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{57) Claim
1. A process for the preparation of bodies or building

units from an afterhardening mixture containing cement and/or
lime as binding material, as well as additives and water, in
the course of which the still not hardened mixture is
admitted into a mould, where carbonation reaction is brought
about by the injectien of CO, gas into the mixture through a
mould face and thereby the mixture is hardened, characterised
by pressing the after hardening mixture continuously through
a mould space in the mould which is open at both ends, while
CO, gas is injected into the mixture under pressure reducing
from an inlet port of the mould towards an outlet port of the
mould, and a quasl gas tight plug of mixture is formed by
compaction of the mixture within the mould in the vicinity of

the inlet poxrt, and a quasl gas tight condition is brought
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about between this plug and the mould face, furthermore in
the vicinity of the outlet port as much amount of CO, gas is
injected into the mould as necessary for £full completion or
substantially full completion of the chemical reaction of

carbonation.

g, An apparatus for the continuous production of
hodies oz building units from an afterhardeniné mixture
containing cement and/or lime as binding material, as well as
~additive and water, by its carbonation, said apparatus being
provided with a mould having a mould space, a CO, gas-source
and holes in at least one wall of the mould, suitable for
injection of CO, gas into said mould space, at a pressure
exceeding atmospheric pressure, characteﬁésed by the mnould
having an inlet port for admitting the raw afterhardening
mixture, and an outlet port for discharging the mixture
hardened hy carbonation, a plurality of separate zones
disposed hetween said inlet port and said outlet port; a
"press mechanism situated in front of said inlet port foxr
pressing the raw afterhardening mixture into the mould space
and for forming a quasi gas tight plug of mixture within the
mould in the vicinity of the inlet port, said press mechanism
also adapted to press the raw afterhardening mixture into the

mould space and moving said afterhardening mixture as well as

said mixture hardened by carbonation through said mould
space; the holes leading into the mould space serving for
inlet of the CO, gas being divided into separate hole groups
which communicate with gas injection devices suitable fox
ejecting CO, gas, at pressures to he separately controlled

for each said zone.
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COMMONWEALTH OF AUSTRALIA

The Patents Act 1952-1969

Name of Applicant: FAKOMBINAT SZOMBATHELY
This document containg the
amendments made under
o o Address of Applicant: SZOMBATHELY, Section 4 and is correct for
°.3 ZANATI UT 21, printing
o o H-9700, HUNGARY as
o
Q0 [o]
% ° 8 Actual Inventox: DR. TIBOR ALPAR
o o JANOS GYORVARI
00 o DR. ERNO SCHMIDT
OgOOO§
0 %%, Address for Sexvice: G.R. CULLEN & COMPANY,
o 20 Patent & Trade Mark Attorneys,
0O co
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: 79 Eagle Street,
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%° ., COMPLETE SPECIFICATION FOR THE INVENTION ENTITLED:
o0 A}
(o]
o} Qo

"PROCESS AND APPARATUS FOR THE ©PRODUCTION OF BODIES,
ESPECIALLY BUILDING UNITS FROM AFTERHARDENING MATERIALS"

The following statement is a full description of the
invention including the best method of performing it known to
us:
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The invention rélates to a process for the
prodﬁciion of bodies, especially building units from
afterhardening materials ccntaining hydraulic binder,
particularly cement as setting agent.

Such building unit production methods are
known, at which hardening of the cement-set moulded
material is accelerated by injection of C02 gas into
the raw mixture (e.g. US patent specification No.
4,093,690 and Swiss patent specification No. 1 460 284).
These methods are based on carbonation, i.e. a process
when the large amount of Ca(DH)2 compound present in
the cement mortar quickly changes over to limestone upon
the effect of C02 gas. The limestone molecules being
formed during this process, become so tightly bonded
to each other that the product, e.g. building panel may
reach even 35-50 % of its 28-day-strength in 5 - 30
minutes, though hydration of the binding material, e.g.
cement has not even éegun.

The carbonation takes places generally in
a closed space containing the raw mixture to be set "
with cement by producing differential pressure, then
a pressure exceeding the atmospheric one is brought
aboutwith the 1injection of 002 gas, as a result of which
the 802 gas may penetrate into the pores of the raw

mixture and chemical reaction takes place. The raw

mixture is filled into a mould determining the shape ' 1

—p—
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of the product to be prnduced and compacted, then placed
into a closed space together with, or removed from the
mould. These methods, however, are fairly costly, be-
cause the closed spaces require careful sealing to be
realized with difficulty and at high cost. Apart from
this, the alternating use of vacuum and high pressure
is lengthy, thus, the techologies allowing only a step
by step production carried out with several operations
(filling into the mould and compacting ; filling and
discharging the carbonation space; carbonation) take
fairly long time.

A building unit production technology
combined with carbonation is described in the Hungarian
patent specification No. 189.455 where elastic fibrous
material as additive is used for the preparation of
the cement-set raw mixture, and there is utilized the
characteristic feature of this mixture for more or less
glastic reversion after compaction, thus, its volume
expands when the compressive force is stopped during
the setting time of the hydraulic binding material,
i.e, cement. The raw mixture placed between two press-
-plates is compressed in a greater degree in the
vicinity along their flanges than the rest of the
mixture - either by using a thicker part along the
flanges of the press-plate or by applying a locally
greater amount of raw mixture ~ thus, a strip of higher
density, consequently of lower gas permeability is

formed at the flanges, than within. This strip of
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higher density slong the flanges functions as a seal,
and prevents the CD2 gas injected for carbonation from
escaping irom the mixture on the sides. Although this
method is more favourable than the former ones its
drawback resides firstly in its periodicity, thus in
its r=latively low productivity and in the fact that a
s0lid end-product can be produced oﬁly from mixtures
containing elastic fibrous material.

The invention aims at providing a process
for the production of bodies, particularly building
units from an afterhardening wmoterial by azccelerating
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prepared with an elastic fibrous additive as a starting

(to be moulded), uhereby it substaentially
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¢xtends the choice of products to be cconomically pro-
cuced with carbonation.

The invention iu bosed cn the recognition
that wher the afterhardenihg material ig passed through
a moulding space open at both ends, and escape of the
CD2 gas is prevented by a continuous mechanical compac-
tion of the raw mixture in the vicinity of the point
of inlet and by reducing the pressure of the CO2 gas
to a minimum - in the given case to the atmospheric
pressure - in the vicinity of the point of outlet,
and the 002 gas is injected between these two points

into the mould space evenly distributed alor.g the
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5
mould face(s), however under a pressure reduced from the
inlet towards the outlet, ‘the production may be made
cdntinuous, and the product emerging from the mould space
will appear in a solid, moulded state as a result of
carbonation taking place in the mould space.

On the basis of this recognition, the problem was
solved by a process for the preparation of bodies or building
units from an afterhardening mixture containing cement and/or
lime as binding material, as well as additives and watexr, in
the course of which the.still not hardened mixture is
admitted into a mould, where carbonation reaction is brought
about by the injection of CO_ gas into the mixture through a
mould face and thereby the mixture 4is hardened,
characterised by pressing the after hardening mixture
continuously through a mould space in the mould which is open
at both ends, while CO_ gas is injected into the misxture
under pressure reducing from an inlet port of the mould
towards an outlet port of the mould, and a quasi gas tight
plug of mixture is formed by compaction of the mixture within
the mould in the vicinity of the inlet port, and a gyasi gas

tight condition is Dbrought about between this plug and the

mould face, furthermore in the vicinity of the outlet port as

much amount of CO, gas is injected into the mould as
necessary for full completion or substantially full
completion of the chemical reaction of carbonation. The

afterhardening material is stamped-pressed into the mould
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space preferably with a recipricating device.

Expediently, the CO_, gas is injected

into
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the mould space through at lesst ene of the confining
surfaces under pressure exceeding the astwospheric pressu-
re; and when passed throug the afterhardening material
the gas of reduced pressure and quantity is discharged
from the mould space through at least another mould
face, and/or vacuum is applied to at least one face of
the mould space, and this way the C02 gas i3 made flown through
the material, or its flow is intensified,

According ito another advantegeous feature
of the invention, in a zone following the compacted
layer of material in the viczinity of the inlet port,
@02 gas at a8 pressure of suitably 3-6 bar is injected
into the pores of the mixture themn < looking in the
direction of the material's movement in a second
zone, where the instantsrnicius explosion-like reaction
¢f carbonation takes place, C02 gas under a lower pressu-
re of e,g. 2-3 bar is injected into the wmaterial, the
quantity of which is essentially the same as that of
the CO2 gas consumed by the reaction, whereby the cardo-
nation reaction is continued, then in a third zone 602
gas under even lower pressure of e.g. 1-2 bar is
injected into the mould spese, whereby essentially
full completion of the carbonation reaction is realized.
A further embodiment of the process is characterized
by creating a balancing zone in the mould space situated
directly behind the outlet port of the material hardened
by carbonation, where the gas outflow is checked, and

in the zone(s) behind the balancing zone, gas is injec-
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ted as & function of the quantity of the outflowing
amount and/or pressure of the gas. It is generally
advisable to cut to size - suitably by sawing - the
carbonation-hardened body leaving the mould space,

and to inject the 002 gas into the mould space with

a gas mixture, containing suitably at least 30 % of
E02 gas.

It may be advisable to inject the €0, gas
into the raw mixture prior to feeding it into the
mould., The setting proces can be accelerated by this

carbornation pretreatment.

The apparatus according to the invention
contains a mould, a C02 gas-source, e.c. gas bottle
and openings e.g. holes in at least anc wall of the
mould, suitable for injection of C02 gas into the mould
space, the pressure of which exceeds the atmospheric
pressure, and this apparatus is characterized in that
the mould has an inlet port for feeding in the raw
afterhardening mixture and an outlet port for dis-
charging the body hardened by carbonation; a press
mechanism situated in front of the inlet port for pressing
the raw afterhardening mixture into the would space,
and moving the afterhardening mixture and the body
hardened therefrom by carbenation through the mould
space; and the holes leading into this mould space and
used for injection of the 002 gas are divided into
separate hole groups communicating with devices suit-
able for injecting CO, gas, at pressures to be separate-

ly controlled for each zone. It is expedient when at
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least one wall of the mould is provided with holes for
outlet of the CU2 gas remaining - in given case -
after the completed chemical reaction of carbonation,
which holes are expediently communicating with pipes
connecting the CO2 gas source, e€.g. gas bottle with
the mould plate containing the holes for injecting C02
gas into the mould space.

An embodiment of the apparatus is charac-
terized by having a forward pipe for feeding the 002
gas into the mould space and a return pipe for feeding
back into the forward pipe the CD2 gas remaining
- in a given case - after the completed carbonation
reaction; a gas pump being connected to the forward
pipe into which also the return pipe is leading, and
- in up-stream direction of the gas flow - a pipe con-
taining shut-off means, leading out of the CD2 gas
supply source, e.g. gas bottle heing joint to the
return pipe before the pump, and the forward pipe be-
ing interconnected through leg pipes containing valves
with separate hole groups on the gas inlet side, while
leg pipes containing similarly valves and leading from
the hole groups into the return pipe are provided for
discharging the gas remaining - in a given case -
after the completed carbonation reaction. A vacuum pump
can be inserted into the return pipe.

According to a further feature of the in-

vention the hole groups on both the gas inlet side and

o —
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the remaining gas outlel side is leading into separate
Closed chambers fitted expediently gastight to the outer
face of the mould plates. Furthermore it may be of
advantage, when the hole groups are leadinyg from - e.g.
meandering - ducts running inside the mould plates intso
the mould space, cach duct communicating with one of the
leg pipes emerging from the forward pipe or with one

of the leg pipes leading into the return pipe.

According to another embodiment of the
apparatus given by way of example, a device, e.g. a
saw suitable for cutting up the carbonation-hardened
body emerging from the mould space is arranged behind
the outlet port of the mould.

According to another arrangement of the
invention, chambers covering at least one of the hole
groups are fitted to the outer side of the mould plates
in the vicinity behind the outlet port of the mould,
and gas outlet stubs containing control valves are lead-
ing out of the chambers.

A further embodiment of the apparatus is
characterized by providing a press mechanism with a re-
ciprocating beater, e,g. a piston, the cross sectional
shape and size of which are the same or essentially the
same as those of the mould's inlet port. In this case
it is expedient, when the position of the mould and the
path of the piston are vertical, the piston is fitted
between guide rails,‘the guide ralls are covered by a

bell-shaped protective caover, the lower flange of which

i



W

10

15

20

25

- 10 -

is running in the vicinity of the lower edge of the
guide rails and a gap is provided for between said lower
flange and the guide rails; and the actuating mechanism
together with the protective cover is situated in a
hopper serving for fecding the raw afterhardening mix-
ture into the mould, the hopper leading into the upper
end of the mould space.

The invention will be described below in
further details on the basis of the attached drawings
illustrating a preferred embodiment of the apparatus
by way of example, some of its structural details, graphs
in connection with the exemplified process variants
furthermore some of the building units producible with
the method according to the invention, as follows:

Fig. 1 is a schematic vertical cross sec-

tion of the apparatus;

Fig. 2 a horizontal section along line
A-A according to Fig. 1;

Fig. 3a an embodiment of one of the mould
plates drawn to a larger scale,
showing the sectional view along
line B-B according to Fig. 3

Fig. 3b a view from the direction of arrow
C, marked in Fig. 3a;

Fig. 4 a graph illustrating the change
of the pressure and the body's
density within the mixture as a
function of the time, taking place
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Fig. 6

Fig. 8
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during compression of the after-
hardening mixture p. 4 with non=-
elastic additive;

8 characteristic curve related to

the afterhardening mixture, same as
the one shown in Fig. 4, but pre-
pared with elastic additive;

a set of curves formed by the

curves as shown in Fig, 4, illustrat-
ing the result of quickly repetetive
compression processes;

a set of curves different from the
one shown in Fig. 6 in that it is
formed by the curves shown in Fig., 5;
a diagram showing the gas pressure,

path and time;

Figs. 9a-9f building units aof different

Fig. 10

cross sectional shapes prepared with

the method according to the invun-

tion, to illustrate the extensive
applicability of the invention; ¥
a praduction model of the building

unit shown in Fig. 9f produced with
carbonation method according to the

invention.

The apparatus shown in Figs. 1 and 2 contains
a mould designated as a whole with 1, a hopper 2 and a

press mechanism 3 which in the present embodiment,
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comprises a piston 8 moving up and down as indicated by
the double arrow b, having an expanding neck-part, an
actuating mechanism (not shown), and vertical guide rails
9 on both sides of the piston 8 for guiding it while mov-
ing up and down.

The mould space 5 of the mould 1 is confined
by vertical mould plates 4a, 4b of Qidth s (Fig. 2)
situated at a distance a from each other (Fig. 1) and
by similarly vertical, narrow walls (not shown) perpendi-
cular to the mould plates; the apparatus according to
Figs. 1 and 2 is namely used for the production of build-
ing panels 22 of thickness a, whose width perpendicular
to the plane of the drawing (Fig. 1) is determined by the
width of the mould plates 4a, 4b meassured in the same |
direction (value s in Fig. 2), whereas their other
dimension, e.g. the length in the plane of the drawing
(fig. 1) may optionally be selected between practical
limits, The rould 1 is open on its top and bottom; the
inlet port of the mould is marked with reference numher
6, and its outlet purt with 7. The hopper 2 (feed hopper)
is leading into the upper open end of the mould 1, and
the piston 8 in the hopper.fits into the inlet port 6 of
tha mould 1, i.,e.: its cross sectional shape and size are
essentially identical with, suitably somewhat smaller than
those of the outlet port 6.

A bell-shaped protective cover 10 with its
open end 10a turned down is arranged in the hopper 2 above

the mould 1, which covers the guide rails 9 and whose
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lower flange is running in the vicinity of the lower ends
of the vertical guide rails 9. The protective cover 10 is
situated at a distance from the inner surface of the hopper
2 as well as from the outer surfaces of the guide rails 9,
and its outer surface is suitably curved thereby facilitat-
ing downward movement of the raw mixture admitted in the
direction of arraows ¢ toward the inlet port 6 in the
happer 2.

The apparatus includes a gas tank 14 shown in
Fig. 1, containing CD2 gas at a pressure exceeding the
atmospheric pressure, said gas tank being connected through
an intermediate pipe 15 fitted with a shut-off means 15a
to the return pipe 18 leading to the circulating pas pump
16. From the gas pump 16 a farward pipe 17 is leading out
from which leg pipes 17a-17c are branching off fitted with
valves l7a'~17c'. The leg pipes 17a-17c are leading into
distribution chambers 23-25 situated along the mould plate
4b above each other, one of their confining faces being
formed by the outer side of the mould plate itself, and
the chambers 23-?5 are separated from each other by
- expediently gastight - sealings 31. A further chamber
26 is arranged below the chamber 25, being separated from
this latter similarly by sealing 31, and having a deacrat-
ing and gas pressure compensation stub leading out there-
from and fitted with valve 2l1a.

Four chambers are adjoining also the outer
surface of the mould plate 4a marked ~ =moing downwards

from the top - with reference numbers 27-30. Leg pipes
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18a-18¢ arc leading eout from the chambers 27-29, a mano-
meter 19 and one of the valves 18a'-18c' being buili
in each of the leg pines The leg pipes 18a-18c are
connected to said return pipe 18 in which a8 vacuum pump 32
is inserted. A deacration and gas pressure compensation
stub 20 fitted with valve 20a (contru” valve) is leading
out of the lowest chamber 30, The Cﬁambers 27-30 are also
separated from one another by sealings 31.

Holes 12 are passing through the mould plates
4b as clearly shown in Fig 2, while the same holes

M.
wa,

are illustrated with dotted lines in Fig. 1. Thus, the
holes 12 establish gas passage connection between the
mould space 5 and the chambers 2326 and chambers 27-30,
respectively (only chamber 23 is shown in Fig. 2).

The mould 1 is divided into technological zones
designated - going downwards from the top - by I-IV, each
caomprising a pair of chambers 23, 27; 24, 28;, 25, 29;
and 26, 30; the function of these zones will be described
further in the part dealing with operation of the apparatus.

The gas can be injected inteo the mould space
5 not only as shown in Figs. 1 and 2 but also with the
structural solution shown in Figs. 3a, 3b. In this case,
the mould plates 4a, 4b contain a duct system formed
according to the said technological zones I-IV. The upper-
most zone I has two, and each of the zones II-IV has one
meandering hole group 11 for fransmitting the gas, whose

holes 12 are leading out similarly from a meandering gas

distributing duct 13, and which are running In the interior
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of the mould plate 4b. (For the sake of better overview,
only four holes 12 leading into the mould space 5 are
shown in Fig. 3a.) Each gas distribution duct 13 has an
inlet stub 32 connected to one of the leg pipes 17a...17n
(in the present example to leg pipe 17a according to Fig.
3a) leading out of the forward pipe 17. Naturally, valves
17a'-17n' are installed in each leg pipe to adjust in-
dependently the gas pressure of 002 flowing out of each
hole group 11. Duct and hole systiems identical to those
in Fig. 3a, 3b, are to be provided for in the mould plate
43, where the return pipe 18 for each hole group is connected
to the leg pipes 18a-18n.

The chambers 23-26 and 27-30 in Figs. 1 and 2,
as well as the hole groups 11 connected to independent gas
pipes according to Figs. 3a, 3b offer the possibility to
inject the 002 gas into the mould space 5 in the locally
determined zones under different pressures.

Production of the building panel with the
apparatus according to Figs. 1 and 2 (as well as Figs.
3a, 3b) is carried out as follows:

The afterhardening raw mixture containing cement
as binding material is fed into the hopper 2 at a steady
rate and continuously according to arrows c shown in
Fig. 1. The afterhardening material passes downwards to
the inlet port 6 of the mould 1. The piston 8 is kept in
reciprocating motion as indicated by the double arrow b. i
The piston 8 performs about 15-300, mainly 100-150

compression steps per minute, i.e. the up-and-down motion
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of the piston is variable - depending on the building
unit to be produced and/or on the basic material - within
wide limils and it may also be very fast. The cover 10
preventls the raw mixture from passing to the upper end

of the guide rails 9, which would cause troubles in or
inhibiting the run of the piston 8 pressing the afterharden-
ing material from the hopper 2 in between the mould plates
4a, 4b, i.e. into the mould space 5. As a result of this
pressing in, density of the raw mixture increases - due
to the relaxation - to the multiple of the value preced-
ing its compression. Part-quantities of the material in
proportion with the stroke of the piston 8§ fill up the
mould spacc 5, and the carbonated cement-set material
treatled with CD2 gas (or with the CU2 component of a gas
mixtiure) while passing through, leaves the outlet port 7
of the mould 1 in a hardened condition continuously.

The above production technology to be described
subsequently in detail including its phases is enabled
by the factors as follows:

-~ the cement-set raw mixture - prepared
practically by any additive - is always of s poTous
texture. Extent of the porosity depends on the measure of
additive components of the mixture (e.g. size of grain
and/or fibre) and on the compression. Porosity means that
the mixture is permeable to gas and this feature has an
important role in the éarbonation, because the 002 gas

can only be injected in a gas-permeable composition of

materials;
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= the highest internal pressure (stress) in
the mixture arises in the vicinity of the inlet port 6
of the mould 1, dropping as continuously going downwards
in ‘the mould space 5. As a result of the said maximum
internal pressure, the material will become quasi gas-
tight to such an extent, that the 002 gas injected into
the mould space 5 can not escape from the mould through
the inlet port 6. In other words: the gastight condition
of the product is ensured by its still unhardened, but
already cormpacted material.

Returning to the description of operation of
the apparatus according to Fig. 1, the material passed
downwards by the piston 8 through the mould space 5 is
treated in the technological zones I - IV, the carbaona-
tion taking place mainly in zones I - III.

By stamping in the material in the uppermost
part of the zone I in the vicinity of the inlet port 6,

a quasi gastight condition js brought about in the material

- as referred to above - i,e. mechanically by utilizing

also the relaxation force of the compressed material,

the 002 gas injected into the material in the mould space

5 is prevented from escaping through the chamber 23 and

the holes 12 (see also Fig. 2). (Since both the feeding

of the raw mixture and stamping-pressing are continuous,

the quasi gastight core is constantly present in the

upper part of the mould during the whole process aof pro- ‘

duction, by way of continuous reproduction). Effect of
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the mechanical compaction (though at a8 downwardly decrease-
ing extent) extends to the whole zone I, the value of the
relaxation force is high, thus, a fairly high gas pressure
and/or the use of vacuum from the wall 4b of the mould are
required for injecting the C02 gas into the pores of the
raw mixture; so to say the CO2 gas h?s to be pressed into
the pores of the mixture. The required gas pressure, e.g.

6 bar can be set with the valve 17a' (Fig. 1). The
efficiency of injecting the CO2 gas into the mixture can

be improved by using the vacuum pump 32; in this case the
valve 18a' is open., The pressure conditions of the gas
flowing through can be controlled with the manometer 19
built into the leg pipe 18a, and the valves 17a', 18a' are
adjustable as necessary. By use of a vacuum of e.g. 0.5 bar
a differential pressure is brought about on the inner faces
of the mould plates 4a, 4b, whereby the transversal gas
flow from the mould plate ib towards the mould plate 4sa
will obviously become more intensive, and the pores of the
mixture will evenly be filled with C02 gas in the whaole
cross section.

The pores of the mixture in zone I will be
filled up with 002 gas, while the unnecessary gas of lower
pressure (e.g. 3 bar) entering the chamber 27 through the
holes 12 of the mould plate 4b returns through the leg
pipe 18a and the return pipe 18 into the gas cycle. Direc-
tions of the gas flow through the pipes shown in Fig. 1
are marked with arrows, while path of the gas passing from

the leg pipe 17a into the chamber 23 in Fig. 2 is marked
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by arrow e, and the path of the gas flowing through the
holes 12 into the mould space 5 is marked by arrow f.
The same marks e and f were used in Figs. 3a and 3B
accordingly. It is noted that the gas injection method
5 according to Figs. 3a, 3b offers the possibility that it
is sufficient to inject gas under a lower pressure,
e.g. 5 bar into the mould space 5 through the second hole
group 11 from above (Fig. 3) in the lower range of zone I,
where the compacting effect of the piston 8 is less
sete 10 effective and the material has a less density (the inter-
o nal stress of the compacted mixture - as referred to -
is at a maximum on the upper end of the zone I, then it

gradually drops when going downwars); in this case, the

pressure of the remaining discharge gas is about 2-3 bar.
15 In any case, the pressure of the CD2 gas injected into
the zone I has to be selected so as to prevent it from
‘é escaping through the compacted layer of material situated
cer above the zone I in the vicinity of the inlet port 6 of
the mould 1. Since a guasi gastight condition exists also
G20 between the inner faces of the mould plates 4a, 4b and the

o E mixture, the CU2 gas can not escape from the mould space

l

|

’ 5 along the mould plates either. Injecting the gas into

%ﬁf the zone I under two different pressures has the further
advantage that the low-pressure gas cannot flow from below

25 upwards to the inlet part 6, because this is prevented by
the higher pressure gas forcing the low pressure gas
towards the opposite mould plate 4a, i.e. to a transversal

passage through the mixture.
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The chemical reaction between the C02 0ss and
the cement - i.e. the carbonation - just begins in zone
I, but it takes place explosion-like (instantancous re-
action) in zone II. The chemical reaction consumes the
CO2 injected into the zone I, the pressure drops, and
vacuum would develop in the material unless. the CD2 is
replaced. Therefore, continuing the injection of 002 into
the zone II through the leg pipe 17b and the chamber 24,
the CD2 gas consumed in the zone I during the chemical
reaction, is replaced. In zone II, the CO2 gas is injected
under a lower pressure still exceeding the atmospheric one
e.g. at 4 bar ( 1t 1is unnewessary to press the gas under
into the pores of the mixture, at a higher pressure), which
floving through the material, passes into the chambher 28
under a pressure not more than ahout 2 bkar and returns to
the gas cycle through the leg pipe 18b and the return pipe
18. By correct adjustment of the valve 18b', vacuum can be
applied also in the zone II, but this is not essential,

Hardening of the mixture begins at a lesser
extent already in zone I, while in the zone II its intensi-
ty completely stops the relaxation force. Thus, the build-
ing panel 22 (Fig. 1) in state of hardening is capable
to pass downwards in the mould 1 unobstructed and conti-
nuously, the material is not pressed against the walls of
the mould as in the upper part of the zone I (where the
compressive force produced by the piston 8 forces down-
wards the stili unhardened raw mixture). As a result of

the chemical reaction of carbonation, vacuum will develop

v —
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in the material.

The pressure of the 002 gas injected into
the zone III is further reduced,gas at a pressure of
e.g. 1 bar is fed thereto. T he carbonation process in
this zone is practically completed. The amount of the
gas admitted to the zone III shall cover the still miss-
ing gas required for the whole carbonation reaction,
This way, the detrimental loss of €o, - adversely
influencing the economic efficiency of the process -
can be prevented at the lower end of the mould space 5,
i.e, at the outlet port 7, where the compressed, al-
ready carbonated partly hardened material passes into
the open air, merely by bringing about appropriate pres-
sufe conditions in the zone III, in other words: here
is fed only a minimum amount (pressure) of the C02 gas.
The pressure of the remaining 002 gas flowing into the
chamber 29 (if no vacuum exists) is not much lower than
the pressure of the admitted gas, e.g. 0.8 - 0,9 bar.
Thus the carbonation reaction is safely caompleted. It
is noted, that a vacuum of e.g. 0.5 bar can be brought
about with the pump 32 also In the zones II and III in v
order to intensify the transversal gas flow in the
chambers 28, 29.

Zone IV is a balancing zone where no €0, gas
is fed to, here practically no chemical reaction takes
place., Into the chambers 27 and 30 the CO, gas flawing
eventually hereto along the mould plates 4a, 4b flows

gutwards from within,the amount and pressure of which
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weré selected in the zone 1III so és to be sufficient for
completing the carbohation reaction. If the pressure of
gas was correctly sélected in the zone III., the gas should
just blow out through the control valves 20a, 2la. Thus,
with the aid of these contrel valves 20a, ?21a the pressure
of the CO2 gas can be balanced in the zone IV. Consequently
the production technology does not eatail any over-
consumption of 002, because practically no perceptible
amount of gas escape either on the top or the bottom of
the mould l; which is a significant factor_for the econo-
mic efficiency.

1f, however not pure C02 gas:but a gas mixturé
was used fdr the carbonation that contains CD7 only in
part (e.g 30 %), the neutral gas component(s) is (are)
not used up for the carbonation reaction. and in this case
fhe.amount of gas (air) emitted through the contrﬁl valves
20a, 2la may also'be.fairly large, and in this case the
valves 20a. 2la function as air vent,

Although the individual phases of the carbona-

tion process are realized separately from one another

- in space and time, the whole process of production is

continuous, since the material to be moulded and hardened
td building panel passes through the mould Spade 5
continuously. The building panel 22 discharged continuous-
ly in infinite length through the outlet port 7 is cut to
size by the transversal saw 21 its operafidn'being
synchronized with the pressing rate, thus, there are

obtained'pattially hardened building panels - having e,g‘
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a strength.representing about 30% of the 28-day-strength
which can be further cured by any known method - by
artificial ageing of by allowing to stand.

Cross section of the building panel 22 produced
with the apparatus according to Figs. 1 and 2, is shown in
Fig. 9a but it is easily conceivable that with the aid of the
process and apparatus according to the invention, any
optional cross section of the building units can be produced
- within practical limits = by an appropriate selection of
the cross sectional shape of the mould space and the piston,
Cross section of the building unit 30 according to Fig. 9b is
wedge-shaped, while the building unit 31 shown in Fig. 9c is
of wavy-sgape. A trapezoid building unit 32 is shown in Fig.
94d. In fact, the production of a hollow building unit is
also possible with the aid of the invention. The element 33
shown in Fig. 9e has an annular cross section whose circular
hole is marked with reference number 33a. The rectangular
building unit shown in Fig, 9f has two cavities 34a and 34b.
Naturally the production of hollow building units requires a
suitable mould to form the cavities; the construction of the
mould structure for the building element according to Fig. 9f
is shown in Fig. 10. Ducts and holes are formed in the outer
mould frame 34 as well as in the walls of the hollow internal
mould cores 36, 37 (the cavities are marked with reference
numbers 36a and 37a) = similarly as shown in Figs. 3a, 3b-
for injection of the CO; gas, or for putting it through the

material passing through
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the mould. A possible way of having the gas flown is shown
in Fig. 1 by arrows, but for the better overview, illustra-
tion of the ducts and holeé is omitted.

Moreover, the amount of CU2 gas required for

5  carbonation is always proportionate to fhe.quantity of

cement used according to the given formula, making out
about 8-10 mass % thereof. The gas mixtpre used for carbona-
tion - if not pure co, i's used - should contain expedient-

ly at least 30 % of 002’

Lo, The inventicn is described in further details
.:%:' by way of examples as tollows:
o Examote 1
::::f 20 mm thick, 60 x 100 cm building panels are
:;;:‘ produced with the'précess according to the invention using
; £5 the apparatus shown in Figs. 1 énd.ze Composition of the
% I raw afterhardening mixture to be moulded by pressing and
% .LEE, treated with carbonation is the following:
? e cement 42 mass %
é o caustic lime 2z
g 20 | quartzsand R "
i 'i:% water | 14 " ;
; .o Fig, 4 illustrates the trend of the internal
:f stress (pressure) P and the density R, as a function of
‘ the time Coﬁsequent upan campression in the mixture not
25  containing elastic (organic) additive-component. In the

initial phase of the preSsing process both the internal .
stress and the density are rapldly increasing, but after

a short time, increase of the density slows down, the curve

i
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R, is nearly parallel to the axis cf time (it hardly

approches to the latter) while the interwal stress P
upon reaching a maximum, remains essentially constant
for a short time, then it rapidly droos, Thg internal
stress at the intersection M of the curves P and R is
only as high, at which the density R of the mixture
practically would not change even if the compressive
force was stopped. (Moreover, the pressure and density
of all those afterhardening mixtures are characterized
hy curves similar to the graph in Fig. 4, the moisture
content of which is at most 50 % and their additives are
inorganic, rigid materials e.g. sandy gravel, gravel,
siliceaus aarth,‘fibreglass etc.).

The pressure conditions - i.e. trend of the

‘internal stresses - as a function of the time, arising

while pressing in the mixture described in this example,

“with the reciDDQCating piston 8 of the apparatus as shown

in Figs., 1-3, are illustrated‘with the set of curves
according to Fig. 6. Each curve P represents the inter-
nal stress-influence line of the compression performed
with each‘piston stroke. Fig{ 6. clearly shows that in
the uppermost layer of the mixture in the mould space §
(Fig. 1) always the game - and maximum - internal stfess
prevails, and it exists continuously, because the upper
harizontal parts of the curves P (see also Fig, 4) are
practically passing‘ihto one another. Thus, as a result
of the mechanical pressing process 1in this upper laygr
of the material, the quasi gastight condition is ehsured
until the piston 8 of the apparatus stamps the mixtufe



+

10

15

25

...26—.
into the mould 1.

The CO, gas is injected into the material being

present in the mould 1 and moving downwards in zones I-III

under the following Pressure:

Zone I: entry 6 bar
exit 3 bar

Zone Ii: | entry 2 bar
exit 1 par

Zone III: entry 0.4 bar

exit - 0 bar

The gas incidentélly flowing down from zone IIT
along the inner faces of the mould plates is emitted in the
balancing zone IV; the amount of gas may.be only at minimum._
The material passes through the mould spacé 5

continuously at a rate of 1.0 m/sec.
The gas pressure, path and time diagram in Fig. 8-
where v ié the velocity of the material moving down in the
mould, RO ié the density 6f the afterhardening mixture, and d
is the thickness of the pfoduced‘building panel - proves that
the material passes through zone I -.where the pressure of
CO, gas is at the maximum (6 bar) -~ in about two miﬁutes,
whereas its passage through the zones II and III takes barely
one minute, while the gas pressure gradually drops to zero,
and the gas do not has any'0verpreSSure in zone 1IV. The
curve in Fig., 8 represents the dinternal relaxation force

proportional to the éompressive force produced by the piston,

in othexr words,
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the intensity of the force required for compaction and
passing on the material to be pressed is always proportio-
nal to the relaxation force affecting the sides of the

mould.

The bending strength of the material leaving
through the outlet port 7 of the mould 1 is about 35 kp/cm?
(about 30 % of the final, 28-day-strength), and its density
is 1250 kg/mB. The panel material continuously leaving
the mould is cut according to the planned size With a
cutting disc, The panels partly hardened by carbaonation
are‘stored standing on their edge.
| Example 2

14 mm thick, 163 x 1250 x 4000 mm hollow
building units are produced with the process according

to the invention using the apparatus as shown in Fig. 1-3.

Composition of the raw aftephardening mixture to be

shaped by pressing and treated by carbonation is the

following:
cement ‘ 58 mass%
wéterglass ‘ 1 0
woodshavings 14 "
water - 24 i
caustic lime 3 0

Fig. 5 illustrates the trend of internal‘stress
(pressuré) P and dansify R, as a function of the time
consequent upon compression of such mix{ure - not con-
taining any elastiq (organic) additive-component. (Similar

curves are obtained if instead of woodshavings other
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elastic, organic additive-components, e.g. cellulose,
vegetable fibres, vegetable scrapings, synthetic fibres,
etc., or a mixture containing their optional combination
are used for preparation of the mixture.) In this case,
the internal stress P - upon reaching a maximum value and
when the corresponding horizontal or ‘essentially horizon-
tal curve-section is longer than the corresponding part
of curve P in Fig. 4 - drops only at a slow rate, main-
taining the compressive. force over a longer time is required
to keep the density _R0 on a constant value. VWhen the
compressive force is stopped (before hardening of the
material) the internal stress existing in the mixture
would result in a decrease of the density, because the
material would spring back (relaxation effect).

If the raw mixture of ahove composition was
pressed into the mould 1 with the reciprocating piston
8 of the apparatus shown in Figs. 1 and 2, the pressure
conditions according to Fig. 7 develop in the mixture.
The horizontal section of the internal stress-influence
lines P corresponding to each piston stroke in this case,
too will paés continuously into one another, i.e. always the
same, maximum stress will prevail in the mixture in the
vicinity of the inlet port 6 of the mould space 5 until
the material is continuously stamped by the piston 8 in-
to the mould 1. This way, due to the mechanical compaction,
the quasi gastight condition is ensured during the process
of production.

Pressure of the gas injecter ‘ato and emerging
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from the zones I-III is the same as the one shown in Example
I and also the gas pressure, path and time diagram is similar
to that of Fig. 8, however, the volume weight and strength of
the end-product - consequent upon the difference appearing in
the additive - are lower.

The main advantage of the invention is that it
enables continuously the large-scale production of building
units, the strength of which, when discharged from the mould,
is at least 30% of the final (28-day) strength, thus, their
production is extremely efficient and economical. A further
advantage is the simplicity of the apparatus according to the
invention, consequently its cost of investment is relatively
low, and it is suitable for the production of units from a
raw mixture containing either elastic (fibrous), or solid
granular additive,

Naturally, the invention 1is not 1limited to the
above described examples of the process and to the
illustrated and explained embodiments of the apparatus, but
it can be realized in many ways within the protective scope
defined by the claims. The mould should not necessarily be
of an upright position, the building units may be produced
also in an inclined or even in a horizontal mould. The
process can be realized according to several formulae
different from those described in the examples. The method
of passing the gas through the material in motion is
realizable in many ways different from the one described in
the foregoing deviation from those described above is
conceivable according to several other aspects, without

overstepping the protective scope defined by the claims.
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:

1. A process for the preparation of bodies or building
units from an.afterhardening mixture containing cement and/or
lime.as.binding material, as well as additives and water, in
the course of which the still not hardened mixture is
admitted into a mould, where carbonétion reaction is brought
about by the injection of CO_ gas into the mixture through a
mould face and thereby the mixture is hardened, characterised
by'pressing'the after hardening mixture continuously through

a mould space in the. mould which is open at both ends, while

'CO% gas is injected into the mixture under pressure reducing

“from an inlet port of the mould towards an outlet port of the

mould, and a quasi gas tight plug of mixture is formed by
cémpaééiqn of.the mixture within the mould.iﬁ the vicinity of
the inlet port, and a quaéi gaé tight condition 1is brought
about between this plug and the mould ﬁace, furthermore'in
the vicinity of the outlet port as much amount of COY2 gas is
injected into the mould as necessary for full completion or
substantially full completion of the chemical reaction of
carbonation, |

2. Process according to claim 1, characterized by
staméing~pressing the after hardening material into the mould
space with a recipfoc&ting device.

3. Process according to claim l.or 2, characterised by
injecting the CO_ gas into the mould space at least through

one mould face under pressure exceeding the atmospheric
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pressure, and when passed through the afterhardening material
the gas of reduced pressure and amount is discharged from the
mould space at least through another mould face, and/or
vacuum is applied to at least one face of the mould space,
and this way the CO, gas is made flow through the material,
or its flow is intensified.

4. Process according to any of claims 1-3,
characterised by injecting CO, gas at a pressure of between
3-6 bar into the pores of the mixture in a first zone (I)
following the compacted layer of material in the vicinity of
the inlet port, then - looking in the direction of the
material's movement - in a second zone (II) where an
instantaneous reaction of carbonation takes place CO, gas
under a lower pressure of between 2-3 bar is injected, the
amount of which is equivalent to the gas consumed by the
reaction, thereby providing for the continuation of the
carbonation reac¢tion, then in a third zone (III) CO, gas
under even lower pressure of '1-2 bar is injected into the
mould space, whereby substantially full completion of the
carbonation reaction is realised.

5. Process according to any of claims 1-4,
characterised by creating a balancing zone (IV) in the mould
space situated directly behind the outlet port of the
material hardened by carbonation, where the gas outflow is
chec.ked, and the gas injection into the zones (I-III) behind

the balancing zone (IV) 1s carried out as a function uf the
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outflowing amouht énd/or pressure of the gas.
6. Process according‘to any of claims 1-5,
characterised by‘cutting to size the catbohation—hardened
body lea?iné the mould space,
7. Process accdrding to any of‘claims 1-6,
charaéterised by injecting CO, gas into the mould space with
a gaé mixture, containing at least 30% of CO_ gas.
8. Process according to any of claims 1-7,
charactérised by injeéting CO, gas into the raw mixture prior
to feeding this latter into the mould.
9. ‘ ‘An apparatus for the continuous proauétion of
bodies or building units from an afterhardeniné mixture

containing cement and/or lime as binding material, as well as

‘additive and water, by its carbonation, said apparatus being

provided with a mould having a mould space, a CO, gas-source
and holes in at least one wall of the mould, suitable for

injection of CO, gas into said mould space, at a pressure

‘exceeding atmospheric pressuxe, characterised by the mould
*

having an inlet port for admitting the raw afterhardening

mixture, and an outlet port for discharging the mixture

hardened by carbonation, a plurality of‘separate zones

disposed between said inlet port and said outlet port; a

press mechanism situated in front of said inlet port for
pressing the raw afterhardening mixture into the mould space
and for forming a quasi gas tight plug of mixture within the

mould in the vicinity of the inlet port, said press mechanism

ey
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also adapted to press the raw afterhardening mixture into the
mould space and moving said afterhardening mixture as well as
sdaid mixture hardened by carbonation through gaid mould
space; the holés leading into the mould space serving for
inlet of the CO, gas being dividéd into separate hole groups
which communicate with gas injection devices sﬁitable for
ejecting COo, gas, at preSSu;es_to be separatély controlled
for each said zone.

__10. Apparatus according to claim 9, cﬁaracterised by
discharge holes proQided in at least one Wall of the mould,
for emitting the co, gas_remaining - in a given case - after
the completed carbornation reaction, said discharge holes
expediently communicating with pipes cénnecting the CO, gas;
source, with the mould containing the holes for injectiﬁg co,
gas into the mould space.

11, Apparatus according to claim 10, characterised Dby
having a forward pipe for injectinq'coé gas into the mould
spéce, and a return pipe for recirculating into the forward
pipe the CO, gas ﬁemaining - in a given case - after the
completed carbonation. reaction; a'gaé pﬁmp being connected to
the forward pipe intd which also the return pipe is leading,
and - in up-stream direotion of the gas flow - before the
pump a pipe leading out of.thé Co, gas-source, and fitted
with a shut~off means being joint to the return pipe; and
the forward pipe being interconnected through leg pipes

containing valves with separate hole groups on the gas-
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injection side, while leg pipes fitted also with valves and
leading from the hole groups into the return pipe are
provided for discharging the gas remaining - in a given case
- after the completed carbonation reaction.
12, Apparatus according to claim 11, characteriéed by a
vacuum pump being inserted into the return pipe.
13, Apparatus according to c¢claim 11 or 12,
characterised in that the hole groups on both the gas inlet
side and the remaining-gas outlet side are leading into
separate closed chambers fitted expediently gastight to the
outer face of the mould plates.
14, Apparatus according to any of claims 11-13,
characterised in that the hole groups are leading from ducts
running inside the mould plates into the mould space, each
duct communicating with one of the leg pipes leading out of
the forward pipe, and with one of the leg pipes leading into
the return pipe, respectively,
15. Apparatus according to any of claims 9-14,
characterised by means being provided behind the outlet port
of the mould for cutting up the carbonation-hardened body
leaving the mould space,
16. Apparatus according to any of claims 9-15,
characterised in that chambers covering at least one of the
hole groups are fitted to the outer side of the mould plates
in the vicinity behind the outlet port of the mould.

17. Apparatus according to any of claims 9-16,
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characterised by the press mechanism containing a
reciprocating beater, the cross sectional shape and size of
which is the same or essentially the same as those of the
inlet port's of the mould.
18. Apparatus according to claim 17, characterised in
that  the mould is of vertical arrangement the reciprocating
beater is fitted between guide rails, the guide rails are
covered with a bell-shaped protective cover, the lower flange
of which runs in the vicinity of the lower edge of the guide
rails; and an opening is provided for between said lower
flange and the guide rails; and the actuating mechanism
together with the protective cover is situated in a hopper
for feeding the raw afterhardening mixture into the mould,
said hopper leading to the upper end of the mould space.
19, A process for the production of. articles from a
composition containing cement and/or lime.substantially as
hereinbefore described.
20. An apparatus for the production of articles from a
composition containing cement and/or lime substantially as
hereinbefore described with reference to the accompanying
drawings.
DATED this twenty-sixth day of  July 1990,
FAKOMBINAT SZOMBATHELY
By Thelr Patent Attorneys

CULLEN & CO
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