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Tne gro:ing power cost, the universal snhortare of o0il
and other mineral resources dictate a revision or tke
conventional approaches to the develoument of tecanology and
materials science. In the developing countries thne progress
in plastic materials production may be chaanelled intd the
creztion 2T high-fillea materials coataining both mineral
and organic rillers. Lo aci:ieve tnis, an effective cowmmainution
(dispersion) technique is necessary. Hovever, if such a
technique were available it would mean much more tunan solution
of tne original problem. Finely-divided organic materials
(both natural and rman-made) may stipulate considerable
progress in such brancnes of industry as flour milling,
hydrolysis, wood-wor«ing, production of formula reeds, tine
use oI norticultural wastes, etc. i'ne ultimate end of tne
new technoloyy is to save pover, material and labour

resources.

Introduction

The enerpy crisis which broke out in mid-seventies of

this century,corroborasted scientists! warnings that tne




mineral aua organic resources were limited, Zveu tne most
optiwistic torecasts abcut the still undiscovered oil uuu gaus
deposits in tne continental shelf and at hnardly accessiole
localities of land cannot soothemankind from reflecting

about tne imminent energy fauine.

A search ror alternative power sources will gec on, but
even now it 1is all too clear that the future power cost will
be higher. The fraction of the organic fossils currently
used for tne manufacture of syntnetic structural naterials
is as small as X and by toe end of this century will, apparentiy,

nave increasea to 8-10%. In any case, many countries
suffer from acute snortage or organic raw materials.

In company with the soaring power prices tuls may
strongly impede thne progress of thne rate of manufacture of

structural materials.

Development of polymer material production tecinology.

This simplest way out of this situation is tc save the
power and material resources Botnh may be assured by a more
advanced process technology.

The major trends in the improveument or plastic naterials
production and processing “ecnnologies may be summarized

as follows:

1. Increase of tne procuction capacity of individual

syntnesis installations to 100-150 000 t/a:

2. Rejection of the "wasteful" process involving multi-




step flow—cnarts and solvents;

3. bevelojment of hirg:ly efrective catalytic systeus
allosing elimination of the washing and drying steps;

4. yptimization of tue properties or tne waterials then-
selves, .nicit will perwit reducing tiheir consunption in

products;

5. uptinmization of trs wnetevwas or machining plastic .ater-

ials into finisned articles.

Counsiderable success nas been acuieved in each of these
directions in recent times, but all improvements have
been based on a traditional approach wnich may be called the
"evolution avproach".

ror instance, tne development of a 9rocess for preparing
linear low-density polyetnylene witn ordered brancpning in
tne wacromolecules yielded a material stronger taman tne
conventional high-deusity polyetnylene.

The next step in economy or polymeric materials may be

made by noving recourse to rilled Jsolymers.

Filling as a principally new approach

Fillers - carbon soot, carbonates - began to be added to
polymers in the late nineteenth century. The super® provperties
of glass-reinforced and foamed fplastic materials made for
their tempestuous development. Cosmic achievements would be
impossinle unless new composite polymer materials were pro-

vided.




Hosever, most of the polymeric compositions available
at present are function-oriented. Glass-reinrorced plastics
are more errective tnaa wetals; roamed plastics have super-—
seded a nuuber or natural materials. .

But structural foamed plastics with a solid skin and a
cellular inner structure may ensure econony of up to 50v» orf
organic materials

Carvonate-filled polyvinylchloride rinds wide apylica-
tion (as cable sheath, linoleum, drain pipes, etc.).

Jde have made a step rfurthner in tanis direction for we
have tried to estimate tne potential of tne filling tecnnique
in tne economy of power and material resources. Qur invest-
igations encompassed all the basic tyves of man-made polymers,
tne potentizl filler wmaterials, filling tecanigues, pro-

cessing tecnnology and tne uses of tilled materials.

Potential fillers

As regards their origin, they may obe divided into inorganic
and organic, natural and man-made. One important class ar

tne industrial and agricultural wastes.

Attention will be focused on three aspects of the problem:

1. Power saving potential;
2. Liaprovement vr tne runctional properties or materials;

J. Utilization or wastes - environwental protection.

To render a mineral or industrial waste suitable ftor use
as fillers they must ope processed: ground, finely milled,

cleaned, dried. Tne fine milliny step is the most power-con-




suning one, since couminution is errfected by auplication of
impact loads ta ball or jet wmills, saredders, etc. wane effic-
iency of such wmacaoines is as small as 1-3%.

Certain compositions may contain unmilled fillers. 'ney
include slag, perlite (vulcanic glass), quartz sand - coutaim-
ing structural materials. In tnese materials, obtained by
caking or pressing, tue portion oI organic polymer is >-14%,

But if the task in hand is to fill tnermoplastic -or
castable thermosetting materials, the filler particle size
cannot be larger than 10 microns. The cost of millings and
separation will be offset by the economy of polymeric materials
(whicn is much more power consumingl) and working advantages.

mineral fillers increase heat conductivity of materials
(thus cutting tne forming operation time), improve tne
structural rigidity of materials.

The current state-of-the-art already allows manufacture of
packaging containers of ditferent kinds, boxcs, articles for
everyda; use, tecnnicel componeunts, low—-pressure and drain
pipes, snaped sections, etc. from polyethyiene ( and
grades), polyprovylene, polyvinylchloride, A3C and other
plastics filled = . about 30-455 by mass.

Beside tne conventional techniques of mixing plastics
witn fillers, new - mechano-chewmical and polymerization -
tecnniques nave appeareu in which monomers are mixed with
tne appropriate riller and tne polymerization takes place on

tne surrace of riller gparticles




Suitable fillers include maay ninerals, wastes orf
mining and -metallurgical industries, fly ash oi tnermal pouer

stations, etc.

Orianic rillers

ilineral fillers make compositioqs heavier, since their
density is nigher than that of polymers. They increase tune
#ear oI tne imecnining tools, and the cheapest rillers.— uis-
persed ones — reader tne material brittle ir contained in
nigh percentage. Bech of these setbacks can be obviated.
Some degree of foaming reuuces tae density; polymerization
rillinz tecnnique reduces the wear and addition of short
fibres, or elastomers way reduce tne brittleness.

But there is also a wide class of fillers quite free
from these drawbacks. Sucn are organic fillers: wastes of
tne sane plastics, rubber, wood, agriculture and horticulture.

Flour made from wood, nutsnells has long been one of the
comaercially-used fillers. MaXximum use of tnese types of
fillers will rendei?ﬁlastics industry almost as effective as
metallurgy where re-utilization qg.iron scrap is an extreuely
important economic factor.

Two problems must be solved in order to implement this
program which way be expzcted to provide real savings of
250 of tne primary oil stock:

(a) we must learn to comoine an organic riller with the

polymer matrix;

(b) we must develop an effective tecnnique for fine milling

of solid organics.




The rirst proolew is solved oy difrferesnt cnewical acd
paysical metnods (finishing, cnemical grafting, surrace poly-—
merization, irradiation).

The existing millina metnods are all based on apulication
nf impact loads to provide orittle fracture or shear. Couuinu-
tion of wood and rubber involves complicated, power-consuming

procedures.

New milling tecnnique

As a result of fundamental investigations of the eifect
of shear (tangential) derforiiations in combination with pressure
cn polymers,a tean of researchers of the Institute or Caneaical
Physics of tae USSR Academy or Sciences has developed a
new highly effective polymer milling technicue at elevated
temperatures,

Compared with tne counventional milling tecuniques for
polymers, wood and rubbers, the nev method provides a
2 to 10~-fold specific power gain.

This result prompted a revision of cerfain principles
in the use of organic materials wnicr had oeen consi:iered
fundamental. T'he following examples are intended to clariiy

thi.s conception:

1. 5i1lling Industiry. I'ne new tecnnology will perwait obtain-
‘ng flour from bran for addition to bread dough or wmill
grain of any kind (with husk) without any waste. This increases

both the yield ot rflour and its nutritive value;




2. Froduction of wood flour troa amy type of wood wastes

can pbe effected Dy an econduic Lrocess,

}J. fhe rate of hydrolysis uay be greatly iacreased if

wood Trlaur is used as rawy materialj;

4. Various sgriculturz2l aand norticultural wastes can be
processed intu flour or zranules for additioa to fornula
feeds. Pnis heips solve successfully tne problew of transport-—

ation, storsge and use oi this valuable raw watarial on tire

basis of tne conventional peower tecanniques;

5. Utilizatioa of waste rubber. Tne neus tecnnology
veruits saving 20% of rubber by way of addition of finely

divided rubber to ruober coumpositions.
CunCLUSIUNS

It has been computed tnat grinaing and milling or various
materials (rrom ores to cocoa-nuts to clinker to medical
preparations). tekes nearly 10% of the world's power output.

Provision or new, wmore economic milling Processes,
comoination orf williag with cneaical treatment of solid
materials opens up excellent prosvects ror upgrading many
technolopgical processes. Thus the problem in hand - econony
of power, tabour and material resources — may be acnieved

within reasonable time limits.







