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ABSTRACT |

The scientific literature shows that concrete mixes improve their mechanical performance when recycled concrete aggregates treated with diammonium phosphate (DAP) are used. However, the 
effect of this treatment on reinforcing steel is unknown. This study focuses on the influence of mixed DAP and calcium hydroxide-Ca(OH)₂ solutions on the corrosion of reinforcing steel. An 
evaluation of the following three solutions in water was carried out: commercial DAP used as a soil fertilizer; DAP + Ca(OH)₂; and Ca(OH)₂ solution was used as a reference sample. 
Reinforcing bars (⅜”) were exposed by immersion in the solutions to determine the stability of the system over time. The phases formed as a function of the exposure time 1,5,14 and 28 days 
were identified by RAMAN spectroscopy and optical microscopy. According to the different analyses, it was possible to observe the formation of iron phosphates and calcium phosphate such as 
hydroxyapatite, which in some cases act as a protective layer of the steel during corrosion. However, when there is a high presence of phosphates, in variable pH and humidity environments, 
they act as electrolytes generating pores in the steel and accelerating the deterioration process. The results will help to establish minimum conditions of DAP concentration to improve the 
quality of the treated recycled concrete aggregates, avoiding the deterioration of the reinforcing steel.
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2.METHODOLOGY

1. BACKGROUND

DAP-CH exposure time’s 14 days.

RAMAN Spectroscopy DAP+CH

● Formation of the expected minerals from calcium phosphates (Apatite family). The minerals that 
arise from calcium phosphates (Apatite Family) favor the densification of the microstructure and 
inhibit the corrosion process.

● Phosphate compounds have an use as inhibitors of the corrosion process; however, phosphates in 
high concentrations could act as an electrolyte, generating pores in the steel and accelerating the 
corrosion process

● Iron oxides were found, these oxides could work as a protective coat at first; however, depending 
on the environmental conditions, and their concentration could accelerate the corrosion process. 

● Electrochemical impedance spectroscopy analysis is required to see the corrosion rate in the 
treated RCD mortar-concrete system.
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           DAP-CH exposure time’s 28 days. 
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3. RESULTS

Stage 1: 
Rebar preparation 
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Stage 2: 
Solutions Preparation

 (Expected conditions in RFA) 
-Solution 1: DAP
-Solution 2: CH + DAP
-Solution 3: CH 

DAP = (NH₄)₂HPO
(Phosphates)

CH= Ca(OH)₂
(Calcium)

H₂O

Fe₂O₃, FeO(OH) 
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● Hematite - May affect the 
mechanical properties in high 
concentrations.

PO₃
 (Phosphates)01

● Phosphate compounds- May be a 
potential corrosion agent in high 
concentrations.  

Stage 3: 
Rebars Immersion

Exposure ages: 1,5,14 and 28 days

pH controlling

Low pH rate high 
corrosion risk

Alkaline pH less 
corrosion risk

Stage 4: Spectroscopy/Microscopy

RAMAN 
spectroscopy 

To identify possible 
corrosion-enhancing 
minerals

Optical 
microscopy

To identify mineralogical 
deposits found in RAMAN 
spectroscopy

Difference in mass over 
time and pH monitoring

Concrete Waste (60-70%) RCA (recycled Concrete Aggregates)

CDW:  3.9 Gt/year (Li u et al. 2023)
 80% Natural source aggregate

Cement paste attached
(volume 25-60%)

RFA
 (recycled fine 

aggregate)

Absorption: 
Three times 
higher than 

natural aggregate 
(Gómez 2022)

Directly related to 
the mechanical 

properties

DAP solution 
treatment on RFA fill 

pores   

● Reduces absorption 

● Increases f´c

● Treatment solution 
composites effect on
 rebars ?Replacement of treated RFA (%)
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Optical Microscopy

Ca₅(PO₄)₃  
(Calcium phosphates)

02
●  Apatite- Could act as a coating that 

reinforces the steel, strengthening the 
microstructure.
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