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Collaboration with Prof. Karen Scrivener and LC3 Project
l 2005-2008 I 2009-2012 I 2013-2020 I
l SDC-SNSF Project l SDC-SNSF Project l SDC-Climate Change l
Calcined clays for | Ternary blend cement | Low Carbon Cement |
| pozzolans ' calcined clay-limestone ' '
| ' § |

The pursuit of sustainable alternatives to replace Clinker with
Supplementary cementitious Materials

Schweizerische Eidgenossenschaft
Confédération suisse
Confederazione Svizzera
Confederaziun svizra
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Clinker substitution, the cheapest and lower CAPEX option!

CAPEX: SUS 400-450/t installed capacity

Improving efficiency Alternative fuels CCS/ccu Clinker substitution

This is a scheme designed to aid presenting the situation. Figures used are estimated
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Availability of clinker substitutes

CEM II/ CEM IV

CEM |

Limited to 20%,
low reactivity
(alone)

Limestone

Availability
declines
Expensive!

Often low
reactivity

Elaboration of a side Prof. Karen Scrivener



Limestone
Calcined . \\\"f,
Clay ' — ( 2
Cement G

www.LC3.ch LOW CARBON LOW COST LOW CAPITAL  HIGH PERFORMANCE

Ternary cement LC3

Gypsum
W Limestone
M Calcined clay

1 day
m Clinker
W 7 days
' W 28 days
B 90 days
PC LC3-50
 50% less clinker

100 -
80
60

I
o
|

Compressive strength
(MPa)

N
o
|

Mass proportion (%)

PPC30 LC3 50 LC3-65 « 40% less CO,
e Similar strength
LC® is a family of cements, . Better chloride resistance

the figure refers to

. « Resistant to alkali silica reaction
the clinker content

Slide Karen Scrivener 7
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Production of knowledge on calcined clays for SCM?

LC3 Team Switzerland-Cuba-India RILEM TC-282 Calcined Clays

e XX PhD thesis and YY Master thesis defended e Start: 2018; Planned end: Sept. 2023
on the subject « 71 official TC members, 33 universities

e 20+ papers published in peer-reviewed and 15 industrial partners represented
journals * Work groups assembled on: (i) Clay

characterization, (ii) Clay activation,
(iii)Hydration, (iv) Applications in
concrete, (v) Durability

e 200+ clay candidates studied worldwide.

* 4 International Conferences: (2015) EPFL,
(2017 (Havana), 2019 (New Delhi), 2022

(EPFL) * Topical Collection consisting of 13 review
* Investigations on: (i) Clay characterization, (ii) papers to be published angl Materials &

Clay activation, (iii)Hydration, (iv) Applications Structures (5 already published)

in concrete, (v) Durability, (vi) Impact

assessment 2cohnv;/ eeeeeeee heSEuiiilg sssssssss haft
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Direktion fiir Entwicklung und Zusammenarbeit DEZA
Di

irection du développement et de la coopération DDC
Swiss Agency for Development and Cooperation SDC

Agencia Suiza para el desarrollo y la cooperacién COSUDE FI Em 8
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How to bring LC3 from a lab experiment to a successful industrial
project? _
Screening clay Claydeposftl —
candidates Clay deposit 2 e
— Clay deposit 3 .
The following steps have e B —
] Choosing the final S — : —
been validated through clay candidate e dion T
. Std. Mortar
the work with several ‘
cement companies in Calcination B Al Calcination
. . emperature echnolo
various regions of the parametes | | ey I —
world with whom -

) Cement Grinding strategy —
Ecosolutions has worked . Sulphate/alkalis ol
With C. Clay/LS ratio

|
Feasibility
CAPEX/OPEX
v
Decision
making
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Clay as raw material

Criteria Alumina content Ratio Al,O0,/SiO,
Clay for clinker Medium to low Low
Clay for calcined clay High High

Clays normally used for cement production are different from the clays
needed for the production of calcined clay!

10
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Criteria for quick screening clays

Al 05 (%)
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Clay minerals from kaolinite group (%) Clay minerals from kaoclinite group (%) Clay minerals from kaolinite group (%)

The presence of accompanying minerals may compromise this assessment

Alujas, Almenares, unpublished work 2016-2019 11
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Simplified test for determining kaolinite content
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Francois Avet, 2018
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The investigation of the raw clay

Sampling Kaolinite
e Existing data content
e Establish a e TG vs XRD

Reactivity _
Final

decision

e R3 protocol

e Other

protocols on raw

materials

INTERNATIONAL
Designation: C1897 - 20

13
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Strength in standard mortars is the ultimate criteria
80
» Kaolinite content | N a1 Blend of . 1d
correlates very well with o = 68%QX + 3d
- . ay Sl 32%QY 7d
compressive strength in o K (40-50%) | "
]
- o
standard mortars (EN s B T o L R \ o1
197) 5 50 | K~30%) : ------------ m Ox7d
. = ° ‘,0 ® T e Qx28d
» Properties of a CEM | £ 40 B et L, V.2 l. ....... ST T T Tamiagsamdenasn) (o
42,5 can be met with a 5 o MR TR . av7d
minimum of 40% e 30 ‘ A 2 _ SN e Qv2sd
kaolinite § : ............ A 68%QX+32%QY 2d
g- 20 b1 ieaeenett i A ¢ 63%QX+32%QY 7d
. O eesectt
» Blending clays could “ X I N .4 @ 68%0ax+32%QY 28d
enable a good use of T R S S VYV Vot o CTELE A SAiaht R S . eeeeeLinear (1d)
- I s N | CEM 142,52d (EN-197) Linear (3d)
resources, yet fulfilling _
i ; ties 0 | N T Linear (7d)
arget propertl 0 10 20 30 40 50 60 70 80 90 100 Linear (28d)

Kaolinite content %
53% CEM | 52,5, 30% Calcined clay, 15% Limestone, 2% Gypsum

14



Limestone —
Calcined ] ‘\ 1y ’,
Clay ' === = ( -
Cement e
www.LC3.ch LOWCARBON  LOWCOST ~ LOWCAPITAL  HIGH PERFORMANCE

Main technologies for clay calcination

>

calcination

>

Hot gas from burner dries material

Dehydration oC

ﬁ Structural OH | 1400

Raw material should be lifted 50-65 m

<
o]0)]
>
° 3
= B
8 F - Dehydroxilation
o 9 < y [ 1200
| - -c .Eo
T S o 1000
TU = ;
-5 g 800
= 600
c o
> > 400
(12}
& o 200
- 1 5 10 15 20 25 30 35 40 min

Calcined clay

Flash calciner Rotary kiln 15
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Grinding strategy: co-grinding

' CCLAY PCE 1h & g . g -y H CCLAY glycol 1Th <

CC 1h no GA CC 1h PCE 1 0.45% CC 1h Amine 0.13% CC 1h Glycol 0.12%

Agglomeration during grinding can compromise fineness of clinker. Grinding aids would
solve the problem

Franco Zunino, 2018 16



\\\ll',

Limestone
Calcined 3
Clay '
Cement

Sz et
Grinding strategy: separate grinding (LC2)
BELT 1: calcined clay
|
BELT 3: limestone S

PNEUMATIC
PUMP

The mineral addition LC2 can flexibly
replace CEM | in concrete without
compromising performance... and has
a much longer shelf life!

PRIMARY
GRINDER

SEONDARY
GRINDER

CLK CCL LS GYP Total SO;
LC2 2:1 0.00% | 60.00% | 35.00% | 5.00% [100.00%| 2.80% | 17
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Blending CEM | 32,5 and LC2 in real concrete Cuba CEM 1 32,5: 350 kg/m3
LC2: variable

90

(4] o
g 50 Water/binder: 0.40
P 70
'S 60
§ 50
S 40 \
§ 10 l 1
© 20 | I
L 10 I
(7,]
e o 1 ,
o 15% LC2 30% LC2 \ 45% LC2 Control
W24 h 21.2 20 ‘\ 17.2 , 25.1
m 3 days 34.7 35.2 \ 32.9 / 38.4
m 7 days 46.4 47.9 ‘468 ! 48.2
W 90 days 68.05 76.8 S 799 L7 0

-— e

e
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Potential cement formulations

LC3-50 2:1: Structural cement,
similar to CEM 1 42,5, bulk, 50%
Clinker, 30% calcined clay, 15%
limestone and 5% gypsum

LC3-35 2:1*: Bag cement of general
use, 35% Clinker, 40% calcined clay,
20% limestone and 5% gypsum

*not currently approved within EN-197-5

19
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Standards for LC3 cement e e o

L/LL

ASTM C595

EN 197-5

AV AVAVAVAVAVAVAVAVANAYAY

3. AVAVAVAVAVAVAVAVAVAVAYAN

v INANISINISINININCE N =
NANNNNNNNS/N

AVAVAVAVAVAVAVAVAVAVAVN
IVAVAAVAVAVAVAVAYAVAVA
\VAVAVAVAVAVAV
VAVAVAVAYAVAYA AAAA
VAVAVAVAVAVAVAVAVAVAVAVAV
VAVAVAVAVAVAVAVAVAVAVAVAVe

20 20

INONOONOYNNYNONNC S
INOININN/NINONINININ S
VAVAVAVAVAVAVAVAVAVAVAWQ

vﬂ‘v‘uv‘v‘v‘uv‘nu

10 10

VARRRVARR VAV VARRRVARR
K K
ASTM C595 EN-197-5
Pozzolan content: £ 40% Pozzolan content: £ 35%
Limestone content: < 15% Limestone content: £ 20%
Minimum clinker content: 45% Minimum clinker content: 50%

20
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ASTM vs. EN in cement and concrete

Standard mortars following ASTM protocol

- 45.00
o
S 40.00
5 35.00
g 30.00
o
g 25.00
S 20.00
@©
 15.00
O
§ 10.00
2 5.00
£ 0.00
CEM UG
comercial
ma/c 0.53
m1DIA 6.00
m 3 DIAS 17.80
m 7 DIAS 25.20
28 DIAS 35.20

LC3-50 GA

0.70
5.29
11.40
21.30
29.52

LC3-50+SP

0.53

Cemento AR
NTG 41095

0.53
11.84
23.67

UG NTG 41095

0.53

12.86
19.73
27.62

Resistencia a compresion (MPa)

Concrete with 496 kg cem/m3

45.00
40.00
35.00
30.00
25.00
20.00
15.00
10.00

5.00

0.00

B 24h
H 3d
m7d
m 28d

100% Cem UG

comercial
4.96
17.81
26.94
39.55

Enabling the use of SP for the preparation of standard mortars would allow comparing cement
performance for a similar water to binder ratio

21



Limestone — “',
Colcg;:jl C3 . 'b EE: § (':
Cement www.LC3.ch LOW CARBON LOW COST LOW CAPITAL  HIGH PERFORMANCE
LC3 applications in real concrete
18 m bridge girder built in 50,00
2019 for monitoring chloride 5000
ingress, carbonation and 2
. Eﬂ 40.00
corrosion g
§ 30.00
’%1 20.00
10.00 .
0.00
1d 7d 28d
B LC3 concrete 16.97 39.47 51.40
OPC concrete 24,20 42.03 48.33
fc / CPO LC2 SP Polvo | Arena | Gravilla | Agua
MPa are kg KG It kg kg kg It
CPO 35 0.40 450 2.25 235 547 882 170
|LC3 35 0.40 270 180 54 235 547 882 170

22
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°1: . : F. Martirena: Report “Evaluation Of Low Carbon Cement (LC3) Produced
D U ra b I I Ity ‘ C h | O rl d es Concrete According To The CN 120:2014 Standards”, 2020
60 700
Low corrosion risk oo H1 H2 Ha
50 e oo o — 40 4500
é‘ 500 35 4000
*E 400 g g 3000
g 3 };;- c 25 2
g 300 E Eﬂ 20 2200 _E
g- 20 E E 2000 é
é 200 ,;:E g 5 1500
) 10 ” E 10 1000
100 o
> 500
0 0 0 0
H1 H2 H4 H1 H2 H4
H1: less than 500 m from sea shore LC3 meets all prescriptive and performance
H2: situated between 500-1500 m from .
cea shore requirement of the standard, even for the most
H4: situated 20 km from sea shore aggressive conditions s
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CO, for LC3-50 (50% clinker) referring to benchmark (GCCA)

CO, emissions released per

Net CO,; emissions per tonne cementitious
. Source 71aGWce - 19.29, 1 ton of cement produced
CO, reduction per tonne . .

cementitious LC3-50 with 50% Clinker, 45%

700 2:1 calcined clay-limestone
X 9.5

oo I Fossil Fuel substitution PC CCL LC3-50 2:1

/750 | 250 480
. I - 18 %
il o, 5o <

e  40% related to Cem 142.5R

e 25%related to Cem Il 42.5N
. 18% related to Cem 11 42.5R

https://gccassociation.org/sustainability-innovation/gnr-gcca-in-numbers/
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CO, for LC3-35 (35% clinker) referring to benchmark (GCCA)

CO, emissions released per

Net CO,; emissions per tonne cementitious
. Source 71aGWce - 19.29, 1 ton of cement produced
CO, reduction per tonne . .

cementitious LC3-35 with 35% Clinker, 60%

700 2:1 calcined clay-limestone
X 9.5

oo I Fossil Fuel substitution PC CCL LC3-35

750 | 250 395
. I - 18 %
1990 2000 2010 2018 energy efficiency

CO, saved:

. improvement
m CO2/ tonne cementitious P

e 40% related to GCCA global
benchmark

https://gccassociation.org/sustainability-innovation/gnr-gcca-in-numbers/

25
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Industrial projects: Cemento Verde ARGOS, Colombia

Dynamis

27
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Industrial projects: CIMPOR, Ivory Coast

COOUNNNONONNNNNE 50 kg

e
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Summary

* Combination of calcined clay and limestone is the path to
clean cement production

* Very diverse tile of products for different actors

* Sound and cost effective technology available
* More than 40% reduction of CO, emissions!
* LC3is spreading throughout the world!

29



Limestone
Calcined 3 . ‘\“”'r'
Clay l = ( -
Cement C—

www.LC3.ch LOW CARBON LOW COST LOW CAPITAL  HIGH PERFORMANCE

Thank you!!

José Fernando Martirena Hernandez (Prof. Dr.Sc. Ing.)

Director CIDEM

Faculty of Constructions. Universidad Central de las Villas
e-mail: martirena@uclv.edu.cu/fmartirena@ecosur.org =
skype: fmartirena@ecosur.org

Whatsup: +53 5 2637716 or +41 7 9710 2146

website: www.ecosur.org / www.lc3.ch /www.ecosolutions.gl




