Office de la Proprieté Canadian CA 2400641 C 2009/11/17

Intellectuelle Intellectual Property

du Canada Office (11)(21) 2 400 641
Un organisme An agency of

d'Industrie Canada Industry Canada (12) BREVET CANADIEN

CANADIAN PATENT
13) C

(86) Date de depot PCT/PCT Filing Date: 2001/02/21 51) Cl.Int./Int.Cl. B29C 6//24(2006.01),

(87) Date publication PCT/PCT Publication Date: 2001/08/30
(45) Date de délivrance/lssue Date: 2009/11/17

B29C 35/76 (2006.01), B29C 43/02(2006.01),
B29C 43/36 (2006.01), B29C 43/52(2006.01)

(72) Inventeur/Inventor:

(85) Entree phase nationale/National Entry: 2002/08/19 FIFIELD, JOHN ALFRED, GB
(86) N° demande PCT/PCT Application No.: EP 2001/002001 | (73) Propriétaire/Owner:
(87) N° publication PCT/PCT Publication No.: 2001/062476 SHELL INTERNATIONALE RESEARCH

(30) Priornte/Priority: 2000/02/21 (GB0004049.3)

MAATSCHAPPIJ B.V., NL
(74) Agent: OGILVY RENAULT LLP/S.E.N.C.R.L.,S.R.L.

(54) Titre : MATERIAUX DE CONSTRUCTION
(54) Title: BUILDING PRODUCTS

e

% 9% % YL T v K ¥ 5 ¥ ¥ "5 L 4 5 ¥ £ &£ B & £ 9§ _Fe £ 9 W L F A . 5 S __ 3% ___$ ¥ & L 1/

(57) Abréegée/Abstract:
ethod of manufacturing a building product from a mix (6) including particulate material and a thermoplastic binder which
prises heating the mix at least to a temperature at which the thermoplastic binder in the mix liquefies, subjecting the heated

Am
com

thern

ther

|

oplastic mix to a pressing action that shapes the heated mix, and cooling the shaped heated thermoplastic mix to solidify the
oplastic binder and form the product (Figure 4).

o
SSonEeAN S f
.l.!.\‘\-c.c..--.
- h.l‘s_ .\I {\A '
\
3 & "'.

§‘$I

C ana da http:vopic.ge.ca - Ottawa-Hull K1A 0C9 - atp.//cipo.ge.ca OPIC - CIPO

OPIC - CIPO 191




01/62476 Al

=

CA 02400641 2002-08-19

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization

International Bureau

(43) International Publication Date

30 August 2001 (30.08.2001)

(51) International Patent Classification’: B29C 67/24,

43/02, 43/52, 35/16, 43/36

(21) International Application Number: PCT/EP01/02001

(22) International Filing Date: 21 February 2001 (21.02.2001)

(25) Filing Language: English

(26) Publication Language: English
(30) Priority Data:

0004049.3 21 February 2000 (21.02.2000) GB

(71) Applicant (for all designated States except US): SHELL
INTERNATIONALE RESEARCH MAATSCHAPPLJ
B.V. [NL/NL]; P.O. Box 302, NL-2501 CH The Hague
(NL).

(72) Inventor; and

(75) Imventor/Applicant (for US only): FIFIELD, John,
Alfred [GB/GB]; 25 Allonby way, Aylesbury, Bucking-
hamshire HP21 7JA (GB).

(54) Title: BUILDING PRODUCTS

/ & U

7L 6 A

Z

PCT

(10) International Publication Number

WO 01/62476 Al

(81) Designated States (national): AE, AG, AL, AM, AT, AU,
AZ, BA, BB, BG, BR, BY, BZ, CA, CH, CN, CR, CU, CZ,
DE, DK, DM, DZ, EE, ES, FI, GB, GD, GE, GH, GM, HR,
HU, ID, IL, IN, IS, JP, KE, KG, KP, KR, KZ, LC, LK, LR,
LS, LT, LU, LV, MA, MD, MG, MK, MN, MW, MX, MZ,
NO, NZ, PL, PT, RO, RU, SD, SE, SG, SI, SK, SL, TJ, TM,
TR, TT, TZ, UA, UG, US, UZ, VN, YU, ZA, ZW.

(84) Designated States (regional): ARIPO patent (GH, GM,
KE, LS, MW, MZ, SD, SL, SZ, TZ, UG, ZW), Eurasian
patent (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM), European
patent (AT, BE, CH, CY, DE, DK, ES, FI, FR, GB, GR, IE,
IT, LU, MC, NL, PT, SE, TR), OAPI patent (BF, BJ, CFL,

CG, CI, CM, GA, GN, GW, ML, MR, NE, SN, TD, TG).

Published:
with international search report

For two-letter codes and other abbreviations, refer to the "Guid-
ance Notes on Codes and Abbreviations" appearing at the begin-
ning of each regular issue of the PCT Gazette.

(87) Abstract: A method of manufacturing a building product from a mix (6) including particulate material and a thermoplastic
o binder which comprises heating the mix at least to a temperature at which the thermoplastic binder in the mix liquefies, subjecting
the heated thermoplastic mix to a pressing action that shapes the heated mix, and cooling the shaped heated thermoplastic mix to

solidify the thermoplastic binder and form the product (Figure 4).
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BUILDING PRODUCTS

This 1nvention relates to building products, more

particularly but not exclusively for use in, and for, the

building, construction and civil and structural

engineering industries.

Concrete building products, such as masonry, paving,

paving flags, pavioursg, flagstones, blocks, bricks,

tiles, slates, posts, lintels, sills, slabs and panels

and claddings and linings for walls, ceilings, roofsgs and

floors have been made for many years for pressing or

moulding processes. Hereinafter such pressing or

moulding processes will be generically referred to for

convenience as “pressing”. Concrete products are

typically made of a mix including fine particles such as

sand, coarse particles such as an aggregate, a cement

binder, a filler and water etc. with the aggregate or

alternatively a pigment providing colour to the concrete

product.

A typical pressing process involves the use of what

18 commonly known as a static block making machine.

Pallets made from metal, plastics or wood are fed by a
conveying means into the block making machine which

comprises a mould, a concrete mix filling means one or

more compacting devices, optional vibration devices, a

stripping device, and an outgoing conveying means. The

pallet, which forms the profile of one side of the block,

is located under the mould in the machine. The mould

comprises one or more side walls each defining a side of
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the desired block, and preferably the compacting and
stripping device forms the final side of the block. Once
the pallet has been located, the mould is lowered on to
the pallet and held in frictional contact to define a
mould cavity comprising the upper surface of the pallet,

and the surfaces of the sidewalls of the mould.

The mould cavity is then filled with a concrete mix
of the desired composition optionally using vibration or
other levelling means to achieve a desired profile of

concrete. A compacting head, which preferably will also

be used for stripping, 1s then lowered on to the upper

surface of the concrete mix in the mould cavity and the

concrete mix is compacted by the force exerted by the

compacting head, such force being direct pressure and/or

vibration to shape and form the product. Optionally, the

mould cavity i1s then filled with a second concrete mix of

another desired composition agaln optionally using

vibration or other levelling means to achieve a desired

profile of concrete mix. The use of two filling
operations allows the manufacture of a block which
primarily comprises a strong cost effective non-visgible
layer in use and a more pleasantly aesthetic wvisible
layer 1in use that may contain more expensive ingredients.
The compacting forces are stopped and the mould is
then raised from the pallet with both the pallet and the
compacting head, now acting as a stripping device, being
held in stationary alignment. When the mould has been
raised clear of the green (uncurred) concrete block the
compacting/stripping head is also raised clear of the

green concrete. The formed green concrete block is then



OITIHR-Z6Y2 14155  FROM SHELLCA 02400641 2002-08-20 TO ©PP498523994465 - -
07-03.2002 . EP0102001

- Page 3 -

conveyed out of the block making machine on the pallet on

which it was formed.

Optionally, the formed green concrete block on its

pallet is conveyed into a secondary processing area, such

5 as a washing station, to effect an exposed aggregate
finish and then into an area where it is allowed to cure
to a hardened,state, Having cured to a sufficiently
hardened strength the block is then optionally

' transported to another secondary processing area where it
- 10 1s subjected to the action of secondary processing

apparatus such as a shotblasting machine, bush hammer,
chain flaller or the like and then inte an area where it
is packaged for delivery. In some cases the depalleted
blocks are put into yard storage for a period of time

15 before returning to a secondary processing area. The
pallet is conveyed back into the block making machine and
the making cycle restarts.

Many other presses, pressing processes, apparatus and
machinery and secondary processes and processing

20 machinery, other than those described, are available. By
way of example, hermetic pressing machines, hydraulic
pressing machines that require no vibration, hammer
action presses, presses using stamper plates, and presses
with roller action are all used to make the same product

25 type.

GB 947,917 describes a method of making hardened
moulded bodies such as blocks, tubes, briguettes, or
paving slabs by mixing of solid granular and or
pulverulent mineral particles such as stone, ore, or coal

30 with a preferably soft bitumen as binder by coating the
individual solid particles with a thin film of bitumen

having a thicknegs of about 10u or lesgs, said method

including the steps of moulding the bituminous mix by

compacting pressure applied at such conditions that in

Enpfangsz¢ AMENDED S_HE.ET



10

15

20

25

CA 02400641 2008-10-14

the moulded bituminous body a void space of from 5 to 30% by volume of the mass is
retained, and thereafter exposing the formed body to action of air at a temperature of

from 300 to 600°F to harden the bitumen in the body.

The production of cement 1s a costly process involving a sigmficant use of energy since
it involves the calcining of limestone. Furthermore, the calcining of limestone liberates
carbon dioxide and in total the manufacture of 1 tonne of cement is accompanied by the
liberation of 1 tonne of carbon dioxide to atmosphere. Accordingly, the inventors have
investigated ways of replacing the cement binder of conventional concrete with a binder
which can be produced without the disadvantages involved in the production of cement
and yet enables the use of existing equipment and methodological for producing

concrete products.

Accordingly, the present invention provides a method of manufacturing a building
product from a mix including particulate material and a thermoplastic bindér, which
binder 1s an asphaltenes-contaiming binder having a penetration of less than 15 dmm,
which comprises heating the mix including the thermoplastic binder at least to a
temperature at which the thermoplastic binder 1n the mix liquefies, subjecting the heated
thermoplastic mix to a pressing action that shapes the heated mix, and cooling the
shaped heated thermoplastic mix to solidify the thermoplastic binder and form the
building product, wherein the heated thermoplastic mix flows into at least one mould
cavity defined by an outer mould frame and in that the outer frame is warmed to prevent
solidification of thermoplastic mix adjacent to the outer mould frame and wherein the
outer mould frame defines together with dividers an array of mould cavities and in that
the dividers are cooled to prevent solidification of thermoplastic mix adjacent to the

dividers.

DOCSMTL: 3019947\1
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The thermoplastic binder of the present invention may be a polymeric matenal, for
example polyethylene, polyurethane, or polyvinylchloride. However, in a preterred
embodiment of the present invention, the thermoplastic binder 1s a bituminous binder,
more preferably an asphaltenes-containing binder having a penetration of less than 15

dmm.

Accordingly, the present invention further provides a method of manufacturing a
building product from a mix including particulate material and a binder; characterised by

the binder being an asphaltenes-containing binder having a penetration of less than 15

DOCSMTL: 3019947\1
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dmm, which comprises heating the mix including the

asphaltenes-containing binder to a temperature at which
the asphaltenes-containing binder in the mix ligquefies,
subjecting the heated asphaltenes-containing mix to a
pressing action that shapes the heated mix, and cooling
the shaped heated asphaltenes-containing mix to solidify

the asphaltenes-containing binder and form the building

product.

Asphaltenes are constituents of bituminous materials

which are soluble in carbon disulphide, but not in

petroleum spirit. Typically, asphaltenes constitute 5%

to 25% of a bituminous materxial (page 90 of the Shell

Bitumen Handbook September 1991), the remainder of a

bituminous material comprising constituents such as

resins, aromatics and saturates, which are collectively
referred to as maltenes. The presence of asphaltenes can

be established using test method IP143/96.

The penetration of the asphaltenes-containing binder

—

according to the preferred embodiment is measured

according to ASTM D5 at 25°C. Preferably the asphaltenes-

C

containing binder has a penetration of less than 15 dmm,
more preferably of from 1 dmm to less than 15 dmm.
Preferably, the asphaltenes-containing binder has a
penetration of at most 10 dmm, more preferably less than
10 dmm and most preferably less than 8 dmm. Further, the

binder preferably has a penetration of at least 1 dmm at

25 °C, more preferably at least 2 dmm, more preferably at

least 4 dmm. The penetration values below 2 dmm can be

measured by measuring at 40 °C and subsequently

extrapolating the results to 25 °C.
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The asphaltenes-containing binder according to the
preferred embodiment preferably has a softening point

measured according to the ring and ball test of ASTM D

36, of at least 50 °C, more preferably at least 70 °C,

5 even more preferably at least 100 °C. FPurther, the
binder preferably has a softening point of at most 157°C,

more preferably at most 150 °C, even more preferably at

most 130 °C.

The asphaltenes-containing binder of the preferred

10 embodiment can be prepared in any way that is well-known
to someone skilled in the art, provided that the binder

obtained has the required hardness.

A process by which an asphaltenes-containing binder

may be prepared 1s deasphalting, more particularly

15 propane deasphalting. In this process, a residue from
distillation of crude o0il i1is treated with solvent under

controlled conditions such that bitumen binder is

precipitated. The solvent preferably is propane, propane-

butane mixtures or pentane. Most preferably, the solvent
20 is propane. The residue is usually residue from an
atmospheric distillation tower. The process is primarily
used for crude oils of relatively low asphalt content.
The process can suitably be carried out as a
countercurrent liquid-liquid extraction. Further details
25 of the process are well known to someone skilled in the

art. Suitable processes have been described in Kirk-

Othmer Encyclopedia of Chemical Technology, Volume 3,

pages 297-298.

The asphaltenes-containing binder of the preferred

30 embodiment preferably containsg (i) from 15 to 95 % by
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weight, based on total binder, of asphaltenes, as
determined according IP 143/96, which asphaltenes contain
at least 60 % aromatic carbon, and (ii) from 5 to 85 % by

weight, based on total binder, of further hydrocarbons as

5 determined according IP 143/96. The percentage of
aromatic carbon atoms present in the asphaltenes is

measured by separating off the asphaltenes in the binder

as described in IP 143/96, dissolving a sample of the

asphaltenes in carbon disulphide or chloroform and

10 assessing the percentage of aromatic carbon by *C NMR.

The asphaltenes comprise hydrogen, carbon and
optionally other atoms. Specifically, the asphaltenes can

contain up to 15 % by weight of atoms other than hydrogen

and carbon, more sgpecifically sulphur, nitrogen and

15 oxygen, preferably at most 12 % by weight, most

preferably at most 10 % by weight, based on asphaltenes.

Generally, the further hydrocarbons present in the

above preferred binder, can contain up to 15 % by weight

of atoms other than hydrogen and carbon, more

20 specifically sulphur, nitrogen and oxygen, preferably at

O

most 12 % by weight, most preferably at most 10 % by

welght, based on further hydrocarbons.

Preferably, the asphaltenes-containing binder
containg at least 20 % by weight of asphaltenes, based on

25 total binder. More preferably, the binder contains at

least 25 % by welght of asphaltenes. The amount of
asphaltenes 1s preferably up to 95 % by weight, more
preferably up to 70 % by weight, more preferably up to 60

o

s by weight, more preferably up to 50 % by weight, more

\C
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preferably up to 45 % by weight, most preferably at most
40 % by weight.

The asphaltenes-containing binder containing (i) from
15 to 95 % by weight of asphaltenes-containing at least

60 % aromatic carbon, and (ii) from 5 to 85 % by weight

of further hydrocarbons, may be prepared by subjecting

hydrocarbons to thermal cracking. Preferably, a residual
hydrocarbon fraction 1s subjected to thermal cracking.

The thermally cracked product can be used as such, or in

combination with any other hydrocarbon fraction as long

as the required hardness is achieved.

Preferably, the asphaltenes-containing binder

consists at least partly of product obtained by

subjecting hydrocarbons to thermal cracking. Most
preferably, the binder consists of product obtained by
subjecting hydrocarbons to thermal cracking. Although in

such case part of the thermally cracked product can be

used, the binder only contains product which has been
thermally cracked.
Thermal cracking is preferably carried out by pre-

heating a hydrocarbon fraction to a temperature fxrom 350

to 500 °C, maintaining the pre-heated oil at such
conditions as to cause thermal cracking and subseguently
separating off one or more light fractions. Thermal

cracking of residual fractions usually involves a

temperature of between 300 and 600 °C. The pressure can
be in the range from 1 to 100 x 10° N/m* (bar),
preferably in the range from 2 to 20 x 10° N/m® (bar).

Thermal cracking is preferably carried out in a soaker.

The thermally cracked product as such can be used as
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binder, or the binder can be only a part of the thermally

cracked product. In the latter case, the binder is

separated from the thermally cracked product in any

sultable way. Preferably, the binder 1i1s produced by

separating off the light fractions by flash distillation,

more preferably by vacuum flash distillation.

Another process by which the asphaltenes-containing

binder can be obtained comprises subjecting a residual

fraction to hydroconversion at a temperature in the range

from 200 to 450 °C and a pressure in the range from 50 to

200 x 10° N/m* (bar), optionally preceded by

hydrodemetallization. Preferably, the hydroconversion is
hydrodesulphurization.
In the method of the present invention it is

preferred to use bituminous binders, in particular

asphaltene-containing binders having a penetration of

less than 15 dmm as the thermoplastic binder of the
present invention, as building products prepared using
these binders display, amongst other attributes,
excellent flexural strength, compression strength, impact
and crack resistance, and are substantially water-proof.
The particulate material to be used in the method of
the present invention may in principle be of any type of
particulate material, for example mineral particles,
cement, concrete, dust, recycled asphalt, recycled tyres,

clay, old sand, porous particles such as zeolite and

perlite, crushed shells, shells, organic waste such as

leaves and bones, f£ly ash, wood particles such as chips,

flakes, etc. Preferably, the particulate material is in

the form of mineral particles.
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...10_
Preferably the particulate material employed in the
method of the present invention is a combination of

particles having a particle size of at most 63

micrometers (so-called filler) and particles having a

5 particle size 1in the range from 63 micrometers to 2 mm
(so-called sand) and particles having a particle size in
the range from 2 to 8 mm, preferably from 4 to 8 mm (so-
called stones or aggregates), optionally in combination
with particles having larger sizes. The particle sizes

10 are measured by sieving with sieves having openings of

the indicated size. Preferably, the amount of each of

filler, sand and stones i1s in the range from 10 to 50% by

weight, (the combination to total 100 % by weight) based

on total amount of particulate material. Particulate

15 materials having a particle size of more than 8 mm are

preferably present 1f larger objects are made.
Accordingly, in a preferred method according to the
present invention the particulate material includes sand
aggregate andvfiller.

20 The temperature at which the thermoplastic binder in

A

the mix ligquefies is dependent upon the softening point

of the thermoplastic binder being employed. Where the
thermoplastic binder is a asphaltenes-containing binder

the temperature at which the asphaltenes-containing

25 binder liquefies is preferably at least 50°C, more

preferably at least 70°C, even more preferably at least
100°C.

By means of the invention, the liguid phase of the
thermoplastic binder acts like water to lubricate and

30 bind the particles of the thermoplastic mix together
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during the pressing process thereby avoiding the use of
water which 1s necessary in addition to the cement binder

with concrete mixes. Moreover, the thermoplastic binder

enables a building product to be simply and easily
produced using existing apparatus, thereby avoiding the
costs of new plant and machinery. Where the

thermoplastic binder is a bituminous binder, the liguid

phase of the binder is the maltene phase.

Accordingly, a preferred method according to the
present invention is a method wherein the liguid phase of
the thermoplastic binder lubricates and binds during the

pressing action.

The inventors have coined the term ‘hybrid’ to

qualify the completely new building products prepared by

the present invention because a thermoplastic binder,

which is a synthetic or bituminous material, would

hitherto have been thought of as a non-compatible

material to use for the manufacture of concrete building

products which are traditionally made from natural
materials and use pressing, but not pressing and heat, to
shape and form the product. The mix can also be termed -
‘hybrid thermoplastic mix’ because it includes a
synthetic thermoplastic material and natural materials
such as sand, aggregate, fillers etc.

Unexpectedly, not only does the method of the
invention work to produce simple building products in the
form of blocks, the invention is capable of producing a

wide a variety of building productes including masonry,

paving, paving flags, paviours, flagstones, blocks,

bricks, tiles, slates, posts, lintels, sills, slabs and
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the like, which has hitherto been achieved with
traditional equipment and methodologies. Examples of

building products which may be conveniently prepared by

means of the present i1nvention are construction elements

as described on page 16, lines 28 to page 17 line 25 of

WO 00/46164.

By definition a thermoplastic material softens when
exposed to heat, liquefies when the temperature 1is

elevated beyond the materials melting point, and returns

to its original condition when cooled to ambient

temperature.

When the thermoplastic mix, containing the

thermoplastic binder is heated, conveniently in a supply

hopper, the liquefied thermoplastic binder forms a

coating around the aggregate, sand and fine filler

particles and the heated thermoplastic mix is transferred

P
—
p—

i
i

from the hopper to a cavity of a mould forming part o:

pressing apparatus such as a block making machine.

grimr
p—

fective

Preferably, 1in order to produce a more cost e:

hybrid building product, the proportion of the

particulate material such as sand, aggregate, fillers
etc. 1s greater, and desirably far exceeds, the
proportion of thermoplastic binder because the particular
material portion of the thermoplastic mix 1s the lowest
cost material employed. Expressed in another way, the
lower proportion of thermoplastic binder in the
thermoplastic mix, the more cost effective the final
product becomes. Accordingly, é‘preferred method
according to the present invention is a method wherein

the proportion of the particulate material in the
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thermoplastic mix 1s greater than the propertion of

thermoplastic binder. Even though at elevated

temperatures only a fraction of the thermoplastic mix

assumes liguid form, the inventors have found that this

is still sufficient to enable the thermoplastic mix to

flow into and fill the mould. Accordingly, a further
preferred method according to the present invention is a

method wherein the heating of the thermoplastic binder is

such that a fraction only of the thermoplastic mix

assumes liquid form but is consistent with enabling the
thermoplastic mix to flow.

Preferably the hybrid building products have. a

thermoplastic binder content of less than 30% by weight,

more preferably from 1 to less than 30% by weight.

Preferably, the thermoplastic binder is present in an

amount of at least 2% by weight, more preferably in an

amount of at least 3% by weight, most preferably at least

4% by weight. Preferably, the thermoplastic binder is

present in an amount of up to 15% by weight, more
preferably up to 10% by weight, most preferably up to 8%
by weight.

Accordingly a preferred method according to the

present invention is a method wherein the proportion of

thermoplastic bindexr is less than 30% by weight of the
thermoplastic mix, more preferably less than 10% by
welght of the thermoplastic mix.

When the proportion of thermoplastic binder is less
than 10% by weight of a particulate mix including

aggregate, sand and fine fillexr, the inventors have found

that the thermoplastic binder in a hot hybrid
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thermoplastic mix is in a ligquid form that is flowable
sufficient to be transferably from a holding hopper of a

conventional concrete block making machine and into the

mould cavity therein.
Preferably, building products prepared by means of

the method of the present invention have a flexural
strength of at least 0.5 N/mm’. Preferably, the flexural

strength is at least 3 N/mm?, more preferably at least 4

N/mm?, more preferably at least 5 N/mm’, most preferably

at least 6 N/mm’. Flexural strength is measured

according to NEN 7014, “Nederlands Normalisatie

Instituut”, 2™ edition 8/1974.

In addition, it has been found that good compression

strengths can be obtained by using the method of the

present invention to prepare building products.

Compression strengths which can be obtained are 5 N/mm’
or more, preferably 10 N/mm’ or more, more specifically
15 N/mm’ or more, measured according to ISO/R 836 of the

European Federation of Manufacturers of Refractory

Products as revised in 1990, PRE/R 14-1.

Unlike conventional thermoplastic materials but as

with conventional concrete mixes contalning natural

materials including a cement binder, the hybrid

thermoplastic mix of the invention requires compacting by

direct pressure and/or vibration by suitable pressing

means to eliminate or at least substantially reduce
undesirable voids which weaken the finished product. One

form of pressing means suitable for use in this invention

comprises at least one compacting head. Accordingly, a

preferred method according to the present invention is a
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method wherein the thermoplastic mix is compacted by
pressing and/or vibration.

Compaction may be achieved by any conventional means
but 1s preferably by lowering a compacting head on to the
upper surface of the hybrid thermoplastic mix in the
mould cavity which exerts a force by direct pressure
and/or vibration. The compacting head may also be used
for stripping. The resultant action of the applied
pressure and/or vibration is that the hybrid
thermoplastic mix 1s compacted within the mould cavity

until the particles, i.e. sand, aggregates and fine

fillers, are closely packed with the thermoplastic binder

in liguid form/phase acting as a lubricant to assist in
closely packing the particles.

As the application of the compacting force is

continued, the compacting force acts primarily on the

thermoplastic binder in ligquid phase enabling the binder

to flow around and between the particulate materials,

including sand, aggregate and fine fillers, and to fill
any voids there between.

Accordingly, a preferred method according to the
present invention is a method wherein the particulate
material 1Includes sand, aggregate and fine filler wherein
prioxr to the pressing action the particles of the
thermoplastic mix and thermoplastic binder are in a
loosely packed arrangement with there being voids between
the particles and the particle being coated with a layer
of thermoplastic binder and fine fillexr; a further
preferred method being a method wherein the fine filler

and thermoplastic binder coating lubricates the sand and
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aggregate particles to provide a product in which the
particles are in a closely packed arrangement with the
voids being filled by thermoplastic binder and fine

filler.

The building products prepared by means of the

esent 1nvention preferably have a void content of at

TN

pPr

most 3%, more preferably at most 2.5%, most preferably at

most 2.0%. The voilid content i1s determined according to
the “Standaard Regelgeving Advisering Wegenbouw”, 1995,

tegst 67.

When the compacting forces are stopped, the mould is
then raised from the pallet, with the compacting head,

now acting as a stripping device, being held in

stationary alignment and with the formed and shaped block

of compacted hybrid thermoplastic mix being left on the

gu—

pallet. When the mould has been raised clear of the

formed block the compacting/stripping head is also raised

clear of the compacted hybrid thermoplastic mix. The

formed blocks of compacted hybrid thermoplastic mix is

then conveyed out of the block making machine on the

pallet on which they were formed.

The formed blocks may be allowed to cool on their own

sufficiently to enable handling and packaging, i.e. under
ambient conditions without any additional cooling being
provided. However, this takes a long time and the
cooling process is ideally accelerated by subjecting the
formed blocks to a cooling process, for example guenching
with water, before being conveyed into a racking station

where they are allowed to cool sufficiently to enable

handling and packaging. The benefit of subjecting the
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blocks to a cooling process such as quenching is to

solidify the thermoplastic binder close to the outside
parts of the formed blocks such that the shape of said
blocks is maintained during subsequent handling whilst

most of the block remalins in a plastic state.

In order to ensure that the thermoplastic binder

remains 1n liquid form prior to being fed into the mould

cavities, the hybrid thermoplastic mix is maintained at a

desired elevated temperature by heating the walls of one

or more supply hoppers for the hybrid thermoplastic mix

and/or insulating against loss of heat from the or each

supply hopper by lagging. Accordingly, a preferred

method according to the present invention is a method
wherein the thermoplastic binder is heated in a supply

hopper such that the thermoplastic binder assumes liguid

form to enable the thermoplastic binder mix to flow; and

a more preferred method is a method wherein the
thermoplastic mix is heated in a supply hopper and
maintained at the desired elevated temperature in the
supply hopper.

Moreover, the mould cavities need to be held at a

controlled temperature range to ensure correct compaction

of the thermoplastic mix because low mould cavity
temperatures causes premature solidification of the
thermoplastic binder resulting in poorlyacbmpacted
products. More particularly, the construction of mould
boxes with multiple cavities results in there being large
masses of metal material forming the outer frame of the

mould box that 1s sub-divided into smaller mould cavities

by the use of thin metal divider plates.. In use, and
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with continual charging with hybrid thermoplastic mixer

at elevated temperatures, the thin divider plates rapidly

rise to a temperature close to that of the mix itsgelf.

Whilst this rapid rise in temperature of the thin divider
5 plate ensureg that there will be no premature

solidification of the thermoplastic binder, preferably

the divider plates may be cooled such as to reduce any

tendency towards sticking of the thermoplastic mix to the

divider plates and consequently ensure satisfactory

10 stripping therefrom.
It will be appreciated that the large masses of

material forming the outer frame of the mould also form

the side walls of the small mould cavitieg around the

perimeter of the mould. Even in use,and with continual
15 charging with hybrid thermoplastic mixes at elevated

temperatures, the large mass of the mould frame acts as a
heat sink such that i1t never attains a temperature close

to that of the mix itself. This can cause premature

gsolidification of the thermoplastic binder in the mix and

20 consequentially produce poorly compacted products at
least in so far as their side walls are concerned.
Accordingly, 1t is deslrable to heat the mould frame.

Again, with mould blocks having multiple cavities,
the compacting head comprises an array of stripper shoes,

25 one for each mould cavity. As these stripper shoes are
of low mass and, like the division plates within the
mould cavity, in use rapidly attain a temperature which
18 close to that of the hybrid thermoplastic mix itself
due to being continually charged with high temperature

30 hybrid thermoplastic mixes. Whilst this ensures that
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there will be no premature solidification of the
thermoplastic binder which would clearly be undesirable,
advantageously the stripper shoes are cooled such as to
reduce any tendency toward sticking of the hybrid

5 thermoplastic mix to the shoes to ensure satisfactory
stripping therefrom.

Unlike other known processes using thermoplastic

materials which rely on re-solidification of the

thermoplastic material within a mould to ensure the

10 dimensional integrity of the finished product, the

inventors have found that the hybrid thermoplastic mixes

of the invention do not require cooling within the mould

cavities to solidify the thermoplastic binder before it

1s ejected therefrom. Even when demoulded, the shaped,

15 formed and fully compacted hybrid thermoplastic product
remalins self-supporting when demoulded and may be allowed
to cool and solidify over a period of some hours or even
days provided that no external pressure 1s applied.
However, the long time intervals needed for sufficient

20 cooling may add undesired costs to the overall process
because additional carrier plates, racks etc. would be
necessary.

Accordingly, in another preferred embodiment of the
invention, rapid cooling of the demoulded products is

25 provided to considerably speed up the cooling process,
for example by way of immersion in a water bath or

drenching in water sprays.

The present invention further provides a building

o

product obtainable by the method of the present

30 invention.
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In order that the invention may be more fully

ety

understood, reference will now be made, by way of example

to the accompanying drawings, in which: -

Figures 1, 2, 4, 6, 7 and 8 are diagrammatic cross-
sectional side elevations through a pressing apparatus in
various stages of carrying out a method of manufacturing

a building product according to the present invention;

Figure 3 1is a plan view of a mould box comprising a
plurality of mould cavities and forming part of the

pressing apparatus of Figures 1, 2, 4, 6, 7 and 8;

Figure 5 1s a diagrammatic part-sectional view to an

enlarged scale through an individual pressing means

=

forming part of the pressing apparatus of Figures 1 to 4

and 6 to 8;

Figure 9 is a diagrammatic view of the state of a
hybrid thermoplastic mix prior to be pressed and

compacted by the pressing apparatus of Figures 1 to 8;

and

Figure 10 is a similar view to that of Figure 9
showing the state of the hybrid thermoplastic mix in a

building product which has been formed and shaped by

pressing and compacting in the apparatus of Figures 1 to

8.

Referring to Figures 1 to 8 there is shown an

apparatus for manufacturing a building product such as

building block from a mix including particular material
comprising fine particles in the form of sand and filler,
coarse aggregate particles and a thermoplastic binder.
The thermoplastic mix is heated in the apparatus at least

to a temperature at which the thermoplastic binder in the
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thermoplastic mix liquefies, the heated thermoplastic mix
1s subjected to a pressing process that shapes the heated
thermoplastic mix and the shaped heated thermoplastic mix
is cooled to solidify the thermoplastic binder and form a
building block.

As shown in Figure 1 to 6, the apparatus for
manufacturing hybrid thermoplastic blocks includes a

heating and charging station (1), a moulding station (2)

and cooling station (3) which are generally indicated by

the references (1), (2) and (3) respectively.

The heating and charging station (1) is shown in

Figure 1 and comprises a supply hopper (4) which is

insulated against heat loss by lagging (5) and containg a

hyvbrid thermoplastic mix (6) comprising sand and filler

fine particleg, aggregate coarse particles and a
thermoplastic binder constituted by a thermoplastic
material A thermoplastic binder that may conveniently be

employed 1s a bituminous-based binder, more conveniently

an asphaltenes-containing binder having a penetration of

less than 15 dmm. The filler can be any one or

combilnation of ground minerals such as limestone, flvyash,
furnace slag, furnace waste and slate. A slide drawer

(7) is moveable in the directions indicated by the

illustrated arrows (8) between upstream and downstream
positions in which it is located beneath the hopper (4)
and above a mould frame (9) respectively. In the
upstream position, the slide drawer (7) is charged with a

predetermined amount of hybrid thermoplastic mix (6)

dispensed from the hopper (4). A stationary bottom

member (10) is engaged by the slide drawer (7) in its
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upstream position to retain the hybrid thermoplastic mix
(6) in the slide drawer (7).
Downstream from the slide drawer (7) in the moulding
station (2), the mould frame (9) is positioned on a
5 pallet (11) in the form of a board disposed immediately

beneath pressing means constituted by an array of

compacting and stripping heads in the form of shoes (12)
which are aligned with complementary mould cavities (14)
in the mould frame (8) as shown in Figure 2. The shoes

10 (12) are moveable between the positions illustrated by

the arrows (16) in which they are disposed above the

mould cavities (14) and in alignment therewith and
positions in which they engage in the mould cavities

(14) .

15 The slide drawer (7) in Figure 2 has moved into its

downstream position above the mould frame (9) into which
the charge of hybrid thermoplastic mix (6) has been
dispensed. The thermoplastic mix (6) fills and somewhat

overflows the mould cavities (14) of the frame (9) and

egsents a surface (16’) to the shoes (12). The hybrid

20 pxr

thermoplastic mix (6) assumes the shape of the mould

cavities (14) but at this moment in time i1s in an
uncompacted state illustrated in Figure 9 which will be

referred to in more detail later.

25 The slide drawer 1s then moved back to its upstream
position in the heating and charging station (1) where is
it disposed beneath the hopper (4) to receive another
charge of heated thermoplastic mix (6), as will be

apparent from Figure 4.
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Figure 3 shows the construction of a typical mould
frame (9) comprising an outer frame portion (20) and «
divider plates (21) that form the side wallg of
individual mould cavities (14). Within the overall mould
frame (9) resides cavities (14a), (14b), and (14c)

differentiated in that cavities (l14a) are formed with all

four walls constructed from divider plates (21), cavities
(14b) have three side walls constructed from divider
plates (21) and one gide wall constructed from the outer
frame (20), and cavities (1l4c) have two gide walls
constructed from divider plates (21) and two side walls

constructed from the outer frame (20).

The outer frame (20) is warmed by a flow of heated

fluid in the form of water, oil or other ligquid or gas

supplied through a supply conduit (23) which is

circulated around the outer frame (20) and out through

the exit conduit (23a). The flow of heated fluid through
the outer frame (20) prevents intimate contact with what

would otherwilise be a cold surface by ensuring that the

surface of hybrid thermoplastic mix (6) is not cooled

such as to cause localised re-golidification of the

thermoplastic binder adjacent to wall areas (24).

Additionally, when the process has been in operation

for some length of time, the wall surfaces (25) are
sufficiently cooled by causing a cooling fluid to flow
through dividers in the form of division plates (21) so

that the surface of the hybrid thermoplastic mix (6) in

contact with the plates (21) does not stick to the plates

(21) . In the event that large format products are being
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made the number of division plates required will be low
and could be omitted.
In Figure 4, the shoes (12) are shown in their

positions in which they have been lowered on to the

hybrid thermoplastic mix (6) and into the mould cavities

(14) . By applying pressure and/or vibration to the shoes

p—-

(12) , and optionally vibration to the underside of the

pallet board (11), the hybrid thermoplastic mix (6) is
compacted into the compacted state and is now designated

the reference (6a) in Figure 10, which will be referred

to in more detail later to form building blocks which are

indicated by the reference (18) in Figure 6.

The lower surface (28) of each shoe (12) (see Figure
5) that comes into close contact with the heated hybrid
thermoplastic mix (6) 1s maintained at a temperature
which i1s higher than ambient temperature but lower than
the temperature of hybrid thermoplastic mix (6). This is

gr—

achieved by causing a flow of fluid such as water, oll or

other liguid or gas at a controlled temperature to pass
through a flow passage (30) connected to inlet and outlet
conduits (31) and (32) of the shoe (12). This ensures
that when the shoes contact the thermoplastic mix (6) at
the beginning of the pressing process and the first
charge of hybrid thermoplastic mix (6) 1s pressed into
the mould cavities (14), the lower surface (28) of the

shoe (12) is sufficiently warmed by the flow of fluid.

In this way, the upper surface of hybrid thermoplastic

mix (6) is not cooled and localised solidification of the

thermoplstic binder in the mix (6). which would have

otherwise occurred due to contact with a cold surface is
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avoided. Moreover, when the process has been in

operation  for some length of time, the temperature of the
fluid flowing through the shoe (12) is sufficient to cool
the upper surface of hybrid thermoplastic mix (6) that it
does not stick to the surface (28) of the shoe (12).

Referring now to Figure (6), with the shoes (12) held
1n stationary alignment in the mould cavities (14) the
mould frame (9) 1s raised to a position in which it

clears the tops of the blocks (18) thereby in the process

ejecting (stripping) the blocks (18) from the mould
cavities (14). The array of shoes (12) is then also
raised in the direction of the upper head of the arrows
16 and away from the tops of the blocks (18). This
enables the entire array of blocks (18) on the pallet

board (11) to be conveyed downstream of the mould frame

(9) for further processing and the mould frame (9) to be

lowered back on to the pallet board (11), as shown in

Figures 1, 2 and 4, to allow the cycle which has just

been described to be repeated.

The blocks (18) on the pallet board (11) are then

conveyed horizontally upstream from the moulding station
(2) to a cooling station (3) as shown in Figure 7. In
the cooling station (3), the blocks (18) on the pallet
board (11) are located in a position above a tank (40)
that i1is partially filled with cold water (41). The
pallet board (11) carrying the blocks (18) is then:
lowered into the tank (40) and on to a conveying means
(42) such that the blocks (18) are completely immersed in
the cold water (41) as shown in Figure 8. The pallet
board 11 carrying the blocks (18) is then moved by the
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conveylng means (42) along the entire length of the tank
(40) . During immersion of the blocks (18) in the cold
water (41), the thermoplastic binder in.the blocks (18)
18 solidified at least in the area adjacent to the side

0 walls of the blocks (18) which stabilises the shape of
the blocks (18) throughout any further movement of the
pallet board (11). Then the pallet board (11) carrying
the blocks (18) 1s raised from the tank (40) and conveyed
away to an optional racking station (not shown) where the

10 blocks (18) are allowed to cool and the thermoplastic

binder therein allowed completely to solidify.
Alternatively and as shown by dashed lines in Figure

7, the blocks (18) on the pallet board (11) are cooled by

drenching with water sprayed from above through spraying

15 jets (45) of a spraying apparatus (46). When cooling of

the blockg (18) is sufficient, the blocks (18) on the

pellet board (11) are conveyed from the cooling station
(3) and treated as described in the previous paragraph.
When complete solidification of the thermoplastic
20 binder in the blocks (18) has occurred, the constituents

of the thermoplastic mix (6a) occupy the state which is

Y

shown in Figure 10. Then the blocks (18) are fit to be
subjected to secondary processing such as shotblasting,
bush hammering etc. as hereinbefore referred to, before

25 being packaged and shaped as required.

Referring to Figure 9, it will be seen that the
uncompacted hybrid thermoplastic mix (6) comprises
aggregate the particles (51), sand particles (52), and a
mixture of fine filler and thermoplastic binder (53) in a

30 loosely packed arrangement. The proportion of
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thermoplastic binder/fine filler (53) is in excess of

that required to provide a single molecular layer to the

total surface area of aggregate (51), sand (52), and
forms a relatively thick layer (53) of thermoplastic
binder/fine filler mixture around the aggregate particle
(51) and sand particles (52), including voids (54).

In Figure 10 the voids (54) between the particles
(51), (52) of the loosely packed, uncompacted
thermoplastic mix (6) shown in Figure 9 have been

eliminated. Instead, the particles (51), (52) are

disposed in a closely packed arrangment produced by the

compacting action of pressure and/or vibration. In this
closely packed arrangement, the layer (53) of

thermoplastic binder/fine filler mixture surrounding each

particle 1s reduced in thickness due to migration of some

of the thermoplastic binder/fine filler mixture (53) from

around the particles (51), (52) to fill the wvoids (54) as

indicated by the reference (53a).

Although the invention has been particularly

described it will be appreciated that various
modifications may be made without departing from the
scope of the invention as define in the appended claims.
For example, the pressing apparatus may be of any other
suitable kind consistent with providing the required

finished product. Moreover, air, applied by means of an

‘alr knife for example, may be used, instead of water, to

cool the blocks (18) in the pallet board (11).
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CLAIMS:

1. A method of manufacturing a building product from a mix including particulate
material and a thermoplastic binder, which binder 1s an asphaltenes-containing binder
having a penetration of less than 15 dmm, which comprises heating the mix including
the thermoplastic binder at least to a temperature at which the thermoplastic binder in
the mix liquefies, subjecting the heated thermoplastic mix (6) to a pressing action that
shapes the heated mix, and cooling the shaped heated thermoplastic mix (6) to solidify
the thermoplastic binder and form the bulding product, wherein the heated
thermoplastic mix (6) tlows into at least one mould cavity (14) defined by an outer
mould frame (20) and in that the outer frame (20) is warmed to prevent solidification of
thermoplastic mix (6) adjacent to the outer mould frame (20) and wherein the outer
mould frame (20) defines together with dividers (21) an array of mould cavities (14) and
in that the dividers (21) are cooled to prevent solidification of thermoplastic mix (6)

adjacent to the dividers (21). -

2. A method according to claim 1, wherein the proportion of thermoplastic binder

1s less than 30% by weight of the thermoplastic mix (6).

3. A method according to claim 2, wherein the proportion of thermoplastic binder

is less than 10% by weight of the thermoplastic mix (6).

4. A method according to any one of claims 1 to 3, wherein the pressing action is
carried out by at least one compacting head (12) and in that the compacting head is
subjected to the action of a flmd which prevents sticking of the head to the

thermoplastic mix (6) during the pressing action.

5. A method according to any one of claims 1 to 4, wherein following the pressing

action the shaped heated thermoplastic mix (6) is cooled by the action of water,

0. A method according to claim 5, wherein the heated shaped thermoplastic mix

(6) 1s cooled by immersion in water.

DOCSMTL: 3019947\1
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7. A method according to claim 5, wherein the heated shaped thermoplastic mix

(6) 1s cooled by water sprays (46).

DOCSMTL: 3019947\]
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