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In this paper fly ash was replaced partially up to fully by limestone dust. The change in the electrical conductivity was report-
ed during setting and hardening after gauging with water. The phase composition was studied by XRD and DTA. Degree of
hydration, gel/space ratio, reaction ratio, porosity and mechanical properties as well as free lime content was studied. The
results show that the substitution of fly ash by 5-10 wt.% limestone in SRC pastes decreases the conductivity. Increase of lime-
stone content (15 and 20 wt.%), the electrical conductivity increases than sample free from limestone (S.0). 5 wt.% limestone
extended the final setting times. On the other side, the increase of limestone content, the final setting times are shortened, this
is due to the filling effect of the limestone. The combined water, degree of hydration and the gel/space ratio increase with
limestone content. It was shown that the free lime of S.0, S.5 as well as M.0, M.5 increase up to 7 days, and then decreases
up to 90 days. On the other hand, the compressive strength and total porosity decrease with limestone content.

INTRODUCTION

Fly ash utilization is a research of considerable
interest at the present time, where fly ash is employed as
an active addition to Portland cement clinker and as par-
tial substitution of cement respectively [1]. The suit-
ability of fly ash use in the production of fly ash Port-
land cement is determined by its pozzolanic activity,
which in turn is greatly influenced by its content of
glassy phase, the higher content of glassy phase, the
higher pozzolanic activity.

The incorporation of fly ashes to the Portland
cement and concrete as active addition was investigated
[2]. Due to their capacity for reacting with lime, princi-
pally originated during the hydration of the Portland
cement, forms hydraulic compounds.

The replacement of a Portland cement by three dif-
ferent high-CaO fly ashes slightly decrease the non-
evaporable water content in comparison with their low
CaO-fly ashes [3].

Portland-pulverized fuel ash cements containing
20-40 wt.% PFA by intergrinding or blending the ashes
with cement were studied [4,5]. The intergrinding leads
to an improvement in the water-reducing properties of
coarse PFAS and also their pozzolanic activity as indi-
cated by compressive strength development at later
ages. Setting time was the same for blended and inter-

ground cements, both being considerably longer than
for ordinary Portland cements.

The effect of limestone on the properties of cement
in relation to the source of limestone and type of cement
was studied [6-9]. It was found that the advantage of
limestone filler over silica depends on the quality of the
clinker and its C;A content. With a low C;A content
(9 %), the strength gain is negligible, and there is no
monocarboaluminate formation. While, with a high C;A
content (14.5 %), the limestone addition increases the
strength at both early and later ages. There is evidence
that the influence of limestone depends on C;A content
because CaCO; produces stable calcium carboaluminate
hydrate during the reaction with C;A.

The effect of limestone addition depends more on
clinker type than on its fineness [10,11]. The addition of
limestone to clinker with higher lime saturation factor
(LSF) influenced predominantly early compressive
strength, while the addition of limestone to clinker ha-
ving low LSF influenced mostly the compressive
strength after 28 days and recently. It was found that
carbosilicate hydrates might form in the reaction
between CaCO; and silicate phases.

The present work aimed to study the effect of sub-
stitute of limestone by fly ash on the electrical proper-
ties, physico-chemical and mechanical characteristics of
SRC and OPC filled pozzolanic cement pastes.
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EXPERIMENTAL

The materials used in this investigation were lime-
stone, ordinary Portland and sulphate resistant cements,
provided from Helwan Portland Cement Company, Hel-
wan, Egypt, as well as pulverized fly ash from Toushki,
Aswan, Egypt. The chemical and phase composition of
starting materials are shown in table 1.

Table 1. Chemical analysis and phase composition of the start-
ing materials, (wt. %).

Oxides FA LS SRC OPC
Si0, 47.49 4.37 20.85 20.12
ALO; 23.75 0.36 4.63 5.25
Fe,0, 7.96 0.29 5.38 3.58
CaO 4.81 52.99 63.15 62.13
MgO 2.44 0.90 2.34 1.53
SO, 0.54 0.10 2.05 2.54
L.O.I 1.98 41.20 1.61 2.64
K,O 4.02 -- -- --

Na,O 1.24 -- -- --

Cr 0.40 -- -- --

CS -- -- 50.33 51.79
B-C.S -- -- 21.80 18.61
C,A -- -- 3.12 7.81
C,AF -- -- 16.41 10.92

Different mixes were made from (80 wt.%) SRC or
OPC with variable amounts of fly ash and limestone.
Fly ash is substituted by limestone at 5, 10, 15 and 20
wt.%. The different mix compositions are shown in
table 2. Each dry mix was homogenized in a porcelain
ball mill with four balls for 1 h., to assure complete
homogeneity. The water of consistency and setting
times were measured [12,13]. The pastes were mixed
with the water of consistency, molded into one inch
cubes cured in a 100 % R.H. at 23 + 2°C for 24 hours,
then demolded and cured under tab water up to 90 days.
After the predetermined curing time, the hydration of
the pastes was stopped using the technique described

Table 2. Mix composition of the prepared pozzolanic-filled
cement, (wt. %).

elsewhere [14]. The kinetics of hydration was followed
by the determination of combined water, free lime [15],
insoluble residue [16], degree of hydration and
gel/space ratio. The compressive strength, the bulk den-
sity and the total porosity € (17) of the cement pastes
were measured up to 90 days. The electrical conductiv-
ity measurements were also carried out [18]. The test
cell was of the co-axial type, which includes concentric
inner and outer electrodes mounted on an insulated base
plate as described in the previous work [19]. The elec-
trodes were polished and the cement pastes were sand-
wiched in the space between the electrodes. The cell
was then kept in a desiccator at 100 % relative humidi-
ty at 25 £ 2°C during the test period. The measurement
began exactly 3 minutes after mixing (zero time). The
electrodes were connected with Digital Conductometer
"CONSORT-K120" with an accuracy of + 0.01 uS, for
conductance measurements between the electrodes
across the hydration stages of setting and hardening.

RESULTS AND DISCUSSION

The electrical conductivity depends on the
microstructure of cement pastes in several ways. In gen-
eral, for an insulating material containing pores filled
with a conductor, the bulk conductivity is usually relat-
ed to the porosity and the conductivity of the material
filling the pores [20]. Cement paste, is a more compli-
cated composite conductor because its microstructure
and conductivity of its fluid are interrelated and time-
dependent.

The electrical conductivity-time data of limestone-
fly ash pozzolanic filled cement pastes are graphically
plotted in figure 1. Such method has been used on
cement pastes, in order to characterize the behavior of
cement during setting and hardening [21-24]. The
curves show an initial increase in electrical conductivi-
ty, when the cement comes in contact with water, fol-
lowed by a gradual decrease during the initial stage of
hydration leading to the first peak. After few hours the
electrical conductivity increases, reaching a second
maximum peak, following a sharp decrease.

The first conductivity maximum takes place after
mixing with water (around 40-45 min., in S.0, S.5 and
S.10) and (within 30-37 min., in M.0 and M.15) is due
to the hydration, of cement yields Ca**, OH and SO,
Also alkali sulphates present in the cement dissolve
completely within seconds, contributing K*, Na" and
SO,” [25]. In case of limestone CO;> ions are present in
the solution, these increase the conductivity. The
decrease in electrical conductivity after the maximum is
attributed to the formation of electrical insulating layers
around the cement particles, which reduce ion mobility,
therefore decrease the electrical conductivity.

Mix. No. SRC OPC FA LS
S.0 80 - 20 0

S.5 80 - 15 5

S.10 80 - 10 10
S.15 80 - 5 15
S.20 80 - 0 20
M.0 - 80 20 -

M.5 - 80 15 5

M.10 - 80 10 10
M.15 - 80 5 15
M.20 - 80 - 20
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Figure 1. Electrical conductivity values of filled pozzolanic cement pastes containing different amounts of limestone up to 1440 min
(SRC/OPC: + - SO/MO; < - S5/M5; 3¢ - S1I0/M10; A - S15/M15; @ - S20/M20).
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Figure 2. Water of consistency, initial and final setting time of filled pozzolanic cement pastes (SRC/OPC: + - consistency; <> - ini-
tial set; A - final set).
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Figure 3. Variations of chemically combined water contents of filled pozzolanic cement pastes containing different amounts of limestone
up to 90 days (SRC/OPC: + - SO/MO; <& - S5/M5; A - S10/M10; @ - S15/M15; ¢ - S20/M20).
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Figure 4. Free lime contents of filled pozzolanic cement pastes containing different amounts of limestone up to 90 days (SRC/OPC:
+ - SO/MO; < - S5/M5; A - S10/M10; @ - S15/M15; * - S20/M20).

52 Ceramics — Silikaty 48 (2) 49-58 (2004)



Electrical properties, physico-chemical and mechanical characteristics of fly ash-limestone-filled pozzolanic cement

The second maximum (within 60-210 min., in S.15
and M.0 and around 200-337 min., in M.5 and M.0)
may be due to the transformation of ettringite to mono-
sulfate. During this process two moles of Ca** and SO,*
ions are formed per mole of ettringite, and also due to
the osmotic pressure development around the cement
particles, which leads to an increase in the ionic mobil-
ity (i.e. an increase of electrical conductivity is a result
of an increase in the number or the mobility of ions)
[21,26]. The time and height of this maximum can be
changed with limestone content. The sharp decrease in
electrical conductivity at later ages of hydration is due
to the formation of hydrated products, resulting in a
marked consumption of number of ions.

The substitution of fly ash by 5-10, wt.% limestone
in SRC pastes decreases the conductivity. Limestone
activates the pozzolanic reaction of fly ash by reacting
with lime liberated during hydration of SRC. Increase
the limestone content (10 wt.%) the electrical conduc-
tivity increases, but it is still less than the sample free of
limestone (S.0), i.e. 5-10 wt.% limestone activates the
pozzolanic reaction to consume more Ca* to form more
hydration products, while the substitution of fly ash by
15 and 20, wt.%, limestone increases the electrical con-
ductivity than S.0. This is due to the leaching of Ca™
from limestone in addition to the liberated lime during
the hydration of SRC. The conductivity decreases with
the addition of 5, 10 and 15 wt.% limestone as a partial
substitution of fly ash in OPC pastes. This is mainly due
to the decrease of the alkali content of the fly ash by
replacing with limestone. Therefore, the conductance
decreases. The substitution of 20 wt.% fly ash with
limestone increases the height of the conductivity
peaks, this is due to the liberation of some Ca** ions,
therefore, the conductivity increases [27]. The free lime
content of the sample with 20, wt.% limestone is higher
than all mixes at all ages of hydration.

The water of consistency and setting times are
graphically represented as a function of limestone con-
tent in figure 2. The addition of limestone increases the
plasticity of the mix, which needs more water for work-
ability, i.e., the consistency increases with the amount
of limestone. This may be attributed to the capacity of
limestone to absorb water [28]. Also, the limestone can
react with C,A as well as C,AF forming carboaluminate
and carboaluminate ferrite hydrates which need high
amount of water than calcium silicate hydrates.

The increase of limestone accelerates the initial as
well as final setting time due to the filling effect of lime-
stone. The final setting time is longer at 5 wt.% lime-
stone. On the other side, the increase of limestone con-
tent, the final setting time is shortened due to its filling
effect. The porosity decreases and then the setting is
accelerated. Also, it may be due to the accelerating
effect on the hydration of the calcium silicates of

cement [29-31] and/or formation of some carboalumi-
nate hydrates, which have a high rate of hydration at
early ages. Therefore, the setting times are shortened
with limestone content in the pozzolanic-filled cement.

The combined water contents of filled-pozzolanic
cement pastes cured up to 90 days are graphically rep-
resented in figure 3. The results show that the combined
water content increases gradually with curing time for
all cement pastes due to the progress of hydration. Gen-
erally, the combined water increases with limestone
content, due to the fact that the limestone particles act
as nucleation sites for the hydration products of CSH
[32,33]. Limestone may react with C;A, C,AF to form
calcium carboaluminate or carboaluminate ferrite with
higher water content than the calcium silicate hydrates.

The changes of the gel/space ratio of limestone-
filled pozzolanic cement pastes are illustrated in table 3.
The gel/space ratio of cement pastes was calculated
based on the data of degree of cement hydration, i.e.
from Wn contents. The results show that the degree of
hydration and the gel/space ratio increase with curing
time as well as limestone content for all hardened
cement pastes. This suggests increase of the amount of
hydration products, which fill the pores between the
cement particles. Therefore, the porosity decreases and
the gel/space ratio increases [34].

The variation of free lime contents of filled poz-
zolanic cement pastes cured up to 90 days are graphi-
cally illustrated in figure 4. The results show that the
free lime of S.0, S.5 as well as M.0, M.5 increases up to
7 days due to fact that the lime liberation during the
hydration of cement exceeds the rate of consumption by
pozzolanic reaction. Further the free lime decreases up
to 90 days, due to the pozzolanic reaction of fly ash
(i.e., rate of consumption by fly ash increases at the
expense of the rate of lime liberation). The mix M.5
shows lower free lime content than mix M.0. This may
be due to the fact that 5 wt.% limestone activates fly ash
to react with liberated lime. On the other side, the

Table 3. Gel/space ratio of filled pozzolanic cement pastes as a
function of curing time.

Gel/Space Ratio (%)

Ceramics — Silikaty 48 (2) 49-58 (2004)

Mix. No.
3 days 7 days 28 days 90 days
S.0 1.9850 1.9943 1.9994 2.0023
S.5 1.9898 1.9963 2.0014 2.0037
S.10 1.9918 1.9980 2.0027 2.0063
S.15 1.9918 1.9983 2.0022 2.0061
S.20 1.9961 1.9994 2.0039 2.0078
M.0 1.9897 1.9948 2.0006 2.0038
M.5 1.9949 1.9971 2.0004 2.0044
M.10 1.9950 1.9985 2.0018 2.0061
M.15 1.9955 1.9990 2.0022 2.0080
M.20 1.9980 2.0016 2.0043 2.0085
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increase of the limestone to 10 and 15 wt.% increases
the free lime content up to 28 days, and then decreases
at 90 days. While the addition of 20 wt.% LS limestone
increases the free lime up to 90 days. This is mainly
attributed to the absence of fly ash, which consume the
lime and also leaching of Ca® ions from limestone.
Hence, the liberation of lime during the hydration of
(CsS, B-C,S) in addition to the leaching some Ca* from
the limestone leads to increase the free lime with lime-
stone content [28,35].

Figure 5 illustrates the DTA thermograms of M.10
(80 % OPC +10% FA + 10 % LS) cured at 3, 7, 28 and
90 days. The DTA thermograms show the occurrence of
six endothermic peaks at 90, 113, 165, 400°, 480, 720
and 760°C. The endotherms below 200°C are mainly
due to the dehydration of interlayer of CSH (tober-
morite-like phase) as well as ettringite or monosulphate
and carboaluminate hydrates. The decomposition of
ettringite and/or monosulphate is occurred at lower tem-
perature and overlapped by the CSH. The endothermic
peak at 400°C is attributed to the decomposition of
hydrogarnet, whereas the endothermic peak at 480°C is
due to decomposition of Ca(OH),. The endotherms at
720°C and 760°C are due to the decomposition of amor-
phous and crystalline CaCO,. The endotherm at 113°C
may be attributed to the dehydration of CSH with vari-
ous composition and crystalline state. The endotherm at
160°C may be attributed to sulphoaluminate and car-
boaluminate hydrates [36].

Sample hydrated for 3 days shows the presence of
CSH (tobermorite-like phase), sulphoaluminate, car-
boaluminate, gehlenite hydrate, portlandite and calcium
carbonate with different crystalline state. Sample
hydrated for 7 days illustrates the increase of CSH,

endo
M.10

1 1 1 1 | 1 | L

sulphoaluminate, carboaluminate as well as gehlenite
hydrate and the portlandite as well as CaCOs; is still con-
stant. As the hydration proceeds up to 90 days, the port-
landite is slightly decreased, whereas the calcium sili-
cate hydrate as well as sulphoaluminate hydrate and
gehlenite hydrate increase. It is clear that the amount of
hydrates as sulphoaluminate, CSH, carboaluminate or
hydrogarnet series are increased with curing time due to
the hydration of Portland cement phases and some of fly
ash. The amount of portlandite is still constant from 3
up to 90 days. This indicates that the rate of liberation
of free lime during the hydration of OPC phases (C;S,
B-C,S) in addition to the leached Ca* from the lime-
stone is nearly equal to the rate of consumption of free
lime by fly ash. The endothermic peak at 720°C is main-
ly attributed to the secondary formation of CaCO, from
the carbonation of Ca(OH),, whereas the endotherm at
760°C is attributed to the decomposition of CaCO; from
the natural limestone. It is evidence of figure 6, DTA
thermograms of hydrated pozzolanic-filled cement
pastes containing constant proportion of OPC with dif-
ferent amounts of fly ash as well as limestone cured at
90 days where the endothermic peak at 770°C increases
with the amount of substituted limestone due to the
decomposition of natural limestone.

Figure 7 illustrates the XRD patterns of M.10 (80%
OPC + 10% FA + 10% LS) cured at 3, 7, 28 and 90 days.
Paste hydrated at 3 days exerts the presence of port-
landite, alite and belite as well as CaCO,. Samples
hydrated for 7 and 28 days show that the intensity of
portlandite and CaCO, peaks are still constant, whereas
the peaks of the unhydrated OPC phases (C;S and
B-C,S) decrease with curing time due to the continuous
hydration.

1 1 1 1 | 1 | L 1 1 |
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Figure 5. DTA curves of M.10 cured for 3, 7, 28 and 90 days.

0 200 400 600 800 1000
—» temperature (°C)

Figure 6. DTA thermograms of M.0, M.5, M.10, M.15 and M.20
hydrated at 90 days.
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As the hydration proceeds up to 90 days, the peaks
of portlandite and CaCO; are slightly decreased due to
the slight pozzolanic reaction. The results show also
that although the pozzolanic reaction progresses, the
total amount of portlandite available for pozzolanic
reaction has not been consumed. This indicates that the
rate of liberation of free lime during the hydration of
OPC phases (C;S and B-C.S) in addition to the leached
Ca* from the substituted limestone is nearly equal to the
rate of consumption of free lime by fly ash. This result
is in a good agreement with that of DTA. The presence
of belite (B-C,S) peaks of relatively higher intensity
than alite (C;S) illustrates the fast hydration of alite than
that of belite phase even at 90. However, the relatively
low intensity of silicate peaks in pozzolanic filled
cement pastes also support that the hydration of C;S and
B-C,S in cement pastes is accelerated in the presence of
limestone [29-31].

The XRD patterns for filled pozzolanic cement pas-
tes with various amounts of fly ash and limestone cured
at 90 days are illustrated in figure 8. The patterns illus-
trate that the intensity of portlandite peak increases with

limestone content due to the hydration of C,S and B-C,S
as well as the leaching of Ca*>" from the limestone. There-
fore, the peaks intensity of alite and belite are decreased.
At 90 days of hydration, the XRD pattern of 20 wt.%
limestone shows a comparatively small peak of belite,
with very small peak of alite indicating the fast hydra-
tion of alite phase. From these results it can be conclud-
ed that the fly ash possesses a slight pozzolanic activity.

The insoluble residue contents of filled pozzolanic
cement pastes cured up to 90 days are illustrated in
table 4. It is clear that the insoluble residue content
decreases with curing time as well as with limestone
content for all hardened cement pastes, due to the
decrease of the fly ash content. The decrease of insolu-
ble residue at early ages depends on the amount of sub-
stituted fly ash by limestone. Generally, the insoluble
residue decreases sharply up to 7 days and then slightly
up to 90 days. This is due to the higher rate of reaction
of amorphous calcium aluminosilicate phases present in
FA at early ages. The rate of decrease of insoluble
residue is slightly occurred after 7 days, due to the pres-
ence of crystalline phases.

90 days

mcHC E M.20

.15

7 days
M.5
M R MA«/JM}M
45 40 35 30 25 20 15 10 5 45 40 35 30 25 20 15 10 5
— 26() —> 26(9)

Figure 7. XRD patterns of M.10 cured for 3, 7, 28 and 90 days
(C-S-H: calcium silicate hydrate, CH: calcium hydroxide, CC:
calcium carbonate, C,S: alite, B-C,S: belite, E: ettringite, MC:
monocarbonate, HC: hemicarbonate).

Figure 8. XRD patterns of M.0, M.5, M.10, M.15 and M.20
hydrated at 90 days (C-S-H: calcium silicate hydrate, CH: cal-
cium hydroxide, CC: calcium carbonate, C,S: alite, B-C,S:
belite, E: ettringite, MC: monocarbonate, HC: hemicarbonate).

Table 4. Insoluble residue and reaction ratio of filled pozzolanic cement pastes as a function of curing time.

Insoluble residue cements (%)

Reaction ratio (%)

3 days 7 days 28 days 90 days 3 days 7 days 28 days 90 days
S.0 15.33 14.52 13.86 13.21 9.18 15.50 21.24 31.03
S.5 11.69 10.68 10.32 9.58 13.87 18.68 26.55 34.64
S.10 8.34 7.66 7.00 6.81 12.40 22.37 26.70 36.96
S.15 5.05 4.47 4.29 422 10.32 17.16 23.40 32.88
M.0 15.01 14.24 13.64 13.52 13.51 18.77 21.88 34.09
M.5 12.11 10.57 10.55 9.78 24.97 26.01 33.44 48.87
M.10 8.38 7.53 7.25 6.65 22.59 27.32 35.70 55.46
M.15 4.71 4.37 4.18 3.98 15.24 21.32 27.69 51.49
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Figure 9. Total porosity of filled pozzolanic cement pastes as a function of curing time (SRC/OPC: + - SO/MO; < - S5/M5; A - S10/M10;
® - S15/M15; * - S20/M20).
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Figure 10. Compressive strength of filled pozzolanic cement pastes with curing time (SRC/OPC: + - SO/MO; <> - S5/M5; A - S10/M10;
@ - S15/M15; * - S20/M20).
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The reaction ratio of filled pozzolanic cement
pastes cured up to 90 days are illustrated as a function
of curing time in table 4. The reaction ratio increases for
all hardened cement pastes up to 90 days. Obviously,
the substitution of fly ash by 5 wt.% limestone leads to
a sharp increase in reaction ratio, whereas 10 and 15
wt.% limestone decrease the reaction ratio especially at
early ages. This is attributed to fact that 5 wt.% lime-
stone activates the pozzolanic action. This is consistent
with the results of electrical conductivity at early ages,
where 5 wt.% LS has the lowest electrical conductivity
values and free lime. At 90 days the results show that
the reaction ratio increases with limestone up to
15 wt.%. This is mainly attributed to the fact that the
limestone represents as nucleation sites for the hydra-
tion products as well as enhances the hydration of cal-
cium silicate phases [29-31].

Replacement of 5 % FA with limestone leads to a
sharp increase in silica-alumina reaction ratio. Lime-
stone activates FA via leaching of Ca* ions. Further
replacement of FA with limestone, silica-alumina reac-
tion ratio decreases, this is due to the decrease of the
amount of active silica-alumina to react with the liber-
ated lime during hydration.

The total porosity of filled cement pastes cured up
to 90 days are graphically illustrated as a function of
curing time in figure 9. The total porosity decreases
with limestone content for all cement pastes. This is due
to the continuous filling up of a part of the available
pores with the formed hydrated products [28]. Obvious-
ly, the substituted limestone decreases the porosity, due
to the filling effect and the acceleration of hydration, i.e.
more hydration products are formed.

The compressive strength of the hardened cement
pastes cured up to 90 days are graphically plotted as a
function of curing time in figure 10. The compressive
strength increases with curing time for all cement
pastes, due to the formation and later accumulation of
hydration products within the available pore spaces.
This leads to the increase of strength. On the other side,
the compressive strength decreases with the limestone
content. The limestone dilutes the pozzolanic reaction.
The compressive strength development depends prima-
rily on the formation of the hydrated calcium silicates
and its crystallization states, having strong binding
forces and/or their transformation into other hydration
products having weaker binding forces [27]. It is also
due to the decrease of the amount of CSH by the
increase of limestone content. Therefore, this is certain-
ly attributed to the replacement of a hydraulic material
(B-C.S & C,S) with a non-hydraulic limestone. Accord-
ingly, the magnitude of the strength loss is increased
with limestone content. Figure 10 shows also that addi-
tion of limestone, the compressive strength decreases by
10-20% and 20-50% in the case of SRC and OPC at 90
days respectively.

CONCLUSIONS

The main conclusions derived from this study can
be summarized as following:

1.The substitution of fly ash with 5-10 wt.% limestone
decreases the conductivity. Increase of limestone sub-
stitution (15 and 20 wt.%), the electrical conductivity
increases.

2.Limestone accelerates the initial and final setting
times, while the final setting time is extended with the
substitution of 5 wt.% limestone.

3.Increase of limestone contents, the degree of hydra-
tion, the gel/space ratio and combined water contents
increase.

4.Free lime contents of samples containing 0 and 5
wt.% limestone increase up to 7 days, and then
decreases up to 90 days. On the other hand, the
increase of the limestone up to 15 wt.%, the free lime
contents increase up to 28 days, and then decreases at
90 days.

5.Substitution of 5 wt.% limestone leads to a sharp
increase in reaction ratio, whereas 10 and 15 wt.%
limestone decrease the reaction ratio especially at
early ages, whereas at 90 days the reaction ratio
increases with limestone up to 15 wt.%.

6.Increase of limestone content, the compressive
strength decrease, this is attributed to the decrease of
the hydraulic material in the preference of non-
hydraulic limestone.
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ELEKTRICKE, FYZIKALNE-CHEMICKE A MECHANICKE
VLASTNOSTI PUCOLANOVEHO CEMENTU PLNENEHO
POPILKEM A VAPENCEM

MOHAMED HEIKAL, IVON HELMY*, HAMDY EL-DIDAMONY*,
FAWZIA ABD EL-RAOOF*

Chemistry Department, Faculty of Science,
Zagazig University, Benha Branch, Benha, Egypt
*Faculty of Science, Zagazig University, Zagazig, Egypt

V této praci byla ¢ast nebo vSechen popilek pfi ptipraveé
pucolanového cementu nahrazen vapencovym prachem. U tak-
to pfipraveného cementu byla pozorovana zmeéna elektrické
vodivosti po jeho smichani s vodou a béhem jeho tvrdnuti.
Féazové slozeni cementu se sledovalo rtg difrakci a DTA. Byl
sledovan stupen hydratace, pomér gelu a volného prostoru,
reakéni pomeér, porozita, mechanické vlastnosti a dale obsah
volného véapna. Ukdazalo se, ze nahrazeni popilku péti az deseti
procenty vapence v SRC pasté snizilo jeji vodivost. ZvySenim
obsahu vapence na 15 a 20 hmot.% se elektrické vodivost pasty
zvysila ve srovnani s cementem bez volného vapna (S.0). Pfi-
davek 5 hmot.% vapence zvysil ¢as tuhnuti. Na druhé strané
zvysenim obsahu vapence se celkové Casy tuhnuti zkratily, pro-
toze vapno pusobilo jako plnivo. Kombinovany vliv vody, stup-
n¢ hydratace a poméru gel/volny prostor se zvysoval s ros-
toucim obsahem véapence. Ukazalo se, ze obsah volného vapna
v cementu S.0, S.5 a rovnéz M.0, M.5 roste do sedmi dnti a pak
az do devadesati dni klesa. Naopak pevnost v tlaku a celkova
porozita s rostoucim obsahem vapence klesa.
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