. Funded by the
alorize Eirepenn tilon

Horizon Europe Research & Innovation Programme
under grant agreement No 101073547.

1st RILEM International Conference on Mineral
Carbonation for Cement and Concrete

NATURAL AND ENFORCED
CARBONATION OF HYDRATED
CEMENT PASTE

C. Rodriguez'2, W.R. Leal da Silval, J. Soosai Alphonse!, P. Stemmermann?, K.
Garbev?, and G. Beuchle?

IFLSmidth A/S, Claudia.rodriguez@FLSmidth.com
2KIT, Institute for Technical Chemistry, Karlsruhe, Germany

UNIVERSITA
DEGLI STUDI
DI PADOVA

[ | o

™ A\ TECHNISCHE
HELMHOLTZ ZeNTRUM | [RSELAUIEH @ gsllEVSEDRESIFAT
DRESDEN ROSSENDORF

1st RILEM International Conference on
17-04-2024  Mineral Carbonation for Cement and Esm IDTH
Concrete

ﬂ(IT 01U e AT IEr ‘SlEMENS

Karlsruher Institut fiir Technologs




Funded by the
European Union

CO.,Valorize: valorization of CO2 for low carbon cement ~ S2valerie

Horizon Europe Research & Innovation Programme
under grant agreement No 101073547.
S I E M E N S Karlsruhe Institute of Technology “

Tallinn®

AW o

Rigae | atvia

&
Stockholm

Denmark
i Lithuania oS,
Kabenhavn OCKED
Vilnius®
United Kingdom
Ireland Dublin BMuHCK
“" NXtherlands p? Belarus = I
Amsterdam@ L °
Germany Warszawa
UNIVERSIT ronden™ Broxelies HELMHOLTZ ZENTRUM
A - Bryssel

Praha
o

DECIAI STUDI Luxemboun}

)
Luxembourg

DRESDEN ROSSENDORF
DI PADOVA "y Slovans

TECHNISCHE
UNIVERSITAT

Czechia

France L 8Vaduz Hungary B
£ e o DRESDEN
9 jubljana® o7 reb Romania
Croatia
Bosnia uruq 2 5 Bucuresti
Monath San Marino Hlerzegoving PeorRod s e
s(llh:-) di San SETEJE'\JGQ
Marino \ Bulgaria
Anc;orre Ttaly Mohtenegro . oo
Andorra la Pndgmica® a
bl Ro?na A Ckonje
Spain Tirang®  {Ngrth.Macedonia
Albania
Partugal Maﬁrwd - Ankara
areece
Turkiye
Lishoa
)
ABrva
L l)"‘g?"
1st RILEM International Conference on UNIVERSITA DTU . - DR TECHNISCHE
2 17-04-2024  Mineral Carbonation for Cement and ES MIDTH il Stubi \ oo | moveTom [SIEMENS = UNIVERSITAT
DI PADOVA _— HELMHOLTZ ZENTRUM
Concrete Karlsruher Institut fiir Technologie HH DRESDEN ROSSENDORF DRESDEN




What and h to start? SeBValorize [ .
a a O W O S a ) Horizon Europe Research & Innovation Programme

under grant agreement No 101073547.

Enforced carbonation ‘ Natural carbonation ‘ Hydrated Cement Paste (P)
Recycled Concrete Fines (RCF)

What is the extension of natural carbonation (sourcing and experimental work)?
Does natural carbonation influence the enforced carbonation?

What is the performance of P and carbonated P as SCMs?

CO, uptake as function of: Paste and cPaste as SCM:
 Controlled atmosphere (N, and CO,) » 5-10-15 wt % of SCM as cement
» Temperature (T) replacement

» Relative humidity (RH) « Compressive strength (MiniRilem)

* Wet carbonation

A
=

HELMHOLTZ ZENTRUM
DRESDEN RUSSENDDRF

1st RILEM International Conference on
17-04-2024 Mineral Carbonation for Cement and
Concrete

TECHNISCHE
UNIVERSITAT
DRESDEN

4
FAY
CEMMAC

<

/5 ) UNIVERSITA DTU ......

Sl ‘ ST ‘ o= | FrevETen ‘SI EMENS
\ Karlsruher Institut fiir Technologie

A
—




Lab set-up

1 Natural carbonation
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Nitrogen (Glove bag)
P-N

Natural carbonation

Hydrated
cement paste

Environment (lab) conditions
P-E-1; P-E-14
T: 23°C. RH: 30%. CO,: 360 ppm

Oven
P-O-1
T: 40°C. RH: 40%. CO2: 160 ppm

CEM 525N, W/b: 0,48
22-month

K,SO, saturated solution to control RH
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Lab set-up

BEnforced Carbonation

Wet carbonation

3 x cP-N

3 xcP-E-14

3 xcP-O-1

5 3 x cP-E-1

. Funded by the
mValorlze - European Union

Horizon Europe Research & Innovation Programme
under grant agreement No 101073547.

ANENENEN

20 grams of paste
Water/solid mass ratio=10
Gas flow rate= 2.0 L/min
25% CO, / 75% N,

v Avoid filtering — it is best drying the whole
sample.
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Hydrated cement Natural Enforced ! Post-Natural 5
paste carbonation Carbonation i Carbonation |
. 1week, Environment (lab) E
: conditions !
CO, CO, CO, CO,
determination #1 determination #2 determination #3 determination #4
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Carbonation results
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Starting paste

N

N: Nitrogen atmosphere, glove bag
E: CO,: 366112 ppm, RH: 26+9%, T: 23+0.3°C
O: CO,: 153+17 ppm, RH: 40+1%, T: 40+1°C
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It is important to measure the CO, content of the

starting material prior to experiments to
establish a baseline
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COZuptake = A[COZ,Carbonated - COZ,Fresh]LOI free X (1 - LOIFresh)

35 It is important to measure the CO, content of the
fresh material prior to experiments to establish a
30 baseline
:\5 25 P’s CO, uptake due to natural carbonation is
- rather low, still must be prevented.
= 20
g . CO,uptake(%) =
"N 06 —1,440,1
S
10 4.0 4.8 5
5 \ 1 _{
, mm il
Starting paste Nat Carb

E-1 mE-14 mO-1

N: Nitrogen atmosphere, glove bag
E: CO,: 366112 ppm, RH: 26+9%, T: 23+0.3°C
O: CO,: 153+17 ppm, RH: 40+1%, T: 40+1°C
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Carbonation results [®e¥:Valorize - o
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COyuptake = A[(:02,6(1‘rbonated - COZ,Fresh]LOI free X (1-— LOIgyesn)

35 5 It is important to measure the CO, content of the
CO,uptake(%) = 28,5+ 0,7 279 8.6 8.9 fresh material prior to experiments to establish a
30 27.4 baseline
* 25 P’s CO, uptake due to natural carbonation is
- rather low, still must be prevented.
c 20
2
c
S 15 CO, uptake from enforced carbonation is not
o affected by natural carbonation, since all
“ 10 tested exposure conditions vyield similar final
contents.
| |
T B

Starting paste Nat Carb Wet Carb
BN WE-1 WmE-14 mO-1

N: Nitrogen atmosphere, glove bag
E: CO,: 366112 ppm, RH: 26+9%, T: 23+0.3°C
O: CO,: 153417 ppm, RH: 40+1%, T: 40+1°C
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Carbonation results [®e¥:Valorize - o
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COyuptake = A[COZ,Carbonated - COZ,Fresh]LOI free X (1-— LOIgyesn)

=
o

35 It is important to measure the CO, content of the
CO,uptake(%) = 28,6 £ 0,5 18.7 28.2 fresh material prior to experiments to establish a
30 273 . 286 paseline
25 : .
3 P’s CO, uptake due to natural carbonation is
- rather low, still must be prevented.
§ 20
c
S 15 CO, uptake from enforced carbonation is not
o affected by natural carbonation, since all
“ tested exposure conditions vyield similar final
contents.
5
0 -- "I No further natural carbonation — or a rather

_ negligible amount — takes place after enforced
Starting paste Nat Carb Wet Carb Post Nat carbonation.

BN WE-]1 WmE-14 mO-1

N: Nitrogen atmosphere, glove bag
E: CO,: 366+12 ppm, RH: 26x9%, T: 23+0.3°C
O: CO,: 15317 ppm, RH: 40£1%, T: 40+1°C
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What IS the extension of natural carbonation (sourcing and experimental work)?

Does natural carbonation influence the enforced carbonation?

What is the performance of P and carbonated P as
SCMs?

Paste and cPaste as SCM:

» 5-10-15 wt % of SCM as cement
replacement

« Compressive strength (MiniRilem)
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Evaluation of carbonated products G valorze [
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Numbers indicate weight replacement (%)
* Q: Ground gquartz <90um
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Evaluation of carbonated products

o P: Paste

*  Numbers indicate weight replacement (%)

* Q: Ground quartz <90um

CO,uptake=
29% of Paste

* c-P: Carbonated Paste

(edIN) yibuans anlssaidwo)

28

7

Time (days)

c-P5

c-P10 @ P15 c-P15

mP10

EQ5 Q10 ©Q15  mP5

mCEM |

2
Z=:
lm.
()
| EE
-z
Zo
n:
N ::
Z2u
| | =0
Lz
(7]
2
L
L
||
__
C
0
E
I
7
4
5L
oL

m

|
2
o
Q
£
W
7
£
2
3
-
=B
=S =
=
xwn D
5 [
E5s
Z B g
- a s
oo_:S
P
o L
P\
&
,A\ml.




L] u = Funded by the
Main learnings alorize I -
g Horizon Europe Research & Innovation Programme

under grant agreement No 101073547.

7 ~ 7 ~ 7 ~
/ N / N / \
/ \ / \ / \
l Natural | l Enforced | l Performance |
carbonation | carbonation | as SCMs I
v’ Proper assessment of the v" CO, uptake from enforced v Up to 28 days, replacing up
initial carbonate state for carbonation is not affected to 10% of cement with cP
a reliable quantification. by the starting state. does not compromise the
v' Extension of natural cement’s fc performance
carbonation is rather low. significantly.

v" Implement control
measurements to keep
baseline constant.
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Follow us here

OIONCRCNO

Thank you
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Marie Sktodowska-Curie
Actions

NYOU CANNOT HOPE TO BUILD A BETTER WORLD
WITHOUT IMPROVING THE INDIVIDUALS.

MARIE SKEODOWSKA-CURIE
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