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Positron annihi lati on exp eriments w ere carried out on a Portland cement
paste one year aged, w hich w as subj ected to cycles of dessiccati on and subse-
quent water resaturation, in order to study possibl e changes of the porosity .
A nalysis of the annihi l atio n time spectra suggests that drying and rew etting
treatments do not induce irre versible modiÙcati ons in the conÙguration of
the Ùnest gel p ores.
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1. I n t rod uct io n

Al though posit ron anni hi latio n has been revealed as a useful exp erimenta l
m etho d to get inf orm ati on on porous m ateri als l ike zeol i tes [1], sil ica gels [2], and
V ycor glasses[3], i t has beenseldom appl ied to the characteri zati on of cement -based
m ateri als [4, 5]. Cements display an open, conti nuous pore system , as ori ginated
by the hydra ti on of the cement powder ; thi s last is a compl ex pro cess,wi th many
di ˜erent reacti ons ta ki ng place both in para l lel and in series [6]. Since the Ùnal
m echani cal pro perti es of the hardened cementi ti ous m ateri als and thei r dura bi l i ty
stro ngly depend on the porosity [7], a techni que | as positro n anni hi lati on |
abl e to pro be the pore size can be useful to gain insi ght into the microscopi c struc-
ture of the materi al . We recentl y started an investi gatio n on ordi nary Portl and
cement pastes characteri zed by various water- to -cement rati os and at di ˜erent
ageing ti m es [8{ 10], in order to assessthe sensiti vi ty of the techni que to changes
in the smal lest (gel ) pores.

Cement sampl es are general ly dri ed to evaluate the speciÙc area by gas
sorpti on of di ˜erent sorbates (m ainl y ni tro gen or water), or vi a m ercury intru-
sion porosimetry [11]. Ho wever, wa ter rem oval could give ri se to microstructura l
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m odi Ùcati ons (gel pores shri nkage, col lapse, etc. ), al tho ugh in the resatura ti on of
previ ously dri ed sam ples the surface area lossdue to the ini ti al dryi ng is reversibl e.

W e addressed thi s pro blem usi ng the positro n anni hi lati on techni que; in thi s
paper we report som e prel iminary results, obta ined on a m ature cement paste.

2. E x per i m en t a l

2.1. Mat er ial

Ordi nary Portl and cement typ e I accordi ng to UNI standard, as suppl ied
by the producer (Cem enti rossi Pi acenza), was used. The chemical com positi on in
wei ght percentage was: SiO 2 = 2 0 : 9 6 , CaO = 61.83, Al 2 O 3 = 4 : 8 9 , Fe2 O3 =

1 : 7 6 , SO3 = 3 : 1 8 , and other oxi des such as Mg O, Ti O2 , Na2 O, and K 2 O in
few percents. The average parti cl e diam eter wa s 1 1 : 1 0 ñ m and the surf ace area
0.72 m 2 / g. The paste was prepared by m ixi ng the powder wi th deionized wa ter in
the water- to -cement m ass rati o w =c = 0 : 4 ; i t was shaped into cyl indri cal pel lets
wi th an avera ge diam eter of 20 m m and 2 m m thi ck by m ouldi ng them in a prop-
erly designed pl exiglass conta iner. Af ter pouri ng the fresh paste, the conta iner was
cured at 100% relati ve hum idit y (R H) and laborato ry tem perature (2 0 £ C Ï 2 ) for
24 hours, and then the pelleti zed sam ples dem oulded and aged under the same
condi ti ons of R H and tem perature.

Mea surements were made on a m ature paste (one year aged), in order to
avoid sensible changes in the m icrostructure: indeed, the specimen had al ready
reached a su£ cientl y high degree of hydra ti on. It was subj ected twi ce to a dryi ng-
- rewetti ng procedure: (a) oven-dri ed at 1 0 5 £ C unti l it reached a constant weight;
thi s granted tha t al l the free wa ter wa s elim inated. (b) Curi ng at 100% R H and/ or
im mersion into deionized water; in thi s last case, i t was wi ped before measurement.
Af ter each step, the sam ple was analysed by m eans of positro n spectro scopy . Al l
m easurements were perform ed at room temperature.

2.2. Posi tron measurement s

The positro n source, 0.3 M Bq of 2 2 Na , was dri ed onto two identi cal kap-
to n (D uPont Co.) f oils (thi ckness 1.08 m gÂcmÀ 2). Positro n spectra were col lected
thro ugh a conv entio nal fast- fast coincidence setup [8]; the resoluti on of the appa ra-
tus wa s about 220 ps. Each spectrum conta ined about 10 Mco unts. Deconvo lutio ns
were carri ed out thro ugh the com puter code L T [12], wi th a suita ble correcti on
for positro ns anni hi lated in the kapto n.

3. R esul t s an d d iscu ssio n

Anni hi lati on ti me spectra were analysed into discrete com ponents; thei r
num ber was 3 or 5, accordi ng to the trea tm ent carri ed out on the sampl e. The
â 2 always resulted lesstha n 1.1. The results are shown in T able. The two shortest
components represent average values of anni hi lati on processes of the positro n in
the various regions wi th di ˜erent electro n density present in a porous materi al
and cannot be attri buted to sing le decay modes. Since we are onl y interested to
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T AB LE

Lif etimes and intensities of the p ositron annihil ati on spectrum in the investigated
Portland cement.

Sam ple §1 I 1 §2 I 2 §3 I 3 § 4 I 4 § 5 I 5

trea tm ent [ns] [%] [ns] [%] [ns] [%] [ns] [%] [ns] [%]

hydra ti ona 0.263 60 0.51 30 1.71 10.3 { { { {

(5) (2) (2) (2) (4) (5) { { { {

wetti ng b 0.235 28 0.42 60 1.60 11.8 { { { {

(6) (2) (2) (2) (4) (5) { { { {

oven-dryi ngc 0.238 42 0.43 49 1.48 6.4 7.5 1.5 40 1.1

(6) (2) (2) (2) (5) (4) (8) (2) (4) (1)

hydra ti ona 0.261 61 0.54 29 1.77 10.3 { { { {

(5) (2) (2) (2) (4) (5) { { { {

wetti ng b 0.251 55 0.51 33 1.75 11.7 { { { {

(5) (2) (2) (2) (4) (5) { { { {

oven-dryi ngc 0.240 42 0.45 49 1.66 5.6 8.2 1.5 37 1.0

(5) (2) (2) (2) (4) (4) (8) (2) (4) (1)

wetti ng b 0.266 63 0.58 26 1.87 11.1 { { { {

(6) (2) (2) (2) (5) (5) { { { {
a Curi ng at 100% R H and room temperature.
b Im mersion in water for 8 hours.
c D ryi ng at 1 0 5 £ C for 8 hours.

the longest l i feti me components, representi ng or t ho-Ps decays, we wi l l not discuss
them further.

The thi rd com ponent can be ascribed to Ps anni hi lated in the pores con-
ta ining water. The correspondi ng intensi ty can be correl ated to the concentra ti on
of such pores. The decrease in the intensi ty fol lowi ng a dryi ng of the sam ple is in
relati on to the lossof water (f ree water) from the pores; corresp ondi ngly, two com -
ponents appear displ ayi ng a much longer l i feti me, whi ch can be attri buted to Ps
anni hi lati on in the evacuated gel pores [9]. Since the decay thro ugh the \ picko˜ "
pro cess is negligibl e in the larger cavi ti es, o r t ho -Ps in the capi l lary pores m ainly
anni hi lates into three photo ns, whi ch cannot be revealed wi th proper e£ ci ency by
m eans of our experi menta l appa ratus. For thi s reason the intensi ty I 3 in the spec-
tra corresp ondi ng to hydra ted sam pl es is hi gher tha n the sum of the intensi ti es
I 3 + I 4 + I 5 as measured on the dri ed sam ples.The tw o longest l i feti m ecomponents
whi ch resul t from the deconvo luti ons of the spectra corresp ondi ng to dri ed sampl es
can be interpreted as the \ edges" of a l i feti m e distri buti on, whi ch is correl ated to
the distri buti on of the pores [9].

The resul ts suggest tha t the dryi ng pro cedure does not induce i rreversi ble
m odi Ùcati ons in the structure of the gel pores: indeed, l i feti mes and intensi ti es of
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the longest components of the spectra correspondi ng to the two subsequent dryi ng
trea tm ents are well repro duci bl e. We deduce tha t the dim ensions of the pores as
wel l as thei r concentra ti on are restored. The repro duci bi l i ty of the resul ts occurs
also when the sam ple is subj ected to hydra ti on, or when i t is imm ersed in wa -
ter: indeed, intensi ty I 3 recovers | after dryi ng | the sam e value, wi thi n the
errors, typi cal of the respecti ve states. Thi s does not m ean tha t the structure of
the m ateri al is not sensiti ve to the trea tm ent: for instance, the hydra ti on products
are not stable under wetti ng, but underg o swell ing [13], whi ch is compensated
after dryi ng. Unf ortuna tel y, we cannot m oni to r such pro cesses, since the corre-
lati on between or tho -Ps l i feti m e and dim ensions of the holes is val id onl y when
the pores are evacuated. Our Ùndings can be com pared wi th tho se of Odl er and
K �oster [14{ 16], who carri ed out densi ty , to tal and bound water, porosity and sur-
face area measurements on nati ve and resatura ted sam ples after dryi ng. They did
not Ùnd di ˜erences in the above quanti ti es, except for surf ace area values, whi ch
were lower in resatura ted sam ples. Since the values of to ta l porosity were almost
identi cal in non-dri ed (nati ve) and resatura ted sam ples, i t can be argued tha t a
change in the pore structure occurs. These m odiÙcati ons shoul d involv e pores wi th
radi i larger tha n a f ew nm , since Ùnest gel pores (ul tra micropores) are not a˜ected,
accordi ng to our resul ts.

4 . Co n cl usion s

W e can concl ude tha t dryi ng does not seem to induce i rreversi bl e changes
in the structure of the Ùnest gel pores in a cement paste; indeed, or tho -Ps param -
eters in the ti m e anni hi lati on spectra corresp ondi ng to analogous trea tm ents of
dryi ng and rewetti ng, perform ed on the sam e sam ple are wel l repro duci ble. Our
analysis, when com pared wi th the resul ts by Odl er and K�oster, add inf orm ati on
to thei r conclusi on as far as Ùnest gel pores are concerned. W e recal l tha t gel pores
are the only pores we can probe wi th thi s ki nd of spectroscopy , who se f eatures
unf ortuna tel y do not al low us also to inv estigate the pore size distri buti on in the
presence of free water.
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