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LEAD WITH SAFETY

EVERY 17 MINUTES SOMEONE IS INJURED
BY FURNITURE, ATV, OR AN APPLIANCE
TIPPING ONTO THEM...

® Securely install anti-tip furniture safety kits chidren have dngrom
where needed

risk of furniture tipover:

* ALWAYS install tipover restrant
proveded

* NEVER put 8 TV on this product

*NEVER allow children to stand,
climb or hang on drawess, doors,
or shelves

* NEVER cpen more than one
drawer a1 a Lime,

* Place heaviest (tems in the

® Confirm new furniture is manufactured in
compliance with a stability standard g

® Observe warning label in all new furniture

® &

® |dentify and document possible
existing “hidden hazards”

N
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This presentation is intended for educational purposes only and does not replace independent professional judgment.
Statements and opinions are those of the presenter.

BACKGROUND

e (N
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NEW MATERIALS AND EXISTING MATERIALS USED IN NEW WAYS

Concept courtesy of Larry Sutter

The Existing Players Supporting Cast
® Portland cement ® Aggregates
® Coal ash ® Admixtures

® Slag cement
® Natural pozzolans
® Silica fume

The New Players The New Supporting Cast

® Alternative cementitious materials ® New admixtures
® Alternative supplementary

cementitious materials
® New binder systems (i.e. blends,

engineered materials)

e
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WHAT ABOUT SPECIFICATIONS FOR USE OF THESE IN CONCRETE?

List courtesy of Larry Sutter

® Performance specification for SCMs (in progress) *ﬂmﬂﬁ I ‘
R . N . Standard Speclification for
® Allowing limestone as a blending component in blended Blended Hydraulc Cements'

Standard Performance Specification for

® Specification changes for natural pozzolans (in progress) Fycraule Gement’

\ ﬂmpz Designation: C1709 - 22
"’;mm

SCMs under ASTM C1697 (in progress) AN ﬁﬁlﬁ e AT 28 l

® Type IL — changes to permit blends using more SCMs

Standard Guide for
Evaluation of Alternative Supplementary Cementitious

(I n p rog reSS) Materials (ASCM) for Use in Concrete’

ﬂmp Designation: C1866/C1866M - 22
"l:;“j!‘ﬁ“

Standard Specification for
Ground-Glass Pozzolan for Use in Concrete’

® Type IC - new type of blended cement in ASTM C595 to

allow for increased clinker reduction (in progress)

(&

Designation: C1897 - 20
1

® New specification for alkali activated cements (completed) ™

Standard Test Methods for
Measuring the Reactivity of Supplementary Cementitious

® New specification for cements that set by carbonation Messuroments”

This standard is issued under the fixed designation C1897: the number immediately following the designation indicates the year of
original adoption o, in the case of revision. the year of last revision. A number in parentheses indicates the year of last reapproval. A
o ha

superscript epsilon (e) indicates an editorial change since the last revision of reapproval
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17+ YEARS AGO...

KAREN SCRIVENER:

“THIS MATERIAL HAS THE
POTENTIAL TO CUT CO2
EMISSIONS RELATED TO CEMENT
BY MORE THAN 400 MILLION
TONNES A YEAR.”

e (N
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WHY THE NAME “LC3”?

CALCINED
CLAY

LIMESTONE CLINKER

e (N
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MARKET DRIVERS CALCINED CLAY

= ONE OF THE ANSWERS

SCM FOR CO, CONTENT REDUCTION

® Increased use of SCM to reduce cement and concrete CO, content

® Expected decrease of traditional SCM availability — byproducts coming from other industrial process
® Need for an SCM in high availability to pursue global decrease of CO, in concrete

“TRADITIONAL” SCM’S

LIMESTONE GGBES
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NEW SCM’S AND COMBINATIONS

CEM Il/C, CARBONATED
CEM VI, LC3 CALCINED CLAY s BASALT ROCK STEEL SLAG...
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40 CEMENT PRODUCERS IN 25 COUNTRIES WORKING ON LC3

® Cement manufacturers recognize the calcined clay potential
in concrete production.

® Calcined clay is emerging as
a significant player in the
construction industry,
offering a lower carbon
alternative to traditional
portland cement.

® Wide variety of calcined clays available worldwide with
different chemical and physical characteristics

SAINT-GOBAIN
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CALCINED CLAY PRODUCTION

® This process entails making the

Calcination T°: 1450°C

Clay more reaCt|Ve 'to replace par-t Portland cement: 810 kgCO,eq/ton of

cement

of the clinker used cement
production, thereby reducing the

Calcination T°; 750°C

Ay

CO9

CALCINED CLAY

environmental footprint of building CC based cement: 490 kgCO,egton

of cement

materials.

® The use of calcined clays,
particularly kaolinite, in concrete
offers a sustainable alternative to
traditional materials.

ACI CONVENTION — SPRING 2025 - TORONTO
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LC3 MEANS CO, REDUCTION 7T

~40% COMPARED TO ORDINARY PORTLAND CEMENT o2

Zero CO,

Chemical CO,
+
Fuel combustion CO,

oPC LC

https://www.weforum.org/stories/2023/10/this-new-material-could-change-how-we-make-cement-forever-and-cut-500-million-tonnes-of-emissions-by-2030/

SAINT-GOBAIN
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REPLACING CLINKER WITH CALCINED CLAYS

e (N
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ADMIXTURES FOR CALCINED CLAY BASED CEMENT R&D EXPERTISE

® Cement expertise and anticipated work on the topic for industrial scale since 2019
with various co-development projects on concrete and cement side.

® Characterization of numerous calcined clays from worldwide origins with in-house
and patented methodologies to determine the optimal formulation for each potential
configuration.

® Optimization of our solutions, building of
a large Calcined Clay database to be able
to provide tailor-made solutions.

s *n
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CONCRETE PERFORMANCES CHALLENGES

WIDE VARIETY OF CALCINED CLAYS

N Quartz s Kaolinite m Calcite Amorphous phase  ===Kaolinite TGA
Chemical 100 25
Reactivity

g
2 g0 P 20 3
= N =
2 A =
g 60 2 N 15 «
aQ » ," \ E
§ 40 o ! 10 £
L JE N €
m / \ ©
= A} @
w 20 ’ . 5 «
o - - 7 \ ~
Risk of Compressive g g ] = = -t == 0
lemer strength with s ARG ARG ARG ARG ARG ARG ARG ARG ARG ARG ARG ARG ARG ARG
. POTITCS cement 1679 1680 1682 1820 1821 1822 1876 1675 1806 1851 1850 1849 1989 1766
intercalation
0.8
054
06 Op7 0,56
) 0,48
: iy 0,38
E , 0,37 0,37
5 D4 0.32 0.32 - 035 034
g =
= p2
Water
demand
0.0
ARG ARG ARG ARG ARG ARG ARG ARG ARG ARG ARG ARG
P calcined clay A I calcined clay B

1680 1820 1821 1822 1850 169 1682 1876 1851 1849 1675 1E0%

SAINT-GOBAIN
ACI CONVENTION — SPRING 2025 - TORONTO



CONCRETE PERFORMANCES CHALLENGES

WIDE VARIETY OF CALCINED CLAYS

Chemical
Reactivity

Compressive

Risk of
polymer
intercalation

strength with
cement

Water
demand

P calcined clay A I calcined clay B

Particle size distribution
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—ARG 1766
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—ARG 1820
—ARG 1821
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ARG 2056

@057
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ADMIXTURE FOR CONTROLLING RHEOLOGY

RHEOLOGICAL CHALLENGE

nitial
workability Retention
90
20 ~-Without admixture
+""'-"""""-----.. --\\ith admixture - initial workability

70 --With admixture - initial workability and retention
.60 —4 :
m .
-~
« 50
w
2
E 40
S
> 30

Attractive forces set a limit stress that must
20 } be overcome to trigger flow: yield stress
Yield stress competes against workability
10 = ! E : :=
0
0 20 40 60 80 100 120
Hydration time (min)
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® High initial yield stress
at 5 min
v" Addition of admixture for
reducing yield stress
-~ Control of initial
workability

® Increase of yield stress

over hydration time
v" Addition of admixture for
workability retention

65 wt% cement + 35 wt% calcined clay
/' WIB = 0.39

Rheometer measurement of shear stress for

shear rate from 200 to 0.01 s-1 // Yield stress
determination at the minimum shear stress

SAINT-GOBAIN



ADMIXTURE FOR CONTROLLING RHEOLOGY

RHEOLOGICAL CHALLENGE

Initial
0 workabilit\r Retention 4UG -
80 ~Without admixture
F““‘-—-—. =-With admixture - initial workability 35(} i
70 --With admixture - initial workability and retention
60 :
£ 300 -
@ 50
; 40 "E'
2 g 250
20 g
. L 2 200 -
t $ ¢ a
0 E
0 20 40 60 80 100 120 % 15ﬂ i
Hydration time (min)
65 wt% cement + 35 wt% calcined clay // W/B = 0.39 100 +
Rheometer measurement of shear stress for shear rate from 200 to
0.01 s-1 // Yield stress determination at the minimum shear stress 50 -
Conventional admixture e» e o Conventional admixture
Admixtures for LC3 Cements e Admixtures for LC3 Cements
CUSTOMIZED SOLUTIONS 0 - v - -
ALLOW TO MEET THE 0 30 60 90 120
SPECIFIC REQUIREMENTS Time (min)
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ACTIVATOR - CASE STUDY: LC3

INDUSTRIAL TRIAL

A WITH LC3-50 CEMENT @

Il (309% CALCINED CLAY, ,%Qoﬂ\
15% LIMESTONE)

ACHIEVED ROBUST INCREASE OF COMPRESSIVE STRENGTHS
+5 MPa at 1 day (+38%) with EnviroAdd® “C”

* + 8 MPa at 28 days (+18%) with EnviroAdd® “B”.
+ Customized Additive EnviroAdd® “A” met cement plant’s target performance at all ages.

COMPRESSIVE STRENGTH (MPa)

50
40
30
20
i
0
1 3 7 14 28 60

HYDRATION TIME (DAYS)

mOPC
EmLC3
HLC3+A
ELC3+B
mLC3+C

COMPRESSIVE STRENGTH AT
28 DAYS (MmpPa)
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42

40

10

+18%

Blank

+38%

12 14 16

COMPRESSIVE STRENGTH AT 1 DAY (MPa)

18

®LC3

OLC3+A
eLC3+B
®eLC3+C

CUSTOMIZED EnviroAdd® ACTIVATORS ALLOW TO MEET THE SPECIFIC NEEDS OF LOW-CLINKER CEMENTS

18
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This paper details the main factors infl ing the perfc
kaolinite content plays a major role in the rheological properties as well as stl!ngth development. Even in the
of dary phases, kaolinite can be accurately quantified by th lysis. The perfi
of Lc? is slightly influenced by the alcination process of clay, but it can be optimized by using ﬂm mrru:t calcination
temperature and applying a specific mix design with adjusted sulfate and alkali content. The hydration reactions of
Lc? are fully characterized. They vary slightly from plain cement. There is no significant change in terms of phase
aszsunblage The main prqumu of LC are also described. LC” blends show a lower aeep compliance and a delay in

of li calcined clay cements (LC*). The

strains pared with plain t C

Notation

K carbonation coeffident

.\ fA— molecular weight of kaolinite

Mo molecular weight of water

WiWgned pounne  CalCined kaolinite content

LJ L — kaolinite content

WiHscl-oH water loss during kaolinite dch)dmxylutmn
Wi%Mhaot oM. estcines  WalerT loss during kaolini il ion

durability, LC blends show outstanding performance

with respect to resisting chloride ingress and expansion from the alkali-silica reaction.

adjustment of particle size distnibution of iti o
u:hmcc I:le wuf(d:ﬂ\ty md eary-age strength uf concTet:.
Fi promotes hydration of clinker by providing a
sutble surface for mucleation of hydrates (filkr effedt) and
contributes to hydration reactions in the presence of aluminates, ™

Thsbadsbﬂrmtmedmumﬁxwﬁacmplﬂimbsthﬂ:muf

for incomplete caldnation in calcined day

1.  Introduction

Partial replicement of clnker by supplementary  cementitious
materials (SCMs) in blended cement or concrete is by far the most
realistic statey for lowering emvironmentl mpact. Unfortunately,
supplies of the most widely used SCMs (e grnulated blast-famace
slag and coal fly ash) are Gmited to around 20% of cement
production, and most suitsbk materials are already used in cement
and conerete. Globally, kaolnitic clays are available in \m}r much

stone with calcined day, which are refrred o as LC*: limesione
caleined clay cement™ The mthors previously showed that a strong
relitionship exists between the strength development of LC-50
blends (clinker content reduced to 50%0) and the caleined kaolinite
content of caldined clay” Moreover, using a clay with only 40%
calcined kaolinit gives strength similar to that of plin cement (PC)
afier about 7 d This paper presents several important aspedts of LC?
cement nd conorete, mesulting from several yeas of research
expaimee @ the Labomory of Consmction Maeriak, Feole
Polytechnique Fédérle de Lausanne, Switmerland. The paper starts
'tg,rdmcmngﬂrselmhunufmﬁibda)snﬁﬂr\myuf

larger quantities and have eceellent ivity after calat Such them. It i with the most important processing
materials can make a very substantial contribution to mdm\ng the  aspects wﬂi:l the optmzzation of the cakined clay ractivity affected
carbon dioxide (C0z) amission ssociated with the prod of by cal 5 The paper than looks at hydration,
cementitious materials.' Tl::ch)suflntmednnd il hanical properties and durmbility of LC? systems,

those with high purity (i.e. high kaobnite content or metakaolm), and
clays with a kaolinite content above arund 40% also perform well.*

Limestone has found ifs position in the concrete industry as a cement
replacement material due to s kow price, high availability and low
energy consumption during its grinding, enabling it use for

2. Kaolinitic clay characterization

21 Determination of kaclinite content
The kaolinite content is a key criterion for the selection of
suitable clay. The kaolinite content can be determined by

ACI CONVENTION — SPRING 2025 - TORONTO

IMPACTING FACTORS
AND PROPERTIES OF

LIMESTONE CALCINED
CLAY CEMENTS (LC3)

By:

Scrivener K, Avet F, Maraghechi H et al. (2019)

Green Materials 7(1): 3—-14,
https://doi.org/10.1680/jgrma.18.00029
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KEY ITEMS

® The kaolinite content plays a major role in the rheological properties as well as
strength development

®Even in the presence of secondary phases, kaolinite can be accurately quantified
by thermogravimetric analysis

®The R3 pozzolanic test was developed as reactivity indicator of the calcined clay

®The performance of LC3 is slightly influenced by the calcination process of clay,
but it can be optimized by using the optimal calcination temperature and applying
a specific mix design with adjusted sulfate and alkali content

®The hydration reactions of LC3 are fully characterized. They vary slightly from
plain cement

N
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FINDINGS AND FOLLOW UP...

®The kaolinite content plays a major
role in the rheological properties as
well as strength development

S ICCCSC2026 IN CAPE TOWN

® A minimum of kaolinite of 40% of clay 04.- 06 FEBRUARY 2026
IS necessary in LC3 to reach strength
similar to that of ordinary portland
cement from about 7 days onward

®Clays with 40 - 50% kaolinite are also
better than purer clays in terms of workability.
v'The optimization of limestone particle size distribution further improves the rheological properties of LC3

® Carbonation of the LC3 system is faster than that of PC
v'Prolonged curing before exposure can mitigate carbonation.

e
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CLOSING REMARKS

e (N
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CLOSING REMARKS

®The use of calcined clays makes up a lever to reduce CO, in concrete
®There is a broad range of clays
®_C3 cements incorporate calcined clays

®Proprietary (or not) characterization provides for a “clay ID” linked to its
performance

v"Higher water demand reduction

v'Initial workability or life-time of fresh concrete
v Early and long-term strength

v'Concrete rheology

® Tailor-made product with local calcined clays

N
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THANK YOU!

ryso

SAINT-GOBAIN

e (N

24  ACI CONVENTION — SPRING 2025 - TORONTO CONSTANTINO: Admixtures for LC3 Cements SAINT-GOBAIN



	Slide 1
	Slide 2: Lead with Safety
	Slide 3: Background
	Slide 4: New materials and existing materials used in new ways
	Slide 5: What about specifications for use of these in concrete?
	Slide 6
	Slide 7: Why the name “lc3”?
	Slide 8: Market drivers
	Slide 9: 40 cement producers in 25 countries working on LC3
	Slide 10: Calcined Clay Production
	Slide 11: LC3 means CO2 Reduction
	Slide 12: Replacing clinker with calcined clays
	Slide 13: Admixtures  for calcined clay based cement R&D EXPERTIsE 
	Slide 14: Concrete performances challenges
	Slide 15: Concrete performances challenges
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20: Key Items
	Slide 21: Findings and follow up…
	Slide 22: Closing remarks
	Slide 23: Closing Remarks
	Slide 24: THANK YOU!

