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RECENT ADVANCES IN CRUDE OIL SAVING SYSTEMS IN 

PETROCHEMICAL INDUSTRY 

Br. Jiri E a b d r e k 

Introduction 
----------&a-
Problems of Provision of Energy Sources 

The problem of fuel and energy is moving, in the present 

stage of dev~lopment all over the ~orld, into the fore

~ront of the interests of scientists, engineers and eco

nomists. This is natural. On the one hand the consw:iption 

of energy is increasing with the pr9gress of the scienti

fical-technical revolution, with the advancing develop

ment of production and with the growing number of inhabi

tants of our planet. On the other hand the sources of ener

gy predominantly utilized in economic practice up to the 

present are limited and are gradually b~ing exhausted and 

the provision of new sources of energy is in the stage of 

research and experimental proving or only of establishment 

of an economically significant ~xtent of production. 

Energy is very expensive at the present time and research 

of new kinds o~ energy is considerably demanding and costly 

so that the problem of energy supply can be solved only in 

harmony with the development and effectiveness of the wbo-

le economy. 
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In the graph of worldwide electric ~ower generation the 

beginning of our century is marked ty a not particularly 

prominent dot. In the fifties of our century the curve 

has reached the nlue of 1000 .milliard kWh per year, in 

th~ seventies it exceeded 5000 milliard kWh per year and 

by the end of this century yearly generation of electric 

power should exceed, according to UN'O forecasts, the level 

of 30.000 milliard kWh. 

An absolute majority of power generated at the present ti

me is obtained by combustion of fossil fuels. Extractable 

deposits which have been created ~n Earth in the course of 

hundreds of millions of years,mankind of the present is 

capable of burning within two to three centuries. Needless 

to say, even today organisms are cumulating solar energy. 

However, according to recent calculations of scientists 

mankind of today is consumi~ this potential energy of the 

biosphere at p~rhaps ten times the rate of cumulation of 

sole.r energy by the action of organisms. 

All presently known or, for the time being, only assumed 

deposits of fossil fuels will apparently be extracted wit

hin the next decades or, at the most, centuries. With the 

advancing yea: . .i:3 the extraction of them will be i.ncreasingly 

costly and thair quality gr~wing steadily worse. 
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Today none of the fossil fuels is a "clean" fuel. Whate

ver is being burLed in the world today 8Jld particularly 

what will be burned in the next decades is much more valu

abl~ as raw material for the chemical industry than as 

fuel. 

The modern world needs energy. More and more energy. The 

petroleum crisis bas clearly shown how mankind of today 

depends on energy. 

The prese~t state, with world production of energy based 

in a predominant measure on fossil fuels, is no longer 

tenable fo:.. .. any length of time. There is less and l~ss of 

them, they are an essential reserve for the phemic~l in

dustry of the present as well as of the future and the com

bustion of them more and more heavily pollutes the atmos-

phere. 

And what other possibilities do we have? The petroleum 

crisis has doubtlessly considerably complicated the work 

of prognosticators. Fundamental forecasts have recently 

often changed a·t monthly intervals, and usually quit? 

substantially. Contrary to the original considerations 

from the turn of the sixties and seventies the trend of 

a striking reduction of the con~umption of petroleum as 

a source of energy and a moderate increase of tne consum

pt ion of coal predomi~ates at the present time. 
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An advanced fuel for the ne~ dece.des ::rill be natural 

gas {this :f.s borne out also by the network of trenacon

tinental gas pipelines the density of which is increa

sing ~ta steedily rising rate). A high growth of water 

t;>ower ce.n now a:.ready no longer be expected. A source of 

energy which tod9.y appears most promising for the future 

is nuclear energy. It must, however, be admitted that the 

present fission reactors on the one hand excessively waste 

the valuable natural raw material ~ilich is uranium, on 

the other hand {and that applies also to breeder reac

tors) they produce a large quantily of dangrerousradio

active : wastes, the problem of a perfect disposal of 

which remains unresolved so far. It appears that a defi

nite solution of the enP.rgy problem will be only a prac

tical mas~ering of the thermonuclear reaetion. 

I.imi ts of Natural Sources of Raw Mllterials 

The finiteness of our planet is a matter of which already 

scientiets in ancient Arebia were convinced. However, some

times such is human history that occasionally a very lcng 

time passes from th~ criginal discovery to a full ur-der

standing of c2r.tain facts. Not trnti). the advent of the 

era of cosmic flights were we shown our Earth as a s~all 

blue planet, aa a cosmic body, gigantic from our point of 
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view but even so, an~ that already quite unequivocally, 

fin:tte. Of everything ~\Vailable to us here there is a 

limited quantity. 

·--1 

The n.atural resources of the planet tj),I'th are divided, a~ 

a rul1~, into two groups, i.e. renewable ones and non-renew

.fable ones. Belonging to the renewable sources are air, 

water 1uid soil and also representatives of life on ~arth, 

i.e. plant.e, animals and microorganisms. These elements 

of our 1'latural environment 3re renewed sometimes in the 

course of several minutes, in other cases in hours, weeks, 

years or centuries. These are periods of time measurable, 

one may E;ay, by human yardsticks. 

Non-reneWE\ble from our point of view BJ::-e natural resources 

which came into being millions and milliards years ago and 

a possible renewal of which may be estimated to require 

e period given by the orders of 6~to 9·- digit figures~ 

It is pr9cisely among these non-rene1:able resources that 

pE:rforce the natural raw materialH must appear which, at 

the prevailing trends, mankind ma;r exhaust soonest. 

Growing in strength are the voices of thoa~ who assert 

that the time is approaching wheu ou~ claims on.these 

resources will exceed our poLsibjlities of discovering 

and exploiting further deposits of them. 
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Today we can already calculate comparatively accuratdly 

what are the quantities of the individual rineral r&w 

materials which can be extracted by present methods (as 

well as by the anticipated methods of future years). 

Today already the consumption of many r~w material grows 

more quickly than th& actuRl pop~lation. Ev~ry yesr more 

' people a.re consuming these natural resources and, at the 

same time, the average const:.mption per inhabitant is on 

the increase. 

Abstracting from the specifics of tha petroleum 'risis of 

the first third of the seventies e.nd pointing out certain 

more general features we can imagine, to a certain extent, 

the reac·tion of business circles at a tjme when the exploi

table deposits of some of the importent raw materials drop 

below a viable ~ilbit. 

When a comparison ia made of the consumption of petroleum 

(1972 - power g~neration, transportation, chemical i.:idl.i.stry: 

2,65 milliard tons) with the reserves ascertained up to 

the present (in 1970 th:.s was 70 milliard tons, certain 

estimates of all reserves of the plP.net go as far as hund

reds of milliards ~~ tons of reserves) th8 present situa

tion does not seem pe.rticularly critical. However, with 

every raw material, one day the moment must parforce arrive 

when there will be such a short~ge of it that it will 
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threaten the conti~ued development and the functioning 

of the oconomy. 

Therefore not only possible isolated consequences of such 

a state must be considered but in particular also combina

tio~s cf them. In world oconomy highly complex chains of 

relations exist the disturbance of a single link of which 

may lead to an avalandle-likc growth of further problems. -- . 
!'o be sui·e, the petroleum cr:i sis in many countries not 

only d~veloped intc an energy cris~s and a crisis of the 

chemical industry (in many countries the production of 

synthetics dropped sharply) but also worsened the general 

raw material crisis. Thus, for instance, the shortage of 

pet~oleum very quickly ~aised the price of natural rubber. 

In tha.t rericd also the prices of a number of mEtals rea

ched a record level. Even though iher~ was a cer~ain cal

ming-down nf the world raw ~aterial marKet,a return to the 

prices o~ 1970 is considered quite illusory. 

Effect of Developme~t of Thermoplastics Production 

ou Con~..unption of fossil Puela 

Only the enargy crisis in 1973 and subsequent years for

cee the plastics inauatry in economically advanced coun

tries to revise their 9tandpoint in relation to mineral 

fillers. 

-1 



\ 

- 8 -

It became obvious that the growill!? claims of industcy 

for synthetic material ~f a higher strength a higher 

rigidity, a higher thermal endurance and a lower thermal 

expansivity and. at the same time, of a lo'wfer price could 

be met to advantage only by the use of high concentrations 

of suitable types of .mi!leral fillers. There i~, in fact, 

talk of a coming "composite Dlaterial age". 

The petroleum crisis has shown that the prices of poly

mers produced on e petroleum base have risen much ~ore 

quickly that the pprices of mineral fillers. The quick 

rise of the prices 0£ polymers produced from petL"Oleuu 

raw material contributed substantially to e quicker in

troduction of the production of filled polymers. 

By the use of high cencentrations of fillers the volume 

of production of polymers can be increased and, at the 

same time, a number of their properties can be improved. 

Apart of a reduction of the costs of raw materials othez· 

important economic contributions include a cutting-down 

of the process".ng cycles C.ue to an improvement of the 

thermal conductivity as well as a reduction. in final 

production, of the rate of rejects caused by warpage of 

the mold for product shaping. 
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At the present time a me.jority of polymers does not con

tain any fillers regardless of the fact that by the use 

of them production costs could be cut down and the pro

perties of the products improved as well. This situation 

is caused above all by insufficient information on the 

part of !he technical public and also by a lack of equip

ment of the works concerned. 

Lately significant progress has bean acr..ived in the deve

lopment of mechanical equipment for the production of com

posite materials. 

According to a forecast published in the periodical Modern 

Plastics in 1975, an increase, by the year 2000, of the 

world consumption of fillers by 1300 % is expected, as 

shown in the foll~wing teble: 
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Table 1: Porecast of mineral filler consumption 

Ye a r 
1975 1980 1990 2000 

----------~---------------~------· 
_______ .. 

-----------------
l!'illers, total 
(thousand~ of tons/year) 1060 2500 6900 15000 

Thereof carbonate 
fillers 700 1500 3500 9000 

Plastics production, 
total 13000 18000 38000 58000 

% fillers in quantity 
of pl'istics a.1 lJ.9 18.2 25.9 

According to the latest opinions it may be expected that 

the world rise of the consumption of mineral fillers will 

be much quicker for the following reasons: 

1. The rise of the price of fillers will most probably be 

much slower than the rise of the price of polymers be

cause fillers and their production are not so much depen

dent on energy and on the dec~ease of the world reserve 

of fossil fuels. 

2~ The number of processor~ho process composite materials 

is growing and thus understandably al~o the knowledge of 

the properties of the materials. At the as.me time new ma

chines for the processing of these materials are being 

developed and used. 

l 
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Thus, for instance, the prices of polymers have risen in 

the USA appro:'d.ma·~ely twofold, the prices of f'!llers by 

only 25 % to 50 % as shown by the following table: 

Table 2: Price rising of therm~plastics and ~~me 
mineral fillers 

_______________________________ ! __ ::~: _____ ::~~-----! 
T 1 : 

Polymers: j j ; 

I Polypropylene 1 370 j 620 

I Polyethylene 310 660 

i Polyesters 440 820 
I 
I I Pillers: 
i 
i 

Note: 

fine 

coarse 

Talc fine 

coarse 

Figures in US Dollars/ton 

50 

18 

68 

40 

65 

22 

89 

55 

As regards the range of mineral fillers opinions are not 

yet quite in accord. The following are con3idered the most 

important ones: microground limestone, kaolin and talc with 

surface treatment by organic compounds or withcut it. 
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Very finelj ground and accurately sorted calcium carbonate 

with surface treatment is used primarily for the improvement 

of the processing properties of thermoplastics (understan

dably apart from a saving of the basic raw material, i.e. 

petroleum). As an admixture it improves the thermal con

ductivity and thus makes possible a raising of the produc

tivity of work during the final processing technologieA. 

Kaolin, talc, mica and other specially treated mineral fil

lers make possible, with the application of a suitable sur

face treatment (by organic-silicon c·ompounds), a marked im-• 
provement of the mechanical properties of plastics and, in 

a number of cases, the creation of a new widely applicable 

structural material. 

In the study of the optimum composition and micro-arrange

ment of fillers a new specialized branch of science is en

gaged. It may be expected that, in future, in a majority 

of cases mixtures of fillers will be used the actions of 

which will mutually supplement each other. 

l 
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Feldspar and nepheline are similar minerals and serve the 

same purposes. They are anhydrous, alkali alumino-silicates 

having excellent chemical resistance and are offered in 

coarse to medium particle sizes. As low Sl!rface area fil

lers, their uses are c.omparable to calcium carbonate and 

silic~ but they are more versatile. 

Advantages in plastics are: 

Transparency to transluceucy in most polymers, 

ease of wetting, dispersing and desiring, 

little to no effect on promoter, accelara~or or additive 

activity, 

low viscosity and high mobility at high concentrations, 

less color pigment requiered to obtain a given inte~sity, 

improved chemical, weather and abrasion resistance, 

suitable for use in compositions contacting food, 

not a health hazard as a dust or when ingested. 

Disadvantages are: 

coarser particle sizes are sonewhat abrasive, 

settling in low viscosity systems. 

As a class, these minerals comprise the tectosilicates, 

which constitute 75 % of the earth's crust. Granite and 

associate formations are the most common rock-forming agents. 
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Peldspar and nepheline a=-e closely associated, the later 

being classified as a f'eldspathoid because it was formed from 

a silica deficient magma or mo!tcn rock. The primary diffe

rence between the two materials is the ratio of silica to e.lu

mina in their analyses. This is of no consequence in their use 

as fillers. 

As With all silicate minerals, the elements exist as atoms 

bonded with commonly shared oxygen in the crystal lattice. 

Except for isolated defects and at broken bonds, the elements 

and their ions are not available for chemical reaction unless 

the structure is dissolved or othe'." .rl.se decomposed~ Minerals 

of this class are highly resistant to chemical reactions un

der conditions much more severe than polymers are able to 

withstand. The pH of feldspar depends on the exposed surface 

since fracture occurs at the weakest bonds, the sodium, potas

sium, and calcium oxide bridges in the crystal lattice. The 

exposed ions bont! With (chemisorb) hydronium ions of water to 

yield free hydroxyls and thus a basic pH which in~reases, as 

the particle size decreases. Whereas feldspar cleaves along 

planes at nearly right angles to each other, nepheline clea

ves predominantly along a crystel plane exposing the alkali 

oxide bonds. Nepheline then, has a more nearly constant effect 

on pH over a wide range of particle sizes. Tha potassium and 

sodium feldspars, as single species, are very resistant to 

acids, whereas the calcium type is not. 

-, 
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The commercial mineral is a solid solutioa called anortho

clase, predominati??g in the properties of the former. 

Nepheline is derived from the Greek w~rd meaning a cloud 

since the crystals become cloudy when immersed in 10 % 

h.J"drochlcric acid. The greater numbers of exposed cation 

sites make nepheline sonewhat less acid resistant than 

feldspar. Both minerals have a very high order of resis

tance to alkali. 

Neither commercial product is a single species of mineral, 

but there are solid solutions. As such, they do not cleave 

regularly but fracture irregularly. The particles produced 

by grinding may have cnly one characteristic similarity to 

the pure mineral. For feldspar there is always one 90° angle 

gi.Ving rise to b!ocky or splintery particles. Nepheline 

syenite tends to cleave along parallel planes and the par-
' ticles appear to be splintery or irregular with the flat 

facet. Both product lines have & minimum of -0 1 5 flm partic

les because of the expense of grinding these tough materials. 

The Mohs hard;;.D.ess values are relatively high. Aa the par

ticle size is reducee to below about 5 pm. both feldspar 

and nepheline syenite reveal ~more regular, 1locky shape 

with fewer sha~p-edged particles and therefore considerahly 

reduced abrasiveness. 
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These mineral~ are among the lowest surface area t;ypes 

because of their particle shapes an~ low tinesscontent. 

The oil absorptio~ test measures the packed volume of 

filler particlesu Since very low concentrations of fine 

particles are present, these fillers p~ovide highly pac

ked systems when combined with fine to very fine fillers 

and pigments. 

Pddspar has somewhat better electrical prope~ties than 

nepheline syenite, but poorer than mica. FEidspar is espe

cially suitable where high concentrations of filler are 

used to obtain surface resistivity. Dielectric streng)(ths 

for feldspar in epoxy end polyester compounds are equal 

to or slightly lower than silica. Conductivity bridges on 

the particles dtle to sorbed water, crystal defects, or 

contaminants, such as black iron oxide in nepheline sye

nite, are responsible for electrical conductivity and are 

frequently grossly influenced by the polymer and its abi

lit7 to bond to the filler surface or to pasaivate ce~tain 

conductive sites. 

Thus, pure potash feldspar provideP. excellent electrical 

resistance in ceramic compositions where the matrix is 

a glass and no surface sites exist to provide electrical 

conductivity. 
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Silicate minere.ls are non...conductors, sc the degrge of 

electrical resistance is largely a matter of purity rat

her than differences in mineral types. 

Thermal condustivity for these minerals is in the range 

of 5,6 - 8,2 g.cal /sec.cm2/°C/cm compared with values 

----1 

of 0 92 - 0,5 for plastics, and therefore t.hey are co~si

derably more conductive than plastics. Specific hea~ ~alues 

are about 0,21 g.cal./g/0c for both fillers versus about 

O,J - 0,5 for most plastics. On a volume basis {specific 

heat density) the fillers have higher values than plas

tics. On a volume be.sic {specific heat density) the fil

lers have higher values than plastics. 

One ot the primary advantages of these fillers is their 

mean refractive index of 1,5). Since these minerals wet 

and disperse readily, their surfaces are quite well con

tacted by the polymer. Most polyreer~ have refractive in

dexes near 1 1 53 so filled compounds may obtain clarity 

or tran.slucency not provided by other fille:::-s. No other 

- fillers provide this degree of light transmittance at 

e~uivalent concentrations. 
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In both dry-blending and liquid mixing with thermoplastics, 

it is preferable to adc these ~illers last. They do not 

agglomerate as fine fillere do and they ~et and disper~a 

very readily, so adding them last reduces abrasion or over

:crl.xlng :'.n liquid dispersions which may result in excessive 

air entrainment. 

These fillers have been used in all methods of liquid and 

melt processing. Depending on the section thickness or 

degr~e of work involed, all grades may be used. Por high

shear melt processes, the finest grades are more suitable 

(as an injection molding) where minimum abrasiveness is 

requiered. Both filler types ex~ert minimum effe~ts on melt

flow or viscosity compared with other fillers having about 

the same particle size distributions. 

Feldspar and nepheline syenite produce the same effects on 

physical properties and are eupeiior to equivalent parti~le 

size calcium c3rborL~tes. Abrasion resistance is materially 

i~proved by these filler~ provided that the polymer bonds 

adequ2tely to the filler surface and has a moderate to high 

tensile strength. Highly plastici,~d or weak rae.trixes 

(Polyethylene, for example) do not have sufficient bonding 

and tenacity to prevent the filler particles from being 

dislodged. 
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As with all fillod composites, stresses in the matrix 

are magnified, resulting in reduced physical properties 

and, parti::ularly, impact resistance. Inherently tough 

or rigid matrix~s are less affected, especially if the 

fines fillers are used. S~in whitening is also more 

noticeable with these fillers due to the clarity imparted. 

Optical effects are very positive. These fillers tranf'Illit 

radiation from O,J to 1,5 pm wavelength. A small propor

tion of 1ll. traviolet is absorbed and the remainder trans

mitted, therefore UV adsorbers are effective. Infrared is 

largely transmitted by the tillers so that heating for 

vacuum forming of filled sheets is more rapid than with 

the unfilled sheets. 

Thermal stability is positively influenced due to feldspar 

addition. Although the improv2ment is partly due to dilu

tion of the plastisol by the highly purified filler, ton

ding of the electronegative chlorine at cationic (positive) 

sites of the filler surface reduces the chlorine mobility 

and therefore polymer degradation. 

As with all fillers, polar polymers such as ABS, EVA, 

nylon, urethanes etc., are most amenable to being filled, 

with resulting improvements in modulus, flexural strength, 

and deflection temperature. Bonding auch as the silane 
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coupling agents are effective with both f'eldspa~ and ne)he

line syenite to increase tensile ~tre~s compared with 

1..:.atreated filler, ~ut always at the expense of el~ngation. 

Unsaturated polye&te~ compounds, auch as SKC and BMC are 

highly filled to recuce ahrinkas·e on polymerization and 

to i1:1.creas~ moduli. Both fillers provide the high concentra

tions required with such compounds, especially in conjunc

tion with finer fillers and pigments, to yield more uni

form moulded parts, considerably better weather, abrasion, 

anc chemical resist&nce, and saviLgs in tinting costs Fem.

pared with the more commonly used calcium carbonate fillers. 

Other benefits are exceptional ease of dispersion an~ de

airing, no effect on promoter or accelarator activity, 

excellent flow, molding and mould detail properties, and 

show-through clarity where it is desired to see the fibrous 

reinforcement distribution. The same benefits e.re fmparted 

to matched. metal die molding, sheet moulding gel coats, 

filament winding, and casting ~f the filled compounds. 

---1 
• 

' 
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Silica fillers _,_ ________ .._ ___ 

There eXist at this time as many as 22 distinct. phs~es of 

silica and each one of the phases is chemically Si02• 

Currently, not all of the phases are useful in plas~ics 
I 

but a number of them are. Interestingly, the various phs-

s~s, and even phase variations, offer distinct advantages 

and disadvantages. For e::xample, a syntetic colloidal form 

of silica under the amorphous phase offers the great sur

face area, thixotropic effect and distin~t reinforcing 

properties. Polymers filled with this form have greatly 

increased viscosity which may result in processing diffi

culties. There are floculated verieti~s of the colloidal 

form which give :flati::~.ng characteristics and ccmposi te pro

perties somewhat diterent from the particulate colloiial 

phase. Moreover, the synthetic forms just mentionend are 

so fine in particle size, they offer little in the way of 

La.rdness in finished composites. They lack the purity and 

"anhydrous• cha~Cteristics that some of the naturally 

occuring, low quartz varietie~ offer. 

Natural silica products in the low quartz phase come from 

quartzite and the tripolitic forms, which would generally 

be termed naturs.l, microcrista.lline quartz. These forms 

of silica are usually leJs expensive than the synthetic, 

colloidal forms. 
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They too, have advantages and disadvantages. These low 

quartz varieties offer much lower surface area, hence 

better rheological flow. Excellent electrical insulation, 

heavier loading potencial, creates purity, and good mecha- .._/ 

nical properties are other benefits. The drawbacks would 

be increased wear of processing equipment due to hardness 

of this filler, and the lack of reinforcing properties 

because of lower surface area. 

Diatomaceous silica is very high in Si02 content. Quantita

tively, the silica content will range about 90 %. Other 

constituents comprising the remaining 10 % are Al2o3 , Fe2o3 , 

Na2o and K2o, CaO and MgO and some others. 

The uncalcined variety contains up to 4 % H2o while calci

ned varieties have about 0,5 %. Uncalcined diatomaceous si

lica has a rather high surface area of 15 m2/g while the 

calcined grades measure J,O m2/g. Oil adsorption is quite 

high, from 90 - 150 %. T'ne effect of diatomaceous silica 

on processing and composite properties is somewhere between 

synthetic amorphous silicas and naturally occuring types. 

The diatomaceous silica particles have a highly po~ous 

structure, and the phase of silica is micro amorphous and 

opaline silica. 

I 
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!'used silica is manufactured by subjecting high purity 
0 quartzite to temperatures is excess of 4.000 P. Pinely 

divided fu9ed silica has a coefficient of thermal expan

si~n in the range of 0,34 x 10-6/0c from o to l.ooo0c. 
This low thermal expansion is very desirable in composi

tes subjected to wide ve.riations in temperatures. 

All of the silica materials discussed are in adequate 

supply based on current demand. ~e synthetic, amorphous 

silica ID!lterial prices vary Widely. The reansos for di~

ference in price range are degrees in fineness and purity. 

The naturally occuring quartz phase material is chaeper 

than diatomaceous silica or fused silica. 

Surface modification Via the hydroxylated surface of sili

ca is a subject of wide interest. Silanol activity on the 

various phases is belfVed to vary due to origins. However, 

surfaces can be modified to offer organofunctionality, 

hydrofobicity nad non-functional~ty. Commercial activity 

in surface modifir.ation is limited now, but the f~ture 

will call more and more for functional particulate silica 

materials with the interface tailored to a specific end 

use. 

A dramatic source of silica of the opaline variety will 

come from rice hulls. 

-1 
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Rice hulls are about 15 to 25 % s102 • The hulls have been 

an environmental burden and waste product over the years. 

This fascinating source of silica is under the careful 

study and recent developments should provide a variety 

of silica based products. The lower index of refraction 

and other unique opaline silica properties from planfl.ife 

origin will be serving an unfilled need in the plastic 

field. 

The two broad ereas of usage for pyrogenic silica are in 

rubber and plastics. The advantages offered by the use of 
n 

pyrog@JRic silica are primarilly the following: 
.... 

- in thickening and thixotropic effect for liquids, 

- its effect as an antisedimentation agent, 

- its reinforcing effect in elastomers, 

- as an antiblocking agent in plastic films, 

and good dispersibility under many applications. 

The si1ica particles have silanol groups in their surfaces 

while Si-0-Si bonds are located inside these particles. 

Development of the silanol groups is attributed to incom

plete condensation during the silica process. The SiOH 

groups on the surface of adjacent particles hace a strong 

tendency to interact with orthers trough hydrogen bonds. 
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As a re~t, a three dimensional lattice structure com

posed if silica can develop, a.ad this produces an increa

se in viscosity in liquid system. These relatively weak 

hydrogen bonds break down as even light shear forces are 

applied. Aside fr~m increased Viscosity and thixotr~py, 

the silanol groups are reactive site~ for surface treat

ment. Silanes are used to render silica hydrophobic, and 

are conceivably orga.nofunctional via ambifunctional sila

ne coupling agents. 

Diatomaceous sili~a is an naturally occuring opaline phase 

of silica. The ore is actually the skeletal remains of 

plankton. The variety of shapes is a world of fascination 

under the I'ltc1·oscope. Diatomaceous comes from the word 

dia~om, which is a single celled aquatic plant. 

Calcium carbonate fillers -------------------------
Calcium carbonate fillers hP..ve relative high volume usage 

in plastice, due to their unique advantages, including 

the followir-g: 

- their costs is among the lowest of all th~ mineral fil-

lers, 

- the·y are '1ontroxic, odourless, 
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- they are white with low refractive index, easily colo~ad 

to any desired shade, 

- their softness 

- their dryness - no water of crystallization, 

- the particle sizes available - perhaps the widest range 

of all fillers, 

- particle size distribution is controllable for optimal 

packing i.n each polymer system, 

- they are easily mixed into formulations, sometimes 

aiding the mixing of other ingredients, 

- ·they are anti-plate-out agents. exerting mild scouring 

action during rrocessing, 

- they are acid accepto~s, for secondary stabilization 

of PVC, neutralizing chloride ions, 

- they reduce shrinkage during molding and curing, as in 

unshrinkable reinforced polyster sheet molding compounds, 

- they are stable over a wide temperature range, conver

ting to calcium oxide (Cao and carbon dioxide/co2/ bet

ween about 800-900°c). 

Calcium ~arbonate is a polar, reactive substance, having 

several possible advantages for plastics use: 

a/ when attacked by acids, co2 is evolved and soluble 

salts are formed. Many plastics, such as epoxy bind 

Caco3 so that compound, even though highly loaded, 

resists acid attack. 
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b/ When heated between about 800-900°c 1 co2 is evolved 

and Cao i3 formed. 

c/ In polyethylene and polysterene, Caco3 loading tends 

to cause embrittlement:)however copolymers~ cross

linking agents, film grades, and coUliipling agents are 

available to permit succesfull loading of polyethylene. 

Impact redistant grades of polysterene can be loaded 

wi. th. ~aco3 • 

d/ The trigonal Sllape of crystals Caco3 provides 11 ttle 

reinforcing action, compared to strongly reinforcing 

materials as glass fibres, asbestos etc. 

e/ In polypropylene, talc, and asbestos fillers have hig

her stiffness, flexular modulus, a.~d deflection tempera

ture than calcium ;arbonate! however calcium carbonate 

in polypropylene ha.a better impact resistance, possibly 

due to better bonding between polymer and calcium car-

bonate. 

f / Drying of calc~um carbonate may be needed for moisture

sensitive applications, since the moisture content of 

purified calcium carbonate is usually about 0,06-0,20 %. 

Calcium carbonate contrasts sharply fdth other high volume 

fillers such as clay, talc, silica, silicates and asbestos, 

which may be much darker in color, stiffer in filled plas

tic compounds, and, in the case of silicates and clays, 

results in a more expensive product. 
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Benef1ciated Caco3 description: pure, soft, white, powder, 

low costs, abundant, remains flexibility of plasticized 

PVC, yet maintnnins stiffness and surface smoothness in 

glass-reinforced polyiters. 

~~22t!l!l.!!-~~!£!~~~~r.2£!!!!!_!2r_q!~Q3 
Purified Ground Caco3 
This type has a highest usage for plastics, because it is 

purified by removal of iron end silica to minimize degra

da·tion of plastics, and groumi fine enough to provide suf

ficiently high physical properties of dilled plastics at 

lowest possible costs. The calcium carbonate is white with 

a fairly low refractive index, and all colors, from white 

plastics with Ti02 to black plastics with carbon black, 

can be produced with minimum interference from Caco3 • 

Crushing in gyratory crushers or jaw crusher or ro11; 

large lumps are crushed t-o pass through 3 inch mesh. 

Disintegrating proceeds in crusher, rotary hammer mill 

or stamp mill, ring-roll mill, pebble mill, or edge run

ners to pass through 100 mesh screen. Plotation removes 

"..mpurities. Wet or dry grinding {example-pebble mill) is 

autogenous or with grinding media. 
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Carefully controlled classification, solids separation, 

drying and micronizing steps, result in a medium particle 

diameter of about one to 10 micrometers. Micrometer is 

usually abbreviated 7u• or "micron". 

Por some applications, such as vinyl foam carpet backing 

and inexpensive dark floor tiles, fairly coarse unpurified 

caco
3 

is used. Processing is simple, consisting of crus

hing, disintegration blld pulverizing, followed by "air 

separation" i.e. removal by centrifugal separation of 

oversize·particlee by the counteraction "Whizzer" or mul-

tivane "deflecto~"· 

A typical example of processing might consist of a jaw 

crusher, a rotary hammer mill and ~ Raymond suction mill 

with dust collector and vacuum exhauster. 

Pinef}t grain: about 12/,u median diametr 

Properties: unpurified, coarser, wide aize distribution~ 

color varies with feedstock. 

l 
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Ernest Solvay, a Belgian, in 1864 succes:fully manufactu

red Na2co
3 

by an ammonia process: 

~ + H20 + co2 + NaCl • NaHCOJ + NH4Cl 

2 XaHCOJ + heat > Na2co3 + H20 + C02 

Caco3 is used in this process as follows: 

heat _H20 Caco3 Co2 + CaO 3' Ca/OH/ 2 

Ca/OH/2 + 2NH4Cl ) 2NHJ + 2H20 + CaC12 
co2 > 

Naturally occuring Caco3 is a starting material and in this 

process precipitated Caco3 is a by-product. Thls is also 

the case in the NaOH and recarbonation process described 

in the following sections. 

Production of the by-product is limited by amount of main 

product produced. Precipitated Caco3 is washed to remove 

soluble salts, then dried and micropulverized. The particle 

size is controlled by conditions of precipitation: 

temperature, concentration, rate and order of addition of 

ingredients and amount of agitation. Particle size are fair

ly uniform and can be varied from about O,OJ to 0,05 up to 

about 8 - 10 f• 
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Impurities are NaCl and water. Precipitated Cacc3 is used 

in specialized applicaiions where purity, finenees, uniform 

particle size and excellent whiteness justify their higher 

cost. 

Precipitation Caco3 b~ recarbonation consists of heating 

Caco3 to form C62 + Cao that ~s reacted with water to 

form Ca/OH/2• The co2 ie saved and recombined with the 

Ca/OH/2: 
h t H20 ea , co2 + Cao ~ Ca/OH/ 2 

The product is arsgonite, with higher sp.g. than calcite. 

Kedi&n particle sizes are betwee~ 0 1 2-2,C and particle 

size distribution is wider than th~ preVious pzecipitated 

material. Advantages of precipitated Caco3 : high purity 

graces for food con~ract uses, very fine particle sizes 

for high viscosity non-sag plastisols and polyesters. 

Disadvantages: higher cost, bigher energy to manufacture, 

ionic and water content must be taken into consideration, 

fineness cauaes exeessive viscosity in some polyesters. 

In general, calcite coated with stearic acid, calcium stea

rate and othershave improved rhe~logical properties, With 

little improvement in physical properties. 
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Commetially, calcium cor~bonate coated with stearate are 

used in some plastisols and rigid vinyl compounds. 

Calcium carbonate is an abundant material, .30 stable that 

entire mountain ranges and coral and mollusc shell porti

ons of seashores are composed of caco3• In living organism

from si!llple seashells, coral and mollusks, to the most 

highly advanced vertebrates structures containing Caco3 
furnish defense and support and contribution to motion 

and veverage. Skeletal structures, containing calcium 

phospr..ate and Caco3 · ·.: outlast all other body parts. 

In nature, when the calcium is dissolved by diferent sol

vents, eventually the dissolved calcium combines with car

bon dioxide to form the stable calcium carbonate again. 

Unique features: 

a/ .ln index of refracticn close to that of m~ny plastici

zers and resins leads to minimum intereference with 

colorants, 

b/ acid acceptor serves as secondary stabilizer in poly

vinyl-chloride-PVC, 

c/ purity in some grades for USP, FDA, food contract 

applications, 
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d/ temperature stability up to about 550°c
1 

el wide range of particle sizes an~ distribution available, 

f/ readily coated for improved melt rheology when needed, 

g/ retards smoke formation when PVC compounds are heated. 

Table J: z'hysical properties of calcite, ~.ragonite 1 dolomite 

CaCO CaC~ CaCO.h .Mgeo3 
j calclte ara nite dolo te · 
' most stable converts to /45 % MgC03 I form calcite by wt/ I -----------------.-----·--------.------------ ----------------i 

specific 
gravity 2,60-2,75 2,92-2,94 2,ao-2,90 
hardness/Mohs/ 3,0 3,5 -4,0 3,5 -4,0 
melting point l.339°C decamp. de~omp. 

1025 atm. a25°c 730-76o0c 
decoiD.p. 
900°C 

solubility 100 times 100 times 100 times in aq.co2 above above above 

Benefication methods for calcium carbonate fillers have 

been evolved and are being improved for the removal of 

impu:eities, particularly iona that would !nterfere with 

electrical volume resistivity, as well as iron and silica. 
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The calcium carbonate filler industry has designed fillers 

to meet requierements for each major use. Some examples 

are listed below: 

1. Electrical PVC wire coating type filler shipments 

are specifically controlled for low ionic content, 

and checked by making a standard coumpound and mea

suring electrical volmne resistivity. 

2. Glass fiber-reinforced sheet molding coupound filler 

shipments are controlled for low and uniform poly

ester viscosity. 

Puture developments will be pointed directly to each use. 

Particle size and distribution may be tailored for best 

performance ich each process. Coating, when needed, will 

n~lp rheology requierements for easy processing with opti

mal production rate using minimal power. 

The highest volume uses for bencficitated Caco3 are for 

flexible PVC compounds, plastisols and glass-reinforced 

polyester compounds. Filler level for flexible PVC is 
• 

usually in the range of 20-60 phr of 3Jum Caco3 (phr-

parts by weight of ingredient per 100 parts resin by wt). 
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Kany ~xamples of filler loading vs physical properties 

are published in trade and technical literature of PVC 

resin manufacturers and PVC stabilizer manufacturers and 

in books on PVC technclogy and plastics. 

Piner fillers cause less of a decrease in physical proper

ties in the same j~ading, while coarser fillers cause 

problems in thinner calP.ndered films and coatings. Adequa

te physical properties at lowest cost per unit volume in

fluence choice of filler and loading. 

PVC plastisols and organisols - here iE1 Caco3 loading usu

ally 20-100 phr, particle size is usually between 3-151um. 

A wide range of pa~tinle sizes are used in this area: 

from coarse calcium carbonate in PVC carpet backing and 

mechanically f~thed PVC foam c°ating under PVC tile, to 

ultra-fine precipitated Caco3 and coate.:l chalk':·_ which con

trol the thixotropic visc~city of sealaJ1ts. Coarse partic

les lead to lower viscosity plastisols, but the coarser 

particles may form a sediment during storage and cause 

handling problems. 

At present, a main large use .for rigid z'VC is in pipe and 

conduit. Currently 0-5 phr, 2-3;um calcium carbonate fil

ler is used in potabl~ water pipe (in a future possibly 

up to 40 phr). 
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PVC floor tiles are sometimes called "asbestos floor 

tiles" because the darker colors may contain asbestos 

as one of the fillers. Calcium carbonate loadings of 

about 80-400 phr small granular size are usual, with 

total filler loadings up to about 500 phr. 

Low density polyethylene and high density polyethylene can 

be succesfully loaded with ground calcite. Considerable 

effort has been devoted to finding ways to increase the 

physical properties of loaded polyethylene. Successful 

solutions to the problem are as follows: 

a/ co-polymerize polar groups in the polyethylene, such 

as vinyl-acetate groups, ethyl acrylate groups or car

boxylic acid groups, 

b/ cross link the filled polyethylene with an organic pe

roxide, that is "cure" the polyethylene, making it a 

"thennoset" material. 

High density polyethylene can be cross-linked as well as 

low density polyethylene. Blends of low density polyethy

lene with ethylene-propylene-diene rubbers are readily 

cured with organic peroxides., 

c/ Coat the calcium carbonate with a material having 

both polar groups and hydrocarbon chains, or with 

a carbonate xylated polyolefin. 

These metods are in development. 
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Both propylene homopolymer and copolymers are readilly 

accepting calcium carbonate of J;Uin particle size at 

loadings of 30-40 % of the total formulation (that is, 

about 43-76 phr Caco3 ). For example, automotive paneles 

use 35-40 % filler* about JO % filler is used in polypro-

pylene "paper" that absorbs and retains the correct amount 

of ink when printed. 

Calcium carbonate fillers are used to some extent in po

lyurethane foam, epoxy compounds, and phenolic resins. 

In polyurethane foam, the Caco3 particle serve as nuclei 

to produce a uniformly small cell size. Epoxy pottl.ng com

pounds with calcium carbonE..te filler are well known. Acid

catalyzed phenolic resins are not suited to Caco3 filler: 

only alkaline types of phenolics can be filled with cal-

cium carbonate. 

Limestone filled polypropylene is one of the most recent 

plastics materials. Although it may be sound to be little 

more than a minor extensi.on of the existing types of fil

led polypropylene, it is in reality totally new material 

with properties which extend the performance of polypro

pylene into the ares of ABS and other high cost plastics. 
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The me.jor fea·~ures of limestone f'illed polypropyl-ene are: 

high stiffness, ease of processing, low cost, improved 

temperature perf'omance over virgin polypropylene, redu-

ced cycle times. natur-al matt finish. The comp1;~d being 

introduced is aJ.ready arousing substantial interest, es

pecially in the automobile industry. However its combina

tion of properties and economy are likely to lead to its 

rapid introduction in many industries, especially as an 

ABS replacement. 

Polypropylene has been widely described a3 the polymere 

of the future, and has been predicted as having the fas

test growth rate of any of the major polymers. This prop

hecy bas been backed ty many of the major plastic produ

cers by installation of new polypropylene polymerisation 

capacity, and is therefore likely to become self-fulfil

ling. New capacity for polypropylene in Europe recently 

installed, being connn:ieioned, or announced, approaches 

some 1.000.000 t/year. This predicted growth will only . 
be fully achieved by increasing the range of applica~ions 

of polypropylene, and in many instances it will require 

codification of the polymer to increase its range of tech

nical performance. This modification will include compoun

ding polypropylene with other polymers, elastomers, fil-

lers, reinforcements etc., and combinations of these. 

-1 
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One result ~n.11 be to increase very substantially the 

proportion of plastics used in fully ~ormulated form 

as oppoeed to natural polymer. This will emphasiz~ the 

growing importance uf the speciality plastics manufactu

rers in the materials supply chain. 

Po~.ypropylene has many technical advantages, ir•cluding 

ease of p~ocessing, low density, reasonable temperature 

performance, good chemical resistance and high toughness 

and ductility, especially in copolymer form. It also has 

the commercial advantag~s of low cost and ready o.nd stable 

availability. Polyprc...,pylene, however, has som.e tP.chnical 

disadvantages within its field of application, in parti

cular low stiffness. In addition, its sharp melting range 

and low melt strength limit its application in such areas 

as thermoforming and blow moulding. 

The stiffness of polypropylene can be subs+,antially impro

ved by co,llnpounding it with fillers. Almost any fille~ will 

improve the stiffness of polypropylene, but fibrous fil

lers such as glass and asbestos, or platelet shaped fil

lers such as talc or mica have a particularly good stif

fening ~ffect. Such offset the advantages of improved 

.atiffness and Jaeat distortion temperature by reduced 1.m

pact ~trength. This is illustrated in Table 4, which com

pares properties of \'arious filled polypropylenes with 

flexural mod~lus used as a measure of the stiffness of 

the material. 

l 
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This table also includes for comparison a chalk filled 

polypropylene. Because of the more nearly spherical par

ticle shape, the degree of reinforcement is less than for 

anequal filler loading of talc, but the effect of impact 

strength is not so severe. All this mineral fillers have 

the additional advantage of reducing the shrinkage on 

moulding compared with uni!'illed polypropylene, and incre

asing thermal conductivity, which leads to faster cooling 

rates an~ hence reduced cycle times and improved moulding 

performance in injection moulding. 

Table 4: Properties of various filled po~ypropylene 

I Heat Flexural I Notched 

I 1 dietof;tion Modulus ! Impact 
I Temp. C 2 1 2 \ Strength 

; ! 1,82 D/m I GN/m 
1 

J/m 
~-------------------~-----------~-------------------------! I : 

i I I GP moulding rate i I Ul\tf111ed pp co- 1 

, polymer 55 1,38 147 
I 
! 20 % talc filled i copolymer 70 2, 75 36 

40 % talc filled 
copolymer 76 3,73 31 

30 % coupled glass 
fibre filled 
copolymer 

40 % limestone 
filled copolymer 

155 

73 

5,50 212 

2,82 41 
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Limestone, as said before, is chemically almost identical 

to the ground chalk (whiting), marble and calcite fillers 

currently in use. However, it offers the advantage of even 
1r 

better retention cf the~sic toughness and ductility of 

the polypropylene polymer and the ability to use even hig

her loadings. 

A properly formulat~d fill~d compound,however,will contain 

small proportions of other additives to aid processing and 

ensure the full development of physical properties. This 

will produce a considerable additional boost to physical 

properties, particularly impact strength, as illustrated 

in Table 5 which compares the properties of simple 50 % 

limestone filled copolymer with a properly formulated sa

les grade of the seme filler content and same bese copoly-

mer. 

As can be seen, limestone filled polypropylene compounds 

with filler contents as high as 60 % can be used. Where 

optimum physical properties, and in particular high quali· 

ty of surface finish on an injection moulded item, are 

required, it is recommended that a lower filler level, 

up to a maximum of 50 %, be used. Even at the lower filler 

levels, limestone based compounds show consid~rable advan

tage over other mineral fillers, particularly in impact 

strength. 

-1 
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Table 5: Comparison of different limestone filled 
copolymer 

I Simple 50 % Fully formu- 1 

limestone lated 50 % I 
(50 % poly- compound 
propylene LPC 5004 

----------------------~--=~~~~~~! ____ J _______________ _ 
I 

Melt flow index J,O J,O 

Tensile strength 2J,O 2J,O 

Elongation at break 43 % 52 % 

Notched impact 
strength KJ/m 55 90 

Flexural modulus J,16 J,J7 

A range of physical properties is compared with limestone, 

talc and ground whiting at 20 % filler content in Table 6. 

The impact strength performance is particularly maiked. 

Unfortunately any modification such as with limestone fil

ler produces disadvantages as well as benefits. The natu

ral colour of high limestone content compounds is a pale 

straw, and such compounds are obiously opaque. This limits 

the colour range which r.an be produced. High gloss finished 

cannot be achieved on highly loaded compounds, on the other 

hand, the filler has a natural matting effects and a range 

of surface finishes from flat matt to silk sheen can be 

readily achieved. 

-1 
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The filled compounds have a substantially higher specific 

gravity than unfilled, and account must be taken of this 

in considering the econ~mics of the system. 

Ground limestone is a relatively low cost material, appro

ximately one tenth the cost of polypro~ylene by weight. 

Even allowing its high specific gravity, much lower in 

cost· than polypropylene in volume. It is unsuitable, howe

ver, to S~d the raw filler to the gr&.nules in an injection 

moulding machine or extruder, except for low loadings in 

specialised equipment. To benefit;!from its desirable pro

perties it rtUst be propely £ormulated and co~pounded. 

Table 6: Physical properties of polypropylene filled 
by different anorganic fillers 

Un!fi:l.led 20 % 20 % 20 % lime 
pp talc whiting filled 

filled filled PP 
pp pp 

!--------------------~--------- ~--------- ---------
__________ r ___ .,. 

I 

I Palling weight I impact at 20°c 10,0 8' .3 10,2 10,8 
1 Strength Jo0g I 9,0 4,8 8,5 10,8 
1 -20 c 5,8 0,8 4,8 7,4 

Tensile strength 
MN/m2 
at yield 5 4 5,6 7,0 
at break 24 21,5 .315 564 
E modulus NM/m2 1, .3 J,7 2,2 2,4 
Flex~strength 
MN/m J.3,4 45,4 40,J 42,2 
Heat dist.temp. 0 c 60 81 7.3 10 
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This additional cost means that a 50 % filled conroound 

would be sold at a price per tonne comparable to or slightly 

lower than unfilled polymer, though with a specific gravity 

of l,J5 compared to 0,91. The improved stiffness however 

means t~t in applications where stiffness is important, 

wall thickness can be reduced, anc!in many cases a satisfac

tory finished product with the same weight as of unfilled 

polypropylene can ~e produced. This will usually result in 

a low raw material cost saving coupled with s substantial 

gain to processing costs, particularly for injection moul

ding, due to the more rapid cooling. 

Where a lower filler content is desired, this can be most 

ecunomically achieved by blending a highly filled compound 

with natural polymert thus spreading the compounding cost. 

Due to the exceptional ease of melt processinc of limestone 

tillecipolypropylene compounds even at high filler levels, 

the blending can be re.a.diiy achieved. 
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Table 7: Comparison of calcium carbonate filled poly
rropylene with ABS 

50 % limestone ABS (typical 1
1 

filled PP values medium 

--------~----------~----r------------------~~=:-~~~=: 
Tens~le strength • 
MN/m 23,0 48,0 

Elongation Bt break % 5,2 10 

Izod impact strength 
notched KJ/m 90 140 

Flexural modulus GN/m2 J,37 2,1 

Heat distortion tempera-
ll2~C 98°C ture at 0,452MNtm2 

at 1,81 MN/m 66 c 95°c 

:lould shrinkage % 0,8-1,( 0,4-1,9 

Specific gravity l,JS 1,05 

The real cost benefits occur however when the improvement 

in physical properties sue~ as st~ffness, or in processa-

bility, such as thermoforDAing, enables a filled polypropy

lene compound to be considered against another high!r cost 

plastic material. 

In many potential use.3 the low stiffness of polypropylgne 

limits its applications despite ita advantages, particular

ly economic benefits. 
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Improved stiffness can be traded against increased brittle

ness in the caae of talc filled compounds, or increased 

cost in the CLse of fibrous reinforced polypropylene, or 

alternative materials such as ABS o~ rigid PVC. The impro

ved stiffness of limestone filled compounds coupled with 

the retention of the easential toughness of polypropylene, 

enables them to complete with higher cost material such as 

.ABS in many applications. This is demonstrated in Table 7 

which plots the range of stiffness and impact strength 

achievable comparea with other materials. 

Apart from injection moulding, limestone filled polypropy

lene compounds are also suitable for profile extrusion, 

sheet and film extrusion and subsequent forming and ~low 

moulding. An outstanding f <Jature of these new compoundE 

is their ease of proce~sing despite the high filler content. 

A properly formulated 50 % limestone filled polypropyle;.ie 

compound for instance, can be injection moulded as easily 

as an unfilled material although a small increase in barrel 

temperature may be required. In common with most filled 

Illdterials, these is a substantial increase in thermal con

ductivity compared with the Virgin polypropylene. This 

leads to better heat transfer and hence more rapid cooling. 

Shrinkage is also reduced. These two effects lead to redu

ced cycle times on injection moulding and reductions in 

moulding defects such as sink marks. 
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Savings of up to 25 % on cycle time~ have been recorded 

where limestone filled polypropylene was used to replace 

high impact polysterene. 

The improvement in melt strength of limestone filled poly

styrene makes blow moulding and other melt forming proces

ses much easier. Limestone filled polypropylen~ ~ompounds 

with filler levels up to 40 % have been succesfully blow 

moulded under identical machine and mould conditions to 

unfilled polypropylene. The incree.sed cooling re.te will nor

mally lead to faster production speeds. The increased melt 

strength and rauge of limestone filled polypropylene toge

ther with faster heating rate make thermoforming of extru

ded Bheet much easier that for unfilled polypropylene, nor

mally considered a difficult material. 

The major consumers of whit~ carbonate fillers are the po

lymer (plastics and rubber), paint and paper industries. 

Calcium carbonate is regarded as the major bulk filler to 

plastics, i.e. it is the best product to reduce cost and 

crude oil consumption without significantly impairing 

strength. Where increased strength is requiered it can be 

used in conjuction with a reinforcing filler such as as

bestos, mica and wollastonite (for plastics), or carbon 

black and precipitated silica for rubber. 
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Calcium carbonate is used as a filler throughout the 

range of polyvinylchloride and rubber products, polyethy

lene and polypropylene and other thermoplastic8, although 

the partii::ularly ~gh qualit7 end of the market in moul

dings and extrusion has generally been served by the fine, 

uniform varieties of precipitated calcium carbonate rather 

than the natural product. This situation is changing some

what as ul:.tfaf'ine carbonate natural carbonates are making 

inroads into the higher quality products. 

The absence of statistcs in the field of calcium carbonate 

tillers production and consumption makes any quantitative 

analysis of the market an extremely hazardous exercise. 

It is estimated, that Western Europan production of white 

carbonate filler /extender pt"oducts is of the order of 4 

mil. tons per year of which approximately 1.760.000 tpy: 

chalk whiting, 2.200.000 white calcite and dolomite and 

2JO.OOC precipitated calcium car·bona·::e. 

Puture development 

There is a considerable potential for further develompent 

in the field of heavily filled plastics based on limestone 

fillers. Two particular areas are flame retardant grades, 

and the use of limestone fillers in polypropylene/ elasto

mer blends. 
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Limestone filled polypropylene compounda with high filler 

contents are inherently slow burning and nondripping. This 

improvement in burninh cMr8cteristics civer polypropylene 

is alone sufficient for some applications. Probably will 

European automotive industry follow the US example by em

plovying more and more plastic uni ts in car manv.facture 

especially kaolin and calcium carbonate filled. 

!~!!!!=~~~!L-!!!!~~~~!-!!!!~-!~r~!~~-~9g!f!!g 

Kaolin which is commonly called vlay or china clay is a 

hydrous alumino-silicate mineral. It is available in two 

primary grades: 

the natural hydrous form and a calcined, anhydrous form. 

The larger average particle sizes consists of mixtures of 

blocky a.:id platy particles. The finer fractiQns are almost 

entirely thin plates. 

The hydrous forms are non abrasive, chemical resisting, and 

have relatively high surface area, which promotes high vis

cosities. Their naturally acid pH must be considered in many 

systems wherein reactivity may occur. They disperse quite 

readily in most plastics. especially with the aid of dis

persants or surfactants. 

l 
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In reinforced or thermoset plastics, they control flow 

properties to provide more uniform composite properties. 

Calcium kaolin is considerably .hs.rder, but p::"Ovides impro

ved electrical properties in thermosets and thermoplastics. 

Many surface-treated types of each grade are available to 

provide outstanding water resistance, electrical proper

ties, and reinforcement, in a vPXiety of systems. 

Kaolin is a common term for the mineral kaolinite, one of 

number of minerals called clays. Clay is a rock term ap

plying to soft. earthy ores which are plastics when mixed 

with water. Large deposits are in the Pie:imont Plateau 

area of Georgia, South Carolina and Texas, in Cornwall 

(Great Britain), Czechoslovakia, Germany, USSR, India, 

South and North Korea, Auatralia and m'llly other places. 

The ores are generally associated with quartz, mica, carbon, 

iron and titanium compounds and sometimas a wide variety 

of other clay minerals, such illite, halloysite and montmo

rilloaite. Open pit mining is usually employed. 

Air floated grades are produced from dried ores which are 

passed trough roller mill.ts with internal air classifiers 

to remo,,e coarse impurities and to disintegrate the ore 

to its netural state of subdivision. 



Water leached grades are processed as water suspensions, 

in some casses treated by decolorizing agents or by high 

gradient magnetic separation. and fractionated with hydro

cyclons or centrifuges to obtain specific particle size 

distributions, after which they are dew&tered by vacuum 

filters or filterpresses. The coarser grades are obtained 

by drying the filter cake, whereas the finer grades are 

obtained by next separation. In either caGe, the dried 

products are milled to reduce agglomeration for plastic 

uses. 

The water leached grades are generally used as the base 

kaolin to be calcined at lower temperatures for superior 

electrical properties or at higher temperatures for excep

tional whiteness. Both are milled and air classified to 

reduce the hard agglomerates which form on calcining. 

All of the above grades are treated with surface-modyfying 

agents to obtain improved dispersibility, electrical pro-

perties 9 water resistance, aud rei.ilfcr~~ment in plastic 

systems. 

I 
' 
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Commercial products and properties 

The single cryotal of kaolinite is two layer hydrous alu

mina silicate, consisting of chemically bonded layers of 

silica and hydrous alumina, and the form of hexagonal pla

telet. In the process of formation, some crystals were bon-

ded together quite strongly to give rise to a range of na

tural sizes. Particles larger than about lOJum esd (equiva

velnt spherical diameter) are stacs of platelets with heights 

about equal to their avarage diameters. Ttose whic~ are fi

ner have different aspect ratios according to their esd and 

the methods of disintegration. Below about 2tu e~d, all 

particles are thin platelets with average platelet diame

ters of 4-10 times the thickness. 

Because the two sides of the kaolin particle are 2ifferent 

and broke11 bonds at edges are highly active, kaolin exhi

bits a strong tendency to resist dispersion, by forming 

strongly bonded agglomerates. This is more pronounced with 

decreasing particle size. The active surfacas !.re, however, 

re~~tive with organo-silanes, various metallic salts such 

as ,.inyl stabilizers, polar polymers, lubricants and the 

like, to obtain a fairly complete state of dispersion~ 

Sur:~ni:i. 'treatment of hydrous or calcined kaolin is prefer

red to obtain the physical advantages along with improved 

bonding with polymers} ease of dispersion, better flow and 

non-reactivity in critical applications. 



-- \ 
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The na+.urally acid pH of the mineral causes undesirable 

reaction with epoxies and vinyls, unless the acid sites 

are inhibited by surface treatments; many such pi"Oducts 

are available for specific applications. 

Both nature.1 a.nd calcined kaolin are more resistant ta 

acids and alkal~ than all b~t the more resistant poly

mers. Removal of the water of the constitution requires 

temperatures in excess of 750JC, much higher than plastics 

processing temperatures. 

Table 8: Electrical properties of selected fillers 

volume resif'ti dielectric 
-1 

dielectric i Mineral 
filler vity ohm-cm st~ength loss 

dry humid ~lts/mil 

-------------------------- -------- -----------------------
li.ao lin, water I 

leached 1013 1016 70 - 120 0,10 

kaolin calcined 1013 108 60 - 100 0,06 

J..aolin calcir.isd 
1013 1012 hydrofobized 80 - 150 O,OOJ 

talc 1014 109 200 - 400 0,001 

mica 1017 1010 50 - 60 0,10 
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Ap ... lications 

Kaolin is princi~ally used in reinforced plastics, where 

its platiness and its viscosity increasing effect prevents 

fiber "blooming" or the appearance of fibers as the model 

surface. Grades for this use should have very low 144;um 

(1J2t mesh) contents since larger particle filter on fiber

glass mats and cause a non-uniform distribution of filler, 

crazing, and poor physical properties. 

Calcined kaolin also is used in electrical laminates to 

improve volume resistivity, and to reduce the concentration ~ 

of tite.nium dioxide, du~ t~ the whiteness imparted. 

In this and other applications, composite properties are 

generally influenced by the degree of dispersion of the 

filler and its packing. Because dispersion is so important 

to obtaining maximum filler effectiveness, surface treated · 

grades are becoming more generally used. 

The finer grades of kaolin are particularly effective for 

increasing tensile strength and modulus of low Tg thermo· ... 

plastics, especially surface treated types, without atten

dant severe loss of elongation and impact strength. 

Vinyl wire insulation is substantially improved byl calci

ned kaolin at up to JO phr. Hy~rophobic surface treatment 

further improves electrical properties under wet or humid

aged conditions. 
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The use of kaolin is expected to follow the trend of grea

ter filler use due to the increasing c~st of polymers. 

Many surf ace treated products have been developed in the 

past and it is llxpected that producers will utilize prior 

technology and further refine these products to offer a 

wider variety of more versatile kaolin fillers. 

The polymer industry is an expanding outlet for china clay 

which is only one of a large range of minerals which can 

be used as fillers. 

Fortunately, the scientific knowledge and experience we 

ha\re gained carry out thP extensive reaearch and develop

ment work necessary to introduce china clay into a wide 

range of applications in the polymer industry. 

Kaolin occupies an important position in the list of non

black fillers used in th.~ rub be.I' industry, and together 

with calcium carbonate are the most widely used of such 

materials. The reason for this is quite simple: clays can 

have the combined ad·1antAges of having reinforcing proper

ties in rubber compounds together with reletively low cost. 

The range of available clays is wide, ensuring a variable 

performance/cost balance. 



- 56 -

The many available types of clay are broadly classified 

into tbree groups. Two of these groups are based largely 

on particle size/shape diferences and the third on a modi

fied clay. The first two groups are often reffered to as 

hard or soft clays, in America.O terminology. There is no 

clear definition of these terms, but it is generally us

derstood that a clay will promote a ~gher level of hard 

physical properties and stiffness than will a soft clay. 

The hard clays have normally a higher index of plasticity 

and modulus of rupture. 

Particles of kaolin or china clay as seen by the electron 

microscope are essentially hexagonal plate-like crystals, 

and it is the dimensions of this particles which largely 

control the effects of a kaolin in a rubber or plastic 

compound. Hard clays have a greater proportion of finer 

particles than do soft clays and the aspect ratio (Length: 

diameter ratio) of hard clays is usually higher. It is 

difficult to discu3s average particle size, as particle 

size distribution can be quite wide. For complete particle 

size characterization a full distribution graph is necessary. 

This however is not always readily available and ~ useful 

indication of particle size effectiveness is given by a 

knowledge of the percentage finer that 2 microns and the 

percentage greater that 10 microns. r.Iost kaolin used as 

fillers in rubber and plastic industry fall between the 

following limits: 

-1 
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I 

% finer than % greater than I 
211um lOtum j 

----··-------------- ~------------------ ---------------- I 
hard clays 75 - 95 0 - 5 

soft clays 20 - 60 10 - 25 

It is obvious that these two groups could contain clays 

of widely differing properties. 

The third group of kaolins is commonly referred to as 

calcined clays. China clay consits essentially of the 

mineral ka~linite as referred above. Molecular water can 

be eliminated at high temperatures. This reaction is time 

and temperature dependent, but for practical purposes, 

temperatures in exc~ss of 6oo0 c result in the evolution 

of molecular water conversion of the aluminium silicate 

to an X-ray amorphous form known as meta kaolinite. 

At temperatures over.1. ioo0 c new crystal ph~~es appear, 
I 

but it is in the X-ray amorphous region that products of 

interest to the rubber and plastic industry are formed. 

The most impo~tant properties of these materials are that 

they combine a high level of electrical properties, toget

her with long term stability of such properties under ad

verse environmental conditions. 
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Hard or better, rein.forcing clays are used where physical 

properties need to be of quite a high order and particu

lar1y where higher modulus or stiffness is required, in 

the vulcanized or unvulcanized compound. Common uses are 

in the footwear, high quality extrusions and some cables 

(mainly high voltage ones). Soft type kaolins are used 

where the level of physical properties is not so oritical 

and advantage can be taken of the material suitability for 

use at higher loadings than hard kaolins to achieve a given 

level of stiffness and hardness. Applications include extiru

sion compounds and general mechanical IOOuldings. Both hard 

and soft types of kaolin are used when rubber and plast-

tic products need to be acid resistant (e.g. for chemical 

pla.D.t lining). Soft kaolins are also used in some latex 

applications for example latex foem moulding, carpet un

derlays and carpet backing compounds. 

The largest outlet for calcined kaolins is in the cable 

industry, particularly in medium and high voltage insu

lation compounds where synthetic rubbers are often used. 

Most applications of kaolins are in growth where there is 

likely to be an increasing demand fo1· existing materials 

(e.g. automobile components, industrial products, cables, 

bui:rl.ng applications. 
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In one application (footwear) there is doubt about this 

growth due to the present increasing use of ?VC in place 

of rubber in many types of footwear. 

As processing and manufacturing equipment becomes n:.ore 

complex, and labour costs continue to increase, raw mate

rial costs will become relatively less important than con

sistency of quality -.uid reproducibility of properties. 

This could lead to a ~ecline in den:.and for indigenous 

materials as the requirement lor internationally available 

products increases~ 

Interest in new products has largely centred around sur

face treated materials. This interest is likely to be 

maintained but must be supported by adequate technical 

data. The enginnering thermoplastics have shown an·. impree

sive growth record in recent years. This record is due to 

research and development activities oriented toward impro

ving the cost/performance relationship trough filling the 

polymer matrix with surface-modified particulate materials. 

The surf'ace modified kaolins improve the physical and che

mical properties of nylons and reduce the cost of the com

posite. These kaolins, because of improved compatibility, 

permit highly filled polypropylene fibres and films. 

Recent reports indicate a cost /perfmrmance advantage of 

surface-modified kaolins in polyurethanes. 
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Laboratory data show poten·tial advantages of the surface

modified kaolins in other systems as well. Considering the 

improved properties as well as potential cost reductions 

and crude oil lowering consumption, ti1e surface modified 

kaolins are filling an. industry n~ed and creating a new 

series of filled polymers. 

The t~end, at least for the plastic industry; is to use 

surface modified kaolins. These are kaolins w.!lose surfa-

ce has been changed from hydrophile to hydrophobic and/or 

organophilic. The surface changes are accomplished by com

plete or partial coverage of the kaolin surface with orga

nofunctional moluceles. 

The organic molecules can be attached by kaolin particles 

in different ways, namely: 

a/ chemical bonding 

b/ chemisorption 

c/ coating 

The strongest attachments are formed oy chemically reacting 

the organic molecules with the kaolin at the edges and sur

faces. The strong covalent bonds thus formed are of the type 

produced by the reaction of a silanol with a chlorisilane. 

Chemisorption of the organic molecule to the kaolin particle 

is accomplished ~ugh weaker bonds of the hydrogen bonding 

or Van der Waals type. Although weaker, there is as integral 

unit forJted by the organic molecule and the kaoli~ which is 
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not destroyed in high-shear compou.nding. The coating 

method shows little or no bonding and the coating can 

be readily removed by solven~ or in compounding. ·Kaolin 

products produced by coating met.hod are of very little 

interest to the plastic and rubber industries since all 

the normal processing techniques deal with either potential 

solvents for the coating or relatively high shear compoun

ding, both of which will remove the coating from the kaolin. 

The first reference to an orga'lic derivative of kaolinite, 

the major constituent of kaolin clay, was made by Vivaldi 

and Hendricks in 1952. They prepared the methoxy derivative 

by the action of diazomethane on kaolinite. 

Since tha..t time, and especially in the past ten years, more 

surface modified kaolins hav~ been described. The first com

mercial product, an organo-silicon derivation was introdu

ced by Freeport Kaolin in the early 1960 s·. Now there are 

many commercial organo-kaolin products on the market and 

more coming from the laboratories. The present surface

modified kaolin products are based on organo-silicon or 

organo-titanium reactants. 

Obviously, surface modifications increase the cost of a 

filler or ;>igment and, un$ortunately, kaolin is no excep

tion. Therefore, thP. benefits that one realizes from the 
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use of the surface-modified filler must outweigh the 

added cost. As an example, consider the following 

problem: 

"Produce a 3 to 5 denier polypropylene fiber containing 

at least 20 weight percent filler. Traditionally, fillers 

were used in fibres mainly as delusterants and only at 

levels of one percent or less. When the filler level ex

ceeded about four percent, the fiber properties deterio

rated to the point where the fiber was worthless. 

Confirming the above, the conventional, fi:e particle kao

lin was compounded into a fiber grade polypropylene at 20 

weight percent. The compound could be melt spun into a 

undrawn fiber using extreme care. The eydrophilic kaolin 

surface was not wet by the organophilic polypropylene. 

Note that the kaolin particles are s11rrounded by voias. 

The resultant fiber could not be drawn since the fiber 

tenacity had been destroyed by the high filler level as 

the "state of the art" had predicted. 

The kaolin used in the fiber was hydrophilic and did not 

work. Therefore, the surface o::· the same type kaolin was 

modifi¢ed with the reaction product of tetraisopropyl tita

nate and oleic acid. The kaolin surface was the organophi

lic, especially so in h,ydrocarbon systems. 
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The same expf.riment, as described above - 20 % filler in 

polypropylene fiber-was performed with totally d:ifferent 

results. The fiber lost none of its prope!rties. The poly

propylene wets the kaolin surface, and cc~ld be drawn to 

the fine deniers required. 

Kaolins are not always .treated to make them orga.nophilic. 

Sometimes, the kaolins are treated to giire a hydrophobic 

surface which has very little orga.nophil::.c character. The 

wire and cable industry uses hydrophobic kaolins in filled 

ethylene-propylene (EP) elastomers at a !30-125 phr level. 

For the wire a.nd cable industry, calcined kaolins are sur

face-modified with organo-silicon compoQ~ds containing vinyl 

:functlonality. The surface modification e.aha.nces both the 

electrical properties and the physical properties. Again, 

comparing a.n unmodified kaolin in the same formulation one 

finds that the modified kaolin gave an insulation with a 

55 % higher tensile strength than the in.sulation wi tr.out 

the modified kaolin. The same compounds, when evaluated for 

retention of electrical properties in weLter, showed, that 

the insulation containing the surface mc1dified kaolin was 

far superior. 

The hydrophobic-organophilic character 1>f the surface modi

fied kaolin& has created a new family o:f' engineering plas

tics in the mineral filled nylon. 
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Table 9: 40 % Mineral filled polyamide (Nylon 66) 

unfilled I 
i 

filled 
·------------------------------~---------------------------
I 

i Tensile 

I Tensile 

strength., psi 11.900 14.000 

elongation, % 60 8 

Tensile modulus, psi 420.000 900.000 

Flexural strength, psi l~.ooo 2.).000 

Deflection temperature 
264 psi, oc 77 204 

~O absorption, % in 24 hrs 1,5 0,5 

In 1970 it was show-n that nylon 6, when filled with JS 

percent by weight of an organo-titanium modified kaolin, 

had a heat distortion temperature 45°c higher than the 
• 

unfilled control. The tensile strength because cf the high 

degree of compatibility of the kaolin in the nylon, showed 

only a 6 percent drop despite the high loading. Since the 

original orgd.Il.o-titanium studies a surface modified kaolin 

has been designed which has as part of the organofunctiona

li ty, a pendent amine group. The presence of the amine ma

kes the surface-modified kaolin even more acceptable to the 

polyamides. The general properties as such nylons, contai

ning 40 % percent by weight or the amino-surface mrJdified 

kaolin, are shown in Table 9. 

I 
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The high deflection temperature permits the mineral filled 

nylons to be considered in ap~lications which previously 

could only be made from thermoset systems. The significant 

reduction in water absorption in the filled nylon should 

result in an improved dimensional stability in parts sub

jected to severe changes in relative h!lmidity. The strength 

properties, as indicated, have increased in a manner ex

pected for fine particle filled systems. Presently, the 

mineral filled nylons are beincused for several underthe

hood automotive applications, such as carbuator bodies, 

fan blades and others. Also as fender extensions an~, in

terestingly, skateboards. 

The eompatibility of the amine, surface-modified kaolins 

in polyamides suggest that other nitrogen-containing poly

mer systems, such as esteramides, imides and urethanes, 

might also be eompatible with the same .!IlOdified kaolin 

filler. Field reports, from sampling of the amine, surface 

modified kaolin, indicate a high degree of compatibility 

with cast urethanes with significaat property improvements. 

The organoy surface-modified kaolins are presently being 

used in electrical insulation, nylon, selected rubber pro

ducts, polypropylene fiber, wi'l.ite-opaque polypropylene filir. 

and other products. The modified keolins are needed in this 

systems since conventional, nonm.odified fillers will not do 

the job. 



The higher cost of the kaolin is justified either in pro

duct performance or. in the case of high-priced polymers. 

as a cost reduction. 

Demand for currently available material is likely to incre

ase with emphasis on quality and consistancy leading to 

a greater demand for finer and more reinforcing clays. 

Use of caldlnea and surface-modified kaolin will increase 

as the demand for high voltjage insulation increases. 

Apart from usee where good electrical properties are requi

red, advantage may well be taken of other properties of 

calcined clays particularly where low water absorption 

and low permanent set are required. Lbst calcined cla1s 

are p:i:oduced in the 50 - 60 percent below 2,um particle 

size range and are similar in reinforcing ~roperties to a 

good quality soft kaolin. It is possible that finer rna+,e

rials than this may be required if large scale applications 

are to be found outside the cable industry. 
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New products 

New materials ce.n be regarded in three groups: 

1. Modifi~ations to particle size or shape of existing 

fillers. 

2. Surface modifications of exi~ting materials e.g. 

surface treatment or coating. 

J. Special purpose products !o meet a particular need. 

Plastic industry - the total amout of particulate filler 

used by the plaatic industry is less than 10 percent by 

weight of the polymer used by the industry. ltost of the 

filler is used in plasticized PVC polymer 04 copolyme~ to 

produce extruded sections including cables and floor cove

rings. 

In the past, some plastic p1~ducts and particurarly some 

filled pla~tics products were made which were completely 

unsuited for the intended applicationo Today, filler are 

used spPcially to enhance selected properties ·•:ithout too 

much deterioration of ether properties and overall cost must 

be considered a property. 

I bellte that this will continue and will be assisted by 

the produ~tion of special fillers, the production of fil

lers modified by surface treatment, or the use or fillers 

in combination with other additives. The whole c.ompound 

will be designed to be most "cost effective" method to 

meeting a particular set of requirements. 
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Polyvinylchloride cable compounds will become more hea

vily filled predominantly with natural or st•arete coated 

whiting or specially prepared calcium ca::"bonate and where 

necessary, calcined a hydrophobized kaolina will be used 

to re-establish the degree of electrical resistivity requi-

red. 

Selected kaolins of certain mineralogical composition and 

partical size distribution can have reinforcing effects 

when used with limestone and plasticized polyvinyl chloridei 

acetate copolymer in floor tile compounds and can effecti

vely replace asbes·tos in this type of compcsition. 

Processing characteristics are unchanged and physical pro

perties are up to the standard required by national and 

i~ternational specifications for vinyl-asbe~tos floor ti

les. Additionally, the clay composition has superior color, 

better appearance and, lower water absorption and raw ma

terial cost13 may be lower. Also the handling difficulties 

associated with the finer grades of asbestos are eliminated. 

The future looke good for surface modified kaolins and 

other pigments or fillers. Polymers such as urethanes, 

e.Jfpoxides. imides, fluorocarbons, polysulfones and other 

newer materials are prime candidates for minerel filling. 

_ _.. _______ _ 
----------

l 

__... _ 
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