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01 Steel in Carbonated Concrete

1.1. Carbonation

Carbonation proceeds efficiently if

I. Concrete pore saturation < 80 vol%

optimum at relative ambient humidity of 55% ï65%, 

corresponds to pore saturation < 80 vol%

II. Concrete porosity Ó 15 vol%

e.g. w/c 0,45 ïCO2-permeability strongly reduced by blocking concrete pores with 

calcite formed from calcium hydroxide (P. Claisse 1999)

III. Binder composition ïalkalinity content: 

pure OPC contains 25 wt.% Ca(OH) 2/wt. cement

therefore ñlow CO2cementsò may pose a problem concerning carbonation

IV. CO2 content in ambient air

- increased in parking decks

- increases due to fossil fuels
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01 Steel in Carbonated Concrete

1.1. Carbonation

CO2 content in ambient air is 

2024 about 40% higher than 

in 1958 and continues to 

increase by about 25 ppm/10 

years,

600 ppm may be reached by 

the end of the century
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01 Steel in Carbonated Concrete

1.2. Corrosion

Main corrosion relevant effect of carbonation:

Reduction of pH in the pore solution due  to 

consumption of alkalinity producing Calcium Hydroxide Ca(OH) 2

Hardened Portland Cement contains 25 wt.% CSH ïCalcium Hydroxide

Ca(OH)2 CaCO3 + H2O

Satd. pH 12,6                  pH 9 

CO2

Steel protected from corrosion by formation of passive layer if pH > 11,4

Below pH 11,4, the passive layer becomes unstable                     CORROSION
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01 Steel in Carbonated Concrete

1.2. Corrosion

Main corrosion relevant effect of carbonation:

Laminar corrosion resulting in cracking and spalling of concrete cover

Risk of loss of concrete cover »» loss of cross section of steel!

Hernani Esteves 2020, Parking Deck Nürnberg



Concrete Solutions 2025

16-18 June 2025 LNEC Lisbon, Portugal

7

01 Steel in Carbonated Concrete

1.2. Corrosion

Recommended Literature:

Ueli Angst et al., RILEM Technical Letters (2020) 5: 85 100:

ñReduced pH in carbonated concrete alone is not sufficient

to lead to reinforcement corrosion , and that other factors

play an important role in potentially promoting corrosion -related

damage in carbonated concreteò.
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01 Steel in Carbonated Concrete

1.3. Corrosion in presence of Cl -

Presence of Chlorides at Concentrations below the Critical Chloride Level

< 0,4 wt.%/wt. cement

ñThe threshold value for the Cl/OH ratio for corrosion initiation varies depending on the 

concrete type and other factors, but is generally considered to be around 0.6. When the 

Cl/OH ratio exceeds this threshold (> 0,6), the passive layer on the steel is 

compromised, leading to corrosion.ñ

Critical Cl -/OH- ratio 0,6

e.g. if at pH 12,6, the Cl/OH ratio is  Ò 0,6 with 0,2% Chloride, 

at pH 9 the Cl -/OH-ratio will be Ò 2390

risk of pitting corrosion at chloride levels < 0,4 wt.%/wt.% cement!
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01 Steel in Carbonated Concrete

1.4. Corrosion Protection

Corrosion Protection and/or Corrosion Prevention requires 

ñRealkalisationò

by durably re -establishing

pH > 11,4 

at the Concrete/Steel Interface!
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01 Steel in Carbonated Concrete

1.4. Corrosion Protection

Means of ñRealkalisationò

(1) Re-establish alkalinity by replacing the carbonated concrete by Repair Mortar 

with w/c Ò 0,45

- expensive and time -consuming

- significant and eventually extensive optical changes of the concrete surface

- weak point: interface repair concrete/old concrete (low porosity on high 

porosity concrete)

(2) Surface treatments to dry out the concrete cover at the level of the 

concrete/steel interface

- Might be possible at concrete covers < 15 mm but durability 

questionable (S. Mattila 2009 ïsee U. Angst)
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01 Steel in Carbonated Concrete

1.4. Corrosion Protection

Means of ñRealkalisationò

3) Electrochemical Realkalisation: 

- High Voltage, High Currents may induce significant concrete surface degradations 

(see 1988 Goetheanum in Basel (CH))

- hydrogen evolution at the steel/concrete interface ïhydrogen embrittlement

- what happens after realkalisation?

4) Cathodic Protection: allows soft and durable realkalisation and corrosion 

protection if applied permanently or in combination with CO 2-diffusion surface barrier

- If a CO2 diffusion surface barrier is applied on the anode surface than passivation of 

steel my be attained at low current densities and maintained even if CP is turned off .
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01 Steel in Carbonated Concrete

1.5. Corrosion Protection by CP

ñRealkalisationò by applying Cathodic Protection 

via conductive coating as an Anode

Steel corrosion-related damage in carbonated concrete is particularly 

relevant in buildings that are intended to be preserved for a long time, 

which is especially true for historic buildings and monuments. 

Conductive coatings, when used as an anode, enable the preservation of 

the building's optical appearance.

Applied to potentially ñdry concreteò, they have to sustain:

- Currents up to 10 mA/m2 at voltages up to 6 Volts

- Frequent dry/wet cycles
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01 Steel in Carbonated Concrete

1.5. Corrosion Protection by CP

ñRealkalisationò by applying Cathodic Protection 

via conductive coating as an Anode

Anode

CASTQ

Cover Coat

Steel Reinforcement

Anodenprimer QAP 60

Creating  microcapillary  

matrix

Reinforced Concrete
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MICROCAPILLARY MATRIX

VImpregnation of the Concrete Interface with an Alumo -Silicate Gel

VThe Alumo -Silicate Gel crystallizes in the concrete pore space as

tecto -alumo -silicate,   

e.g., zeolites

VThe tecto -alumo -silicate is intrinsically micro - to nano -capillary 

VIt acts, therefore as a sponge ñsuckingò the alkaline pore solution

toward the concrete anode interface, neutralizing the anodically

produced acid

Vtecto -alumo -silicates are acid resistant (e.g. 10% H 2SO4)

VThe tecto -alumo -silicates create a chemical -mineral bond between the coating and the 

concrete interface, increasing the adhesion strength of the coating on the concrete

01 Steel in Carbonated Concrete

1.6. Corrosion Protection by CP
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01 Steel in Carbonated Concrete

1.5. Corrosion Protection by CP
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Effect of micro -capillary matrix and carbon quantum dots (CQDôs) on anode performance

- Microcapillary Matrix acts 

as humidity and alkalinity 

buffer

- CQDôs act as charge 

transfer mediators, 

sustaining sufficient 

protection current in dry 

conditions
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01 Steel in Carbonated Concrete

1.5. Corrosion Protection by CP

VOLTAGE /CURRENT PLOT OF CASTQ 

COMPOSITE QUANTUM ANODE

The micro -capillary matrix allows 

currents up to 35 mA/m2  also at dry 

conditions (55% rel. humidity)

After drying out by exposure to dry 

conditions (75% rh to 55% rh)

Current resumes due to the 

transport of alkaline pore solution 

towards the anode/concrete 

interface
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01 Steel in Carbonated Concrete

1.6. Installation Scheme



Concrete Solutions 2025

16-18 June 2025 LNEC Lisbon, Portugal

18

02 SELECTED PROJECTS

2.1. Slachthuislaan Antwerp (B)

The project called for a 

transformation of a former 

slaughterhouse into a new 

campus of the AP University of 

Applied Sciences and Arts in

Antwerp . A single -story industrial 

hall was to be reused as a hi -tech 

workspace for approximately 3,500 

students enrolled in science and 

biomedical technology courses.
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02 SELECTED PROJECTS

2.1. Slachthuislaan Antwerp (B)

The project involved extensive 

repair work inside and outside the 

building, with meticulous care to 

preserve the original structure.
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02 SELECTED PROJECTS

2.1. Slachthuislaan Antwerp (B)

One of the major problems was 

steel corrosion related to the 

carbonation of the concrete 

overlay.

In some areas, there was no other choice 

but to apply repair mortar
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02 SELECTED PROJECTS

2.1. Slachthuislaan Antwerp (B)

Preliminary  works  before  applying  

the Composite Quantum Anode.
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02 SELECTED PROJECTS

2.1. Slachthuislaan Antwerp (B)

In most affected areas, the 

application of the Composite 

Quantum Anode was the preferred 

choice, offering a sustainable and 

optically perfect solution.
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02 SELECTED PROJECTS

2.1. Slachthuislaan Antwerp (B)

The installed Composite Quantum 

Anodes are monitored in accordance 

with ISO EN 12 696:

Voltage, current and steel potentials in 

relation to embedded reference cells are 

monitored. The 24 -hour depolarization 

measurements show corrosion 

protection . 
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02 SELECTED PROJECTS

2.1. Slachthuislaan Antwerp (B)

The Composite Quantum Anode 

proved to be a sustainable and 

optically perfect solution.
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02 SELECTED PROJECTS

2.1. Slachthuislaan Antwerp (B)

The slachthuis transformed int o the 

campus of AP University of Applied 

Sciences in Antwerp. 
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02 SELECTED PROJECTS

2.2. Theodardus Church, Limburg

The Sint -Theodardus Church in Koolmijnlaan in 

Beringen -Mijn , Limburg, designed by Henry Lacoste 

and built between 1939 and 1943, is one of 

Belgium's five mining cathedrals.

The windows exhibited severe damage due to 

carbonation of the cement stone and insufficient 

concrete cover over the steel reinforcement. 
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02 SELECTED PROJECTS

2.2. Theodardus Church, Limburg

The windows exhibited severe 

damage due to carbonation of the 

cement stone and insufficient 

concrete cover over the steel 

reinforcement. This degradation 

also caused secondary damage to 

the glass elements.

The Composite Quantum Anode was applied to the 

concrete elements, covered with an appropriate cover 

paint, to protect the steel from further corrosion.
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02 SELECTED PROJECTS

2.3. Pakhuys Afrika, Amsterdam

Pakhuys Afrika, originally built 

between 1883 and 1885, is a 

historic monument known for its 

distinctive mushroom -shaped 

floors.
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02 SELECTED PROJECTS

2.3. Parkhuis Afrikain , Amsterdam

After a fire in 1913, the building 

was rebuilt using reinforced 

concrete under the direction of 

architect A.J. Joling. 

An inspection showed steel 

corrosion -related damages to the 

carbonated concrete cover of 

columns and beams.
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02 SELECTED PROJECTS

2.3. Parkhuis Afrikain , Amsterdam

Maintenance was performed in 

2018, including the installation of a 

cathodic protection (CP) system as 

part of the remedial measures.

Using the CAS Composite 

Quantum Anode system, the CP 

system installed on the portal 

covers approximately 66 m² of 

beam surface and 4 m² around the 

column. 
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02 SELECTED PROJECTS

2.3. Parkhuis Afrikain , Amsterdam

The monitoring results show a 

well -functioning CP system in 

its first six years of operation.

The CP on the beam was 

operated at 4 Volts with 

currents varying 

from 1 ï40 mA/m 2
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02 SELECTED PROJECTS

2.3. Parkhuis Afrikain , Amsterdam

The ISO EN 12696 24 h 

depolarisation criterion has 

been met during the 6 years 

since installation, except for 

reference cell RE 4. 
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02 SELECTED PROJECTS

2.4. Kiosque Bosc - Montpellier

The Bosc Kiosk, located in 

Montpellier, France, is an iconic 

structure built in 1927. Due to its 

exposure to environmental 

conditions over nearly a century, 

the structure has suffered 

significant corrosion caused by 

carbonation of the concrete cover. 
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02 SELECTED PROJECTS

2.4. Kiosque Bosc - Montpellier

An impressed current cathodic 

protection (ICCP) system utilizing a 

carbon -based conductive coating, the 

CASTQ Composite Quantum Anode, 

was implemented on a total of 485 m 2 in 

August 2024 on

- shell underside (210 m 2)

- 35 m circular beam connecting 

hexagonal columns

- 160 m structural beams above the roof

to ensure long -term preservation while 

maintaining the original aesthetics.
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02 SELECTED PROJECTS

2.4. Kiosque Bosc - Montpellier

Example for the measurement of the 24 -hour depolarisation according to ISO EN 12696

©Ville de Montpellier
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02 SELECTED PROJECTS

2.4. Kiosque Bosc - Montpellier

The Kiosque Bosc after renovation, 

installation, and operation of the CAS 

Composite Quantum Anode System.

©Ville de Montpellier
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02 SELECTED PROJECTS

2.5. Garage Bertolt Brecht, Nürnberg 

The parking garage is a single -story 

underground structure with 

approximately 123 parking spaces 

spread over an area of around 3,400 

square meters. 


