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ABSTRACT

This paper investigated the influence of sodium chloride solution (NaCl) on
the physical properties of cement pastes incorporating fly ash as compared
with plain cement pastes. The ordinary Portland cement was partially sub-
stituted with 35% fly ash (class F) by weight. The blended cement speci-
mens were prepared using the standard water of consistency. Cement paste
samples hydrated for 3, 14 and 28 days were immersed in NaCl solutions
with different concentrations ranging from 0.5% up to 1.5%. The effect of
NaCl attack on bulk density, porosity, chemically bound water, relative ex-
pansion and loss of weight was studied using the standard techniques. The
results showed that, cement pastes incorporating fly ash are characterized
by high resistance to chloride attack that plain cement, the porosity of fly
ash — cement pastes are less than that of plain cement pastes.
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INTRODUCTION

Thechlorideionsare oneof substancesthat cause
damage of the passive protection of sted reinforcement
insidethe concreté. Thesechloridescanbefoundin
the concrete from the moment of mixing, or after the
use (sourcesare, seawater or groundwater). And the
presence of chlorides- whatever their sources- inthe
concrete leadsto stimulate the process of corrosion.
Thefreechlorideionsattack thereinforcing steel and
causeitto rust. Mechanical and chemical reactionsin
thiscasearehighly complex, but we can easily say that
the chloride ions are ableto disrupt the interactions
which occur on the surface of reinforcing steel which
provides apassive protection. Because the degree of

influence of chlorideson the propertiesof concretere-
lated to its ability to penetrateinto the concrete soitis
important and necessary to use minera additivestore-
duce permeability and increase theresistance of con-
creteagainst chlorides attack, whichworkstoimprove
the performance and extend thelifetime of concrete
structures. Theuse of pozzolanswhichreactswithfree
lime (cal cium hydroxide) which resultsduring the hy-
dration of cement and convertingitinto calciumsili-
catesand d uminates hydrateswhichworkingtofill the
gapsandtheinternal capillary poresinside cement ma-
trix(23, Examplesof pozzolanamateridsaresilicafume
whicharecharacterized by high surfacearea(about four
timesthe surface areaof cement, 20.000 cm?/g). Silica
fumeisabyproduct inthemanufacture of aloysof sli-
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conandferroslicondloys, itinteractswith calcium hy-
droxidecomprising calciumsilicate hydratewhich typi-
cally depositsin the pore system and improve micro-
structure. other materialsarefly ash aswell asblast
furnacedag. Thisresearch aimsto study theeffect of
sodium chloridesdtsattack on physica properties(such
asbulk dengity - porosity) of cement paste mixed with
fly ash in order to determine the effect of fly ash on
cement resistanceto chlorides.

EXPERIMENTAL WORK

The gtarting materia sused in thisstudy wereordi-
nary Portland cement of Blaine surface area™ 3100
cm?/g and fly ash (FA) of Blaine surface area~3000
cm?/g. Figure (1)showsthe SEM micrograph of class
F-Fly ash.
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Figurel: SEM micrograph of fly ash

The oxide composition of OPC and fly ash were
introduced in TABLE (1). The blended cement pastes
were prepared using ordinary Portland cement that was
partialy substituted by 35% by weight of cement. The
ingredientswerehomogenized onarollerinaporcean
ball mill withfour ballsfor 1 hour to assure complete
homogeneity. The pasteswere prepared using thewa
ter/cement ratios 0.3. The pastes were molded into
2*2* 2 cm cubes. The moulds were vibrated for one
minuteto removeany air bubbles. The sampleswere
kept in mouldsat 100% relative humidity for 24 hours,
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and then it cured under water for 3, 14 and 28 days.
The hardened cement pastesweredried at atempera-
tureof 105°C for 24 hours in an oven, Then, they were
kept in sodium chloride (NaCl) solution of concentra-
tion 5000,10000 and 15000 ppm for 3, 14 and 28
days. Each measurement of the physical propertieswas
carried out for threeidentical cubes of the same mix
composition. Thebulk density and absorption of pre-
pared samples ware measured according to ASTM
C2201,

TABLE 1: Chemical analysisof thestarting materials

Constituents, (%) OPC Fly ash
Ca0 62.56 1.48
SO, 20.85 70.72
Al,Os 4.70 16.48
Fe,0; 3.86 5.59
MgO 1.23 1.09
SO; 2.79 1.18
Na,O 0.49 0.27
K,0 0.12 0.44
I. Loss 2.82 2.73

Deter mination of density and por osity

The specimenswere Immersed in water at room
temperature (22°C) for 24 h. The specimens Weighs
were recorded while suspended and compl etely sub-
merged in water. The specimenswere Removed from
water and water allowed to drainfor 1 min by placing
specimenson awiremesh, visiblesurfacewater were
removed with adamp cloth the saturated weight was
determined and recorded asWs. All specimenswere
driedinaventilated ovenat 105°C for not less than 24
h and two successive wei ghtingswererecord at inter-
vasof 2 huntil anincrement of not greater than 0.2%
of thelast previoudy determined weight of the speci-
men. Theweight of dried specimenswere Recorded as
Wd (oven-dry weight). The absorption and oven-dry
density werecalculated as.

Absorption% =[(Ws- Wd)/Wd] x 100];

Density (Kg/m?) = (Wd/(Ws- Wi) x 1000
WhereWi, Ws, Wd areinkg

lossof weight (Lw); Lw=(Wd-Ig)/Wd x100
Wherelgistheweight after ignition (g).

Combined water (Wn); Wn=[Wd-W’/W’]-L

WhereW’ : is the weight after ignition for one hour
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(g) & 1000°C then coaled in a desiccators and weighted
again. L ;istheignitionlossof unhydrated specimen;
L=(W’-W1000°C).

RESULTSAND DISCUSSION

Thephyscd propertiesof cement pastes subjected
to different concentrations of Nacl solutionwere stud-
iedtoclarify itsphysical performanceaffected during
sodium chlorideexposure. Theresultsof bulk density
of the hardened cement pastes, which exposed to dif-
ferent concentrationsof Nacl in absenceand presence
of FA aregraphicaly shownin Figure(2-a, b). Ingen-
erd, thebulk density increasesgradua ly with increas-
ing, the hydration age of the cement pastes. Thisisdue
to thedecreaseinthetotd porosity withincreasing hy-
dration ageasaresult of thefilling of poresby the hy-
dration products. Theresultsof Figure (2-a) indicate
that the bulk density of the hardened cement pastes
increases at concentration ™ 5000 ppm of Nacl, then
decreasesgradually withincreasing of Nacl. The bulk
density of blended cement pastes containing 35% FA
increases asthe concentration of sodium chloridein-
creases. Theincreaseof thebulk densityismainly due
to theactivation of blended cement with chlorideions
inthesamplesforming hydrated productswhichfill some
open pores in the samples®. Figures (3-a, b) shows
thevariation inthe masslossversusthe concentration
of Nacl at different curing ages. Itisclear that therate
of mass|oss decreaseswith increasing the curing age
due to the precipitation of hydrated phasesin to the
available pores of cement pastesbut in Figure (3-a) the
rate of the of mass|ossincreaseswith the concentra-
tion of Nacl inthe samples, thelarger amount of mass
lossiscaused by surface scaling.

InFigure (3-b) therate of the mass|oss decreases
withincreasing of Nacl inthesamplesthatisduetothe
FA reactswith theliberated limefrom the hydration of
clinker, hencethefreelimeisnearly consumed. Sothere
isno chanceto reaction of limewith chloride group.
Thetota porosity of the blended cement pastes cured
for 3,14 and 28 daysare graphically represented asa
function of theconcentration of Nacl inthesamplesin
Figure (4-ab). It is clear that the total porosity de-
creaseswith curingtimefor al hardened cement pastes.
Thisisduetothefilling up of apart of theavailablepore
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volume with the hydration products, asthe hydration
proceeds™?. In Figure (4-a) thetotd porosity decreas-
ing up to 5000 ppm, then increasing with the concen-
tration of Nacl inthe samples. Thisvariation mainly
depending on therate of the geometrical random ar-
rangement of the material hydrated phasesduringthe
hydration mechanisminsidethemeatrix of thesampl€®.
Theincreaseinthetotal porosity valuesof hardened
blended cement pastes after the concentration™ 5000
ppmisrelated tointeraction of chloridewith liberated
limefromthehydrationreactionformingwhat isknown
ashydrocalumite (C,A-CaCl, 10H,0) causing soften-
ingtothecompasitionwithformation of hydration prod-
uctswith aweaker microtextureand aglobally more
porous cement paste™ 3, Thevariation of thetotal po-
rosity in Figure (3-b) isdecreasingwith increasing of
Nacl intheblended specimens. That isdueto thefor-
mation of much amountsof (C-S-H) pozzolanic reac-
tion of FA with CH, aso the content of FA inthe opc
matrix to decreasetheinteraction of theliberated lime
(C-H) withthechlorideto form hydroca umite, which
increasing thetota porosity!®. Therelativeexpansion
of the blended cement pastesasafunctioninthecon-
centration of theNacl and at different curingtimeswere
represented in Figure (5-a, b). Thegenera behavior of
therdativeexpansionisdecreasngwithincreasngthe
curing timedueto the preci pitation of hydrated phases
into the pores of the system, and that isleadingto de-
creasngintherdativeexpanson of thesamples. InFg-
ure(5-a) therdaiveexpansonincreasngwithincreasng
the concentration of Nacl inthe sample, and that isat-
tributed to theingressof chlorideionsinto the cement
matrix through the open pores. But in Figure (5-b) the
relative expansion decreasingwithincreasing Nacl in
the samplesafter the concentration ™ 5000(ppm), and
that isdueto therandom arrangement of the hydrated
phasesinthecement matrix. Thedecreasingintherda
tiveexpansion with Nacl ismainly duetotheincrease
of theFA hydration, inthecement matrix, chemica com-
bined water for plain and blended cement pastesasa
functionin the concentration of the Nacl and at differ-
ent curingtimesare graphically represented asafunc-
tion intheconcentration of Nacl in Figure (6-a, b). In
genera inthisFigure (6-a,b) thechemical combined
water increaseswiththe curingtime, andthat isrel ated
totheprogressof hydration reactionswith curingtime,
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Figure2: (a, b) variationsof bulk density of thehar dened cement pasteswith the concentration of NaCl at different curing

times, (@) Plain cement paste, (b) Fly ash— Cement paste
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Figure3: (a, b) variationsof masslossof the har dened cement pasteswith the concentration of NaCl at different curingtimes,
(a) Plain cement paste, (b) Fly ash— Cement paste
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Figure4: (a, b) variationsof total porosty of the har dened cement pasteswith the concentration of NaCl at different curing

times, (a) Plain cement paste, (b) Fly ash — Cement paste
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Figure5: (a, b) variationsof relative expansion of the har dened cement pasteswith the concentration of NaCl at different
curingtimes, (a) Plain cement paste, (b) Fly ash — Cement paste
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Figure6: (a, b) variationsof relative expansion of the har dened cement pasteswith the concentration of NaCl at different
curingtimes, (a) Plain cement paste, (b) Fly ash — Cement paste

that isleading to increase the combined water inside

the structure of samples™. In Figure (6-a) the com-

3.

bined water increasing with increasing the concentra-
tion of NaCl dueto the accel eration of hydration reac-

tionscaused by chlorideionsforming additiona amounts

of calciumsilicatehydrates (C-S-H). Butin Figure (6-
b) it isclear that the combined water content of the
blended cement pastes decreaseswith the NaCl.

CONCLUSIONS

Theresultsaresummarized asfollows.

1. Thephysical propertiesof cement pastesare af-

fected by theexposureto NaCl solutions.
2. Therateof theof masslossincreaseswith thecon-
centration of Nacl inthesamples, thelarger amount

of masslossiscaused by surface scaling.

Theuse of mineral admixtures (fly ash) increases
theability of cement to withstand aggressive envi-
ronment and prevent most of thedeteriorationsigns.
Theporosity of hardened blended cement pastes
increases after the concentration 5000 ppm of NaCl
dueto interaction of chloridewith liberated lime
from the hydration reaction forming hydrocalumite
(C,A-CaCl, 10H,0) causing softening to the com-
position with formation of hydration productswith
aweaker microtexture and aglobally more porous
cement paste.

Theinteraction of fly ash with thefreelime (CH)
during thehydration mechanismleadingtoformad-
ditiond (C-S-H) phasesand consequently decreas-
ing theformationrate of hydroca umitewhich soft-
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ening the structure of cement pastes.

The chemica combined water increaseswith the
curing time, and that isrelated to the progress of
hydration reactions.
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