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ABSTRACT.This paper study a finite volumes scheme for nonlinear diffuand dissolution-
precipitation equations with non homogeneous Dirichlatixary conditions. The approximate
solution is shown to converge to a weak solution which exéstés thus proved. The chemical
reaction is kinetics controlled. It involves two speciedidguiid phase and one species in solid
phase. Some numerical tests are shown.

RESUME Cet article étudie un schéma volumes finis pour un systemeak®ns non linéaires de
diffusion et de précipitation dissolution avec des condisilimites de type Dirichlet. On montre
gue la solution approchée converge vers une solution falble I'existence est ainsi prouvée.
La réaction chimique est sous controle cinétique. Elle mgee deux espéces aqueuses et une
espéce solide. Quelques tests numériques sont ensuiteésont

KeywoRrbsdiffusion, dissolution-precipitation, porous media, finvolumes, kinetics.
mMoTs-CLES diffusion, dissolution-precipitation, milieu poreux,lumes finis, cinétique.

1. Introduction

In several countries, one plans to store radioactive wastkeép geological dis-
posals. The French atomic energy commission, CEA, is istedein modelling the
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reactive transport coupling so as to figure nuclear safetlyrapository sites tight-
ness. These computations affect the French nuclear wasteagANDRA, which
is in charge of the repository. CEA and ANDRA have developpedhe context
of the Alliances platform, a sequential iterative chendtcahsport coupling. Recent
developments, supported by a nonlinear conjugate gradietitod, were carried out
to improve the coupling efficiency [BMH 05]. The aim of Alliaas is to produce a
software platform for the simulation of nuclear waste refoog [MDM 03]. The ef-
ficiency of such disposals relies on material barriers. Hohs use, cement concrete
offers the advantage of having a weak porosity. Howevepatial safety relies on the
durability of concrete, subjected to the attack of waterichldissolves the calcium
included into the skeleton mineral constituants (the leaghhenomenon).

It is essential to forecast the evolution of the porosity #r@permeability of the
concrete since these properties increase with calciunhilegcSimple models of this
phenomenon can be drawn. In such models, only one minereksas taken into ac-
count. We consider that its dissolution or its precipitatideys to a classical kinetic
law. It is of interest to study the influence of the kineticgd@fsolution (or precipita-
tion) compared to the kinetics of diffusion which is slowemlwh by the tortuosity of
the porous medium.

This work naturally follows those of [EGHDM 98] where an iastaneous and
non-instantaneous dissolution of one mineral in one agaispecies is studied and
approximated by a finite volume scheme. This model was byastdtlied [EGHDM
98] [Pou 00], both in the instantaneous case (infinite valuleretic constant) and
the non-instantaneous case (finite value of kinetic cot)stém these former works,
precipitation is not considered, and therefore the sigrhefrhineral concentration
time derivative is known (and negative), which allows unifiol.>° estimates on the
mineral concentration. Hence the singular limit problemyratso be successfully
handled in this case. In the present work, we shall consliercase of a mineral
which can dissolve or precipitate in two aqueous speciegrdity to a kinetic law,
which is for instance, the case of Portlandite(OH ). in the process of concrete
leaching:

Ca(OH)y ¢ Ca®" + 20H™ (1)

More generally, we shall consider chemical reactions ofaha W < aU + SV,
wherea, § are the algebraic stoichiometric coefficientg, the mineral,U andV/
species in liquid phase. Let(resp.v andw) be the concentrations éf (resp. V'
andWW) in moles per volume of solution. We denote®yhe porosity and by the
volume fraction ofi¥. We assume that the aqueous species migrate into the saturat
porous medid2 through the process of diffusion. Following [SL 94] and refeces
therein, the mass conservation equation writes

0,(®u)+V - (DnVu) = Ru, )
8(®v)+V - (D,,Vv) = Ry, 3)
0dw = VwRw, (4)
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whereVyy is the molar volume ofV, D,,, = ® d is the molecular diffusion and the
diffusion coefficient. The rateB;;, Ry and Rw are in moles per volume of porous
media per time unit. The stoichiometry implies that

Ry = —aRw ,Ry = —Rw .
The closing equation concerning the poroditys

d=1—dy. )

Assume that there are small relative variations of poraBitompared to relative
variations ofu, v andw

|0:®|/|®] << |Bpul/|ul, [Opvl/]v], |Opw]|/w]. (6)
Then,
O(Pu) ~®u , O(Pv) 2P0hv , O(Pw) =~ Vw Pow,
since®y = Viy @ w. From (6),® is constant. Let us introduce
Fr = Ry /® 7y = Ry /® ,fw = R /®.

Thus
Ty = —arfw , Tv=—[fTw. (7)

Assuming thal’yy andd are constant, the system (2)-(4) leads to

Ou+V - (dVu) = Ty, (8)
ow+V - (dVv) = 7y, 9)

It is pointed out that the strong assumption upon the pagresiduces the validity of
this model to small variations oby (or w). The release of this assumption is the
object of ongoing work.

The kinetics rate of precipitation or dissolution proceesld be under surface
control, with a ratev®, or diffusion control ¢"’) depending on the slowest rate. On
the whole, if the temperature is less tha#0°C, the overall reaction is controlled
by surface processes sineé << v»” [MCF 94]. This is the case in geological
disposals for storing nuclear waste. Indeed, the meancaitémperature rangé&s°C
in France, the geothermal gradient is arodAd' for 100 m and the disposal stands
at 500m depth. The nuclear waste package has a temperatgetian100°C. An
easy computation leads 1@7°C << 300°C.

Therefore it is assumed that the overall reaction is unddasel control. The
popular chemical-affinity based rate laws used in this pdpéres from Transition
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State Theory and experimental approaches [AH 82], [SVC ROB5] that can be
resumed in [MCF 94]

7:W — { _ksgsnl,W Sdissol,react(w) (1 - Q/K) ’ if Q/K <1
+kprecip7W Sprecip,react (w) ((Q/K)q - 1)1) ’ if Q/K >1

whereSissot react (W) (r€SP.Sprecip,react (W)) is the dissolution (resp. precipitation)

reactive surface that depends on the mineral concentratiafj,’ ., the constant

rate for dissolution depending giff [MCF 94] andk,,..;, w the constant rate for
precipitation. In the sequel, thel/ dependance is omitted amﬁgsohw is denoted
by kaissor,w . The thermodynamic constant of the chemical reaction (d¢rsted by
K and the activity products b§). The positive parametefsandq depends on the
minerals withg < 1 linked to the stoichiometry of mineral formation reacti@MC
90]. Values ofp are provided by theorical and experimental works and raimgjgs2].

In the sequelp = ¢ = 1.

For the sake of simplicity, the supersaturation threstreotaitted [MCF 94]. Nev-
ertheless, the modelling of dissolution precipitationetios is still a matter of con-
cern since the popular chemical-affinity based rate lawsyeldfrom laboratory scale
works, do not account for microscopic processes [L 95]. Rstiaince, growth rates are
strongly dependent upon dislocation structures obsenveicaoscopic scale [TDDY
00].

In diluted solutions, the activity is akin to the concenitrat Thus

Q=uv?,
if a, 8 > 0. Several models of reactive surfaces can be found in tkeeditire [Maz
03] and references therein. Its evaluation is often crubi@ choose the nondifferen-
tiable form

0 .
. 0 Shener Fw>0
Sdissol,rsact(w) = '%gn(“))+ Sreact = { Orenm‘ otherwise
Spreci (w) = 8§
precip,react (W react’
whereS?, ., stands for an average reactive surface. Thus

Fw = X (Fp(u,v)* — sign(w)™ Fy(u,v)7), (112)
With A = Eppecipw S2eqer @Nd
Fy(u,v) = Q/K — 1, Fy(u,v) = (kdissot,w [ kprecip,w) (Q/K —1).
The following notations were used :

Vz € R, 7 = max(0,z) andz~ = max(0, —z). (12)
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Hencer = 2™ — 2~ andjz| = 2+ + 2.

1 ifz>0
sign(z) =< 0 ifz=0 (13)
-1 ifz<0.

Otherwise, ifa > 0 andg < 0, for instance
Ca(OH)y + 2H" & Ca*' + 2H,0,
assuming that the activity df>O equals 1 then
Q= u(’/v‘ﬁ‘ (U=0Cd®",a=1;V=H"3=-2).

We consider her a much more elementary kinetics law:

FP(“’vv) = “‘a/K - UW‘,Fd(U,’U) = (kdissnl,W/kprer:ip,W) (UQ/K - 7)‘5‘) s

which allows us to perform the mathematical analysis of tiserdtization scheme.

These statements justify Assumptions 1 item (v). Hence vek s@ approx-
imation of a solution(u,v,w) : Q x (0,7) — R to the following adimen-
sional problem which comes from (8)-(10),(7),(11) with theditional assumption
kdissol,W = kprem',p,W such thath = Fp =F:

ue(z,t) — Au(z,t) = —aw(x,t), (14)
ve(z,t) — Av(z,t) = —Fw(z,t), (15)
wilo,t) = A(F(ulz, ), v(,1)*
—sign(w(z, )" F(u(z, 1), 0(,1)7),  (16)
(z,t) € Q x (0,T).

with the notations previously defined. The functiBrestimates the thermodynamical
equilibrium gap :

F >0 ,the mineral precipitates
F =0 ,chemical equilibrium
F <0 ,the mineral dissolves as soon as the mineral exists.

We assume that andwv satisfy the following nonhomogeneous Dirichlet boundary
conditions:

u(z,t) = wu(z,t), (z,t) €I x(0,T), a7)
v(z,t) = o(z,t), (z,t)€dNx(0,T), (18)
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and thatu, v, w satisfy the initial conditions

u(z,0) = wug(z), z€qQ, (29)
v(z,0) = wo(z), z€Q, (20)
w(z,0) = wo(r), =€ (21)

We suppose that the following assumptions and notationgsee.

ASSUMPTION1
(i) The domair is an open bounded connex polygonal subs&df N = 1,2, 3;
we denote by its boundary. The problem is considered for a given durdfian 0.

(if) The parametera € [0, +c0), 5 € R, andX € (0, +o0) are given.

(iii) The boundary values:, v are the traces onQ2 x (0,7") of respectively two
functions, again denoted hy v, which belong toH* (2 x (0,7')). Moreover, there
exist three real numbet$,, V, andW, such that

0 <a(x,t) <Uy, 0<v(x,t) <V, fora.e.(z,t) € Q2 x (0,T)

(iv) The initial dataug, vo andwg € L () are such that there exiBt, with
0 <wg(x) <Up, 0 <wvo(x) <Vo, 0 <wy(x) <Wy, fora.e.x € Q,

whereUy, V; are defined above.
(v) The functionF is a given continuous function df, +oc)?, such that

e if 3> 0, then for all(u,v) € [0, +00)?, F(u,v) is increasing with: andw,
and the inequalities’(0, v) < 0, F(u,0) < 0andF(0,0) < 0 hold.

e if 3 < 0, then for all(u,v) € [0,+00)?, F(u,v) is increasing withu and
decreasing withy, and the inequalities’(0, v) < 0, F(u,0) > 0 hold (which implies
F(0,0) = 0).

The functionF" is then prolonged according to

e F(u,v) = F(u,0) forallu € [0, +00) andv € (—o0,0),

e F(u,v) = F(0,v) forallv € [0, +00) andu € (—o0,0),

e F(u,v) = F(0,0) forall u,v € (—o0,0).

We can now state the definition of a weak solution to Problef)-(21).

DEFINITION 1.1 (Weak solution to Problem (14)-(21))
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Under Assumption 1, we say that, v, w) is a weak solution to Problem (14)-(21)
if

u—1u€ L>®Qx(0,T)NL*0,T; Hy(Q)), (22)

/ (u(z,t) + aw(z,t)) Vs (z, t) dedt — / Vu(z,t) V¥ (x,t)dedt
Qx(0,T) Qx(0,T)

+ / (ug(z) + awg(z)) ¥(z,0)dz =0 YU € C™(Q % [0,7)), (23)
Ja
v—1v€ L®(Qx (0,7))NL*0,T; Hy(Q)), (24)

/ (v(x,t) + Pw(x,t)) Uz, t) dedt — / Vo(z,t) - VU (z,t)dedt
JQx(0,T) JQx(0,T)

+/ (vo(z) + Pwo(z)) ¥(z,0)dz =0 Yo € C*(Q x[0,7)), (25)
Q

w e L*(Q x (0,T)) (26)

< F(u(z, 1), v(z,1)) "~ ) )\I/(m,t) ddt

./Qx(o,T) wle, ) Be(e, £) dadt + 4 / sign(w(z, ) F(u(z, 1), v(z, 1))

JQx(0,T)

+/ wo(z) U(z,0)dz =0 Y¥ € C®(Q x [0,T)). (27)
Q

We then have the following characterization of a weak soiufBEHM].

PROPOSITION1.2 Under Assumption Xy, v, w) is a weak solution to Problem (14)-
(21) if and only if the relations (22)-(25) hold in additiom t

w € L®(Q x (0,7)) andw; € L*(Q x (0,T)) (28)
w(z,0) = wo(z), fora.e.x € Q (29)

'/QX(M’) U(z,1) < (o) — ATl ol ) ) dadt =0, Vi € C=(Q x (0,T)). (30)

2. Study of the finite volume scheme

Under Assumption 1, we now turn to the discretization of peab(14)-(21). Let
M Dbe an admissible finite volume mesh, in the sense of Defin@idrpage 762 in
[EGH 00]. In the case of triangular meshes, this definitioplies that the trian-
gulation complies with the Delaunay condition. We presarfigure 1 two control
volumesK and[, as well as their “centersé - andzy,. The straight lin€z i, 1) is
orthogonal to the interfac& | L. We denote by ¢** the edges of the control volume
K, located o). Let At > 0 denote the time step. We then say tiatthe family
of all the discrete parameterst, &, (zx)ker, At, is an admissible discretization
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Figure 1. Example of two control volumes

of Q x (0, 7). We then define byize(D) the maximum value between the diameters
of the elements oM andAt¢, and we defineegul(D), which is the minimum of the
ratios between the distance from to any edge of and the diameter ok, for all

K € M. The initial condition are discretized by:

[;(:m’() S5 uo(x )dT
Vi = wiwy S vo(@) (31)
wl, = m(1K S wo )da: VK € M.

The boundary conditions are discretized by

1l 1 (n+1)At _
Uy = woa nAtl . [, az, t) dy(z)dt, (32)
ot = ok [V S o a:)dt, Vo €&, o0CaN, VneN
The scheme is then defined by
K UT;(H — Uk T n+1 _ T, (@'t — n+ly K wrrl(ﬂ — Wk 33
m(R) =g = D T = Y uph) = —am(K) K (33)
LeEN(K) cegst ’
v"+1 - UK il et gl wic! —wi
m(K)-E K Z TKL (0™ — o Z T, y=-p m(K)T, (34)
LEN(K ceE

wiptt = (wi + AIF (ufit, U?(H))Jr , (35)
VK eM, Vnel

whereT'x ;, denotes the ratio of the length of interfakeL over the distance between
rr, andxg. We then define

up(z,t) = uptt, vp(z,t) = vttt wp(z,t) = wit!, forae.(z,t) € K x (nAt, (n + 1)At), VK € M, (36)
Vn e N.
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REMARK 2.1
From the relation (35), one can prove that, for&le M andn € N, there exists

o7+ € (0,1) such that

Wittt —whe = AN F(ult ol (37)

We then have the following property.

PROPOSITION2.1 (L>°(Q2 x (0,T')) ESTIMATE ON THE APPROXIMATE SOLUTION

Under Assumption 1, leD be an admissible dicretization 6f x (0,7"). Let
w € [0,A] and let(up, vp, wp) satisfy (31), (32), (33), (34), (35) replacingby wu,
and (37). Then there exist/, V, W), only depending off’, «, 83, A, F, Uy, V, and
Wy, such that

0<up(z,t) <U, 0<ovp(z,t) <V, 0<wp(z,t)<W, forae.(z,t) e Qx(0,T).
(38)

ProOFLet us first prove by induction the positivenessudf, v andw}. for all

n € N. Using Assumption 1, we have for aif € M, 0 < u% < Up, 0 < 0% < Vi,

0 < wY < Wy. Let us assume that, for a givene N, forall K € M, 0 < u?,

0 < op,0 < w. Let K be a control volume such thaf:"™ = mingeauf™,
Reasonning by contradiction, let us assumeztdﬁ‘gt1 < 0. From the scheme (33) and
using (37), we get

At
ittt = (&) Z Trer, (uptt — i) + Z T, (@2t —uth)
LEN(K) ceEext

n n+1 n+1 n+1
+ul —apbE F(ul™ v ).

From Assumption (1).(v), we get thd(u-"' vty = F(0,0%") < 0, which
implies the right hand side of the above equation is a sum ahaegative terms.
Therefore we get/-"' > 0. Similarly, let K be a control volume such thaf,™ =
miny e v} Let us again assume thet™ < 0. We have

At
+1 . +1 +1 —n+1 +1
Vg = —— g Trr (vp —vR )+ E T, (o7t —ofth)

m(K) LEN(K) e
ol — B R o),

From Assumption (1).(v), we getin this case thdt(u/"!, vit!) = BF(ui, 0) <
0, which gives again a contradiction. Thug™' > 0. The positiveness o/
immediately results from (35). Let us now obtain the exisgnf an upper bound.
We first consider the casge < 0. In this case, then we denote, for &ll € M and
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n €N, 2z = avk — ful, andz! T = av?t! — Bult! forall o € £. We then get,
from (33) and (34):

At
z?l:z%—mm( > Twr (7 -+ YT <K>)

LEN(K) geERt

We then classically get that the maximum vakjg ' is lower than that of the values
29 andz*', which implies thatww} — Bul < alUy — Vg, and thereforel. <
V= (aUo—pVy)/aanduly < U := (alUy—BVy)/(—F). We now consider the case
g > 0. Letus denote b¥/,,, V,,, W,, an upper bound for respectively, , v}, wj for
all K € M. Let K € M be such that:,’}(“ = maxrem uz+1. If u}?‘l > Uy, then,
from (33), we get

u?(H <U,— aAt,uF(u?(H,v?(H) < U, —aAtuF(0,0),
thanks to the monotonicity properties bfin the cases > 0. We thus set/,,; =
U, — aAtpF(0,0), and similarlyV,1 = V,, — SAtuF(0,0). We thus sel/ =
Uy — aTAF(0,0), andV =V, — BTAF(0,0). In both cases, using the fact that the
function F is continuous, it admits the maximum val&ieon [0, U] x [0, V]. We then
get thatw?(“ < Wo + uTF < W := Wy + A\TF. We remark that in all cases,
U,V, W do not depend op. O

We can then deduce the following corollary.

COROLLARY 2.2 (EXISTENCE OF A DISCRETE SOLUTION

Under Assumption 1, leD be an admissible dicretization 6f x (0,7'). Then
there exists at least on{@p, vp, wp) satisfying (31), (32), (33), (34), (35) and (37)
such that (38) holds, witkU, V, W), only depending off’", a, 8, A\, F, Uy, V, and
Wo.

This corollary is proven using the topological degree métfsee [EGH 00]). For a
complete proof, refer to [BEHM].

THEOREM 2.3 (CONVERGENCE OF THE FINITE VOLUME SCHEMIE

Under Assumption 1, leD be an admissible dicretization 6f x (0,7"). Let
(up, vp, wp) be asolution of (31), (32), (33), (34), (35) and (37). Tep, vp, wp)
converges in.2(Q x (0,T)) to (u,v,w), a weak solution of Problem ((14)-(21)) in
the sense of Definition 1.1, age(D) tends to 0 whileegul(D) remains bounded by
below.

PROOFWe consider a sequence of discretizations, the size othwlitds td) whereas

the regularity factor remains bounded by below. From Pribjpos2.1, we get that
n—+41 n
e PK = NG F(uft!, o) is bounded independently on the dicretization.

Thus, from this sequence, one can extract a subsequencdaraian f such that the
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functionsfp defined by the valueg:™ = A6 F(uit!, vii™!) weakly converges

in L2(2 x (0, 7)) to f. Then, using the tools developped in [EGH 00], one may show
[BEHM] the strong convergence ih?(Q2 x (0,T)) of up andwvp, also implying the
convergence of'p = F(up, vp) (whichis boundedid> (2% (0,7))). Letus prove
thatwp also strongly converges ih*(Q2 x (0,7)). Leté € RV and( be defined

by Q¢ = {z € Q suchthat[z,z + ¢] C Q}. Let(z,t) € Q¢ x (0,T) be given. We
denote byK € M andL € M the control volumes such thate K andz + & € L
(these control volumes exist for ae e Q¢). We then havevp (z,t) —wp(z+¢,t) =

wi —wf, and therefore, using (35),

Wi —wi| < Jwi Tt — w4+ AN F(ul, vl) — F(ul,vf)|.
We then get
n
Wi —wi] < [wh —wi|+ AN (|F(uf,vf) = F(ul, 7))
p=1
Using the Cauchy-Schwarz inequality afad+ b)? < 2a? + 2b%, we get
n 2
|wl — wl]? < 2wl —wl|® + 241\ (Z |F(ul, vh) — F(u%,vﬁﬂ) ,
p=1
thus producing
n
wic — wi | < 2lwh —wi |+ 2(nANNY AL F (uf, o) = F(uf,of) .
p=1

Integrating the above equation 6, we obtain

/ (wh(z) — whz+&))>de <2 / (w () — wh(x + €))*dz
Jog Jog

+2TAZ At / (Fh(z) — FP(z + £))*da.

p=1 7%
We now sum (39) oven = 1,..., Na;. This gives
NAt NAt
Z At/ (wih(z) — wh(z + €))*dz < 2 Z At/ (W (z) — wh(z + £))*dx
n=0 Q¢ n=0 Q¢

NAt n
+Z2T/\ At/ FP(z) — Fh(z + £))*dz,
n=0 p=1

(
Q¢
(39)
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and therefore

T
/ / (wih(z,t) — wh(z + & t)*dzdt < 2T / (W () — wh(x + £))*da
Jo Jag Jog

T
—|—2T2/\/ / (Fp(z,t) — Fp(z + &, t))*dadt.
0o Jo.

(40)
This implies that the space translatesgf uniformly tend to0. Since, from (35), we
easily get that the time translateswf also uniformly tend td), a simple prolonge-
ment by0 and thel.>° bound onwp are sufficient to apply Kolmogorov’s theorem.
We thus get that we can extract a subsequence suclvthatrongly converges. We
now remark that

n+1

n+1 F(u"+ on 1))+ Wy — Wy
(i + (Flui™ v )7

A - /\F(u’}'(“m’;(“)) =0, VKeM,VneN,

n+1

: - —wn , ntl_n
since, either™s——"& = AF(ujt' o), either 6 2 AF(up!, opth),

which implies thatw’-"' = 0 andF(u/;™", vli') < 0. Let® € C=°(Q x [0,T)). We
multiply the above equation by (xx, nAt). we get

Nat n+1 _ n

Z At Z (g, nAt) (it + (Fupt ot )T <W - AF(?L’IL(+1,1J?(+1)> =0.
n=0 KeM

It is then possible to pass to the limit on the above subsemgjesince we have a

product of strongly and weakly converging functions. Westet

T
/ / (z,t) (w(z,t) + (F(u(z,t),0(z,)") (w2, ) — XF(u(z,t),v(z,1))) dedt = 0.
Jo JQ
The application of Proposition 1.2 suffices to conclude ttumpof the convergence.
(I
3. Numerical tests
For instance, we consider the simplified chemical reaction
Portlandite(Ca(OH),) & 20H~ + Ca*t K.

The parameters value
A=10 K =10"7.

We denote byy = [OH ], v = [Ca*T] andw = [(Ca(OH)3)]. We consider
a = 2, 3 = 1. The diffusion value®.5 m? year!. The porous media is a square
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Q= (0,1) x (0,1) (m?). Here are the initial conditions, = 0, vy = 0, wy = 0 and
the boundary conditions are :

u=1,v=0 Iifye0.20.32],
u=0,v=1 ifz€][0.20.32],

Homogeneous Neumann Conditions : elsewhere.

Dirichlet Conditions : {

In this case, we choose

Flu,v) = w?v -~ K ifu,v>0
HUYEY LK , elsewhere.

On the Figure 2, we observe the different concentrationmasst, = 0.1 andt; = 5.
The diffusion ofu andwv is slowed down because of the precipitationuaf Our
model alloww to precipitate, nevertheless there is no constraint on pipeubound
of w. Indeedw is always increasing. To be more realistic, the model shtakd into
account the variation of porosity due to precipitation, ethivould lead to a slowing
down of the diffusion of species in areas where a mineralipitates.

4. Future works

Ongoing research concerns the singular limit problem-{ +o0), for which a
formal asymptotic study is considered. It consists in d@ageself-similar solutions
such as in [HHP 96][ADDN 04] and solving a free boundary peobl We also plan
on improving the model, taking into account the evolutiortted porosity. Indeed,
it is clear that the porosity should depend on the mineratentration and strongly
impacts the diffusion phenomena. The goal will be to obfaih estimates which do
not depend on the kinetics paramekerIn particular, the key point is to obtaibh>
boundedness for the mineral concentration.
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Figure 2. Portlandite coprecipitation
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