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Alarming CO, rising levels What can we do?

Carbonation: CO, sequestration in cement-based materials

THE WORLD'’S GATHERING PLACE FOR ADVANCING CONCRETE OCL CONCRETE
CONVENTION




Introduction Materials & Methods Results & Discussion Marina - garcial0@purdue.edu ="

Ca(OH)Z + C02 - CaC03 + HzO [3]

Carbonation enhancement: [4]
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CO, curing
" Increases CO, uptake [5]
" Increases compressive strength [6]

Adding nano-TiO,

= Enhances mechanical properties [8]
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Objective

" Provides photocatalytic properties [9]
" Increases durability [10]

Our previous study: Kl
" Increases CO, uptake [7] F& s

To understand the fundamental mechanisms
that govern the CO, uptake rate
variations produced by nanomodification
\0f cement pastes and CO, concentrations.

J
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Cement pastes Curing procedure
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G \
CPI To assess the effect of nano-TiO,
P addition on the CO, uptake
NanojTlo2 1% nano-TiO, y Accelerated CO, exposure (8h)
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CO, uptake quantification
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CO, uptake quantification
I. Thermogravimetric Analysis (TGA)

Before CO, 2.Weight method

M:
M; + ( l/MT) 1 Mwater
CO, uptake;(%) = M}rn/ - 100
C ent

Ca(OH), + CO, » CaCO; +| H,0 /

* W’ater is produced during the process and it needs to be correctly
accounted for in order to obtain an accurate quantification -~
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CO, uptake and uptake rate quantification: New method
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I. Thermogravimetric Analysis (TGA)

2.Weight method

3. CO, sensor monitoring
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. . 0 — 0
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CO, exposure test

Sealed chamber

I. 3 samples + a CO, sensor are
placed inside a sealed chamber

(4
S

Air. Ui s Co,
Ceméant paiste samples with
Inside the chamber 1% or 0% nano-TiO2
Tside the ehamber CO2 sensor
4. 8 consecutive I|-hour cycles were

performed (total of 8 hours)

- 50% CO,

. 100% CO, oy
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CO, concentration (%)

The contribution of the nano-TiO, to the CO, uptake rate is higher for lower
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An increase CO, concentration and adding nano-TiO,, on their own enable more CO, capture at a faster rate

CO, sensor monitoring
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Nanomodification of
' the samples enhanced
carbonation
especially in the first

-+ cycles — reduction

of surface porosity

2 3 4
Cycle (1h)

CO, concentrations (25-50% CO,) than for higher (100% CO,).
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Weight method TGA
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Nano-TiO, increased CO, uptake in all cases Ti02 increasing C02 uptake
This method may underestimate CO, uptake due to water is consistent in all methods

vapor lost during chamber operations
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Porosity is reduced with using nano-TiO, [7,1 ]
3D X-Ray microscope scans

6000 . .

: - 0% nano-TiO 1% nano-TiO mm?3
Reduction of Our res..ults are NE Pore vol = 78.64 :11m3 Pore vol = 74.48 :nm3 o0
CO, uptake counterintuitive £ 5000 - il e,

~ % 0.39
d 4000 { BCP1
OUR PREVIOUS STUDY: $ OCPO
May be due to reduction of the CH S 3000 - 0.0
crystal size with nano-TiO, [7] =
$ 2000 -
Is there any other mechanism affecting CO, S
uptake? [ 1000
IQ O 1 1 1 1 1 1 1
00 25 50 7.5 10.0 125 15.0 17.5 20.0 225 25.0
While porosity is reduced with nano-TiO, Surface area (mm?)

pore surface area of the -
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of the carbonation reaction observed |
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Porosity is reduced with using nano-TiO, [7,] 1] Reference sample
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CO, uptake rate estimation model

Carbonation depth: proportional

to the square root of time [12]

CO, uptake (g) =

Data fro™ results
One value of A (g/h%>) was
estimated for each condition
Least squares method

Condition Nano-TiO, (%) CO, (%)
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4 0 50
5 I 25
6 0 25
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CO, uptake rate estimation model

Carbonation depth: proportional g Carbonati?n
to the square root of time [12] CO; uptake (g) = A ( /\/ﬁ) v E(h) rate coefﬁc:ent
Data fro™ results Affected by:
One value of A (g/h%3) was *  Nanomodification
estimated for each condition * CO, concentration
Least squares method + Using 1% nano-TiO,
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5. Conclusions
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Main take-aways from the study

= CO, uptake rate is enhanced with the use of nano-TiO, for all studied CO, concentrations

= The effectiveness of nano-TiO, addition in terms of CO, uptake rate acceleration is higher with

lower CO, concentrations than with 100% CO,

= Even though porosity is reduced with nano-TiO,, pore surface area of the nanomodified samples
was higher than those without nanoparticles, which might be one of the responsible mechanisms for

the acceleration of the CO, uptake.

NCos, M (2023) Effect of nanomodlflcatlon of cement pastes on the
CO2 uptake rate. Construction and Building Materials, 404, 133165.
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