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The study of the durability of concrete subjected to 

leaching requires knowledge of the mechanisms of 
chemical degradation of cement paste and of cement 
paste/aggregate bond. The Interfacial Transition Zone (ITZ), 
the portion of cement paste in contact with aggregates, is a 
vulnerable zone in the context of chemical degradation due 
to its high degree of solubility and diffusivity. In order to 
evaluate the leaching kinetics as well as the chemical 
dissolution of bulk cement paste and of the ITZ, 
parallelepiped cement paste samples and cement 
paste/aggregate composites were produced and submitted 
to accelerated leaching. The measurement of the degraded 
depth was carried out by image analysis of the cross 
sections of the cement paste and of the interface. The 
degradation kinetics of the bulk cement paste is 
proportional to the square root of time. On the other hand, 
that of the ITZ initially follows the same trend, but slightly 
accelerates after a critical threshold. Chemical analyses 
were performed by Energy Dispersive Spectroscopy (EDS) 
to measure the Ca/Si molar ratios of ITZ and cement paste 
for a single degradation time. The greater drop of the Ca/Si 
ratio at the ITZ reveals a significantly greater dissolution of 
the portlandite than in the bulk cement paste. 

 

  
Studiul durabilității betonului supus levigării 

 necesită cunoașterea mecanismelor de degradare chimică 
a pastei de ciment și a legăturii pasta/agregat. Zona de 
tranziție inter facială (ITZ), porțiunea de pastă de ciment 
aflată în contact cu agregatele, este o zonă vulnerabilă în 
contextul degradării chimice datorită gradului ridicat de 
solubilitate și difuzivitate. Pentru a evalua cinetica de 
levigare, precum și amploarea disoluției chimice a pastei de 
ciment propriu zise și a ITZ, s-au produs eșantioane 
paralelipipedice din pastă de ciment și compozite paste / 
agregate de ciment. Ulterior, acestea au fost  supuse 
levigării accelerate. Măsurarea grosimii degradate a fost 
efectuată ca urmare a analizei imaginii secțiunilor 
transversale ale pastei de ciment și ale interfeței. Cinetica 
de degradare a pastei de ciment propriu zise este 
proporțională cu rădăcina pătrată a timpului. Pe de altă 
parte, cea a ITZ urmează inițial aceeași tendință, dar se 
accelerează ușor după un prag critic. Analizele chimice au 
fost efectuate prin spectroscopie energetică dispersivă 
(EDS) pentru a măsura raporturile molare Ca / Si la nivelul 
ITZ și al pastei de ciment pentru o singură perioadă de 
degradare. Scăderea mai mare a raportului Ca / Si la nivelul 
ITZ indică o amploare a disoluției a portlanditei semnificativ 
mai mare decât la nivelul pastei deciment propriu-zise. 
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1. Introduction 

 
Concrete is a composite material formed by a 

cementitious matrix (cement paste) and a granular 
skeleton (aggregates). Cement paste is obtained 
following the hydration of the anhydrous cement 
and acts as a binder between aggregates. It is 
formed by several chemical species, the most 
important one being hydrated calcium silicates (C-
S-H), and other significant ones being portlandite 
and ettringite. C-S-H, a poorly crystallized chemical 
species with variable stoichiometry (Ca/Si molar 
ratios between 1.2 and 2.3 [1]), are the main 
contributors to the development of the material 
mechanical strength.  

The Interfacial Transition Zone (ITZ) is the 
portion of the cement paste that is adjacent to the 
aggregates and has particular properties.  

 Generally, in the hydrated final state, ITZ has a 
higher porosity and a higher content of chemical 
species that have weak cohesive properties 
(portlandite and ettringite) [2], [3]. 

Concrete leaching occurs following contact of 
concrete with a chemically aggressive solution, 
such as water, which is relatively acidic compared 
to the interstitial solution in concrete. Subsequently, 
water diffuses into the interstitial solution and 
changes its concentration of basic ions. Therefore, 
in order to ensure the chemical equilibrium 
between interstitial solution and cement paste, a 
progressive dissolution of the Calcium occurs in the 
cement paste. 

After leaching, the Calcium dissolution from 
cement paste (bulk and ITZ) produces an increase 
of porosity and thus a drop of mechanical 
properties. The leaching process is manifested by  
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the complete dissolution of portlandite that occurs 
rapidly and the gradual decalcification of C-S-H [4]. 
ITZ can affect the durability of leached concrete by 
two mechanisms related to chemical degradation: 

 local acceleration of chemical degradation 
due to its higher porosity and its higher 
diffusivity 

 more important dissolution at the ITZ with 
respect to the bulk cement paste. This is 
due to the higher concentration of fully 
soluble chemical species (portlandite) of 
ITZ in sound state. 

In the context of the study of leaching effect 
on mechanical behaviour of concrete, the results in 
litterature come mainly from macroscopic studies 
which allowed the deduction of ITZ role rather 
indirectly. At the macroscopic scale of concrete, 
the ITZ effect on the leaching kinetics is small, 
because the slowing effect due to the tortuosity 
induced by the aggregates prevails over the 
acceleration induced by the higher diffusivity of the 
ITZ [5], [6]. On the other hand, following leaching, a 
greater increase in porosity has been noticed at the 
ITZ with respect to the bulk cement paste, and was 
attributed to a significant chemical dissolution [7]. 
In fact, the greater chemical degradation of ITZ 
was considered to be the reason why for the same 
global extent of chemical degradation, the loss of 
compressive strength of the mortar samples is 
higher than the loss of compressive strength of the 
cement paste samples [8]. 

Therefore, it can be concluded that prior 
studies managed to identify the mechanisms by 
which ITZ affect the durability of concrete on a 
macroscopic scale. However, numerical models of 
concrete managed to take into account the ITZ in 
order to simulate its mechanical behaviour at 
sound state [9]. These kind of models is likely to be 
used also on degraded materials, since ITZ effect 
need to be considered in order to perform correct 
prediction of the concrete structures lifetime. In this 
context, an experimental protocol was developed 
at LMGC to assess the mechanical behaviour of 
the concrete at local scale of the cement 
paste/aggregate bond [10]. In the perspective to 
analyse the mechanical 

 

 behaviour of the degraded material, chemical 
degradation characterisation of cement paste and 
ITZ is necessary. The present study aims to 
evaluate the leaching kinetics and the magnitude 
of the chemical dissolution of ITZ by direct 
measurements. The necessary assessments were 
performed on cement paste and cement 
paste/aggregate composite samples. 
 
2. Materials and methods 
 
2.1. Materials 

The materials that were used to 
manufacture the samples are cement paste (CEM 
I, water/cement ratio of 0.4) and limestone 
aggregates. The two types of parallelepiped 
samples, cement paste ones (Fig. 1 a) and cement 
paste-aggregate composites (Fig. 1 b) were 
obtained following casting in flexible latex 
moulds[11]. The total dimensions of the samples 
are 10x10x30 mm³ with a tolerance of ±0.1 mm. 
The composite sample consist of one half 
aggregate (10x10x15 mm³) and one half cement 
paste (10x10x15 mm³). They were obtained 
following casting of cement paste onto the 
aggregate which was previously cut and adjusted 
to the desired dimensions and allowed the creation 
of a cement paste/aggregate bond.This cement 
paste/aggregate bond allow the presence of the 
same phenomenon that generates the creation of 
ITZ in real concrete, the wall effect. In fact, the 
present geometry is well suited for measuring the 
degraded depth of the (bulk) cement paste and of 
ITZ.  

After casting, the samples were kept in 
their mould for 24 hours at 100% RH. Then, after 
demoulding, they were stored in a water lime 
saturated solution for 40 days in order to allow an 
optimum cement hydration and avoid any 
accidental leaching that could occur following 
preserving samples in water. After 40 days of 
hydration, the samples were submitted to leaching 
in order to allow the study of the properties of the 
degraded material. Concrete leaching is a very 
long process compared to thetime of the laboratory 
studies. It has been shown that for an ordinary 
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Fig. 1 - Cement paste (a) and composite sample (b); leaching configuration (c); chemical profiles location (d) Forma eșantioanelor din 
pastă de ciment (a) și compozit (b); configurația degradării (c); locația profilurilor chimice (d)
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paste. After a critical threshold (2 days of leaching), 
the leaching kinetics of ITZ accelerates. 

The characterization of chemical dissolution 
state of ITZ and cement paste was carried out by 
EDS for a single degradation time - 4 days 
(degraded depth of 2.75 mm). The area of 15 μm 
in the vicinity of aggregate with a different chemical 
concentration (Ca, Si, Al) has been considered ITZ. 
Thus, the evolution of the Calcium dissolution was 
studied in the degraded zone of ITZ and of bulk 
cement paste. Despite the fact that the difference 
between degraded depth of ITZ and cement paste 
is reduced for this leaching time (less than 5%), the 
difference in terms of dissolution is important. The 
portlandite-rich ITZ undergoes substantially greater 
dissolution than bulk cement paste. This 
dissolution is more important at the interface with 
the aggregate. In the degraded part, Ca / Si ratios 
of ITZ and cement paste coincide because of the 
existence of same residual chemicals. 

In the context of cementitious materials 
durability, this greater dissolution of ITZ with 
respect to bulk cement paste can have important 
repercussions on the mechanical properties of the 
cement paste/aggregate bond. 
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