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Cement is used in many structures where crack
propagation is extremely dangerous

Cement/concrete integrity must be monltored
to avoid e

Morandi bridge, 2018 Gulf of Mexico, 2010 ’



Applications:
Health on-line control for civil structures

Experimental studies of a structure
during dynamic loads (earthquakes)

Stress sensors and structures
on-line monitoring for oil&gas
applications



Improvement of: - Mechanical properties
- Electrical conductivity

FUNCTIONALIZATION NEEDED
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BAD
dispersion in
water

Carbon materials are apolar,
and in particular they tend to
aggregate so it is difficult to
disperse them in water

BAD
dispersion in cement
due to agglomeration

I

BAD
interaction
with cement

In order to achieve a good
dispersion and interaction with the
matrix it is necessary to attach polar

groups on the surface




CALENDERING

DISPERSION

CHEMICAL FUNCTIONALIZATION
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DISPERSION
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CHEMICAL FUNCTIONALIZATION

PLASMA FUNCTIONALIZATION

PHYSICAL FUNCTIONALIZATION

OXIDATION WITHOUT ACID

OXIDATION IN FLUX OF GAS/VAPOUR




Chemical functionalization
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Homogenous

solution Cement




Taguchi design of experiment
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Comparing the best and the worst of Taguchi DOE

Thermogravimetric analysis

100 -
90—_
80—-
70
60—-
50 -

40 -

Weight loss (%)

30 -
20

10 -

———
—

-

PapEp————————

Sulfonitric (60 min/60 ° C)
Piranha (30 min/30 °C)
Pristine CFs

Intensity (a.u.)

—
100

1 1 -~ 1 1T * I 1T * 7T T1°
200 300 400 500 600 700 800 900 1000

Temperature (°C)

Raman

D peak

9 peak

Sulfonitric, 60, 60°C
|/1=1.16

Piranha, 30", 30°C
ID/IG= =1

500

Pristine CFs
/1= 1.20
| | ' | ! I
1000 1500 2000 2500
Raman shift (cm'1)
13

Lavagna, L., Musso, S., Ferro, G. & Pavese, M. Cement-based composites containing functionalized carbon fibers. Cem. Concr. Compos. 88, 165-171 (2018).



Chemical functionalization

1 hour 24 hours Diluite 1:9

Time | Temperature
[min] [°C]
A Aqua Regia 30 30

Experiment | Acid type

Acid Time [min]
Sulfonitric 15 30 45 60 75 90 120

14

L. Lavagna, M. Bartoli, D. Suarez-Riera, D. Cagliero, S. Musso, M. Pavese, ACS Appl. Nano Mater. 5 (2022) 6671-6678.



Flexural Strength (MPa)
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Comparing
samples with
0.1%
reinforcement
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Weight loss (%)
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Chemical
functionalization

Acid Time [min]
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Comparing samples with 0,1% by
weight of cement

L. Lavagna, A. Santagati, M. Bartoli, D. Suarez-Riera, M. Pavese, Nanomaterials. 13 (2023).
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Increment in flexural strength (%)

Functionalization
v'Key role of dispersion in water and in matrix

v'Enhancement of composites mechanical properties

v'Conductive cement
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Thank you for your kind attention
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