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Our work-flow
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https://www.mtm.kuleuven.be/Onderzoek/srebmat/research_areas/Cement
https://www.mtm.kuleuven.be/Onderzoek/srebmat/research_areas/Ceramics
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Ordinary Portland Cement

Annual production ~
4.2Gt/y

~0.8t CO, /t cement
clinker
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Firing temperature
1450 °C

Mostly primary raw
materials used

Concrete life-time is around 100 y _
Can incorporate

Not recyclable residues

Cannot handle fire
Blended cements

Deteriorates with sea-water, chlorides, have lower footprint

sulphides, acids, (...)



To put it differently...

Romans did better!



The precursors for the new cement are locally sourced,
and residues are included in the formulation,
where OPC can be incorporated,
leading to a binder that accommodates fluctuations,

without compromising in performance.

Locally-sourced,
with residues,
just-in-time,
of high quality



We must rethink “cement”

Abundant raw materials (with low CO,)

Process (low temp)

To deliver a powder that |
will be able to shape in a
form (I need a gas/liquid)

— T

Make a crystal-growing Make an amorphous
binder binder



Meet ELCE



Meet the Extraordinary Leuven CEment

Can give similar

Called ELCE mechanical
properties
Made with the 7 ’/”’,’{;,/’:”/:”Z“\i}\\\t Is fire-resistant,
5 most abundant [T RS
e e — reusable+++
elements \X\S N
N
At least 30% IS Raw material
lower CO = exists already
2 = (slag)
footprint

aCa0-B“Fe0”-yAl,045-0Si0,,
o<3b, 2b<pB<T7h, v<10, 0<45; a<f3, in mol%



A cement from abundant elements

From Wikipedia, the free encyclopedia

The abundance of elements in Earth’s crust is shown in tabulated form with the estimated crustal abundance for each chemical element shown as either

.
=4

percentage or parts per million (ppm) by mass (10,000 ppm = 1%). @ 1
g 1
blig
Abundance of chemical elements in Earth's crust, from various sources .E :
) Annual i g 1
Rank Z, element & symbol Abundance in crust (ppm) by source ) H <o 1
production £ o I g:fa’,;- wo T
o (2l v
_ Israel Science and Jefferson (20186, s o " }
& ¢ | ¢ Darling!'l ¢ Barbalacel?l ¢ WebElements® ¢ £ in L
Technology!“] Labl®! tonnes)(©! % 1 b~ :
o Major industrial matals in red
1 8 |oxygen O | 466,000 474,000 480,000 467,100 461,000 g Pt bl Rarest "metals” :
T T e
2 14 | silicon (Al Si 277200 | 277.100 270,000 276.900 282,000 7,200,000 T -
omic number, Z
3 13 | aluminium Al | 81,300 82,000 82,000 80,700 82,300 57,600,000 Abundance (atom fraction) of the chemical &
. elements in Earth's upper continental crust as a
4 26 iron Fe |50.000 41,000 63,000 50,500 56,300 1,150,000,000 function of atomic number. The rarest elements in the
5 20 | calcium Ca | 35,300 41,000 50,000 38,500 41,500 crust (shown in yellow) are not the heaviest, but are
rather the siderophile {(iron-loving) elements in the
6 11 | sodium Na | 28,300 23,000 23,000 27,500 23,600 255,000,000 Goldschmidt classification of elements. These have
. been depleted by being relocated deeper into the
7 12 magnesium | Mg | 20,900 23,000 29,000 20,800 23,300 1,010,000 Eorth's core. Their abundance in meteoroids is
8 19 | potassium 25,900 21,000 15,000 25,800 20,900 higher. Additionally, tellurium and selenium have been
depleted from the crust due to formation of volatile
9 22 | titanium Ti | 4,400 5,600 6,600 6,200 5,600 6,600,000 hydrides.
10 1 | hydrogen H |1.400 1,500 1,400 1,400

O, Si, Al, Fe, Ca, Na, Mg, K...



A cement from abundant elements

Iron ore production worldwide in 2016 by region (in million metric tons)

Oceania

Central and South America
Asia

ClIs*

NAFTA**

Africa

Middle East

Europe total (including EU)

EU (28)
World total 2093.3
0 250 500 750 1 000 1250 1500 1750 2 000 2250 2 ..
Production in million metric tons
Sources Additional Information:
World Steel Association; United MNations Worldwide; United Nations

© Statista 2018




A cement from abundant elements

World reserves of iron ore as of 2017, by country (in million metric tons)*

Australia SOI000
Russia
Brazil

China

India
Canada
Ukraine
Sweden

Iran
Kazakhstan
South Africa

United States

Other countries

18 000

0 5000 10000 15000 20000 25000 30000 35000 40000 45000 50000 55..

Reserves in million metric tons
@ Crude ore @ Iron content
Source Additional Information:

US Geological Survey Worldwide
© Statista 2018




A cement from abundant elements

Iron ore prices from 2003 to 2017 (in U.S. dollars per dry metric ton unit)
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Sources Additional Information:

Index Mundi; Thomson Reuters (Datastream); Worldwide; Thomson Reuters (Datastream); World Bank
World Bank

© Statista 2018




That can be sourced nearby
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~6 Mtons/y

Fayalitic slags e ' ,
3 Mtons/y ' G - : '

Reserves landfilled: >100 Mtons, in more locations not listed above



~ From 2015 to 2018

2018

Cement industry: 8% of total CO,

No Ordinary Portland Cement used!
We use ELCE!



Stairway to heaven

Market
50-100€/t
15-%
e 0-2€/t )
liability A E”g'lneere‘j
closing the | usiag

Cu slag

Bauxite Residue




Blended in the right proportions

CaO - FeO - SiO, - AlL,O, - Fe
a(Fe(s)) = 1,, 0-15wt% Al,O,,
1200°C, 1 atm

Al 05 sio,

Carb()n steel,
stainless steel -

FeO

08 a4 06 0.5 04 03 02
. i's fractions /(CaO+Fe0+Si0,)

M‘

ALO,

(a<35, 25<B<75, y<10, 6<45; a<p, in mol%)
\V4

AlLLO,

aCaO—B“Fe0”-yAl,0,-6Si0,




The process
FactSage calculation 1100 °C — Carbon + silica
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liquid phase (wt.%)

S |
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o

Si0, (Wt.%)

Hertel, T. et al., Bauxite Residue Valorisation and Best Practices Conference, 5-7 October, 2015, Leuven, Belgium
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Si0, (Wt%) SiO, (Wt%)

Find the right slag chemistry that respects the metallurgical
process and delivers the best possible IP

J. Van de Sande, 2017, MSc thesis, KU Leuven



As an example

CaO 38.9wt% I Dicalcium silicate 15.5Wt%
SiO; 17.1wt% I
Master slag 84wt%
Amorphous 65.5wWt%
Al,0; 12.1Wt%
P20s 1.4Wt%
Others 1.9wt% ™
Fe20s3 14.6Wt% I
I Added ALO; 11wt% B Calcium alumino ferrite 4.1wt?
FeO 6.7Wt% | Spinel 4.4wt%
Added SiO Swt% MgO 5.4wt% I Magnetite 7.5wt%
MnO 1.9Wt% = (Fe, Mg, Mn)O 2.6Wt%

10

[02]

Addition of CEMI (wt%)

0

P.L. Lopez Gonzalez et al., Cement and Concrete Composites 97 (2019) 143-153

0.1

(a)

0.2 0.3 04
Activating solution molarity (M)

0.5



Microstructure of the IP

* K-silicate activation solution, SiO,/K,0= 1.6, H,0/K,0 = 16
» activation solution/solid ratio = 0.25
* Curing:60°C,72h

SpotMagn  Det W n gy 200 prr:

Compressive 13 MPa 20 MPa 44 MPa

Flexural 4 MPa 6 MPa 10 MPa

Hertel, T. et al., Bauxite Residue Valorisation and Best Practices Conference, 5-7 October, 2015, Leuven, Belgium



Microstructure of the IP

| | T
(b) Neutron PDFs

| T |
(a) X-ray PDFs Peys et al.
MD model

SIi-0 Fe-Si

G(r) (A2)
G(r) (A2)

|
Peys et al.
MD model

X-ray (a) and neutron (b) pair distribution functions derived from molecular dynamics simulation

and compared with experimental data from the work of Peys et al.

Siakati et al, unpublished data




The process

lron ore blend oo
Bauxite residue

top rotary
blown converter

microwave

| (e

/' sintering furnace

Precursor
((lslag”)



The process (P&ID, cont.#3)
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Putting things in perspective...

New
ge, packing and loadi Cement
nnnnnnn | types
S oy g - R Rotary melting

furnace, electric?

Go to a Fe-
rich blend

Source: https://www.thyssenkrupp-industrial-solutions.com



Sustainable?

Firing between 1150 and 1200 °C Firing at 1450 °C

Can go lower than 1000 °C Formation of crystals

with fluxes limits the range of
options

Low CO, (if any) in raw materials Limestone is the major
raw material

CO, still emitted due to Fe3*reduction;  Cannot avoid CO,
but H, is coming up! production

CO, capturing possible CO, capturing possible

The most important thing: leveraging metallurgical knowhow




ing

Inorganic Polymers Patent Mappi

ining

Datam

Main Functionalities and Applications

And this is not just a cement alternative

i
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Foundry Aircraft structure Fiberboard Mesh  EXplosive deep
Moulds element ¥ Fibe, scrim Reinf. board ~ drilling

Firéproof cores (doors)

TBM segments

Thermal .
/ insulation Remfor/cement for acid soils
Secondary cont.
porous S )
thermal Acid pools acid chem.
resistance resistance
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Going “big”



On-going work

VETALLURGY BUSINESS UNIT alum EUROPEAN ALUMINIUV %%

* ' Elkem

rERUSAL RioTinto Vimetco- BALcoa OCICI f&l" ALUMINIUM

AL

Alumina /

soda solution

Mixing Slag Leaching
Agglomeration Plant
Drying

800-1000 C

Electric Arc
Furnace

—-l ‘ Rutile

Slag Valorization

Blended OPC Mineral wool

HEIDELBERGCEMENT R“Kwoot

Stabilization Geopolymerization

High
Perfomance
Concrete

Light Weight
Agreegate

Soil Stabilizer

RESOURCEFULL New Building products




On-going work

‘BOLIDEN [g] Y s

ICRNTIEN T

METALLO

Copper slag

(+ other non-ferrous slags) (also: goethite, jarosite)

,,,,,,

Equipment suppliers
111

 Know-how: recipes,

Technical know-how
processing

Engineering firm

High value-
added products

O
RESOURCEFULL

See more: recover.technology
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Now and coming up




Now and coming up

SReCem SRelCA

SReDat SReClink SRelnPol

L E—

SReClinkN SReHybCem SReTools

https://www.sreway.info/



# PSReDat
(FeD)1.28(Si0;)1(Ca0)0.62
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Chemistry
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Now and coming up

Fourier-transform infrared spectroscopy (FTIR)
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X-ray Powder Diffraction
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https://www.sreway.info/



Thank you!

KU LEUVEN




