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DESCRI PTI ON

“OBTAI NI NG CaO- MgO BI NDERS AND CONSTRUCTI ON PRODUCTS W TH
REUSE OF SUBPRODUCTS AND/ OR RESI DUES AND ABSCRTI ON OF
CARBON DI OXI DE”

Field of the invention

The present invention pertains to the civil construction
i ndustry, nanely the devel opnment, production and application

of construction nmateri al s.

Summary of the invention

The present invention pertains to the devel opnment of CaO MyO
bi nders and construction products, essentially conprising
subproducts and/or residues rich in calcium and magnesi um
whi ch harden with the absorption of carbon dioxide, under
constant anbient conditions of humdity, tenperature and
pressure. The CaO MyO bi nders, containing high content of
reactive CaO and/or MO, are obtained by crushing and fine
gri ndi ng the subproducts and/or residues. The construction
products are obtained by nolding and conpression of the
m xture of binders with subproducts and/or residues having
di fferent granul onetry and residual non-potable water. The
process of hardening is carried out by recircul ating carbon
dioxide in aclosed circuit, followed by drying the products.
The construction products may include other residues and

materials containing silica and al um num
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The binders and products conprised of subproducts and/or
residues rich in calcium and magnesi um and hardened w th
absorption of carbon dioxide have superior mechanica
resi stance to equival ent construction products obtained with
Portland cenent. The manufacturing process of the products
does not require the use of potable water as in obtaining
equi val ent construction products produced with Portland
cenment. Accordingly, the objective of the present invention
is to partially or fully replace the use of Portland cenent,
besi des reducing or elimnating the use of potable water, in

the production of civil construction materials.

The tinme required for total hardening of the products,
obtained with the absorption of carbon dioxide in the
m xtures of subproducts and/or residues, is ten tinmes |ower
than the tinme needed for hardening equival ent construction
products produced with Portland cenent. Therefore, the
present invention is useful for accelerating the process of

produci ng construction materi al s.

The process of obtaining CaO MgyO binders and construction
products with reuse of subproducts and/or residues and carbon
di oxi de can be used in the production of all and any type of
construction product for structural and non-structural
applications, containing Portland cenent or other types of
bi nders, replacing thempartially or fully.

Therefore, the present invention is useful for the entire
civil construction industry by reducing the need to use
cenment, sand and natural gravel, and the consunption of
potable water in the civil construction industry, reducing
the disposal of subproducts, residues and carbon dioxide
into the environnent, accelerating the speed of production



10

15

20

25

30

and increasing the nechanical resistance of the civil
construction materials, besides contributing to the Grcular
Econony and objectives of Sustainable Devel opnent. Thi s
i nvention can be applied in the production of all types of
civil construction products, nanely conposite material s that
use a binder in the mxture, such as, for exanple, cenent,

partially or fully replacing it.

State of the art

The absorption of carbon dioxide in certain materials
cont ai ni ng namely cal cium or magnesium also referred to as
carbonation, is a chem cal process that occurs in porous
nmedia, with humdity on the inside, when subject to an air
envi ronnment containi ng carbon di oxide (C%), giving rise to
carbonates as products of this reaction. For exanple, in
Portland cenent concrete, the carbonation results fromthe
reaction of cal cium hydroxide with the carbon dioxide from

the air, formng cal cium carbonate and wat er

Carbonation is a natural process which nay occur over sever al
years, since the concentration of CO in our atnosphere is
| ow. However, the carbonation reaction process can be
accelerated in an environment with high CO content, which
enabl es the residues or subproducts rich in calcium and
magnesi um when mxed with any liquid, to produce the
carbonates in an accel erated manner, causing a significant
increase in the mechanical resistance of the mxture and
enabling the production of binders and construction
products.

Inthis regard, reference is nade, for exanple, to the study
by Hunmbert, P. and Castro-Gonez, J.P. (2018) published
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recently, about the potential and challenges of the
devel opnent and use of a free binder of Portland cenent
activated by carbon dioxide. In this investigative work it
was used an electric furnace slag of Siderurgia Nacional

rich in calcium and magnesi um which was ground to a size
| ess than 45 um conpacted and subject to carbonation in an
envi ronnment contai ni ng 100% of carbon di oxide for 72 hours.
After this period, it was found that the activated binder
obt ai ned conpression resistance results between 69 and 74
MPa, meking it possible to characterize this nmaterial as a
potential replacenent for Portland cenment for structural
pur poses, whether for pre-fabricated constructive el enents
or structures made of normal or high-strength concrete,
nol ded in situ. The potential benefits for the environnent,
the challenges of applying and integrating the product on
the market, as well as future research necessary for studying
the economc viability of production on an industrial scale
of this new technology, were also discussed in this work
[1]. The present invention differs fromthis study in that
it allows the binders to be mxed with subproducts or
residues having different granulonetry and the use of
resi dual non-potable water. Mor eover, the binders and
construction products my include other residues and

materials containing silica and al um num

Pat ent US20170073270A1 di scl oses a bi nder conposed of steel
slag and water, activated by CO, which may conprise a single
type or a mxture of various different types of steel slag.
Whereas in the present invention the binders and construction
products can be obtained with any type of industrial residue
rich in calcium or magnesium and also does away with the
need to use potable water and rather residual water com ng

from processes, non-potable water in general or sea water.
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Thi s enabl es the reuse and correct val uation of a wi der range
of subproducts and residues that are intended to be di sposed
of in landfills or subjected to treatnents with a view to
recycling.

The sane docunent US20170073270A1 di scl oses that the slag is
mxed wth glass recycled from fluorescent |anps and
di scl oses a thermal treatnent to enhance the performance of
a certain type of slag, whereas the present invention uses
crushed glass recycled from soft drink bottles and other
dri nks or other types of glass residues. Additionally, in
the present invention it is possible to use al cohol, sodium
chl ori de and sodi umbi carbonate, as additives in the m xtures
of the binders with subproducts or residues having different
granul onetry, enabling an increase in the process of gain in
resistance of the <construction products, any therna

treatment being dispensable, and wthout any type of

addi ti onal power usage.

Docunent US20170073270A1 al so discloses that in finalizing
the curing process, the products are renoved from the
carbonation chanmber, not being concerned with the residua
CO contained in said chanber and, accordingly, since it
refers to a technology that captures CO, its potential for
reduci ng carbon di oxide em ssions is restricted, whereas the
present invention envisages the use of a vacuum punp to
renove the residual CO, frominside the chanber and store it
tenporarily in a secondary reservoir destined for residua
C%, which constitutes a closed circuit of CGO. Put
ot herwi se, the process of hardening can be carried out by
recircul ating carbon dioxide in a closed circuit, followed
by drying the products. It is thus possible to increase
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further the negative bal ance of CO, em ssions throughout the
i ndustrial process.

Pat ent US20170073270A1 di scl oses the heating of CO at the
point of injecting it into the carbonation chanber and the
performance of additional curing with water whereas the
present invention discloses a carbonation chanber and a
conpl enentary curing chanber, both wth controll ed
tenperature. A perceptible increase in the process of gain
in resistance of the construction products is thus nade

possi bl e.

General description of the invention

The present invention refers to obtaining CaO MyO bi nders
and the production of construction products conposed of
subproducts and/or residues rich in calcium and/or
magnesi um i ncludi ng non-potable water (residual, fromthe
sea or polluted river), additives (sodium chloride, sodium
bi car bonate or al cohol) and materials containing silica and
al um num (such as crushed gl ass) the hardeni ng being carried
out by the absorption of carbon dioxide, and which are
obt ai ned by nol di ng and conpressi on.

The production of the CaO MO binder is obtained by
mechani cal treatnment (crushing, grinding and pul verizati on)
and by separation (sifting) of the subproducts and/or
residues so as to select only the finest sizes performng
better in the carbonation reaction sufficient for hardening
t he products.
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The construction products are obtained by m xing a CaO MO
bi nder with additives, aggregates (of natural or residua

origin) and/or subproducts/residues, wth different sizes,

and non-potable water, and nmay al so contain Portl and cenent,
the production thereof being carried out by conpression
nmol ding or vibro-conpression, followed by absorption of
carbon dioxide in an environnment with high concentration,

under controlled humdity, tenperature and pressure
conditions. After carbonation of the products, they undergo
a drying process, and the residual carbon dioxide of the
system is stored in a secondary reservoir included in a
system of recirculation of carbon dioxide in a closed

circuit.

The conpression nolding of the mxture should be done
according to the characteristics of the end product, which
may be any pre-nolded or pre-fabricated elenent wth

applications in civil construction.

Description of the Draw ngs

Ahead is a detail ed description of the drawings relating to
the process of obtaining CaO MgO bi nders and construction
products with reuse of subproducts and/or residues, wth
absor ption of carbon di oxi de.

Figure 1. Schematic representati on of the general process of
obtai ning construction products wth reuse of subproducts
and/ or residues and absorption of carbon dioxide.

Wherein (5) represents a dosage and m xture of binders and
resi dues and/or subproducts with different granulonetry,
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with different traces, and with non-potable water in varying

anount s.

Wherein (6) represents the process of nol di ng and conpr essi on
of the mxture, for exanple by vibro-conpression, for
obtaining a certain product.

Wherein (7) represents the curing and hardening systemwth
absorption of carbon dioxide of the nolded and conpacted

products.

Wherein (12) represents the step of drying the conpacted

product after hardening.

Figure 2: Schematic representation of the process of
obt ai ning CaO- MyO binders with reuse of subproducts and/or

resi dues

Wherein (1) represents the step of crushing and fine grinding
of the subproducts and/or residues rich in calcium and

magnesi um

Wherein (2) represents the step of separation and sifting
the ground particles (less than 250 um of the subproducts
and/ or residues.

Wherein (3) represents the process of obtaining CaO MO
bi nders additivated with other fine residues and rich in

silica and al um num naterials and/or Portl and cenent.

Wherein (4) represents the process of obtaining CaO MO
bi nders additi vated with sodi umbi carbonate, sodi umchlori de
or al cohol .
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Figure 3: Schematic representation of the procedures for
obtaining different products (e.g. blocks, kerbstones,
bricks) with different dosages/traces of m xtures.

Wherein (5) represents a dosage and mxture of CaO MO
bi nders (sinples or additivated) wth residues and/or
subproducts with different granulonetry, for different
dosages/traces, and wth non-potable water in varying

anount s.

Wherein (6) represents the process of conpression nol di ng of
the mxture, for exanple, by vibro-conpression, for

obtai ning a certain product.

Figure 4: Schematic representation of the curing and

har deni ng systemw th recircul ati on of carbon di oxi de.

Wherein (8) represents the placenent of conpacted products

into a curing chamber

Wherein (9) represents the step of renoving the existing air
and injecting carbon dioxide into the curing chanber.

Wherein (10) represents nmmintaining the constancy of the
hum dity, tenperature and pressure conditions, in the curing
system during the hardening tine.

Wherein (11) represents the step of renpval and storage in
a secondary reservoir of the carbon dioxide existing in the
curing chanber and injection of outer air.
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Wherein (12) represents the step of drying the conpacted
product after hardening.

Figure 5: Exanple of a typical result of the Fourier-
transforminfrared spectroscopy assay with attenuated total
refl ectance (FITR-ATR), relating to a sanple of Ca0O MO
bi nder, before and after the hardening by absorption of
car bon di oxi de. Werein the absorbance peaks, relating from
the C- O bonds, of the wave nunber 875 cm! and of the interval
of wave nunbers between 1399-1418 cm?l, show the formation
of cal cium carbonates (CaC). And the absorbance peaks
relating to the Si-O bonds, of the interval of wave nunbers
bet ween 995-1000 cm?!, show the formati on of hydrated cal ci um
silicates (G S-H).

Figure 6: Average results of conpression resistance assays
(presented in MPa) carried out on test bodies produced with
m xtures of CaO MO binders and non-potable water, wth
different additives (alcohol, sodium chloride and crushed
glass). Werein the results with CaO MyO bi nders (obtai ned
in the following conditions: maxinmm dianeter of the
particles of CaO MyO bi nder = 45 pnm non-pot abl e wat er/ CaC
MyO binder ratio = 0.1; Static conpression pressure of 30
MPa, Curing and hardeni ng tenperature of 60°C; Carbon di oxi de
pressure of 2.5 Bar; Concentration of CO = 100% Hardening
time = 24 hours; Dosage of alcohol = 10% substitution of
non-pot abl e water; NaC content = 20 g/L; Dosage of crushed
glass = 5% of the total nass of CaO MyO bi nder) are conpared
with the average result of conpression wth equivalent
m xture of Portland cenent type | of class 32.5 (obtained in
the follow ng conditions: water/cenment ratio = 0.45; Curing
time = 28 days).

10
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Det ai | ed description of the invention

The detail ed process of obtaining binders and construction
products with reuse of subproducts and/or residues, wth
absorption of carbon dioxide, consists of the steps and
procedures set out ahead in subsections a) to Q). The
sequence of subsection a), b) or a), c) or a), d) constitutes
the sequence of steps needed to obtain CaO MgO bi nders and
CaO-MJO binders with additives. The sequence of subsection
e), f), g) constitutes the sequence of steps needed to obtain
construction products wth reuse of subproducts and/or

resi dues, with absorption of carbon dioxide.

a) Crushing and fine grinding of the subproducts and/or
resi dues and separation and sifting of the subproducts and/ or
residues with size |less than 250um for obtaining CaO MgO
si npl e bi nders;

Initially, to obtain CaO- MO bi nders the sub-product and/or
residue (nanmely the sub-product and industrial residue),
rich in calcium or magnesium can be crushed and ground.
The purpose of crushing and grinding is to nmake its particles
finer, wwth a size less than 250um which may be separated
by sifting to be used as binder, because being finer they
have greater reactivity to the carbon dioxide, given their
hi gh specific surface. The processes of crushing, grinding
or pul verization can be carried out with any equi pnent havi ng
such purpose. The portion of particles larger than 250um
wi || be used, subsequently, as aggregate of the m xtures to
obt ai n products.

11
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b) Addition of additives to the CaO MyO bi nders, nanely ot her
fine residues and/or silica and alumnumrich materials

and/ or Portl and cenent;

c) Addition of additives to the CaO MO binders, nanely
sodi um bi car bonate, sodium chloride or al cohol;

d) Mxture of CaO-MgO binders wth subproducts and/or
residues with different granulonmetry and residual non-

pot abl e wat er.

After grinding and sifting, the sub-product and/or residue
that will be used as CaO- MO binder, be it a single sub-
product and/or residue, or mxture of subproducts and/or
residues, can also be mxed with additives, wth the
obj ective of increasing the nmechanical resistance of the end
product . Preferably, the mxture of additives should be
made directly with the binder prior to conbining it with
non-potable water, so as to increase the honpbgenous
di spersion thereof in the m xture. Alternatively, additives
can be conbined after mxing the CaO MyO binder with non-
pot abl e wat er.

The additives can be fine residues and/or silica and
alumnumrich materials and/or Portland cenent. The
addi tives may al so be sodi um bi carbonate, sodiumchl oride or
al cohol .

The maxi num percentage in mass of powder additives is 40% of
the mass of the CaO MygO binder in dry state, the recommended
addi ti on percentage bei ng under 10%for inproved perfornmance
in terns of nechanical resistance. The glass recycled from
bottles, after fine grinding, is an exanple of an additive

12
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material, rich in silica and al um num which can be added to
t he bi nders.

The maxi num quantity of additives can also be determ ned by
concentration of granms of additive per liter of non-potable
water. In this case, the maxi num dosage of sodi um chloride
should be less than 50g/L, the maxi num dosage of sodium
bi car bonat e shoul d be I ess than 10g/L, and t he maxi nrumdosage
of al cohol should be |ess than 300g/L.

To obtain construction products, which after nol di ng harden
with carbon dioxide, mxtures are produced with CaO MO
bi nders (plain or with additives) and subproducts and/or
residues, with different granulonetry, and wth residual
non- potable water, in different dosages. The non-pot abl e
wat er may cone fromeffluents of residues, donestic effluents
that are i npossible or unfeasible to treat, salt water (from
the sea) or from polluted rivers that are inpossible or

unfeasible to treat to obtain potable water.

e) Placenent of the m xture in conpression nol di ng equi pnent

for obtaining a certain construction product.

After conpleting the mxtures from pre-determ ned traces
dependi ng on the end product, the m xtures should be nol ded
and conpacted to obtain products with a certain shape, wth
conpression pressure, vibro-conpression or, with a mninum
value of 10 MPa of pressure, the value of 25 MPa being
recommended as nost efficient conpression pressure.

f) Placenent of the conpacted product in a curing and
har deni ng process in a systemwth recirculation of carbon

13
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di oxi de, under constant hum dity, tenperature and pressure

condi ti ons.

The curing and hardeni ng of the conpacted products is carried
out inaclosedcircuit with recircul ation of carbon di oxi de,
under const ant hum dity, t enperature and pressure
condi tions. Soon after placing the conpacted products inside

the curing chanber, the existing air wll be w thdrawn and
carbon dioxide inflated into the inside. Initially, carbon
di oxi de fromthe secondary reservoir of the circuit wll be

inflated until an equilibriumpressure between 0.5 and 1 bar
Is attained. Thereafter, carbon dioxide comng from the
mai n reservoir will be inflated, keeping a constant pressure,
t hroughout t he hardeni ng period, between 0.5 and 2.5 bar, so
as to nmaximze the absorption of carbon dioxide by the
conpacted products. Besides the <constant pressure,
t hroughout the curing and hardening period, humdity and
tenperature conditions wll be kept constant inside the
curing chanber, nanely relative humdity between 40-100%
preferably 70% and air tenperature between 30 and 70°
Cel sius, preferably 60° Celsius. Once the curing period has
finished, the carbon dioxide existing in the curing chanber
wi |l be renoved, by suction system to inside the secondary
reservoir. And, subsequently, the air fromthe atnospheric

environnent will be inflated to inside the curing chanber,
until an equilibrium pressure between 0.5 and 1 bar is
attai ned again. Under these conditions, the hardened

products are withdrawn frominside the curing chanber.

g) Drying the conpacted product after hardening.

After curing and hardening, the products undergo a drying

process, in a ventilated environnent, with drying

14
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t enper at ures between 30 and 70° Cel sius, for a m ni numperi od
of 12 hours, so as to obtain increased resistance to
conpr essi on.

Exanpl es of application

The process of obtaining binders and construction products
Wi th reuse of subproducts and/or residues that harden with
t he absorption of carbon dioxide can be applied through the
cement and concrete articles industry, and construction and
structural elenents, partially or fully replacing them such
as, for exanple, in the industry of street furniture,
artifacts made of pre-stressed el enents (pre-stressed beans,
power poles), heavy prefabrication (such as architectura
panels, galleries, boxes), building blocks (structural
bl ocks, light blocks, thermal blocks), fungiform formwork
blocks and flooring bl ocks, ker bst ones, bricks and

pavenments, sanitation and boxes, and others.

Preferably, this process can be applied in the artifacts
i ndustry and pre-fabricated constructive elenents produced
by vibro-conpression, such as blocks, kerbstones, tubes,
bri cks and pavenents.

Put otherw se, this process is susceptible to be inplenented
in any industry of artifacts and constructive elenents of
cenment and pre-fabrication produced by vibro-conpression
sinmply by replacing the mxtures of cenent, natura
aggregates and water, by mxture of subproducts and/or
resi dues and residual non-potable water and adapting the
hum d curing chanbers existing in this type of industry, by
chanbers with recirculation of carbon dioxide in a closed
circuit, wwth controlled tenperature, hum dity and pressure.

15
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The binders and products obtained with this technol ogy has
nmechani cal resistance and superior fire resistance to
equi val ent construction products obtained with Portland
cenent. Additionally, the tinme needed for total hardening
of the products obtained, is ten tines |lower than the tine
required for hardening equivalent construction products
produced with Portland cenent. Therefore, this technol ogy
is also useful for accelerating the process of production of

construction materi al s.
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CLAI M5

1. A process of obtaining CaO MO bi nders and construction
products wth reuse of subproducts and/or residues
characterized in that the curing and hardening process is
done with absorption of carbon dioxi de.

2. The process of obtaining CaO MO bi nders and construction
products wth reuse of subproducts and/or residues,
according to claiml1, characterized in that the subproducts

and/ or residues are rich in calciumand nagnesi um

3. The process of obtai ning CaO MyO bi nders and construction
products wth reuse of subproducts and/or residues,
according to the preceding clains, characterized in that the
curing and hardening is done in anbient conditions of

constant hum dity, tenperature and pressure.

4. The process of obtai ning CaO MyO bi nders and construction
products wth reuse of subproducts and/or residues,
according to clains 1 and 2, characterized in that the
bi nders are obtained by crushing and gri ndi ng.

5. The process of obtaining CaO MO bi nders and construction
products wth reuse of subproducts and/or residues,
according to the preceding clainms, characterized in that
these products are obtained by mxing the binders wth
subproducts and/or residues having different granul onetry.

6. The process of obtaining CaO MO bi nders and construction

products wth reuse of subproducts and/or residues,
according to the preceding clainms, characterized in that

17
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these products are obtained by mxing with residual non-
pot abl e wat er.

7. The process of obtaining CaO MO bi nders and construction
products wth reuse of subproducts and/or residues,
according to the preceding clainms, characterized in that
t hese products may i nclude additives such as al cohol, sodi um

chl ori de and sodi um bi carbonate in the m xture.

8. The process of obtaining CaO MyO bi nders and construction
products wth reuse of subproducts and/or residues,
according to the preceding clains, characterized in that the
construction products my include other residues and

materials containing silica and al um num

9. The process of obtaining CaO MyO bi nders and construction
products wth reuse of subproducts and/or residues,
according to the preceding clains, characterized in that the

construction products are obtained by conpression nol ding.

10. The process of obtai ni ng Ca0O MyO bi nders and construction
products wth reuse of subproducts and/or residues,
according to the preceding clains, characterized in that the
curing and hardening process is done with a system of

recircul ation of carbon dioxide in a closed circuit.

11. The process of obtai ning CaO MgO bi nders and constructi on
products wth reuse of subproducts and/or residues,
according to the preceding clains, wherein the process of
produci ng CaO MO bi nders is characterized by the foll ow ng
st eps:

18
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a) Crushing and fine grinding of the subproducts and/or

resi dues;

b) Separation and sifting of the subproducts and/or residues
wWith a size |less than 250um

c) Addition to the CaO MyO bi nders of other fine residues,

silica and alum numrich nmaterials and/or Portl and cenment;

d) Addition of sodi umbi carbonate, sodi umchl ori de or al coho
to the CaO MyO bi nders.

12. The process of obtai ni ng CaO MyO bi nders and construction
products wth reuse of subproducts and/or residues,
according to the preceding clains, wherein the process of
produci ng construction products is characterized by the

foll ow ng steps:
a) Mxture of CaO- MO binders, wth additives, wth
subproducts and/ or residues with different granul onetry, and

Wi th residual non-potable water;

b) Placenment of the m xture in conpression nol di ng equi pment
for obtaining products with a certain shape;

c) Placenent of the conpacted products in a curing and
har deni ng systemw th recircul ati on of carbon di oxi de, under

constant humdity, tenperature and pressure conditions;

d) Drying of the conpacted products after hardening.
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