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CLAY MINERAL PRODUCTS AND THEIR USE IN 
A RUBBER COMPOSITIONS 

FIELD OF THE INVENTION 

[0001] The present invention relates to clay mineral prod 
ucts and their use in rubber compositions. In particular, the 
invention is concerned With kaolin clay products and their 
use in improved rubber compositions and products incorpo 
rating such compositions, for example tyre treads. The term 
“rubber” is used herein to refer generally to any elastomer. 

BACKGROUND OF THE INVENTION 

[0002] It is knoWn that rubber compositions, such as, 
typically, tyre tread rubber compositions, comprise particu 
late reinforcing ?llers. Common reinforcing ?llers include 
carbon black and silica; other knoWn ?llers include, for 
example, clays, calcium carbonates, cellulose ?bres and 
starch. Carbon black and silica are generally used in rela 
tively large amounts in rubber compositions to impart a 
desirable level of reinforcement to the rubber. 

[0003] In recent years, silica has become the ?ller of 
choice for tyre tread compositions (see, for example, Okel, 
T. A. et al, “Advances in Precipitated Silicas for Passenger 
and Truck Tyre Treads”, Progress in Rubber and Plastics 
Technology, Vol. 15, No. 1, 1999, the disclosure of Which is 
incorporated herein by reference). Many conventional tyre 
tread compositions noW incorporate silica, either as a sole 
reinforcing ?ller or as a main ?ller mixed With smaller 
amounts of one or more other ?llers. The silica is generally 
present in a relatively high amount, typically up to 150 parts 
by Weight based on 100 parts by Weight of the rubber. 

[0004] HoWeyer, silica-?lled rubber tyre tread composi 
tions suffer from certain substantial disadvantages. Precipi 
tated silica is expensive in comparison With carbon black, 
and causes difficulties in processing and manufacture of 
rubber compositions incorporating it. A precipitated silica 
?ller requires complicated high temperature processing 
When formulating the rubber composition. There can be 
atendency for components of the curing system of the rubber 
composition and/or organic non-rubber impurities of the 
rubber to adsorb onto the silica particles, leading to a 
reduction in the cross-link density beloW theoretically 
achievable values, and poor dispersion of the ?ller into the 
rubber compositions, Which in turn can lead to undesirable 
properties of the tyre tread product Silica ?llers give rubbers 
Which generally exhibit a reduced rolling road resistance 
(i.e. a reduced tendency for kinetic energy of the vehicle to 
be lost as Work of deformation of the tyre) in comparison 
With rubbers incorporating other ?ller systems. On the other 
hand, unless an expensive coupling agent such as an orga 
nosilane is also present, this desirable reduction in rolling 
resistance is typically accompanied by an undesirable reduc 
tion in Wet traction and/or in resistance to abrasion. 

[0005] Moreover, it is found in practice that the organosi 
lane cannot effectively be pre-coated onto the silica par 
ticles, but must generally be handled separately and included 
into the mix at the time of compounding the rubber com 
position. The manufacture and transportation of the orga 
nosilane involves an appreciable energy cost. In terms of 
overall “greenness” or energy ef?ciency, the gains of 
reduced fuel consumption and enhanced tyre life and per 
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formance found With silica-?lled tyre treads are offset by 
substantial energy costs of this type. 

[0006] Natural rubber is a convenient material for tread 
portions of radial truck tyres, in vieW of its excellent uncured 
strength and tackiness and reduced tendency to cut and chip, 
in comparison With synthetic rubbers. HoWever, it has been 
reported that silica—even With a bonding agent present—is 
not compatible With natural rubber, due in part to the 
adsorption of organics such as proteins and fatty acids from 
the natural rubber onto the surface of the silica particles, 
leading to problems of poor abrasion resistance. Attempts to 
increase the proportion of organosilane bonding agent result 
in a reduction in the tear resistance of the rubber composi 
tion (see, for example Freund, B., Eur. Rubber J. 180(8), p. 
34, 1998, the disclosure of Which is incorporated herein by 
reference). 
[0007] It is desirable to be able to use a loWer amount of 
silica in rubber compositions Without a corresponding reduc 
tion in reinforcement of the rubber and Without any loss of 
rubber properties. 

[0008] Carbon black has long been knoWn as a particulate 
?ller for tyre rubber compositions. HoWever, it generally 
cannot be used in applications Where the rubber composition 
needs to be pigmented. In addition, the carbon black must 
have a very ?ne particle siZe, leading to increased ?nancial 
and energy costs in the manufacture. Carbon black can also 
cause an undesirable build-up of frictional heat in a tyre 
tread rubber composition. 

[0009] Investigations have been conducted into multi 
phase particulate ?llers, Which seek to achieve a balance of 
parameters Which a single ?ller material alone cannot 
achieve. 

[0010] For example, apparently encouraging results have 
been reported for the use of carbon-silica dual phase ?llers 
(CSDPF) in natural rubber treads for truck tyres, potentially 
reducing the amount of the organosilane bonding agent 
required (see, for example, Wang, M-J et al, “Carbon-Silica 
Dual Phase Filler, A NeW Generation Reinforcing Agent for 
Rubber: Application to Truck Tire Tread Compound” in 
Rubber Chemistry and Technology, Vol. 74, 2001, pp. 124 
137, the disclosure of Which is incorporated herein by 
reference). 
[0011] There has been a general appreciation that at least 
partial replacement of particulate silica and/or carbon black 
by particulate kaolin can offer advantages in the manufac 
ture of tyre tread rubber compositions (see, for example, 
US. Pat. No. 5,591,794, US. Pat. No. 5,840,795, and US. 
Pat. No. 5,871,846; EP-A-0170606, EP-A-0655480, EP-A 
0678549, EP-A-0732362, and EP-A-0894819; as Well as the 
publications cited therein and in the results of the relevant 
of?cial searches). GB-A-2067535 describes the use of par 
ticulate kaolins to partially replace carbon black in tyre 
carcase rubber compositions. The disclosures of all these 
documents and prior publications are incorporated herein by 
reference. 

[0012] HoWever, there are substantial practical dif?culties 
in the use of particulate kaolin as a ?ller for rubber com 
positions, and no proposal has been completely satisfactory 
for modern requirements. Particular dif?culties are encoun 
tered With rubber compositions for tyre treads, Which gen 
erally require a particular balance of properties such as a loW 
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rolling road resistance, a high degree of abrasion resistance 
and Wet traction, and a high tensile strength and modulus of 
elongation. Conventional particulate kaolin tends to impair 
the properties of the rubber compositions and the perfor 
mance of the tyres, in comparison With compositions ?lled 
With precipitated silica and/or carbon black in the absence of 
particulate kaolin, and generally the sought-after reduction 
in the required amount of the coupling agent has not been 
achievable. 

[0013] There is therefore a need for a particulate kaolin 
suitable for use as a ?ller for rubber compositions, for 
example tyre tread rubber compositions, Which can at least 
partially replace silica and/or carbon black While maintain 
ing acceptable physical properties of the rubber composi 
tions and acceptable performance characteristics of the 
tyres. 

[0014] The present invention seeks to go at least some Way 
toWards ansWering this need, or at least to provide an 
acceptable alternative. 

[0015] We have noW developed an improved kaolin clay 
product Which, When used as a ?ller or extender material in 
a rubber composition, provides a composition having an 
improved ease of manufacture and enhanced properties. 

BRIEF DESCRIPTION OF THE INVENTION 

[0016] According to a ?rst aspect of the present invention, 
there is provided a rubber composition comprising rubber 
and a particulate kaolin clay having a particle size distribu 
tion such that at least about 95% by volume of the particles 
have a particle diameter less than 3 pm. The rubber com 
position may be cured or uncured. 

[0017] According to a second aspect of the present inven 
tion, there is provided a production process for the said 
rubber composition, comprising a step of blending a rubber 
and a particulate kaolin clay having a particle siZe distribu 
tion such that at least about 95% by volume of the particles 
have a particle diameter less than 3 pm. 

[0018] According to a third aspect of the present inven 
tion, there is provided a tyre tread formed from a cured 
rubber composition comprising the rubber composition 
according to the ?rst aspect of the invention and a curing 
system, the cured rubber composition being the cured prod 
uct of reaction of the rubber With the curing system. 

[0019] Certain particulate calcined kaolins have not hith 
erto been proposed as ?llers for tyre tread rubber composi 
tions, Whether in the particle siZe distribution de?ned above 
or in any other particle siZe distribution. According to a 
fourth aspect of the present invention, there is provided a 
tyre tread formed from a cured rubber composition com 
prising a rubber, a ?ller and a curing system, the cured 
rubber composition being the cured product of reaction of 
the rubber With the curing system and the ?ller comprising 
a particulate calcined kaolin selected from the folloWing: a 
particulate soak calcined kaolin; a particulate ?ash calcined 
kaolin; and any combination thereof. The particulate cal 
cined kaolin may suitably, but not essentially, have a particle 
siZe distribution such that at least about 95% by volume of 
the particles have a particle diameter less than 3 pm. The 
?ller may further include a hydrous particulate kaolin clay. 

[0020] According to a ?t aspect of the present invention, 
there is provided a rubber tyre comprising a tyre tread 

Dec. 9, 2004 

according to the third or fourth aspect of the invention. The 
tyre may, for eXample, be a radial-ply tyre, a cross-ply tyre, 
or a bias-ply tyre. The tyre may, for eXample, be for 
passenger vehicles (including cars) or trucks. 

[0021] According to a siXth aspect of the present inven 
tion, there is provided the use of a particulate kaolin clay 
Which: 

[0022] has a particle siZe distribution such that at 
least about 95% by volume of the particles have a 
particle diameter less than 3 pm, and/or 

[0023] (ii) is selected from a particulate soak calcined 
kaolin, a particulate ?ash calcined kaolin, and any 
miXture thereof; 

[0024] as a ?ller, optionally in combination With silica 
and/or carbon black and/or other particulate ?ller, in a truck 
or passenger tyre tread rubber composition. 

[0025] Certain particulate kaolin clays useful as ?llers in 
rubber compositions, in accordance With the present inven 
tion, are novel and such products constitute a further aspect 
of the present invention. According to a seventh aspect of the 
present invention, there is provided a particulate kaolin clay 
for use in a rubber composition, the kaolin clay having a 
particle siZe distribution such that at least about 95% by 
volume of the particles have a particle diameter less than 3 
pm and at least about 90% by volume of the particles have 
a particle diameter less than 2 pm. 

[0026] The particles of the hydrous and calcined kaolins 
used in accordance With the present invention may be coated 
With an adherent coupling agent. 

[0027] The term “particle diameter” used herein refers to 
a particle siZe measurement as determined by laser light 
particle siZe analysis using a CILAS (Compagnie Industri 
elle des Lasers) 1064 instrument. In this technique, the siZe 
of particles in poWders, suspensions and emulsions may be 
measured using the diffraction of a laser beam, based on 
application of the Fraunhofer theory. The term “mean par 
ticle siZe” or “dso” used herein is the value, determined in 
this Way, of the particle diameter at Which there are 50% by 
volume of the particles Which have a diameter less than the 
d50 value. The preferred sample formulation for measure 
ment of particle siZes using the CILAS 1064 instrument is a 
suspension in a liquid. The CILAS 1064 instrument nor 
mally provides particle siZe data to tWo decimal places, to be 
rounded up or doWn When determining Whether the require 
ments of the present invention are ful?lled. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0028] Particulate Kaolin Clay 

[0029] Where the particulate kaolin clay usable as a ?ller 
for rubber compositions in accordance With the present 
invention has a particle siZe distribution such that at least 
about 95% by volume of the particles have a particle 
diameter less than 3 pm, the particle siZe distribution pref 
erably has a steep slope at the upper end of the distribution. 
In this event, it is preferred, although not essential, that no 
signi?cant tail Will eXtend above a particle diameter of 5 pm. 
A typical particulate kaolin clay usable in the present 
invention Will have a particle siZe distribution such that 
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between about 95% and about 99% by volume of the 
particles have a particle diameter less than 3 pm. 

[0030] BetWeen about 90% and about 98% by volume of 
the particles Will suitably have a particle diameter less than 
2 pm. More preferably, at least about 92% by volume of the 
particles Will have a particle diameter less than 2 pm More 
preferably still, at least about 93%, eg at least 93.5%, at 
least 94.0%, at least 94.5%, at least 95.0%, at least 95.2%, 
at least 95.5%, at least 95.7%, at least 96.0%, at least 96.2% 
or at least 96.5% by volume of the particles have a particle 
diameter less than 2 pm. The maximum percentage of 
particles having a particle diameter less than 2 pm is 
typically about 97% by volume. 

[0031] It is preferred that less than about 1% by volume of 
the particles have a particle diameter betWeen 3 and 5 pm 
and that less than about 40%, more preferably less than 
about 30%, eg less than 29.0%, less than 28.0%, less than 
27.0%, less than 26.0% or less than 25.7%, by volume of the 
particles have a particle diameter betWeen 1 and 5 pm. The 
majority of the volume of the kaolin clay ?ller is thus 
preferably represented by particles having a particle diam 
eter beloW 1 pm. The minimum percentage of particles 
having a particle diameter betWeen 1 and 5 pm is typically 
about 20% by volume. 

[0032] It is also preferred that more than about 55%, more 
preferably more than 57%, eg more than 57.5%, more than 
58.0%, more than 58.5%, more than 59.0%, more than 
59.5% or more than 60.0%, by volume of the particles have 
a particle diameter less than 0.7 pm. The maXimum percent 
age of particles having a particle diameter less than 0.7 pm 
is typically about 63% by volume. 

[0033] It is also preferred that more than about 30% by 
Weight, more preferably more than about 40%, eg more 
than 41.0%, more than 42.0%, more than 43.0%, more than 
44.0%, more than 45.0% or more than 46.0%, by volume, of 
the particles have a particle diameter less than 0.5 pm. The 
maXimum percentage of particles having a particle diameter 
less than 0.5 pm is typically about 50% by volume. 

[0034] The particles of the particulate kaolin clay prefer 
ably include at least about 7%, more preferably at least 
100%, by volume of particles having a particle diameter less 
than 0.2 pm and at least about 4% by volume of particles 
having a particle diameter less than 0.1 pm. The maXimum 
percentage of particles having a particle diameter less than 
0.2 pm is typically about 20% by volume. The maXimum 
percentage of particles having a particle diameter less than 
0.1 pm is typically about 10% by volume. 

[0035] In one particular embodiment of the present inven 
tion Which may be mentioned, the particulate kaolin clay 
may consist essentially of a population of particles in Which 
about 90% by volume of particles have a particle diameter 
less than 2 pm, about 60% by volume of particles have a 
particle diameter less than 1 pm, about 30% by volume of 
particles have a particle diameter less than 0.5 pm, and about 
7% by volume of particles have.a particle diameter less than 
0.2 pm. 

[0036] In another particular embodiment of the present 
invention Which may be mentioned, the particulate kaolin 
clay may consist essentially of a population of particles in 
Which about 95% by volume of particles have a particle 
diameter less than 2 pm, about 70% by volume of particles 
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have a particle diameter less than 1 pm, about 30% by 
volume of particles have a particle diameter less than 0.5 and 
about 7% by volume of particles have a particle diameter 
less than 0.2 pm. 

[0037] As indicated above, the particulate soak and ?ash 
calcined kaolin clays, usable as ?llers for rubber composi 
tions in accordance With the present invention, may alter 
natively have any other appropriate particle siZe distribution. 
In particular, a higher proportion of large particles may be 
present. 

[0038] Further particular embodiments are shoWn in 
Tables 1 and 2 beloW, shoWing nine typical, but non 
limiting, particle siZe distributions of particulate kaolin clays 
usable in the present invention (Note: 4 is a ?ash calcined 
clay, and 5 is a soak calcined clay). 

TABLE 1 

Particle % ?ner than given diameter 

diameter [urn 1 2 3 4 5 

5 100 100 100 92.4 78.8 
3 99.4 97.6 99.4 83.7 67.2 
2 95.4 91.5 94.5 68.4 57.2 
1 76.5 63.8 66.1 32.4 31.7 
0.7 61.9 43.3 45.9 16.3 17.7 
0.5 47.1 27.8 30.2 8.7 10.4 
0.2 18.1 6.9 8.2 1.9 2.7 
0.1 7.9 2.3 2.8 0.54 0.58 

[0039] 

TABLE 2 

Particle % ?ner than given diameter 

diameter ,um 6 7 8 9 

5 100 100 100 100 
3 99.7 99.7 99.3 99.7 
2 96.2 96.5 94.9 96.5 
1 74.5 76.5 74.4 76.8 
0.7 57.4 60.6 59.3 60.6 
0.5 41.7 45.3 44.9 45.3 
0.2 14.3 17.0 17.4 17.0 
0.1 5.8 7.5 7.8 7.5 

[0040] The d5O of the particulate kaolin clay usable in the 
present invention Will typically lie in the range of from 0.3 
pm to 2.0 pm, eg about 0.5 to about 1.0 pm, for eXample 
about 0.7 pm. 

[0041] The particles of the particulate kaolin clay usable in 
the present invention may be hydrous or anhydrous (cal 
cined), or a mixture of hydrous and anhydrous. Hydrous 
kaolin represents the natural form of the mineral, and 
typically has a speci?c gravity of about 2.6. Anhydrous 
kaolin is prepared by heat-treating (calcining) the hydrous 
material, Which serves to remove hydroXyl groups from the 
molecular strucure (dehydroXylation). The density of anhy 
drous (calcined) kaolin depends on the calcination condi 
tions used. Typically, calcined kaolin Will have a speci?c 
gravity in the range of about 2.2 to about 2.6, more prefer 
ably about 2.4 to about 2.6. 

[0042] The calcination process typically causes signi?cant 
modi?cation of the crystal structure of the kaolin, leading to 
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modi?cation of the characteristics of the material. In par 
ticular, When a hydrous kaolin is calcined to about 500-600° 
C., an endothermic reaction occurs. Essentially all of the 
Water associated With the uncalcined kaolin crystals is 
eliminated and an essentially amorphous (as measured by 
x-ray diffraction) material called metakaolin results. If the 
kaolin is heated to higher temperatures, further signi?cant 
changes occur. The metakaolin undergoes an exothermic 
reaction (Which typically occurs at about 900-980° C.). Such 
a material is then referred to as a “fully calcined kaolin”. 
Particulate kaolin Which has been produced from crude 
natural kaolins has typically been subjected to bene?ciation 
(such as, for example, froth ?otation, magnetic separation, 
mechanical delamination, or grinding or other comminu 
tion), and although possibly not “hydrous” in a strict sense, 
such particulate materials are conventionally referred to as 
“hydrous kaolin” provided that they have not been heated to 
temperatures above about 450° C. This conventional termi 
nology Will be adhered to in the folloWing description. 

[0043] The expression “kaolin clay” is used herein simply 
for convenience, to cover both hydrous and anhydrous 
forms, and should not be read as implying one form in 
preference to the other, or as implying that the degree of 
clay-like behaviour is a limiting feature of the invention. 

[0044] The expression “kaolin clay” used herein therefore 
refers to all forms of kaolin, With “hydrous kaolin” and 
“calcined kaolin” being speci?c to the respective different 
forms. 

[0045] The particles of the kaolin clay usable in the 
present invention preferably have a speci?c surface area (as 
measured by the BET liquid nitrogen absorption method 
ISO 5794/1) of at least about 5 m2.g_1, eg at least about 15 
m2.g_1, at least about 20 m2.g_1 or at least about 25 m2.g_1, 
and generally about 15-40 m2.g_1. 

[0046] The particle siZe distribution shoWn in Table 1 
above is generally representative of hydrous kaolins usable 
in the present invention, although is not limited to hydrous 
kaolins. The particle siZe distributions shoWn in Table 2 
above are generally representative of calcined kaolins usable 
in the present invention, although are not limited to calcined 
kaolins. 

[0047] The calcined kaolin usable in the present invention 
may, for example, be prepared by a soak calcination process 
or by a ?ash calcination process, conducted on particles of 
hydrous kaolin. 

[0048] Soak calcination refers to heating a material at a 
relatively gentle rate, eg to a temperature greater tan about 
500° C. for a time in excess of 5 seconds, usually for several 
(eg about 30 to 45) minutes, and sometimes more than 1 
hour. A relatively loW temperature may be used, eg about 
800° C., resulting in metakaolin, or a higher temperature, 
eg in the range of from 900° C. to 1200° C., for example 
about 1050° C. to about 1150° C., resulting in fully calcined 
kaolin. 

[0049] Flash calcination refers to heating a material at an 
extremely fast rate, almost instantaneously, eg by exposure 
to a temperature greater than about 500° C. for a time not 
more than 5 seconds. The temperature is suitably in the 
range of from 550° C. to 1200° C. For example, a tempera 
ture of about 800° C. may be used, resulting in metakaolin, 
or a higher temperature such as a temperature in the range 
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of from 800° C. to 1200° C. (eg from 800° C. to 1 100° C., 
from 900° C. to 1100° C., from 900° C. to 1050° C., or from 
950° C. to 1000° C.), resulting in metakoalin or fully 
calcined kaolin. 

[0050] Flash calcination of the hydrous kaolin particles 
(eg for less than about 1 second, for less than 0.5 second or 
for less than 0.1 second) gives rise to relatively rapid 
blistering of the particles caused by relatively rapid dehy 
droxylation of the kaolin. Water vapour is generated during 
calcination, Which may expand extremely rapidly, in fact 
generally faster than the Water vapour can diffuse through 
the crystal structure of the particles. The pressures generated 
are sufficient to produce sealed voids as the interlayer 
hydroxyl groups are driven off, and it is the sWollen inter 
layer spaces, voids, or blisters betWeen the kaolin platelets 
Which typify ?ash calcined kaolins and give them charac 
teristic properties. The ?ash calcination process may be 
carried out by injecting the kaolin clay into a combustion 
chamber or furnace Wherein a vortex is established to 
rapidly remove the calcined clay from the combustion 
chamber. A suitable furnace Would be one in Which a 
toroidal ?uid ?oW heating Zone is established. 

[0051] In one particular method for preparing the hydrous 
kaolin, a raW particulate hydrous kaolin is comminuted to 
the desired ?neness and particle siZe distribution. A typical 
particle siZe distribution of the ?nal product is shoWn in 
Table 1 above. Comminution is preferably achieved by use 
of conventional processing techniques such as milling (e.g. 
dry ball milling or ?uid energy milling), centri?gation, 
particle siZe classi?cation, ?ltration, drying and the like. 

[0052] In one particular method for preparing the calcined 
kaolin, a commercially available ?ne calcined particulate 
kaolin (Which may, for example, have a particle siZe distri 
bution such that about 79% by volume of the particles have 
a particle diameter less than 5 pm and/or about 57% by 
volume of the particles have a particle diameter less than 2 
pm) is comminuted to the desired ?neness and particle siZe 
distribution. Such a particulate calcined kaolin starting 
material may, for example be the ?nes recovered from the 
hot exhaust gases Which exit the calciner during the normal 
calcining process. Examples of such ?nes are described in 
US. Pat. No. 5,713,998 and the publications referred to 
therein, the disclosures of Which are incorporated herein by 
reference. Comminution is preferably achieved by use of 
conventional processing techniques such as sand grinding 
(e.g. Wet sand grinding in suspension), milling (e.g. dry ball 
milling or ?uid energy milling), centri?gation, particle siZe 
classi?cation, ?ltration, drying and the like. Wet sand grind 
ing is preferred, in Which case the desired particle siZe 
reduction (eg to the particle siZe distribution shoWn in 
column 6 or 9 of Table 2 above) is typically achieved after 
a Work input of about 110 kiloWatt-hours per tonne, and the 
kaolin is then preferably ?ltered, dried at 80° C. and milled 
to provide the ?nal product. 

[0053] In another particular method for preparing the 
calcined kaolin, a hydrous kaolin according to the present 
invention is calcined, With any necessary subsequent com 
minution to maintain the desired particle siZe distribution of 
the calcined product. 

[0054] For example, the hydrous kaolin may be the 
hydrous kaolin mentioned above (having the particle siZe 
distribution shoWn in column 1 of Table 1 above) may be 



US 2004/0249045 A1 

soak calcined by being heated to 1080° C. for an extended 
period (eg about one hour), cooled and then Wet sand 
ground. The desired particle siZe reduction (eg to the 
particle siZe distribution shoWn in column 7 of Table 2 
above) is typically achieved after a Work input of about 240 
kiloWatt-hours per tonne. The kaolin is then ?ltered at 53 
pm, pressed and dried, and milled to provide the ?nal 
product 

[0055] In another example, the hydrous kaolin may be 
?ash calcined by being heated rapidly for a short period (eg 
about one second), cooled and then Wet sand ground, 
?ltered, dried and milled in generally the same Way as in the 
?rst example above. An example of the resultant particle siZe 
distribution is shoWn in column 8 of Table 2 above. 

[0056] The ?ash calcined kaolin according to the present 
invention typically has a speci?c gravity loWer than hydrous 
kaolin, and sometimes also loWer that soak calcined kaolin, 
such as, for example, equal to or less than 2.4, and desirably 
equal to or less than 2.2. It is generally desirable, although 
not essential, for the particulate kaolin according to the 
present invention to have a speci?c gravity as close as 
possible to that of any other ?ller component(s) that may be 
present (precipitated silica typically has a speci?c gravity of 
about 2.0-2.2, and tread-grade carbon black typically has a 
speci?c gravity of about 1.8). 

[0057] The use of relatively loW density ?ash calcined 
kaolin as a ?ller or extender material in a rubber composition 
can be particularly bene?cial, because a relatively loW 
speci?c gravity means that more of the ?ash calcined kaolin 
may be employed in the composition if desired, Without 
increasing the Weight of the rubber. Furthermore, and unex 
pectedly, the calcined kaolin, prepared by soak calcination 
or ?ash calcination at a high temperature, that is typically in 
the range of from about 900° C. to about 1200° C., may 
maintain a high surface area greater than about 20 m2.g_1, 
for example equal to or greater than 25 m2.g_1 and in some 
cases at least 30 m2.g_1 (as measured by the BET liquid 
nitrogen absorption method ISO 5794/1). 

[0058] In a further particular method for preparing the 
calcined kaolin, a commercially available coarse particulate 
calcined kaolin is very intensively comminuted (e.g. milled) 
to provide the ?nal product. 

[0059] The particulate kaolin clay is typically present in an 
amount of from about 5 parts to about 50 parts by Weight, 
based on 100 parts by Weight of the rubber. In accordance 
With conventional terminology in the rubber industry, the 
expression “parts by Weight, based on 100 parts by Weight 
of the rubber” Will be abbreviated herein to “phr”. It should, 
hoWever, be noted that in rubber compositions comprising a 
mixture of different rubbers, it is conventional, although not 
universal, to base the “phr” amounts on the predominant 
rubber of the mixture. The term “phr” used herein can be 
based either on the predominant rubber of a mixture, or on 
the total rubber content of the mixture, to alloW for both 
potential usages of the term in the art. 

[0060] The particulate kaolin clay may, for example, be 
present in the rubber composition in amounts ranging 
betWeen about 5 and about 80 phr, more preferably betWeen 
about 10 and about 60 pbr, eg between about 15 and about 
45 phr. 
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[0061] Rubber 

[0062] The rubber may be a natural rubber, or a synthetic 
rubber, or a mixture of natural and synthetic rubbers. Sul 
phur-vulcanisable rubbers are preferred for the manufacture 
of tyre treads. Examples of synthetic rubbers Which may be 
employed in tyre treads are styrene-butadiene rubber (SBR), 
vinyl-styrene-butadiene rubber (VSBR), butadiene rubber 
(BR), neoprene rubber or polyisoprene. An example of a 
natural rubber is Standard Malaysian natural rubber. SBR 
may be emulsion SBR (E-SBR) or solution SBR (S-SBR). 
VSBR may suitably be solution VSBR (S-VSBR). 
Examples of BR include cis-1,3-polybutadiene rubber and 
cis-1,4-polybutadiene rubber. Mixtures of any of these rub 
bers, or mixtures With other rubbers, may also be used. 

[0063] The rubber may include conventional additives 
such as, for example, one or more extender oil. 

[0064] The selection of appropriate types and grades of 
rubber for tyre tread or other applications Will be Within the 
capacity of one of ordinary skill in this art, and further 
discussion is not required. 

[0065] Rubber Composition—Other Components 

[0066] As Will readily be understood by one of ordinary 
skill in this art, the rubber composition may typically be 
compounded With other components knoWn in the rubber 
compounding art, such as, for example, curing aids, pro 
cessing additives such as lubricants, oils, resins (including 
tackifying resins) and plasticisers, other ?llers, pigments and 
peptising agents. The rubber composition preferably com 
prises further components selected from one or more of: 

[0067] one or more additional particulate ?ller; 

[0068] one or more coupling agent; 

[0069] one or more process oil; 

[0070] one or 
degradant; 

more antioxidant and/or anti 

[0071] one or more lubricant (release aid); 

[0072] a curing system for the rubber; and 

[0073] one or more activator for the curing system. 

[0074] The curing system is an essential part of any cured 
or curable rubber composition according to the present 
invention. 

[0075] The rubber composition most preferably consists 
essentially of the rubber component(s), the particulate ?ller 
component(s), the coupling agent component(s), the process 
oil component(s), the antioxidant and/or anti-degradant 
component(s), the lubricant component(s), and the curing 
system and activator therefor, With less than about 5 pbr of 
other components. 

[0076] Additional Particulate Filler 

[0077] It is preferred that one or more additional particu 
late ?ller Will be present in the rubber composition. The 
additional particulate ?ller component(s), When present, 
may, for example, be selected from particulate silica, carbon 
black, or both. Appropriate grades of such ?ller Will be used 
for tyre treads. High-structure, high surface area silica 
and/or high-structure carbon black are preferred as addi 
tional particulate ?llers. 
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[0078] The silica is preferably a precipitated silica such as 
the mechanically granulated precipitated silica Ultrasil 7000 
GRTM (available from Degussa Corporation, Akron, Ohio, 
USA; tel: +1 330 665 1231). Such a silica typically has a 
speci?c surface area (as measured by the BET liquid nitro 
gen absorption method ISO 5794/1) of about 175 m2g_1, a 
pH value of about 6.8 (as measured by DIN ISO test method 
787/9) and a silicon dioxide content of greater than or equal 
to about 97% (as measured by ISO test method 3262/17). 

[0079] The carbon black is preferably a tread-grade carbon 
black such as Corax N220TM (available from Degussa-Hiils 
AG, Germany; tel: +49 6181 594787; Web-site: WWW.de 
gussa-huels.de). Such a carbon black typically has an iodine 
absorption (as measured by ASTM test method D 1510) of 
about 121 mg/g, a surface area (as measured by cetyltrim 
ethylammonium bromide (CTAB) absorption under ASTM 
test method D 3765) of about 111 m2g_1, and a sieve residue 
(35 mesh)(as measured by ASTM test method D 1514) of 
about 300 ppm max. 

[0080] The particulate silica, When present, is typically in 
an amount of betWeen about 40 and about 150 phr. The 
carbon black, When present Without silica, is typically in an 
amount of betWeen about 10 and about 80 phr. The carbon 
black, When present With silica, is in an amount betWeen 
about 1 and about 45 phr. The additional particulate ?ller 
component(s) may suitably be present in the rubber com 
position in a total amount betWeen about 20 and about 170 
phr. It is preferred that the amount of any conventional 
additional particulate ?ller component(s) present is such that 
the kaolin clay can be considered as having substituted, on 
a 1:1 Weight basis, from about 10% to about 80% by Weight 
of the conventional amount of the additional particulate ?ller 
that Would be employed for the desired rubber composition. 
In the case of silica as the primary additional ?ller, it is 
preferred that the kaolin clay Will substitute about 20% to 
about 80% by Weight of the conventional amount of the 
silica in a silica-?lled tyre tread rubber composition. In the 
case of carbon black as the primary additional ?ller, it is 
preferred that the kaolin clay Will substitute about 20% to 
about 80% by Weight of the conventional amount of the 
carbon black in a carbon-?lled tyre tread rubber composi 
tion. 

[0081] For example, the kaolin clay may replace up to 60 
parts by Weight of silica based on 100 parts by Weight of the 
rubber, eg from 5 parts to 50 parts by Weight of silica based 
on 100 parts by Weight of the rubber, eg from 5 parts to 30 
parts by Weight of silica based on 100 parts by Weight of the 
rubber (phr). The partial substitution of an amount of silica 
in a rubber composition by a kaolin clay, enabled by the 
present invention, can unexpectedly preserve the reinforce 
ment level of the rubber and enhance key performance 
properties of the rubber, and of products incorporating the 
rubber. Furthermore, it is found that the kaolin clay does not 
exhibit a dependency on a coupling agent to the degree 
exhibited by a silica ?ller, so that the substitution of some or 
all of the silica by the kaolin reduces the amount of the 
coupling agent required. 

[0082] The use of kaolin clay according to the present 
invention also avoids the need for—and therefore the rubber 
composition may exclude—certain knoWn components of 
?ller materials in rubber compositions, particularly but not 
exclusively any of: methylene donor/acceptor pairs (U.S. 
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Pat. No. 5,840,795); a rubber poWder Which is the product 
of vulcanisation of a rubber composition containing natural 
rubber, polyisoprene and/or polybutadiene and 30 to 100 phr 
of a clay mainly composed of konlinite (EP-A-0678549); 
alumina or aluminium hydroxide (WO-A-99/28376); 
organic short ?bres (P-A-0719820), cellulose ?bres and/or 
Wood ?bres and/or holloW ceramic particles (US. Pat. No. 
5,967,211); cellulose-containing poWders (EP-A-0942041); 
a starch/plasticiser composite (US. Pat. No. 5,672,639); an 
inorganic salt (EP-A-0890602); sodium borate (EP-A 
0943648); calcium carbonate (EP-A-0933391); and a 
C9-aromatic petroleum resin and/or an alkylphenol resin 
(EP-A-0697432). 
[0083] Coupling Agent 
[0084] It is preferred, particularly When silica is present as 
an additional ?ller component of the rubber composition, 
that one or more coupling agent Will be present in the rubber 
composition. The coupling agent component(s), When 
present, may be selected from organosilane coupling agents. 
Examples of suitable organosilane coupling agents include 
compounds of formula I: 

(1) 
R1 

| 

[0085] Wherein R1 is an aminoalkyl or mercaptoalkyl 
group, R2 is a hydroxy, hydroxyalkyl or alkoxy group, and 
each of R3 and R4, Which may be the same or different, is a 
hydrogen atom or a hydroxy, alkyl, hydroxyalkyl or alkoxy 
group. Each of R2, R3 and R4 may, for example, be a 
hydroxy, hydroxyalkyl or alkoxy group, and each of R1, R2, 
R3 and R 4 may, for example, contain not more than 4 carbon 
atoms. In one example, R1 may be a y-mercaptopropyl group 
and each of R2, R3 and R4 may be a methoxy group. 

[0086] An alternative representation of examples of suit 
able organosilane coupling agents, Which to some extent 
overlaps With formula I, is given by the folloWing formula 
II: 

(R1O)2R'—Si—X (II) 
[0087] Wherein R‘ represents a C1_4alkyl (e.g. methyl or 
ethyl) group, R1 represents a methyl or ethyl group and X 
represents a mercaptopropyl group, a vinyl group or a 
thiocyanatopropyl group. 

[0088] Still further examples of suitable organosilane cou 
pling agents include compounds of formula III: 

(RO)3—Si—(CH2)m—Sk—(CH2)m—Si(OR)3 (III) 
[0089] Wherein R represents a CL4 alkyl (e.g. methyl or 
ethyl) group and m and k are each independently selected 
from the integers 1, 2, 3, 4, 5 and 6 (eg m=3 and k=4). 

[0090] Still further examples of suitable organosilane cou 
pling agents include compounds of formula IV: 

X3SiR (IV) 
[0091] Wherein X represents a CL4 alkoxy (e.g. methoxy 
or ethoxy) group or a chlorine atom, and R represents a 
glycidoxy, methacryl, amino, mercapto, epoxy or imide 
group. 






















