has been reflected in mater1al designing, con-

structjon designing and element surface protection /if necessary/.

‘The structural diagram presents material variability of com-

ponents of Polymer Composites, Various types of binder: thermo-
plastic, thermosetting and their blends, as well as polymer‘-

‘mineral hybrids. Various types of fillers including pores,

Light~ and heavy-weight grains as well as different fibres

have given almost innumerable combinations of composites.

The figure would be even multiplied by various composite macro-
structure degrad1ng on fractional volume and geometr1cal arrange-
ment of components.

The problem is how to find suitable composite in the most
effective way?

‘Assuming that the composite properties are resulted from super=

position of additive and synergic interaction between components

as the first step into material designing would be found:

- decisive criteria - structural control factors, and

- extent of their validity.

The synergically effective geometric and physico-chemical

quantities involved with macrostructure, inner surface and

mechanism of failure could be considered as the decisive criteria.

Their validity depends on:

~ adhesion = cohesion balance

- aggregation and segregation phenomena of dispersed phase,

- balance between grain and pores,

= kind of porosity: close or open and their interference with
environment, '
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RetatiVe youth of polymer composites in comparison with the
expected serv1ce time and thedir inner compL1cated structure
requires further study of durability and reL1ab1L1ty of the
system, the fa1Lure mechanism 1ncLud1ng. It js of significance
that three opening lectures, given by Academ1p1ans Némec, Eni-
‘eetdbian and Guz, have been involved with those problems.

ih-the lecture some overview of scientific problems has been'
preSented. Now, what that means in the technical sense?

,Neéd of various new materials for various applications has been
_aLready stressed. Jyf% Lo
On the other s1de, unt1LL today we’'ve used alout—ten percent
of potent1al, I mean theoretical strength of composite materials.
No'ahy other mechanism exists so unefficient. The future should
bring the improvement:
- using only still existing components but with proper material

des1gn1qgf we believe the efficiency ratio should be increased/
' {%la{%g;¥¢tt:%& %. Particularattention should be drawn to:

- synergic effects and their role in the "interface zone",

€«g. by using active microfillers, coupling agents, pLasticizers
and antiptasticizers atc. |

: Examgles: N
"Aureola effect" of polyester oriented zone around mineral
m1crof1LLer. The picture has been done by Paturoev.

"Mineral flowers" - tobermorite crystals in the presence of
methacrylate in polymer cement concrete. The picture has been
done by Sugaﬁa.

- forming the proper structure of polymer composite during
processing; including "postmix polymerization" - polymerization
during processing,

- porousless poLymer composites and polymer composites with
special designed porosity, including integral reinforced foams,

- polymer matrix with interpenetrating polymer networks,

- multihybrid polymer composites: organic - mineral matrix,
and'fibres - partieles filler.

- using the new "better" components, still in development
g modified polymers, new kind of fibres and form of f1LLers>ﬁq;

o¥le,
a—well method mentioned above
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however not nzé?sigry it valid also for the eff1c1ency rat1oﬁ7’

The next step wvu#u\be mult1compos1te system. In such case, &g

believe that the further increase of the efficiency ftatio Fgfirﬁf_

poss1ble. It is just a chance. It is; our w1shes to aLL of us:
Let’s take it chance!l



