ACCELERATED WEATHERING OF THE MATRIX

This fifth chapter is devoted to the cementitious matrix. The first part deals with the
characterization of hydrated cement paste before the weathering. The second part presents the
development of a method to accelerate matrix weathering: accelerated carbonation operation
and leaching operation. Finally, the influence of accelerated weathering of the matrix on its

microstructure is discussed in the third part.

1. Characterization of hydrated cement paste

1.1. X-ray diffraction (XRD) analysis

The XRD analysis of hydrated cement paste is presented in Figure 19. The assignments of the

XRD peaks to phases were based 8iwv&ues and the corresponding d-spacing (Table 1).

Table 1: XRD Data for hydrated cement paste at 28 days of curing at 100% HR

20 dd) Phase 20 dd) Phase

93 9.671 Ettringite 340 2628 Portlandite
16.1 5.583 Ettringite 471 1927 Portlandite
18.1 4900 Portlandite 51.5 1796  Portlandite
233 3859 Ettringite 551 1687 Portlandite

287 3112 Portlandite

Diffractogram investigation indicates that the hydrated cement paste studied is mainly
composed of portlandite, and ettringite. The peaks corresponding to portlandite appear at
4.900, 3.112, 2.628, 1.927, 1.796, and 1.68The main peaks corresponding to ettringite are
present at 9.671, 5.583, and 3.859 A. Presence of calcite Ca@® gypsum can be
observed but at a lower extent.
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Figure 19: X-ray diffractogram of hydrated cement paste at 28 days of curing at 100% RH

E=ettringite, G=gypsum, P=portlandite, C=calcite

1.2. Fourier Transformed infrared (FT-IR) analysis

FT-IR spectra of hydrated cement paste are shovigare 20 and Figure 21. Usually band

assignments reported in literature are deducted fpectra performed in diffuse reflectance.

Table 2: FT-IR characterization of hydrated cementpaste

Band Hydrated cement® Hydrated cement” Hydrated cement © Hydrated cement *
assignements 1 month (cm') after mixing (cm™) paste (™) paste{crm ")
v, 80, 9805, b 970 s, b 977s,b 959 5
v, 8io,* 536w,sh e
v, 8i0,* T A S — 453w 446 w
Vi Si042' 1105 w, sh 1100 1134 vw, sh 1113 vw, sh
1155w,sh = = e ———-
v, 8i0,* 667 w 610 e
vi+v; H,O 3325 e
3450 s, b 34155, b 34365, b 3414m, b
v; H,0 1630w 1638 m 1656 m 1640w
v OH 3645 sr, sh 3640 sr 3644 ar, sh 3636 3ar, sh
Vs C032' 1425 1497 s, b 1421 5, b 14625, b 1414 s
vy 0032' B76 1y, sr 874 m, sr 875m, sr B72 s, sr
v, CO.” 32w 713w 718w 710 w

* Reference Mollah et al., 1995; 2004
® Reference Farcas and Touzé, 2001

" Present study diffuise reflectance

* Present study ATR

b: broad, s: strong, sh: shoulder, sr: sharp, m: medium, vw: very weak, w: weak

v1 = symumetric stretching
v, = symmetric bending

v; = asymmelric stretching
v, = asymmelric bending
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In the present work, spectra acquisition is mapdyformed in ATR. Band assignments on
ATR spectrum (Figure 21) are deducted from spectpenfiormed first in diffuse reflectance
(Figure 20).
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Figure 20: Diffuse reflectance FT-IR spectrum of hdrated cement paste at 28 days of curing at 100% RH
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Figure 21: ATR FT-IR spectrum of hydrated cement pate at 28 days of curing at 100% RH
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A shift of about 10-20 wave number units is notetween both spectra. Nevertheless the
band assignments for hydrated cement paste artose agreement with those previously
reported by Mollah et al., 1995; 2004; and Farcag &ouzé, 2001 (Table 2). The band at
3645 cnt is due to the OH band from Ca(QHMollah et al., 2000). The water bands appear
at approximately 3440 (stretching) and 1660 (beg)domi* (Mollahet al., 1998). The bands

at 1480-1430 cih, 875 cmt* and 720 crit are due to carbonates. The wide and deep band
between 1480 and 1430 &nis attributed tos; of COs* and the sharp bands at 875 and 720
cm™ are due tw, andv, vibrations, respectively (Mollah, 1998). The bad®75 crit is due

to the Si-O asymmetric stretching bangd) from C-S-H (Mollah et al., 1995).

1.3.Mercury Intrusion Porosimetry (MIP)

In the usual procedure, a small specimen is firgddemptying the pores of any existing
fluid. It is then weighed, transferred to a chambénere the air is evacuated. Then mercury
fills this chamber surrounding the specimen. Simezcury does not wet cementitious solids
spontaneously, it does not intrude into empty parekess pressure is applied. Therefore
pressure in progressive increments is then applibd. intrusion of mercury at each step is
monitored. The set of pressure steps and corregpprdlumes intruded provides the basic
data for pore size distribution calculation. The SMaurn model used to convert mercury
intrusion data into pore size distribution curvesokes two distinct assumptions: (i) that
pores are cylindrical, and (ii) that they are esfyirand equally accessible to the outer surface
of the specimen. There is no distinction in the eldaketween intrusion into a single long,
continuous cylinder or intrusion into a multitudiesborter cylinders of the same diameter, as
long as they are all open to the outer surfacenfidiad, 2000). The access to large regions of
porosity may be controlled by very small size esgtrand all the pores in this region (whatever
their actual size) will be assigned to the sizé¢hef smallest entry (Scrivener, 2004). So, MIP
data should be investigated and interpreted with.ca

According to Diamond (2000), MIP measurements aseful only to provide threshold
diameters and intrudable pore space measuremehitsh wan serve as comparative indices
for the connectivity and capacity of the pore sysen hydrated cements. MIP measurements
should be abandoned as measures of the actuasigerpresent.

The apparent threshold diameter corresponds tesspre above which very little intrusion

into specimen is recorded, and immediately belowckvhiihe greatest portion of intrusion
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takes place. This apparent threshold diameteraatgr for higher water: cement (w/c) ratios

and for younger cement pastes; reducing with agenibnd, 2000).

Pore size distribution of the hydrated cement pasieied is presented in Figure 22. The

threshold diameter obtained is about 2 um, thit say that essentially all of the space can be
allocated to pores less than 2 um in size. The fmeosity corresponding to the MIP

measurements is of 21.6%.

Cumulative intrusion (mLfg)

1 10 100 1000 10000 100000 1000000
Pore =ize diameter (nm)

Figure 22: Pore size distribution of hydrated cemenpaste at 28 days of curing at 100% RH

1.4.Helium pycnometry

Usually, helium pycnometry is used to determineletlaé density of a solid, and could give

indirect information about pore volume and closextopity when the sample’s apparent
volume and density are known. In our case the spats are shaped irregularly, so it is not
quite as easy to determine their apparent volumenckl, only skeletal bulk density is

obtained from pycnometry measurements performed.skieletal density of hydrated cement
paste measured is to 2.197 + 0.002 d/after 28 days of curing at 100% RH.

A synthesis of XRD and FT-IR analyses indicateg tha major components in hydrated
cement are portlandite Ca(Ofixalcium-silica-hydrate C-S-H. The formation ofrieiite -
CsA, 3 CaSQ, Hs; -, and calcite CaCgis also observed. These observations are in close

agreement with previous publication. Upon hydratiloa alite (GS) and belite (€S) phases
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produce mainly portlandite Ca(OH{}20-25%) and amorphous calcium-silica-hydrate ¢(C-S
H) (60-70%) (Mollah, 1998). Calcium carbonate Cad® also produced as a result of
secondary reactions between CaQ@idd C-S-H with atmospheric GQReardon et al., 1989).
The hydrated cement paste studied is also chaizadeby: (i) a threshold diameter of 2 um,
(ii) a total porosity of 21.6%, and (iii) a skeletgensity of 2.197 g/cth

2. Accelerated weathering of the matrix

2.1. Accelerated carbonation

The accelerated carbonation is performed on hydregenent pastes after 28 days of curing at
100% RH. Prior to exposure to carbonation, the nitgjof specimens (four exceptions) were
oven dried at 40°C for 24h. The saturated solutibpotassium carbonate is renewed after
30h. Hence, RH is maintained between 52% and 65%eanchamber. This saturated salt
solution is known to provide 43% RH at 20°C whenam enclosed space (OIML R 121,
1996). In the experimental set-up, £ubbled through a column of deionised water before
entering the inlet chamber, providing continuouslymidity. Thus, RH is maintained in the
chamber at a higher value than the one expectedording to Chaussadent (1997) and
Gervais (2004) the carbonation reaction is optinwimen the RH in the pores of the matrix is
close to 65% and decreases as the RH in the poeemases. The reaction is quasi-inhibited
when the RH is below ca. 50%,®0; appears to be a suitable salt to maintain an gpiate
level of RH during the carbonation operation.

Owing to the cement’s bleeding effect when wateprissent and which occurs in the early
stages after casting, the porosity and pore seteéldlition is expected to vary between the top
(trowelled) layer and deeper layers of the pastea(, 2003). The trowelled face is located

on the top of specimens and each face is ident#geshown in Figure 23.

Top (trowelled) face: T

| 2.5¢m / |

I ‘ 1

4 Side: §
1 em \
+— Middle (core): MI

P4
Bottom : B

Figure 23: Identification of faces for carbonationoperation (section through vertically cast cube)
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Figure 24: Carbonation depth for hydrated cement pates after 48h of accelerated carbonation —

Example of: (a) non pre-dried specimen, (b) and (q)re-dried specimen

Figure 6 shows that the pre-dried specimens (Figdrd, and c) are more carbonated than
those without pre-treatment (Figure 24 a). Thesseptations are in accord with those
previously reported. The formation of calcium carét@ requires that carbon dioxide diffuses
from the atmosphere into the pores of materials Qais needs liquid water to form carbonic
acid. However, the carbonation will be largely cutaut if the pore system is completely filled
with water, which will hinder or block the diffusioof carbon dioxide in its gaseous phase.
Thus, the situation where pores are only partlgdiwith water makes possible both diffusion
of carbon dioxide in the gaseous phase and formatfocarbonic acid (Rougeau, 1997;
Johannesson et al., 2001; Gervais et al., 2004ryh2007).

The same carbonation profile (Figure 24 b) is ole#rfor all pre-dried specimens
whatsoever its location inside the chamber: bothttp faces and sides are carbonated on
about 1.5-2 mm whereas the bottom is almost nonocated. The top surface (trowelled) of
a cement paste possesses more numerous poredterthanger volume than the bottom face.
The pore volume near the top surface can be tvadarge as that for the bottom face (Khatib
et al., 2003), which facilitates G(enetration. In the following experiment the caréied
specimens used are pre-dried.

The results of carbonation influence on the matrigrostructure are presented and discussed

in section 3.
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2.2.Leaching operation

Leaching occurs in which species such as calciuindigsolve in the pore solution, This

phenomenon leads to an increase of the matrix poleme (Watanabe et al., 2006). The
leaching operation is performed on carbonated spats. Leachate pH and surface pH of the
matrix as a function of time are shown in Figure RBlating to the leachate pH curve, note
that pH increases rapidly from about 5.5 to 9.2him first hours, reaches a maximum at 9.6
after 3 days, and then decreases slowly to abéuf&er 28 days. On the contrary, the surface
pH of the matrix decreases rapidly from ~10.6 t8 8uring the first 3 days, and then

decreases slowly and seems to reach a plateauca8d8in

11,00 T
. —:—surface pH
L
\ —=— |eachate pH
10,00
9,00 L L i T
n 1 &N

pH

i 3 10 15 20 25 30

time (days)

Figure 25: Evolution of pH in function of the leacting period (average of duplicates) - green curve:

surface pH of the matrix, red curve: leachate pH

Prior to the leaching operation, specimens werbarated for only 48h, and portlandite and
ettringite remained present near the matrix surféégure 27). When specimens are
submerged in water, soluble alkaline compoundsh sa& portlandite and ettringite, are
rapidly dissolved. This results in the releaseyafrbxide ions and thereby increasing leachate
pH and decreasing the surface pH of the matrixaddition, portlandite dissolution involves
the release of calcium (Ca) in leachate. The calcazoncentration measured in leachate
oscillates between 3.9 and 6.3 mg/L (-4.4 < log)(€a4.2). Calcium carbonate is much less
soluble than portlandite (Figure 26), so once attlpndite is dissolved, local quasi-stationary

state between the matrix pore solution and leaclpatgressively takes place. This is
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consistent with the slow decrease in pH, calciunbaaate solubility and carbonate equilibria
(Figure 26, calculations relating the consideresteay are detailed in annexe).
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Figure 26: Soluble Calcium derived from calcite andportlandite for CaC0O3-C0»-H,O system — calcium

carbonate in water with a fixed partial pressure ofcarbon dioxide (Bureau and Zasoski, 2002)

According to the curves of the Figure 26, pH shaddainly decrease even more with time.
Our objective is to accelerate the weathering efrttatrix in order to decrease the surface pH.
Hence, we have to find a compromise between therarpntal time and pH obtained, that’s

why we decided to stop the experiment at 28 daysesponding to a surface pH about 8.8.

The influence of leaching on the matrix microstuetis discussed in the next section.

3. Influence of accelerated weathering on the matri  x microstructure

3.1. X-ray diffraction analysis

Figure 27 shows the XRD analysis performed on neathered and weathered specimens.
Additional peaks are noticed on the diffractograirthe carbonated specimen compared to
non weathered one. They are attributed to the fbomaf calcium carbonate polymorphs —
aragonite and vaterite — as a result of accelexadabnation.
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Figure 27: X-ray diffractogram of specimen before &) and after (b), (c) accelerated weathering of the

matrix — E=ettringite, G=gypsum, P=portlandite, C=alcite, A=aragonite, V=vaterite
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The decrease in relative intensity of portlandiéals is due to the dissolution of portlandite
to form calcium carbonate. The diffractogram of tb&bonated and leached specimen
exhibits only calcite and aragonite peaks. Theptiearance of portlandite and ettringite is a
consequence of their dissolution as a result afhieay. Vaterite is the less stable calcium

carbonate polymorph, and it is easily transfornméd other forms.

3.2.Fourier Transformed Infrared analysis

The major bands identified for the non weathereetipen are: the OH band at 3636 tm
from portlandite, the carbonates bands at 1414, &l 710 cni from calcite, and the
silicate band at 959 cmfrom C-S-H. The spectral data changes upon weatheand
analyses of these changes can provide valuablematmn about the reactions involved. The
FT-IR data for band assignments are presented lnleT& Details of FT-IR spectra for the

most characteristic bands are shown in Figure 28.
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Figure 28: Details of FT-IR spectra (ATR) of the cenentitious matrix before and after accelerated

weathering
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Table 3: FT-IR characterization of specimens beforand after accelerated weathering

Band Calcium carbonate * Non weathered ° Carbonated ° Carbonated and *
assignements CaCoO, (erm)) specimen (cn'!) specimen (crm™) leached specimen (')
v, 8i0,* 9705, b 959 5 970 s 970 s
AL {7 Pu— o —
v; 80, 1100 113vw,sh -
v OH 3640 sr 3636sh - e
v;CO% . 14218,b 1414 1414 s 1414s
v;CO3% oo 1400-1500 5, b 1414 - 1440 s, b 1414 - 1440 s, b
v, COY g 1080W e
viCO o 1083 e 1080 w, sh 1080 w, sh
v, 0032' caldite 874 m, sr 875 s, sr 876 s, sh 876 s, sh
N ole I s I J— ? ?
80m,sr 0 - ? ?
v3COs" ose 856m e BS8 s, sh 858 s, sh
v, CO . Tl3w 70w 714 m 714 m
v, COT . TMOw e 742w,sh =
710m e ? ?
viCO¥ e 700 e 702w 702w

® References Simpson, 1997, Ghosh, 1998, Farcas and Touzé, 2001; Devarajan et al., 2007
" Present study - Non weathered specimen

* Present study - Carbonated specimen

“ Present study - Carbonated and leached specimen

b: broad, s: strong, sh: shoulder, sr: sharp, m: medium, vw: very weak, w: weak

v, = symimetric stretching

v, = symmetric bending

v, = asymumetric stretching

v, = asymmetric bending

? = certainly covered by another band

The OH band at 3636 chfrom portlandite disappears with carbonation. Heeve XRD
analyses show the presence of portlandite on catbdrspecimen, but in small amounts. The
majority of portlandite is mainly transformed duginarbonation operation, and totally during
leaching. The small amounts present on the carbdrsgiecimen are probably non detectable
with FT-IR.

The FT-IR spectra of weathered specimens (carbdrzate leached or carbonated only) show
a strong broad band at 1414-1440cwhich is broader than the calcite band, charistier

of aragonite. According to the intensity it can é&sumed that the aragonite overlays the
calcite band. New bands appear at 1080, 858, 702acm are assigned to aragonite formed
as a result of accelerated carbonation. The barttatcm* belonging to vaterite, appears
only in the carbonated specimen. Other charadebsinds at 860, 850, and 710 tmay be
overlaid by calcite bands. As aforementioned, v&es a less stable polymorph of calcium
carbonate and thereby transforms into more stastad calcite and aragonite with leaching

operation. The Si-O stretchingsf band now appears at approximately 970 and 986 fom

95



Chapter V: Accelerated weathering of the matrix irghie Wiktor

the carbonated and carbonated then leached spexciregpectively, while the same band in
the non weathered specimen appears at 959 etance, this shifting to higher frequency is
caused by the polymerization of the orthosilicatétsu(SiQ*) during weathering process.

The magnitude of this shift is indicative of thegdee of polymerization (Mollah et al., 1995).

3.3.Mercury Intrusion Porosity and helium pycnomet ry

The measured porosities vary from approximately Zo#cthe non weathered specimen to
17% for the carbonated one (Table 4). The leactohdhydrated cement pastes leads
traditionally to an increase of the porosity. Inr @ase, it doesn’t. The leaching takes place
after the carbonation, and a slight decrease afgiiyris even noted.

The decrease in total porosity results in an irswed skeletal density. Well-defined threshold
diameters are evident from 2 um for the non weathspecimen to 500 and 400 nm for the
carbonated and the carbonated then leached speciraspectively. Increased weathering
time results in lower total porosity and smallelues for threshold diameter (Figure 29). The
threshold diameter is a characteristic propertyhef pore structure and therefore varies with
the microstructure of the material (ArandigoyenQ@0D A lower threshold value is indicative
of a finer pore size distribution (Khatib, 2003)heTl lower threshold observed for the

weathered specimens is a consequence of the desappe of large pores around 1um.
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Figure 29: Change over time for the pore size disiioution with accelerated weathering
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Table 4: Characterization of the matrix microstructure

Threshold Porosity Skeletal

Specimen diameter (rum) (%8 density (g/em™)
Non weathered 2000 216 2.1968
Carbonated 500 17.2 2.3352
Carbonated and leached 400 16.8 2.5383

The overall shape of the carbonated and leachechidronated only curves is similar for
weathered specimens, but differs from those of m@athered specimens. Beyond the
threshold of the curve for the non weathered spegifhe. from approximately 2000 nm to
500 nm) there is a more profound decrease in thigeshan for weathered specimens curve.
But after a pore diameter of approximately 500 hm dlope increases again. This change in
shape of the pore size distribution is a consequeaicthe increase in the proportion of

smaller pores (Figure 29).

3.4.Direct observations

Figure 30 shows direct observations of specimensdifierent stages of accelerated

weathering. The appearance of cracks on the susfa@eimen is observed after carbonation.
This cracking is considerably augmented by leachMgreover, precipitate formation was

noted inside the cracks, which according to XRD BmdR analysis should be CaGO

| Sl

Figure 30: Direct observations of specimen beforena after accelerated weathering — (a) non weathered

specimen, (b) carbonated specimen, (c) carbonatelen leached specimen
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These observations point out the significant alienas of the specimen surface after the

accelerated weathering.

3.5.Scanning Electron Microscope (SEM) observation s

Figure 31 shows surface fractures. Platy crystald fine needles are the distinguishing
characteristic shapes of portlandite and ettringgspectively (Diamond, 1976; Pratt, 1986).
A thin layer covers progressively the specimenasgfas accelerated weathering progresses.
This is consistent with the weathering performearbonation results in a decrease in the
amount of portlandite and the leaching gives rigethe dissolution of portlandite and

ettringite. A net decrease in porosity is also olse pores are progressively filled by CaLO

precipitation and become smaller and smaller asnidugix is weathered.

portlandite
2o

ettringite

Figure 31: SEM images of fracture surfaces — (a) moweathered specimen, (b) carbonated specimen, (c)

carbonated then leached specimen
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Now, if one examines the following images of thactsons, microstructure alteration is not
observed between non weathered and carbonatedrspeciFigure 32 a and b, Figure 34 a
and b). Contrarily, numerous cracks are observedh® carbonated and leached specimen
(Figure 32 c). These cracks are distributed altwegperiphery (Figure 33). This phenomenon
may be explained by one of two scenarios: (i) aeks appear progressively during leaching
operation, this could be confirmed by direct obagon (Figure 30 c) or (ii) the matrix
structure is weakened by the leaching operatiod,thereby the cracks are due to the sample
preparation. We also notice on the carbonated @ached sample the presence of a thin band
which seems to be more porous than the rest ofimpac(Figure 32 c, Figure 34). Its
thickness is estimated to be 70 um (Figure 34).

core

core

Figure 32: SEM images of thin sections — (a) non &thered specimen, (b) carbonated specimen, (c)

carbonated and leached specimen
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2000 pm

Figure 33: Global SEM images of thin sections of earbonated and leached specimen

Non weatered

Carbonated and leached

Figure 34: Measured thickness in close ups of eagliimages
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3.6. SEM/EDX analysis

Direct and microscopic observations point out stefaalterations and changes in

microstructure of carbonated and leached specintéaisce, chemical change was expected
from EDX analysis. Figure 36 presents EDX analyssformed on carbonated and leached
specimens, and Figure 35 shows the different aagab/sed. Twenty punctual analyses are
performed for each area, mean values are plottegtagphs. Each analysis is performed on a
surface about 20 x 200 pum.

We compare concentrations in calcium, silicon, aluom between analyses performed on
the side and in the core. We assume that accelevagathering has a superficial impact, so
the chemical composition in the core is represengtaif a non weathered matrix. This was

confirmed with comparison with analyses performadon weathered specimens.

Top (trowelled) face: T

| 2.5 cm / |

I ‘ 1

% Side: 8

1 cm core
‘\7 Middle (core): MI

Bottom : B

Figure 35: Localization of EDX analyzed areas

EDX data shows no change in chemical compositibreret is just a tendency of Ca

enrichment and thereby Si depletion on the sidespetimen
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Figure 36: SEM / EDX analysis of thin sections focarbonated and leached specimen

3.7.Discussion

Our results show that accelerated carbonation teesol calcite, vaterite and aragonite
formation (Figure 27, Figure 28). This is consistemth literature. The presence of
metastable forms (vaterite and aragonite) in thdbarzated area seems to be a feature of
accelerated carbonation tests (Thiery et al., 208@¢ording to Thiery (2005), the thermal
stability of CaCQ produced is lower as the carbonation level ina@eadhis author also
showed that the thermodynamically metastable faf@aCQ correspond to the carbonation
of C-S-H. The shift of thesSiO,* from the FT-IR spectrum (Figure 28) to higher wave
number units suggests also a polymerisation of KLABith the carbonation as well as with
leaching operations (Mollah et al., 1995).

The carbonation reaction mainly has two effectstlom cement matrix and its pore water
solution (Van Gerven et al., 2004): lowering of thie of the pore water, and decreasing of
the matrix porosity. This is because of the foroatof calcite, which is less dense than
portlandite, thereby can clog pores more easilyleBrease of total porosity of about 20% is

noticed with accelerated weathering (Table 4). pbeosity decrease observed in literature
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ranged from 10 to 19 % (Houst and Wittmann, 199dald and Page, 1997). Evolution of
total porosity with carbonation is dependent of v&ito and cement type.

The presence of cracks for weathered specimentigatected with MIP analyses. This can
be explained by the sampling method used. Speciraendroken into small pieces. They
break along cracks, so these fissures don’t appehe final sample.

Generally, the leaching of cement paste gives tisenatrix decalcification due to the
dissolution of portlandite and C-S-H decalcificatiddaga et al. (2005) concluded from their
work that the major leached constituents of hardemrdinary Portland cement are portlandite
and C-S-H gel, and the large pore size, assocwaidd the leaching of portlandite, will
significantly affect the diffusion of leached canhstnts. An increase in porosity was expected
after the leaching of our carbonated specimen ftbendissolution of portlandite and the
transformation of vaterite into calcite (Thiery at, 2007). However, results show a slight
decrease in total porosity after leaching opera(ibable 4). In the present study leaching
occurs after carbonation. The porosity decreaseinidhes the leaching of matrix
constituents, while the decrease in pH increasashiag. The effect of porosity, however,
exceeds that of pH, resulting in a net decreageaching due to carbonation (Van Gerven et
al., 2007). It can be assumed that the dissolufgportlandite and decalcification of C-S-H
result in CaC@ precipitation in the pore volume. Gervais (199®)rfd that carbonation prior
to leaching operation results in a decrease ofwalcelease compared to the leaching of non
carbonated specimens. The mobility of*Ci reduced, and it may precipitate with £0
before, thus not reaching leachate. This coulda@rdEDX analyses and lack of the matrix
decalcification observed (Figure 36): most of thissdlved C& precipitates into CaC{
before, hence not exiting the matrix with the outeo an enrichment in calcium near the

specimen surface.

4. Conclusion

To conclude, the key points to remember are:
» Accelerated weathering of the matrix alters the@egal surface aspects of the
specimens.
» Carbonation of specimen leads to a decrease dfutiace pH and total porosity, as
well as the formation of calcite, vaterite and awate as a result of the depletion of

portlandite, and polymerization of C-S-H respedtive
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» Carbonated and leached specimens are charactdrnyzedlower surface pH and
lesser porosity than carbonated only. They are masomposed by calcite,

aragonite and C-S-H gel.
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