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Abstract. The presented model of carbonated concrete realkalization is compiled on the basis of the multi-component 

medium theory equations. The process equations have been obtained from an analysis of the partial equations of mass, 

electric charge, momentum, energy, and entropy inequality. The experimental testing reported is related to a theoretical 

model which determines changes of ion concentrations in the pore solution of the cover, as a result of the realkalization. 

On the basis of the test results, the process equations have been simplified and formally transformed into the form of an 

equation for the OH– ions flow, coupled with the Na+ ions transport. By solving the converse problem of this equation, the 

determinant OH– ions electro-diffusion coefficient is calculated and then, after taking the experimental test results into ac-

count, its numerical values, the range of stable solutions and the influence of the process non-stationariness are deter-

mined. 

Keywords: concrete, reinforcement corrosion, electrochemical realkalization, pore solution tests, process modelling. 

 

1. Introduction 

The influence of the atmosphere on reinforced concrete 
structures causes the carbonation of concrete (Kamaitis 
2008). As a result of this process, a reduction in the con-
crete cover protective properties occurs, along with an 
increased corrosion hazard for the reinforcement. The 
corrosion hazard can be reduced – and at the same time 
the durability of structures extended – by electrochemical 
realkalization treatment.  

During the electrochemical realkalization of carbon-
ated concrete there occur complex chemical phenomena 
which basically change the properties of the concrete 
cover (Mietz 1998; Yeih, Chang 2005; Miranda et al. 
2006; Castellote et al. 2006; Bertolini et al. 2008). A 
scheme of the realkalization process is shown in Fig. 1. 

The main source of the changes in the concrete 
structures is the outer electric field being generated be-
tween the reinforcement 1 and the metal mesh 2 on the 
concrete surface in alkaline electrolyte 3. On the rein-
forcement surface 1 there come into being hydroxyl OH– 
ions, which, together with the same ions naturally exist-
ing in the pore solution, flow towards the anodic mesh 2. 
On the anodic mesh 2 there are produced H+ ions,which, 
together with the identical ions from the pore solution, 
flow into the opposite direction. As a result of the influ-
ence of the electric field, also other ions contained in the 
concrete pore solution are displaced, especially the Ca2+, 
K+, Na+ cations and the CO3

2– anions. The Na+ and CO3
2– 

ions not only appear in the pore solution but also pene-
trate into the structure of the concrete cover as they come 
from the outer electrolyte 3, which is an Na2CO3 solution 
(Mietz 1998). An increase in the number of the OH– and 
Na+ ions causes a dramatic increase in the level of the 

reduced by carbonation alkaline reaction in the pore solu-
tion, and this, in turn, causes a rebuilding of the protec-
tive passive layer on the steel surface and a cessation in 
the reinforcement corrosion. 
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Fig. 1. Scheme of chemical changes in concrete being 

realkalized (description in the text) 

 
All of the process ion components flow through the 

system of capillary and gel pores by means of the liquid 
adsorbed on the walls. The flowing of these components 
causes a change in their concentration, especially towards 
the concrete cover thickness. 

A model of the electrochemical carbonated concrete 
realkalization is presented in the paper, a model which 
has been compiled on the basis of the multi-component 
medium theory (Bowen 1976; Kubik 1985) using also the 
data obtained from the tests of the ionic concentration 
distribution in the pore solution. The analysis of the bal-
ance equations of mass, electric charge, momentum, en-
ergy, and entropy inequality have made it possible to 
create a general form of the ion flow equations, whereas 
the laboratory test results have made it possible to use 
acceptable simplifications. 
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With the converse problem of the diffusion equation 
solved, we have obtained the integral formulas which 
define the determinant electro-diffusion coefficient, of 
fundamental significance in the realkalization process of 
the OH– ions, and their numerical values resulting from 
the concentration tests. 

The model being suggested is different from the ex-
isting methods used for solving similar problems, in 
which methods of electrochemical equations are used for 
describing the motions of the ions in electrolyte solutions 
(Andrade et al. 1995; Castellote et al. 2000; Toumi et al. 
2007). However, a multi-component medium theory has 
analytically described the diffusion processes of chlorides 
in concrete, taking into account Cl– ions, accompanying 
Na+ ions and chemically bounded chlorides (Zybura 
2007) and ion migration in concrete cover under the in-
fluence of an electric field during electrochemical chlo-
ride extraction process (Ali, Zybura 2008). 

 
2. General equations of the realkalization  

For an analytical description of the process thermo-
mechanical equations of multi-component medium theory 
have been used (Bowen 1976; Kubik 1985). Taken into 
consideration is the fact that the concrete cover being 
exposed to realkalization (Fig. 2a) consists of some ag-
gregate 1 joined together by means of a hardened cement 
gel 2 (Fig. 2b). In the cement gel 2 there are capillary 
pores 3 connected to gel pores 4 (Fig. 2c). From the cover 
a representative elementary volume (REV) ‘X’ is ab-
stracted, including pores with a solution 5 adsorbed at 
their walls, and carbonation products deposited 6 
(Fig. 2d). The realkalization proceeds relatively quickly 
what enables to pass the deposition of CaCO3 in the pores 
over. Thanks to the pore solution there is a flow of basic 
process components: 1 – OH– ions, 2 – Na+ ions, 3 – H+ 
ions, 4 – CO3

2– ions, 5 – K+ ions, 6 – Ca2+ ions, 7 – O2 

particles and 8 – H2 particles. The abstracted REV is 
modelled using a medium including an immobile frame-
work α = 0 and mobile components – negative ions α = 
1, 4, positive ions α = 2, 3, 5, 6 and electrically neutral 
particles α = 7, 8 (Fig. 2e). The mass density ρα of indi-
vidual components α and the vectors of total velocity vα 
are taken into account and then the total velocity is di-
vided into the velocity of centre of gravity w and the 
diffusion velocity uα (Fig. 2f). 

The global balance of each component α is deter-
mined by the equation  

,8,,2,1,0, K=α=ρ ∫∫
V

α

V

α
dVRdV

dt

d
 (1) 

in which Rα is the mass source while d/dt means the ma-
terial time operator. 

After having taken into consideration the connec-
tions 

∑=

α

α
ρρ ,       ρρ

αα
=C , 

αα
uwv += , 

ααα
ρ uj = , 

(2) 

we reduce the equation (1) to a partial equation of mass 
balance 

αα

α

ρ jdivR
dt

dC
 

−= , (3) 

where ρ is mass density of the whole REV ‘X’, jα – mass 
flux vector of component α, Cα – its concentration. 

Migration of ions is accompanied by the flow of 
electric charge. The partial balance equations of this 
charge are obtained by taking into consideration that the 
mass unit of ions transmits a constant number of electric 
charges eα. 
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Fig. 2. Multi-component model of carbonated concrete electrochemical realkalization process (description in the text) 
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The global balance of electric charge of component 
α is determined by the equation 

,6,,2,1,0α,ρ
αααα

K==∫ ∫
V V

RedVe
dt

d
 (4) 

where eαRα is a source of electric charge. 
With transformations and substitution of depend-

ences made 
ααα
ji e=      ρρ

α

αα
ee =∑ , 

∑ =

α

α
ii ,     ∑

α

αα
= 0Re , 

(5) 

a relation is received 

( ) 0ρ
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e)(
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where iα means a partial density vector of diffusion cur-
rent, eρ – space charge, i – total density of diffusion cur-
rent. 

Individual components α existing in the concrete 
cover are subjected to the action of forces (Fig. 3).  
 

dt

dw

dA

x

x

x

1

e

2

3

A

X

V

P

F

F

F

n

=1,2,3

=7,8

=0

4,5,6
 

 

Fig. 3. Scheme of forces acting on process components 

 
The relation between the forces existing in the REV 

’X’ is described by the momentum balance equation 

( ) ,ρρ

α α
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where Fα is mass force of component α, Fe

α – force of 
the electric field action onto the electric charge of an 
electrically non-neutral component, Pα – partial force of 
area force. 

By determining the acting force of an electric field, 
via the Lorentz formula, and taking into consideration the 
relations 

nσP
αα

= ,   ∑=
α

α

σσ ,   0≅

dt

dw
, (8) 

the momentum balance equation is simplified to the form 

 0ρρ ≅++ σEF dive , (9) 

where F means mass force of the particle ’X’, E – vector 
of electric field intensity, σα, σ – tensors of partial and 
total strength. 

The processes occurring in the cover exposed to an 
action of the electric field cause energetic changes, which 
are expressed by the energy balance equation 

( )
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where Uα, Kα mean the internal and kinetic energy of  the 
unit mass of component α, ραrα – partial source of heat, 
Eα  – internal transmission of energy, qα – partial flux of 
heat. 

Into the transformed expression (10) the momentum 
balance equation (9) and the mass balance equations (3) 
are introduced, summings are made 

 
dt

dU

dt

dU
ρρ

α

α

α =
⎟
⎟

⎠

⎞

⎜
⎜

⎝

⎛
∑ , 

 rr ρρ

α

αα
=∑ , qq =∑

α

α  

(11) 

and the energy balance equation (10) becomes reduced to 
the form 
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In the above expression 

 
α

α

αα

ρ

σtr
UM −=  (13) 

means electrochemical potential of component α, α
σtr – 

trace of partial strength tensor and U is internal energy of 
mass unit of REV ’X’, ρr – is source of heat, q – flux of 
heat, ε&=d  – tensor of strain velocity, D – vector of 
electric induction. 

Because the electro-diffusion process of the compo-
nents of the cover is under the influence of an electric 
field, it has a non-reversible character, therefore the ine-
quality of entropy increase must be fulfilled. This in-
crease is established via the relation 

 Tgrad
T

div
T

r

dt

dS q
q+−≥

ρ
ρ , (14) 

where S is the entropy of the unit mass of REV ‘X’, T – 
absolute temperature. 

Into the inequality (14) the energy balance equation 
(12) was placed and the constitutive equations were in-
troduced, which equations express internal energy U, 
entropy S, and electric field intensity E, using a new 
function – free energy A 

 ED+−= STUA ρρρ . (15) 
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Taking into consideration that the free energy A  
is a function of process parameters: components concen-
tration Cα, temperature T, electric field intensity E and 
deformation ε 

 ),T,(CΑA εE,
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=  (16) 

its derivative to time 
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and then the final form of the residual inequality 
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are established. Because the residual inequality (18) must 
be fulfilled regardless of the process history, it is there-
fore also justified when multipliers at the derivatives are 
equal to zero and the other components are greater and 
equal to zero. On the basis of this property, the limitation 
conditions are established 
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.Tgrad,Mgradα
00

α
≤≤ qj  (20) 

Derived from the above conditions are constitutive 
equations, which determine among other things the elec-
trochemical potential Mα of component α, which is equal 
to the derivative of the free energy A, in relation to the 
concentration of this component. In a similar way, too, 
constitutive equations also determine entropy S, intensity 
of electric field D and stress σ. The inequalities (20) 
make it justifiable to accept the forms of equation as apt 
descriptions of the mass flux jα of components α and the 
heat flux q 

 ,Tgradk,MgradD −=−= qj
ααα  (21) 

where Dα means diffusion coefficient of component α in 
the medium which models the concrete cover, k –
coefficient of heat conductivity. 

 
3. Realkalization of specimens and pore solution tests 

Based on the premise of a theoretical model, experimen-
tal tests were carried out using specimens measuring 
60×100×100 mm with two centrally located reinforce-
ment rods with a diameter of 6 mm. The thickness of the 
cover was 25 mm, the concrete had a characteristic com-
pressive strength of fck,cube = 32,5 MPa, which was deter-
mined on 15 cubes. The tests were carried out using 18 
specimens exposed for 6 months to artificial carbonation 

in a chamber where carbon dioxide concentration was in 
the 3÷6% range. The carbonation progress was deter-
mined on the evidence of fresh fractures on the additional 
elements (specimens) moistened by means of the indica-
tor containing phenolphthalein. The carbonation was 
continued until pH ≅ 10 had been obtained. Six carbon-
ated specimens (series RA-14) were realkalized for 14 
days, then 6 specimens (series RA-28) were realkalized 
for 28 days, whereas the 6 remaining specimens (series 
RA-0) were not realkalized since they were kept as a 
comparative benchmark. 

The realkalization was performed in liquid electro-
lyte (1M Na2CO3 solution) using a steel anodic mesh and 
a stabilized direct current source. The two electric circuits 
were supplied with current simultaneously. On each cir-
cuit there were 3 specimens connected in series (Fig. 4).  

Six elements were being realkalized at the same 
time. The progress of the realkalization was controlled by 
measuring the circuit current intensity and the voltage 
between the specimen reinforcement and the anodic 
mesh. At first the current intensity was 2÷4 mA, then it 
grew very fast to achieve the targeted value of 10 mA 
after 2–5 days. Similarly the voltage varied for the first 
few days within the 10÷34 V range and after that period 
there was a stabilization at the level of 10 V – 5 V. 
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Fig. 4. Laboratory tests of realkalization process: a) view 

of testing station, b) circuit diagram; 1 – specimen, 2 – 

container, 3 – electrolyte, 4 – anodic mesh, 5 – reinforce-

ment, 6 – direct current power 

 
After the realkalization had been carried out, ground 

concrete specimens were taken from the cover reinforce-
ment by at least 5-mm-thick layers. The technique of the 
test material removal is shown on Fig. 5. 

The mass obtained from a single layer was quite 
small – about 45 grams of the material was needed. In 
order to obtain enough material for the chemical analyses, 
the ground concrete from corresponding layers of the 6 
specimens of a given series was put together to have suf-
ficient material to represent averaged properties of 5 con-
secutive layers separated from the cover. 

A model pore solution was made from the ground 
concrete. The modelling of the solution was carried out 
using the vacuum extraction method, which consists in 
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concentrating the water extract proportionally to the con-
crete humidity (Wieczorek 2002). The water extract was 
made from the ground concrete and the distilled water by 
a weight ratio of 1:1. The vacuum concentration of the 
water extract was proceeded in boiling state under pres-
sure ~0,004 MPa and temperature 25–30 °C. Assuming 
that during the realkalization process the specimen hu-
midity was 10%, therefore the water extract from the 
ground concrete had been concentrated 10 times. 
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Fig. 5. Concrete grinding by layers: a) view and cross-

section of specimen with concrete taken by layers, b) view 

of stand for concrete grinding; 1 – specimen, 2 – concrete 

layer grinding device 

 
On the basis of the chemical tests, concentrations of 

the main ions OH–, Na+, K+, Ca2+ and CO3
2–  were deter-

mined; their values are shown in Figs 6 and 7.  
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Fig. 6. Distributions of molar concentrations:  

a) OH– ions, b) Na+ ions 
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Fig. 7. Distributions of molar concentrations CO3

2–, Ca2+  

and K+ ions 

 
Altogether 15 model solutions were analysed. 

5 solutions were obtained from the concrete of the car-
bonated specimens (RA-0), 5 solutions – from the con-
crete of the 14-day-realkalized specimens (RA-14) and 5 
solutions – from the concrete of the 28-day-realkalized 
specimens (RA-28). Each solution in a given specimen 
group corresponded to one of the 5 layers separated on 
the thickness of the cover. The concentration of OH– and 
CO3

2– ions was determined by means of the titration, that 
of Na+ and K+, using the flame photometry and that of 
Ca2+ ions, using the complexometric method. The results 
of the chemical tests were correlated with the location of 
a layer taken from the cover. 

The obtained results of the concentrations did point 
clearly at the time related differences in the distributions 
of OH– and Na+ ion densities. The changes of the K+, 
Ca2+ and CO3

2– ion densities were not big ones and more-
over the content of these ions in a pore solution was con-
siderably smaller than that of OH– and Na+ ions. 

 
4. Ion flow equations during realkalization 

The experimental tests have shown that the electrochemi-
cal realkalization caused an important change of OH– and 
H+ ion concentrations and produced some minor rear-
rangements of other ions. These results make it possible 
to simplify the general theoretical model and to represent 
the process using a medium with 2 mobile components 
and with one immobile component. The immobile com-
ponent includes, apart from the framework with a pore 
solution, also other less significant ions and particles. 

On the basis of the dependences (1)÷(4), the partial 
equations were established: 

0
ρ
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∂
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t

,  (α = 0 – framework), (22) 

111
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)(ρ
ρ
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)(ρ

ρ 22
2

v ,  (α = 2 – cation Na+), (24) 

and the partial equations of the electric charge balance 
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In the above equations: R1, R2 mean sources of 
component mass, e1, e2 – electric charges of the unit mass 
of these components, t – time. 

The non-dimensional components concentration is 
used 

 ρρ
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=C ,  ρρ
22
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and then the mass balance equations (22)÷(24) and the 
electric charge balance equations (25), (26) are summed 
up by sides to receive a system of 2 equations 
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taking into account the law of conservation of mass and 
electric charge 

0
21
=+=∑ RRR ,   0

2211
=+=∑ ReReeR . (30) 

Into the equations (28) and (29) the physical rela-
tions characterizing mass fluxes are placed. These rela-
tions have been assumed in accordance with the limita-
tions (20) resulting from the residual inequality 
analysed – see formula (21) 

 111 ΜgradD−=j ,   222 MgradD−=j , (31) 

where D1 and D2 are diffusion coefficients of both proc-
ess components, while M1 and M2 – electrochemical po-
tentials. 

In accordance with the expression (19), it was taken 
into account, that the electrochemical potential of the 
component α is a derivative of the free energy A of the 
medium in relation to the concentration Cα of this com-
ponent, while according to formula (15) the free energy is 
a function of the process parameters; among other things 
components concentration Cα and electric field potential 
ϕ (E = – grad ϕ). On this basis the electrochemical poten-
tial of components α = 1, 2 has been approximated using 
the linear function of the concentration C1 and C2 and the 
work done by the electric charges of the components 
mass unit in an electric field with potential ϕ 

ϕ+ϕ++≅
2121112121111 δδγγ eeCCΜ , 

ϕ+ϕ++≅
2221212221212 δδγγ eeCCΜ . 

(32) 

In another simplification there were adopted values 
of coefficients γ11 = γ22 = 1,  γ12 = γ21 = 0,  δ11 = δ22 = 1,   
δ12 = δ21 = 0. The Na+ ions concentration in a pore solu-
tion is a function of the OH– ions concentration (Wiec-

zorek 2002). Concentration C2 of component α = 2 can 
be expressed by means of the concentration C 1, C 2 =  
C 2(C 1) 
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By transforming the formulas (31), (32) and (33) 
into the dependences (28) and (29) you can obtain a sys-
tem of equations 
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in which 
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are auxiliary parameters expressing connections between 
the diffusion coefficients of individual components. 
Taken into consideration is the fact that the changes of 
the space charge in time are very slow ( 0/ ≅∂ρ∂ te ) and 

the sum of the densities of the diffusion currents corre-
sponds to the density of the external current I (e1 

j
1 

+  

e2 
j

2 = I). These simplifications make it possible to derive 
the formula 
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4 β

β

β

1
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from the dependence (35) and then to transform the equa-
tion (34) into a form, which approximately corresponds to 
the classical diffusion equation 
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The equation (38) describes the electro-diffusion 
flow of OH– ions (component α = 1) which flow is cou-
pled with the Na+ ions transport (component α = 2). Un-
der the divergence operator there appears a determinant 
electro-diffusion coefficient which is expressed by the 
formula 
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5. Determination of diffusion coefficient –  

the converse problem 

The formula (39) specifies the theoretical connection 
between the diffusion coefficients of both components 
(α = 1, 2) in the flows considered separately. It is quite 
difficult to put this formula into practice. However, the 
determinant diffusion coefficient can be established by 
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solving the converse problem of the equation (38), which 
expresses the measurable process parameters relatively 
easily. 

The cover of the reinforcement can be parameter-
ized using the Cartesian co-ordinate system. The exterior 
surface of the element corresponds to the plane x = c, 
while the contact between the concrete and the rein-
forcement insert is described by the parallel plane x = 0 
(Fig. 8). 
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Fig. 8. Flow diagram for formulating converse problem of 

diffusion equation in concrete electrochemical realkaliza-

tion process (description in the text) 

 
Two definitions are now introduced: diffusion resis-

tance Q
x
 of the x-thick-concrete layer and diffusion resis-

tance Q of the whole cover 
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The equation (38) is multiplied bilaterally by the 
Q

x
/Q quotient and then integrated with the thickness of 

the cover in the [0, c] range and integrated with time in 
the [t, t+Δt] range 
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Once the integration is made and the medium values 
in the time interval of Δt between the measurements are 
introduced, the determinant electro-diffusion coefficient 
can be established 
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(42) 

On the basis of the chemical tests, the basic parame-
ters appearing in the above formula can be determined: 
the time averaged boundary concentrations of OH– ions 

(0)1C  and (c)1C  as well as the averaged mass flux (c)1
j  of 

the same ions on the cover edge (Fig. 9). 
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Fig. 9. Method for using test results in theoretical model 
of realkalization process: a) sampling of ground concrete, 
b) boundary concentrations and mass fluxes of OH– ions 

 
The formula (42) expresses also: c – cover thick-

ness, Δt – realkalization time and the integral relation 
describing the non-stationariness influence. 

 
6. Analysis of the experimental test results 

With the results of the experimental tests and the derived 
theoretical formulas taken into account, a numerical 
analysis of the individual realkalization process parame-
ters and the value of the determinant diffusion coefficient 
of OH– ions has been carried out. 

The mass density ρα of the components (α = 1, 2) of 
the medium modelling the concrete cover was determined 
by the formula 

 α

α

α

γ

γ
ρ c

wM

c

b
= , (43) 

where Mα is molecular or atomic weight, w – concrete 
humidity, γb and γc – weights of concrete and water by 
volume, cα – molar concentration of ions in pore solution. 

The mass density ρ1(x, t) of OH– ions and the mass 
density ρ2(x, t) of Na+ ions were calculated according to 
the formula (43) and the chemical test results are pre-
sented in Fig. 6. Then the values of the hydroxyl ion con-
centrations were determined for the medium modelling 
the cover 
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in the centre of the layer with a co-ordinate x and the time 
t = t0 – before the realkalization as well as at the time 
t = t1 and t = t2 after the realkalization. The total of the 
calculation results is in Table 1. 

In order to make the analysis easier, the numerical 
values of the mass density ρ1(x, t) of OH–, as shown in 
Table 1, are graphically presented in Fig. 10. Besides, the 
main points situated in the centres of the layers under 
examination, the extreme points (x = 22,5 mm) obtained 
as a result of the linear approximation are also indicated. 

The division of the 25-mm-thick concrete cover into 
5 identical 5-mm-thick layers makes it possible to obtain 
numerical results of the Ded coefficient using the data 
from 4 model layers with calculation boundary co-
ordinates equal to x = [0, c] where c = 20 mm in case of a 
layer with its maximum thickness, and c =15, 10 and 
5 mm for assumed intermediate layers (Fig. 10). 
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Table 1. Calculation results of mass density ρ1, ρ2 of OH– and Na+ ions and of concentration C1 

 

 
Table 2. Calculation results for mass, flux mass and boundary concentrations of OH– ions 

 

 
Table 3. Results of calculations for determinant diffusion coefficient Ded 
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Fig. 10. Distribution of OH– ion mass density in direction 
of concrete cover thickness 
 

Based on the mass density of hydroxyl ions ρ1(t) af-
ter the carbonation (t0 = 0) and after the realkalization 
lasting for t1 = 14 days, t2 = 28 days, and based on the 
concrete volume limited by the unit area A = 1 m2 and the 
layer thickness c, the hydroxyl ion mass increases were 
calculated 

 )()(Δ 0

111
tmtmm −= ,   where  )(ρ11

tcAm = , (45) 

then their mass flux on the cover edge was averaged in 
time 
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The concentration difference has been established 
by determining the averaged boundary concentrations 

)0x(C1
=  and )cx(C1

=  in the relevant time intervals of 

Δt = t1 – t0 and Δt = t2  – t0 

 )(0)(Δ
111

cxCxCC =−== . (47) 

Not taking into account the integral component 
which expresses the non-stationary influences and using 
the formula (42) the value of the determinant electro-
diffusion coefficient was calculated depending both on 
the thickness c of the concrete layer modelling the cover 
and the concentration difference on the edge of this layer. 
The calculation results are in Tables 2, 3. 
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A comparison of the averaged values of the hy-
droxyl ion mass flux, the values of which have been de-
termined in two time intervals (Table 2), proves that the 
electrochemical realkalization process has an unsteady 
character through the whole period. 

The non-stationariness influence was evaluated, 
with the integral component values of the formula (42), 
assumed as part γ of the component expressing the sta-
tionary influences 
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Numerical simulation was carried out assuming the 
fraction value γ = 0,1÷0,5. The calculation results are in 
Table 3. 

The diagram illustrating the distribution of the cal-
culated values of the determinant electro-diffusion coeffi-
cient Ded in the process of concrete realkalization are in 
Fig. 11. The flow of the diagram suggests that as far as 

the difference of the boundary concentrations 1
CΔ > 0,13 

is concerned, the solution is stable, the stability of the 
solution is uncertain in the range of 0,05 ≤Δ<

1
C  0,13, 

however, non-stable results can be expected with bound-

ary concentration differences equalling 1
CΔ < 0,05. 

The simulation of the non-stationary influence of 
the course of the process indicates the range of mistakes 
which can be made, when this phenomenon is not taken 
into account. The assumption that the non-stationariness 
influence is 10% of the product of the boundary concen-
tration differences times, the realkalization time caused 
little increase of the electro-diffusion coefficient – in the 
order of 10%. The non-stationariness influence identi-
cally determined as being 30% caused the electro-
diffusion coefficient to increase by over 40%; however, 
the 50% non-stationariness participation increased by 
twice the value of the electro-diffusion coefficient. 
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Fig. 11. Dependence of electro-diffusion coefficient on 
difference of OH– ion boundary concentrations 

 
The physical units of the electro-diffusion coeffi-

cient [g·s/m3] do result from the form of the hydroxyl ion 
flow equation (38). The concentration C1 under the gradi-

ent operator in equation (38) expresses the electrochemi-
cal potential of hydroxyl ions, the potential of which was 
approximated in the model by a linear function (32). 

 
7. Summary  

A process of carbonated concrete electrochemical realka-
lization has been described using the multi-component 
medium theory equations. The equations, expressing 
mutual relationships between the flows of the basic ions 
in the pore solution, the electric field and the chemical 
changes, have been obtained on the basis of an analysis of 
the partial balance equations of mass, electric charge, 
momentum, energy, and entropy inequality. With the 
experimental tests performed it has been stated that the 
electrochemical realkalization had caused significant 
changes to the OH- and Na+ ions concentration and some 
small displacements of other ions. These results have 
made it possible to simplify the problem and to describe 
the process by means of a model consisting of 2 mobile 
components corresponding to OH- and Na+ ions, and of 
one immobile component, containing the framework with 
a pore solution and other less important ions. Following 
the relations which describe the simplified medium, there 
has been introduced an equation which determines the 
electro-diffusion flow of OH– ions coupled with the Na+ 
ions transport. The solution of the converse problem of 
this equation in a theoretically justified way has led us to 
determine the determinant electro-diffusion coefficient of 
the basic component of the process, i.e., OH– anion. With 
the OH– ion concentrations measured on the border and 
their mass fluxes taken into account, the values of the 
determinant electro-diffusion coefficient have been calcu-
lated. The range of stable solutions and the influences of 
the factors bringing about a non-stationary course of the 
process have been determined. 
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KARBONATIZAVUSIO BETONO ŠARMINĖS TERPĖS ATKŪRIMO MODELIS 

M. Jaśniok, A. Zybura 

S a n t r a u k a 

Karbonatizavusio betono šarminės terpės atkūrimo modelis sudarytas remiantis daugiakomponentės aplinkos teorijos 
lygtimis. Procesą aprašančios lygtys sudarytos atlikus masės balanso, elektros krūvio, judesio kiekio, energijos, taip pat 
entropijos nevienodumo parcialinių lygčių analizę. Eksperimentiniai tyrimai susieti su teoriniu modeliu apibrėžiant jonų 
koncentracijos pokytį tirpale apsauginio sluoksnio porose atkuriant šarminę terpę. Remiantis bandymų rezultatų analize, 
procesą aprašančios lygtys supaprastintos ir formaliai pertvarkytos į lygtis, aprašančias OH¯ jonų, susietų su Na+ jonais, 
pernešimu. Išsprendus šį uždavinį atvirkštiniu keliu, išreikštas OH¯ jonų elektrodifuzijos koeficientas ir, remiantis 
eksperimentinių tyrimų rezultatais, nustatyta jo skaitinė reikšmė, sunkiai skaidomų tirpalų sritis, taip pat proceso nepast-
ovumo įtaka. 

Reikšminiai žodžiai: betonas, armatūros korozija, elektrocheminis šarminės terpės atkūrimas, eksperimentiniai tyrimai, 
proceso modeliavimas. 
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