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2D Graphene Nanoplatelets in Concrete

2 – 3x higher specific surface area 

than the surface area of cementitious grains

✓ Control the interfacial processes at the nanostructured C-S-H/graphene interfaces

Functionalized surface area 

with carboxyl and hydroxyl groups

Higher kinetics

Platform for surface chemistry 
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300 nm

SEM image of exfoliated tri-layer GNP
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SEM image of ”As received” GNPs showing 15 

layers of stacked graphene sheets
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Exfoliated Tri-layer GNPs in Suspension
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Materials and Experimental Program

NanoIR AFM (Sub-10 nm)

Chemical Imaging/Mapping on 

GNP reinforced cement pastes

Exfoliation of GNPs 

• Controlled Ultrasonication Energy Method

Specimens

Diameter: 1.2’’ (30 mm)

Height: 0.6” (14mm)

Number of 

Layers

Thickness,

(nm)

Lateral 

Dimension 

(μm)

GNPs 13 - 16 200 2

28-day Cement Pastes  

and Mortars 

w/c/s: 0.485

OPC Type I

Sand ASTM C779

GNPs: 0.15  vol%

Quantitative evaluation of CO2 uptake and mineralization

CO2 12% v/v (100% purity)

65% RH

74 oF (23 oC)

Thermogravimetric analysis

Quantitative evaluation of CO2

uptake and mineralization

Nano-scaleMacro-scale

ASTM C1872 - 18

✓ OPC Mortar (M)

✓ M + GNPs exfoliated

✓ M + GNPs as received
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CO2 curing
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ASTM C1872 - 18



CO2 Uptake and Mineralization 

of 28-day Carbonated Specimens
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CO2 uptake and 

mineralization  of non-

carbonated specimens

17.3 ± 0.4
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CO2 Uptake and Mineralization 

of 28-day Carbonated Specimens
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C-S-H
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C=C bonds 

from GNP
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1

COOH, OH

COOH 

(carboxyl) and 

OH (hydroxyl) 

attached on the 

GNP surface

COOH and OH are active 

sites that promote the 

reactions between Ca2+

ions from C-S-H with CO2

1



0.00

0.20

0.40

0.60

0.80

1.00

1.20

1.40

800900100011001200130014001500160017001800

A
b

so
rb

a
n

ce

Wavenumber (cm-1)

14

Sub-10nm IR Spectrum of GNP Reinforced Cement Paste
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Sub-10nm IR Spectrum of GNP Reinforced Cement Paste
CO2-cured specimens

Moist-cured

28d w/c 0.485

C-S-H

GNP/C-S-H

Si-O

of sorosilicates (Q1) in C-S-H 

with high Ca/Si ratio

1

2

0.00

0.20

0.40

0.60

0.80

1.00

1.20

1.40

800900100011001200130014001500160017001800

A
b

so
rb

a
n

ce

Wavenumber (cm-1)

CO3
2-

Si-O
of sorosilicates(Q1) in C-S-H

with high Ca/Si ratio 

(no carbonation)

Si-O
Silicate polymerization

Moist-cured

28d w/c 0.485 Moist-cured CP

Wavenumber (cm-1)



0.00

0.20

0.40

0.60

0.80

1.00

1.20

1.40

800900100011001200130014001500160017001800

A
b

so
rb

a
n

ce

Wavenumber (cm-1)

16

Sub-10nm IR Spectrum of GNP Reinforced Cement Paste
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Sub-10nm IR Spectrum of GNP Reinforced Cement Paste
As Received GNPs
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Conclusions

300 nm

Exfoliated tri-layer

➢ While both multilayer and tri-layer GNPs increase
concrete’s capacity for CO2 uptake and
mineralization, highly exfoliated/few-layered
functionalized GNPs are able to better enhance
CO2 uptake and mineralization.

Formation of higher amounts of CaCO3

➢ 28-day CO2 cured mortars reinforced with
exfoliated tri-layer GNPs exhibit:

✓ 26% higher CO2 uptake and mineralization
than OPC mortar

✓ 8% higher CO2 uptake and mineralization than
mortar reinforced with “as received” GNPs
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➢ The use of exfoliated/few-layered functionalized
GNPs is crucial to provide active sites that
promote the chemical reaction between CO2 and
cement hydration products and facilitate the
production of CaCO3 (mineralization)
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