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ABSTRACT

The study deals with the significance o7
mineral fillers - especially aimed at the application-
of calcium carbonate and kaolin - for the produciion
of plastics,

The most important requirements on the initial
raw materials are specified and explained. The
problem of special dressing meihods of these materiais,
. however, is extraordinarily complicated and it is
the subject of an intensive research in all the
industrially heVeloped countries of the world,
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INTRODUCTION

PlastZ: (oimposite materials are formed by an
intiﬁate mixture of a thermoplast or resin and a
filler, In compliance with the terminology suggested
by an American company for material testing a Tfiller

is defined as a relatively inert material added int»
the plastics with the aim to modify their streagth,
toughness, processability and other qualitative
parameters or to cut production costs. Against timt
plastics with mineral fillers are usually defined as
synthetic materiais the s%rength of which exceeds
considerably the strength of the basig organic maierial.
In this case, however, mainly materials oi fibrous
nature are used as fillers,

The strength cof a large number of netural materials
‘depends to considerable extent on a mutual relation
of the so called countimuous and discontinuous phase
of a mixture, Por instance the stiffening effect of
straw added into bricks was lmown to the Egyptians as
early as more than 2000 years ago, .

Practically all thermosetting plastics are of
a composite nature but some thermoplastics were applied
with fillers many years ago., Por instance phenolic
plastics were successfully filled with wood saw dust
ag early as at about the vear 1900; the sirengtn of
polystyrene was successfully doubled by adding zlass
fibres about 50 years later,

At present we live in the age of so called
couposites, Composite materigls exrc becoming ever
riore éignificant to be applied in the processing
industrial branches where high quality of producis
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rmust be eunsured at ever deoreasing sources of labuur
and at minimum energy consumption,

It may be said that the following properties
will be a decisive criterion for the choice of materials:

necihanical properties: modulus of elasticity and toughness

chemnical properties: atmospheric stability
incombustibility
- chemical resistance

_2conomical parameters: high productivity in processing
cheap raw materials
- cheap production technology
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IIJPLULHCE OF FILLERS O IHE PROPERTIBES
OF PLASTICS

1.

Liodulus of elasticity and toughness

The modulus of elasticity is incidental to
the strength of intermolecular bonds whicii are
couparatively weak in amorphous organic materials,

For great meny products, first of all for
those being transported o: wirich are used as
structural materials foxr the building of transpori
means (airplanes, motor cars, ships and subjects
of daily use), it is important tkat the material
could not only be loaded with maximum force but,
at the same time, weight of the material should
also be as low as possible, Thercfore, it is uselul
tc compare also the specific moduluses of elasticity
of the incividual materials. The two values of some
selecteld materiagls are shown in Table iHo. 1.

It is obvious that, from: the point of view of
specific modulus nf elasticity, glass is equivalcunit
to steel but its well known deficiency is its low
toughness caused by a very glow dissipation of
elastic energy when supplied to it by an impact,

The energy is consumed by vreaking of chemical bonds
in the neighbourhood of the impact,

From the values shown in Tabie Koy 1 it is
evident that even the implementation of tronsverse
bonds in polar amorphous resinas \phenolics, poly-
esti.ers, etc,) could not increave the modulus of
elasticity above 4 Gla and that these materials
cannot compete with iron, ;lass or cdélulose fibres



frorm the aardness point of wiew, Therziore,
a developuent of sv called reinvorced plasiics
is being quickly widespread rzcently. The tour
inorganic pnasc in then forms a component o
nodulus eof elasticity wvhereas the orzaiic wolimer
serves the purpose of bending ajent wmomferin; high
toughness %o it,
Laminates - material possessing a hish nodulus of
elasticity forms tie vontinuous piiase irabric, etc.)
and a thermosetiing plastic or o tlermcplast is tho
bonding ageiit, Thereby high moduluscs of elaslicivy
’ are achieved but processing is Tpther dirfficult w:d
expensive.

Filled thermoplasts - filler, i. e, a conpoient with

a highk modulus. of elasticity foims the dispersion
phase in tlie convinuoag thermoplastic aatrix. it is
an ndvantage that the thesmoplastic processabvility
of the filleé thermoplasis is preserved. Froi: the
point of View of imercasing the modulus of elasticity
the mogt effective Ymow: fillexrs are short glass
fibres, Less effective are Tillers in the shape of
particles though c. g. when 60 of kaolin was used

¢ as a filler in %he mixture oy a lim2ar polycthylene
the modulus of elasticity vms increased 7 tiues ajainst
a polyeihylene without any 7iller {(Wable ljo. 1).
Jon-modified particle fillers cannot be disperscd
well in orgaric polymers and they usually cannot
form a strong enouzsh dontd with the surrounding polyrier
rmatrix that results in e low toughnesc o composiie
naterials uwadec this way, Yherefore, the aain poiat
of regearsi saould be a creation of sucin boundaiy
blayers between the Fillers and the polymer matri::
which can provide for an effective tremsfer of foices

\
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3.
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4.

5.

It is quite knovm, e, g. when ceilings are
clad with foemcd polystyrene thc buraing metoriel
drips down on tie fioor whereSy the whole oot
becones a fireplace,

Cheniical resistance

For application in a corrosive environment it
is necessary to use fillers being themselves chenicall:

resistant. Por this reason a possible use o czlcius
carbonate is to be limited,

Anovher nore conmplicated problem ic constiiuted
by the influence of filler on the velocity of
diffusion of various chemicals, It is coimected
first of ail with a creation of a ssitable sirvcture
of intermediate pnases at the boundariecs betucen the
fillexr and polymcr resulting in a reduced movability
or macromolecuiar_segments.

isagy processability

Particularly the high productivity in proceszi:v
iz the main reason for the quick spreading of praciicsl
applications of plastics in the procesgsing induetricl
prancnes. Savings achieved especially in the scorics
production of enginecering products due to the nisn:
productivity are so large when compared with nctoels
that the cost of a polymer ir not decisive.




Generally, it may be stated thet in case of
precise demending products mecianpical propertie

and processavility will be the most siguificant
properties whereas in case of less demanding proluc.c
for wide use the cost of a polymer will becone
decisive,

The effect of fillers on the rTheolozical
proverties by meltiing of thermoplastics is nuch
complicated, It is necessary to iealize thal thc
melt of a polymer represénts a non—-:dewton suspension
in a ndﬁ-Hewton,ma*ri;. When the conditions zave bteen
chosen properly then thermoplastiics with high conton:
of fillers can be worked at high speeds without
difificulties, Another unqucstionable advantage of
using filled mixtures is the possibility of qulC"Q“
cooling which is a decicive criterion for tae Eg
duration of injection cycle especially in case of :
large products, *

A8 aforesaid, it is userful to use expensive

- fillers chiefly for tae precise and denaunding preducts;
a conparatively expensive ﬁolymer ratrix ie noatly
applied, to0. 4n example of such a new reinforced
thermoplastic may be given by polybutylene - a
terephtalate filled with short glass fibres, its
softening point being 214°C {(at 1,82 kiPa stress and
.0 GPa modulus of elasticity). To the contrary,
however, in case of serially produced cheap polynors
- nainly polyolefins and PVC - it is useful to ancly
first of all cheap fillers in the highest possiblc
concentration,

Out of a number of applicgble inorgenic Tillors
further attention will be paid here to the specificatio.
of two most perspective types - fillers on the barsic
of calcium curbonate and ksolin,
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CAILCIUH CARBOFATE FILLERS

N

_ Calcium carbonate (CaCOB) belongs to those
inorganic fillers being-used for the £illing of
plastics in ever increasing volumes especially owing
to tne Pfollowing reasons:

- Their price is one of the lowest when compared
with other quality fillers, '

- Pillers of taig tyve are non-~poisonous, non-irritant
and odourless,

- ‘they are white and have significantly low index of
refraction, they can be easily dyed to any shade.

' - They are soft - the third degree of the Iiohs scale,.

~ They do not contain water of crystallization,

- The raw material for them occurs in a very large

number of deposits,
[

- Their particle size can be easily influenced in
the widest range from among all the irorganic
fillers,

- Their grain size classification can be controlled
with great accuracy in compliance with the respective
type of the polymer,

- Pillers of this type may be comparetively casily
surface finished and dressed in dry stcote.

-~ These fillers can be blended with the majority
of plastics without any “cchnological difficulties. -

-
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-~ Their significant feature is that they are able
t0o bind acids in the case of a secondary stabilizeiion
of polyvinylchloride ~ they neuiralize chloride ions.

- ‘they reduce ghr nkage during the processes of casting
and injecting of the composites,

-~ They are stable within a relativel; wide tempé}aiare
renge - dissociation with calcium oxide {Ca0) and
carbon dioxide takes place at 800 to 900°C temperaiures.

Calcium carbonate is a poler, reactive compound
which has alsc some defficiencies fiom the poinv of
view of its use as a filler ianto the plastics:.

-~ Under the action of some stronger acids it releases
e carbon dioxide while soluble salts are formed
at the same time, -

-~ Trigonal crystalline habitus of limestone (calcite)
particles causes a lower reinforcing effect when
compared with inorganic fillers of fibrous shape.

Calcium carbonate differs considerably from other .
inorzanic fillers used in large scale such as e, g,
kaclin, tale, quartz, etc, mainly by its whiteness,
absence of water of crystellization and easy processing
ability.

/

Basic criterions are shown in Table MNos. 2 and 3
being important for the assessment of suitability of
various carbonate raw materials intonded for the
production of fillers for plastics., The itebles also
cover the most lmportant pafhmetors of the produced
fillers, Carbonate raw materials must be of high
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nineralogical purity particularly because the presence
of hard minerals (especially quartz) would affect

adversely the abrasivity of the filled plastic that ,
would result unfavourably in a quick wear of the T
forming machinery, The mmeralog:.cal purity of the o
initial raw material is also a very important factor
influencing the whiteness of the final product,

Since fillers of *his type are applied in
a series of industrigl ises such as in thermoplastics,
' thermosetting plastics, epoxy resins, rubber, coatings,
® insecticide cerrier, etc. the applied raw material must 3
be of h’gh mineralozical purity, especially with- ~
extremely low content of compositions of ironm,
manganese, copper and sulphur,

Basic tests of suftability of a certain type cf"
carbonate raw material for the production of fillers
are as foilows: :

a) Caemical analysis including the.determination of
ircn, manganese and copper contents extraciible
in nitric acid and of rest insoit™le in nitric acid.

b) Hineralogical analysis aimed at the determinaiion
® . .of structure and heterogenous admixtures,sizes of
primary grains or particles,

c) Determination of whiteness and light reflectability !
under blue, green or red filters, |

d) Grindability tests in various types of mills. |

r ¢) Practical tests of applicailon of fillers into ,
plastice including testing of products. , |

|
| ‘ |
'
be
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Pable ¥Ho., 2
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Chemical composition of limestonmes
(calcium carbonate) for the production
of fillers for plastics_ (%- weizht)

E Components 1 i 2 _i 3 g
) - y ¥
t caco, 98.2 98,1 | 97:95 g
i KaCoy 1.2 i 0.8. 143 . 1
| 510, . 0,25 | 0.48 0,35 i
} A1,0, 0,12 - 1 0,26 10,21 ]
| Fey05 %.06 .} 0,11 | 0,08 i
i H 0 < 0.0  i<0.21 <0.18 ]
| 30, 0,0035 | 0,004 0.0038 !
o | ©° - i 0.0006 0.0003 |
E heavy metals < 20 ppm- 54 32 ppm < 26 ppm i

1 - refined limestone -~ USA

2 - reinforced chalk - Prance

3 - crystalline paleozoic limestone ~ GS3R.

g, v
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Table No, 2a

Chemical composition of selected
types of carbonate fitlers for
plastics (% weight)

[ [ !

I Components 1l 72 F 3

r 1 f

i CaCOy 98.70  {99,75 99.0
! insoluble rest e S

! S0, 0.80 0.1 0.32
E Fe 0, 0,20 0.02 0.07
! A1203- 0.15 | traces 0,29
E Mgl traces traces 0,15
jn 0.02 max,! traces 0,01
i 2

! loss drying B ,

i at 1100C 0.10 max.i 0.10 0.2 max.
i i

; 304 0015 0.06 = 0008
3 i

I 1

3 1

1 - filler made of qhalk ~ Champagne, France

2 -~ filler made of crystalline limestone (marble)

- Spain

3 - filler made of crystalline limestor
- Yugoslavia
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Physical properties of different
carbonate raw materials applicable
in-thg production of fillers

IR TRT R PR R T )
. '

SeTRrM NAvesme VR

! 1 P 1 ;
i i ~Calcite | ’'wagonite |} Dolomite
1 ; T H :
‘Specific weight | '2,60-2,75 ! 2,92-2,54 ; 2,80-2.50 :
] . i H .
Hardness (HOHS) 1 3.0 13,5~ 4.0 3.5 - 4.0
Solubility in | ; i
100 parts og> - ] :
water-at 18°C H } : :
temperature 0.0013 ‘1 0.0019 i 0,032 ;
‘ i ! :
melting.point 1339°¢ i it is i decompo-
; i changed | sition -
' ! into'cg,lsiteg at 730~
I 1t at 825°C 1 =T60°C
| temperature ! <%emp. :
P ! f
formation and ' . :
occurrence limegtone ! cells of : rock i
"marble 1 lamelli- { compiexes !
calcite { branches ! usuclly
) chalk ! and corals, | of lieso- |
1 mineral i zoic aje
| forms are |} i
! foxmed 1 ;
| within ! !
{ 30-400°C ! i
1 temp, ] i
' ' ;
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S D
= limtiﬁggc gize¢-determination

- (#ieves) E 161, D 546-
. iBulk density | , C 128, D 1895
CeejEET o : ’ 8
<F:Blectric resistance '
"(:Et'r%‘rater) : D 2448
E Reflectability . E 97, D 2244
i 011 ebsorption D 281
-1 . .
Koisture content I D 280 {4 method)
Specific weight I D15
i pH in water
(5% Ca003 at .
123°C temperature) D 1208 .
[ - .

Table o, 4 Teating of calcium carbonate
for plastics by an ASTM method
Standards ‘
1
Particle size determination D 422 o
{gediment) 5
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Pable o, 5

Froperties of cerbonate fillexs

intended for plastics used ia food

industry
18 Y ~
I N % : W
i ! microgrouwi:d i precipiteted
14 { limestone - ! limestone
j'L : - v
. : 1
. Content of CaCo, !
after drying '% ; .
} {minim,) P 9. : 98.0
O . } - 1 L 4 .
: ' H
Alkalis and magnesia , ! :
salts. ’ ; 3.5 1.0
Loss by drying (max,) g' g
ASTM D, 1199 I 2.0 : 2.C
e . : £
]
_.{ Insoluble rest in i
‘Jacids - :
1 . i }
i < i
{ Fluorine content '
{max, ) " 0,005 ! 0.004
Content of heavy i
metals - (max,) 0,004 0,003
1 Lead content (max.)s i 0.0003 0,001
} Arsenic content |
\max, ) H 0.0003 0.0003
i
HMercury content H ’
(max,) ! 0,00005
o i (0u5 ppm)

Nawerares vs ea
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Table Ho, 6 .
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Typical physical propertied. -

=~

P

»

of micronized carbonate fillers: |

; N ‘=325 mesh’ 3 =325 nfesh { ~325 mesh
i N limestone.. + limegtone ; dolomitic
L i of high of high = { limestonc
: TR e A N A R
i PIA specification i PL 1 A - | a2 T
i poiticle eize % 1 - - i
: less then 0,5 4 - < - ¥
i D l! & 13 ' 4- b= :
P o2 38 1 14 A
! 4 65 . -3 T
: - S 31z - !
i 6 €0 i 45 18 :
! 8 ! 90 . 14 33 !
i 16 £ .86 I 68 - 4T i
P 20 i o i 19 62 :
R - 25 91 L T8 :
1 30 . 96 : ;
= 35 “\‘ o 1 9Q . ;
! 40 . P9 ;
r " ! I :
1 % of -particles . I : ; =
1 exceeding 44 0,01 i 0,5 . !
! microns, B R : * i i
i ASTH-E 161 -, 9 ; ;
D _546 ! i |
light reflec- ; ! 1
tability % 1 - ! !
ASTH-Y 97 1 ; !
D 2244 - 7 : ;
' green filter 9606 ) 91,7 I :
blue filter 95.6 , 89.4 H -
pH in water . I ; i
5% sugpension ' , H : ;
.a%t 23°C temp. 9=9¢5% | 95 i 9,0-10,0
ASTIL D 1208 __ _
water soluble ¢
53}3!-52_?,230 0,06 0,06
Olectric re'ietme ' 17000- 17000_ i 3000_
in wager -~ in ohmse . \y ,
at 23°C tompe 2500C 2500) 5000
bor. .,‘..s--i-.!é-g-'g&&-st - -y -

0
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_ The industry producing polymera shows ever increasing
consumption of specially treated kaolins. The research in
the dressing of kaolins for paper and ceremic industries
has shown very good resuiis in the recent decades many
of which, concerning especially the refinement of kaolin,

- can be applied even in the production of plastics to a
considerable extent, i
-~ Kaolins have a very important position among white

G fillers used in the producticm of rubber and, along with

the calciwm carbonate, they show the largest consumption

trends even in the production of thermoplastics, The
reason is quite obvious - specially dressed kaolin
fillers influence.significantly positively some physical
properties of tne plastics at a relatively low cost.

Suitable types of kaolins may be approximately
classified into three groups. Two of these groups
include kaolins according to the size and/or shape of
particles the third group includes specially modified
kaolini, According to' the terminology being currenily

C used in English (especially in America) professional
iiterature the kaolins in the first twogroups are
classified as per tneir plasticity, i, e. whether they
are "goft” or “hard",

It is difficult to define exactly the two fypes from
the point of view of chemical or mineralogical compo~
sition, So celled non-p’ ~tic kaolins, however, have
finer particles and are ...re suitable to be used in
the production of fillers, This viewpoint, however,
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-does not apply to the most of the European kaollns

the genesis of which is considerably different from
that of the kaolins irom Georgia -and Florida - USA.

The third group includes calcined kaolius of low

- grade surface dressing matvhod, Favourable dielectric
- propertiés of these materials which they keep for long

periods even under unfavourable climatic r~onditions
are their significant f:atures, .

In Teble Hos. 7.and 8 there are shomn basic
properties important for the application of kaolin
fillers in the product on of plastics, To judge the
raw materials usable in the production of special fillers

Zor plastics the rollow1ng properties are of a particular
importance-

a) high mineralogical purity more closely specified
especially by a low contents of abrasive admixtures
(particularly of quartz and mica)

b) high chemical purity, especially low contents of
iron, copper, inanganesc compasitions and organic,
ratters

c) high degree of whiteness and lizht reflectivity
(particularly while using blue filtér - after
drying as well as after calcination),




Table Noe 7

Froperties of kaolin fillers for plastics
L ——— - e e e e -
Kaolin dressed by wet Kaolin dressed by dry
Properties method method - - .
coaxse medium fine coarse fine

S, - grained -—-ogX8lned __grained grained ___ |
Specific weight ASTM D 152 2.58 2.58 2.58 2,58 2.58

H (20% suspension ‘ . ' ;

n water) 208“705 308"705 308"7'5 ‘308-"505 308"5.5
hardness (MOHS) 2 2 2 < 2 2

surface squaxre area '

(m2/g - BER) - 6-10 14-16 18-22 10-12 12-24

0il absorption . '

(ASTM D 281) 28~32 32-40 40-48 28=32 34.40
"free" water content

(fv max.) ASTN D 280 1.0 1,0 1.0 1,0 1.0
whiteness

(G.Bs %~M30) 75-85 85-87 87-90 T4-64 74-80

¢ particle size in

microns ASTN D 422 4"9 1.8"0.7 Oo 7"0.2




Table No, 8

Properties of kaolin fillers_for

¢
Properties

_Calcined kaoiin_

-------- L T -n--—--———---q

__Surface dregseduggolin

partially completely

S ecifio weight
ASTM D 153

pH (20i, suspeun-
sion in water) -

hardness \1IOES)

surface aquare
area (m2/g) BET

oil absorpiion
(ASTH D 281)

Ufreelwater
content
ASTM D 280

whiteness

(G.B. %-Mg0)

average particle
size in microns

2.50

442-640
4-6 -

9-12

45-50

ASTIi D 422

’ 2,63

402‘6-0

6-8

5-12

45-90

0 . 9“3

T D " W e ey o]

silane

L—--—nqi—

2.58

4,0-9,0

2-8

8-24

2860

0‘ 5"‘1.0‘

T4-92

T W = S S S B S S W

cation

dressing.__

2.58

7-0-800
2.’

14-16

24-33

0.,2-0,5

80-87

006"40 5
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Table ho. 9 Optizam chemical and mineralogical
compogition of kaolins applicable
for the production of fillers
for plastics -

i ] 1 1

3 I . . 1 1

i Components i1 High quality ; HKedium quality :

! { filler, % by | filler, % by weight |

I t  weight ] : 1

} ] | H

i H H i

5 810, ; 45.4 E 48.9 ;

| ! A1203 ! .3e,8 ! 355 !
] ] ] {
¢ i Fe 0, | 0.3 | 0.6 ;
] 240 ; 1.0 | 0.8 |

{2 : :

E Ca0 s O.1 ; 0.3 E

i Hany0 i 0.1 H 0.1 !

' : - i

| K,0 } 0.5 | 1.2 !

:2 : - :

! loss by : i i

i ignition i 13.8 2.7 :

3 i ; o

] g i i

r 1) T e 4

: : : :

! kaolinite ! e5 ! 88 |

i ] i i

o g quartz ; 1 s 5 E
| mica and other i s i

! accegsory )

E ninerals 5 3 i 7 i

1
{

e o T




Table No, 1C

Characteristic values of tirace
elements co:tents in kaolins
intended for the production
of fillers for plastics

!

g -
i !
! mercury H less than 3
g.arsenic ' less than 10
} barium i 10 - 50
g copper 1- 9
E (at fillerg for !
!} rubber materials) ! max, 3
Elead' 5 le 9
s zinc ! 10 - 90
g nanganese ] 50 - 150
! cadmium 10
iantimony 10 -
Enickel 10
g cobalt 15
imolybdenum ! 15
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"Properties of kaolin fillers
for plastics - continuation

t
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compogition of kaolins applicable
for the production of fillers
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