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ABSTRACT

In this work the effect of pyrogenic silica and nanosilica on the properties of Portland
cement matrices is compared. Two chemically and mineralogically similar mineral
additions (amorphous silica), with different particle size and specific surface area,
were used to prepare pastes and mortars with different solids substitutions of cement
by silica. These samples were used to measure water and superplasticizer demand,
setting time, hydration kinetics, water absorption by capillary suction and
compressive strength. It was found that specific surface area, rather than particle
size, played a crucial role in the amount of water and superplasticizer necessary to
obtain a desired workability in pastes and mortars. Such water and superplasticizer
demands had a delaying effect on the setting time and hydration kinetics of pastes.
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Nevertheless, compressive strength results at different curing ages of mortars were
found to have a direct correlation with the porous structure of the matrix, rather than
with the specific surface area of the silica particles. It was concluded that regardless
of its higher specific surface area and greater effect on the fresh state properties of
pastes, pyrogenic silica was less efficient than nanosilica to increase the
compressive strength of mortars, being considered a less efficient pozzolanic

material.

Keywords: Nanosilica, pyrogenic silica, hydration of cement, setting time, specific

surface area of mineral addition
INTRODUCTION

Nanosilica (NS) is a very active mineral addition that reacts with Ca(OH)2 to form
calcium silicate hydrate (C-S-H) during the hydration of Portland cement (Tobon et
al. 2012) and improve the properties of the cement based matrix. NS is able to
accelerate the hydration reaction of cement due to a seeding effect attributed to its
high specific surface area (Bjornstrom et al. 2004), causing a rapid formation of
Ca(OH): at early ages. A direct consequence of this effect is the release of higher
amount of hydration heat (Hou et al. 2013), shorter induction periods (Land and
Stephan 2012) and higher compressive strength (Tobén et al. 2016). At early ages
these effects from NS are associated with its nucleation effect, while at latter ages
they are associated with its pozzolanic activity (Tobén 2011). The effectiveness of
NS as a pozzolanic mineral addition depends on its average particle size and specific

surface area (Singh et al. 2013).

Pyrogenic silica (PS) or fumed silica is a low density, micrometric particle size and
high surface area agglomerate of amorphous silica produced by gas combustion
(Gutsch et al. 2002). PS has been found to have a similar pozzolanic effect than NS
on the performance of cement matrix, being surface area and particle size also
important factors to determine its efficiency as mineral addition (Mobini et al. 2015).
The main difference between NS and PS is that PS has a porous structure, which

yields a higher specific surface area than NS. This arouses the question of which
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type of particle is more efficient as a pozzolanic mineral addition, NS with nanometric
particle size and lower specific surface area, or PS with micrometric particle size and
higher specific surface area. This research explores this question by comparing the
performance pastes and mortars blended with similar solid substitutions of NS and

PS by mass of cement, in both fresh and hardened states.
EXPERIMENTAL
Materials

The materials used in this work were Ordinary Portland cement produced by
Cementos Argos S.A., powder of pyrogenic silica (PS) produced by Glassven,
aqueous suspension of nanosilica (NS) produced by BASF Chemicals, a high range
water reducing agent (SP) - G-type additive in accordance with ASTM C494-08a -
also produced by BASF Chemicals, and standardized silica sand complying with the
ASTM C778. Raw materials were characterized through their chemical and
mineralogical composition, specific surface area, and particle size distribution.
Chemical composition was obtained by X-ray fluorescence (XRF) using B4Li207
pills following the ASTM C114-03 procedure. Mineralogical composition was
obtained by X-ray diffraction (XRD) using a diffractometer with a copper radiation
source in a 20 interval from 2 to 70°, using 0.02° steps with 30 seconds per step.
Specific surface area was measured by N2 adsorption using BET theory. The density
of PS and NS was measured following the ASTM C188 standard. Particle size
distribution of microparticles and nanoparticles were measured by laser diffraction
and dynamic light scattering respectively. NS was acquired as an aqueous
suspension with a 40% solids concentration; the dispersing methodology was not
disclosed by the manufacturer, but (-potential experiments presented elsewhere
(Tobdn, Pay4a, and Restrepo, 2015) confirmed its stability at different pH values. The
water contained in this suspension was removed by oven drying at 105 °C to perform

the mineralogical and particle size characterization of the nanoparticles.

Tests on cement pastes
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A set of cement pastes blended with 1, 3, 5, and 10% of NS, and 3, 5 and 10% of
PS solid substitutions by mass of cement (bmoc) were prepared; water demand, SP
demand, setting time and isothermal calorimetry measurements were carried out. All
pastes were prepared in a planetary mixer, and their water demand was measured
by finding the amount of water necessary to reach normal consistency following the
ASTM C187 standard without using SP. The NS blended pastes were prepared by
combining the NS suspension with the necessary amount of water to reach the
desired water-to-cement ratio. This was mixed for 90 seconds, then cement was
added and the paste was mixed following the ASTM C187 standard. The PS blended
pastes were prepared by homogenizing cement and PS in a ball mill for 25 minutes
per kg of mixture. Then the mixture was used to prepare the paste according to the
ASTM C187 standard. For the pastes with SP, this additive was added in the mixing

water at the beginning of the mixing procedure.

The SP demand was measured by finding the amount of SP necessary for a cement
paste made with a fixed water-to-cementing material (w/cm) ratio of 0.32 to reach
normal consistency. These two sets of pastes (one with variable w/cm and the other
with variable SP for a given w/cm) were used to measure their setting time following
the ASTM C191 standard.

The effect of the two types of silica on the hydration kinetics of Portland cement was
characterized by isothermal calorimetry at 25 °C in a TAM Air Isothermal Calorimeter
(TA Instruments, USA). Samples for this test were prepared using the different solid
substitutions of PS and NS by mass of cement, a fixed w/cm of 0.50, and no SP.
Mixing was performed inside the calorimeter in glass ampoules using an admix

device for 90 seconds without reference material.
Tests on cement mortars

Mortars were prepared using 1, 3, 5, and 10% of NS, and 3, 5 and 10% of PS solid
substitutions by mass of cement and a cement-to-sand ratio of 2.75 following the
ASTM C305 standard, and their flow were measured following the ASTM C1437
standard. A mortar without pozzolanic material was prepared as control mortar. The
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amount of water was fixed for all mortars at w/cm 0.55, and enough SP was added
to reach a flow value between 105% and 115%. The chosen w/cm for mortars was
higher than that previously used for pastes to avoid using high amounts of
superplasticizer that could mask the effects from NS and PS by reducing the mixing
water and increasing the performance of the matrix (Shih et al. 2006). The NS
blended mortars were prepared by combining the NS suspension with the necessary
amount of water to reach the desired water-to-cement ratio. This was mixed for 90
seconds, and then the mortar was prepared following the ASTM C305 standard. The
PS blended pastes were prepared by homogenizing cement and PS in a ball mill for
25 minutes per kg of mixture. For the mortars with SP, this additive was added in the
mixing water at the beginning of the mixing procedure. Then the mixture was used
to prepare the mortar according to the ASTM C305 standard. Mortars were poured
in 4x4x16 cm prismatic molds, cured for 24 hours in a high humidity environment,
then removed from the molds and cured in lime saturated water until reaching age
of 3, 7, 28, and 56 days. Compressive strengths of the mortars were measured
following the ASTM C349 standards. Additionally, 7.6x15.2 cm cylinders were also
cured in lime saturated water for 28 days and used to measure their water capillary

suction following the procedure from the UNE 83982 standard.

A summary of the proportions used for all cement pastes and mortars studied in this

work is presented in Table 1.
RESULTS AND DISCUSSION
Materials characterization

Chemical and mineralogical composition results for NS and PS, obtained by XRF
and XRD, are presented in Table 2 and Figure 1 respectively. It was found that both
NS and PS have high SiO2 contents; additionally, their diffraction patterns showed
broad low intensity peaks aligned with that of cristobalite. This allows concluding that
both materials are constituted mainly of amorphous silica and have high

mineralogical purity.
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Particle size distribution and specific surface area results for NS, PS and cement are
presented in Table 3. In Figure 2 are shown the particle size curves for NS and PS.
It was found that both mineral additions presented a broad particle distribution within
their size scale, being NS in the scale of nanometers and PS in the scale of
micrometers. Regarding the specific surface area results it was found that PS
presented almost three times more specific surface area than NS, which does not
correspond with their particle size. PS presented a high specific surface area due to
its pyrogenic origin, which generates very porous particles (Gutsch et al. 2002); this
was supported by a measured density of 0.4 g/cm3 for PS and 2.1 g/cm3 for NS,
showing that PS has very low density for a siliceous material, this value is proper of
a porous material. NS presented a high specific surface area due to its small particle
size (Ji 2005; Li et al. 2006; Qing et al. 2007).

Water and SP demand

One of the direct consequences of the usage of high specific surface area or very
fine mineral additions is the increase in water and/or SP demand of the cement
matrices (Bjornstrom et al. 2004; Li 2004; Qing et al. 2007). This was studied in
pastes and mortars through normal consistency and flow testing respectively. The
water demand for each solid substitution was assessed by increasing the amount of
water added to the paste until reaching normal consistency, while the SP demand
was found by fixing w/cm in 0.32 and adding SP until reaching normal consistency.
Water and SP demand results are presented in Figure 3. It can be seen that, as
expected, both NS and PS increased the water and superplasticizer demand, being
higher both demand values for PS in all cases. This can be related to the high
porosity of PS predicted from its high surface area, which can not only adsorb water

and SP on its surface, but it is also able to absorb them into its pores.

The specific surface area results presented in Table 3 were used to compute the
total amount of solid surface area in 1000 g of each paste studied, i.e. the combined
areas of cement and mineral addition taking into account the solid substitutions.
Using the proportioning of each paste, the mass of each component was calculated

to obtain 1000 g of paste, and then each mass was multiplied by its specific surface
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area and by added percentage to obtain the total surface area available in each
paste. It was assumed that when in contact with water all particles maintained their
dispersion state and its specific surface area was not modified. This is presented in
Figure 4. It can be seen that when compared in terms of total surface area, the water
and SP demand results of NS and PS follow a single general tendency, where the
water demand increases linearly and the SP increases as a second degree
polynomial, both with the total surface area available. This allows concluding that
regardless of its particle size, the specific surface area describes the influence of the
two silica materials studied better than their solid substitutions, which have similar
chemical and mineralogical composition. This effect has already been reported in
the literature for the rheological behavior of pastes blended with nano and micro

silica (Mendoza Reales et al. 2017).

The water and SP demand of mortars were studied using a similar approach to that
used with pastes, but using the flow of the mortar instead of the normal consistency
of the paste as control parameter. The obtained results are presented in Figure 5.
Similarly, to the results in paste, in mortars it was also found that both NS and PS
increased the water and superplasticizer demand proportionally to the amount of

them present in the mortars, being higher the demand values for PS in all cases.

The total surface area of cement and mineral addition available in 1000 g of mortar
was also computed using the same method to obtain the total surface area of solids
available in the pastes. The surface area contribution of sand was ignored because
was considered very low and the same for all mortars. The water and SP demands
were plotted versus the computed surface areas; the obtained results are presented
in Figure 6. It was again found that NS and PS follow a single general tendency,
where the water demand increases linearly and the SP increases as a second

degree polynomial, both with the total surface area available.
Time of setting

The setting time of all the studied pastes, which is the difference between the final

and initial setting times, is presented in Figure 7. For NS it was found that the setting
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time with and without SP remained approximately constant with respect to their
control paste, regardless of the amount of NS blended. For PS it was found that with
or without SP, the setting time increases proportional to the amount of PS blended,
which is also proportional to the amount of water or SP available in the paste. A
possible mechanism for this effect is that water at first becomes absorbed in the PS
(Burneau and Barres 1990) but is gradually released back into the paste during
mixing, which is one of the common uses of pyrogenic silica as a carrier agent.
Evidence of this phenomenon was identified during the mixing procedure as an
increase of the workability of the paste with the mixing time due to a modification of
its effective liquid-to-solid volumetric ratio. Additionally, high amounts of SP are able
to adsorb on the anhydrous cement grains and retard their hydration (Uchikawa et
al. 1997; Zhang and Somasundaran 2006; Zhang et al. 2001).

The time of setting results indicate that there is a competition between the retarding
action of SP and the acceleration from the nucleation and pozzolanic effects of the
mineral additions. It should be noticed that the referred retarding action of SP is
highly dependent on the type and amount of plasticizer used. In this research, a G-
type additive was used in accordance with ASTM C494-08a. Due to its lower water
and SP demand, NS is able to overcome the retarding action of SP and maintain the
setting time, while PS is not able to overcome such retardation effect due to its high

water and SP demand.

To better visualize how water and SP demand are related to the setting time results,
correlations plots between these variables are presented in Figure 8. The results
presented in this Figure, setting time vs water demand and setting time vs SP
demand, are a combination of the results presented in Figures 5 and 7, and
correspond to the same set of pastes, one without SP and variable w/cm, and one
with variable SP and fixed w/cm. It can be seen that there is a proportionality
between setting time and water demand, which was previously shown to be driven
by the amount of surface area in the paste: PS and NS presented two very distinct
behaviors. Both mineral additions increase the water demand, however, PS
increases the setting time while NS decreases it or remains the same. On the
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contrary, the SP demand, which was also shown to be driven by the surface area,
presented a continuous trend in the form of a power law throughout all setting time
results, regardless of the use of NS or PS. This indicates that amount of SP needed
to obtained an adequate workability is the main variable controlling setting time,

rather than the early pozzolanic effects of PS or NS.
Calorimetry

The obtained results for the NS blended pastes are presented in Figure 9. The first
heat release peak corresponds to the amount of heat released during the dissolution
of some of the anhydrous phases and formation of ettringite (AFt) from CsA and
sulfates (Scrivener et al. 2015). Its magnitude showed a typical value of cement with
high CsA content and small particle size. While the time at which the peak occurred
for all NS blended samples was not modified, the total amount of energy released
after 120 minutes showed a consistent increasing trend of energy up to 20.3% for
10%NS with respect to the control paste (Figure 9b). This shows that NS has an

influence since the beginning of the hydration reaction.

The second heat release peak, which corresponds to the main calcium silicate
hydrate (C-S-H) and Ca(OH)2 formation, the second AFt formation and the AFm
transformation (Scrivener et al. 2015), showed a slight acceleration when compared
to the control paste in both height and location of the peak (Figure 9c). The heat
release associated with this peak increased proportionally to the amount of NS
blended in the paste up to 6.6%. This suggests that NS is capable of accelerating
the hydration reaction, and that this effect is proportional to the amount of NS present
in the paste. This behavior has been attributed to the role of NS as nucleation seeds
(Thomas et al. 2009)(Bjornstrom et al. 2004), or to an early reaction between NS
and Ca*? ions in solution, which prevents the Ca*? saturation and enhances the
anhydrous phase dissolution (Gaitero et al. 2010). It is likely that the effects observed

experimentally are a combination of both phenomena.

Regarding the total energy release (Figure 9d) it was found that the NS blended
pastes released a higher amount of heat when compared to the control paste
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throughout all the testing time. Furthermore, it can be seen that there is an increase
of the total amount of energy with respect to the control sample, and this amount is
proportional to the amount of NS present in the paste. The highest increase was
found for the 10% NS paste, and was of 9.8% with respect to the control sample.

This confirms the positive effect of NS over the hydration kinetics of cement.

The same approach used for NS, was used to study the influence of PS over the
hydration kinetics of cement paste. Results are presented in Figure 10. It was found
that all samples blended with PS presented a lower amount of energy released in
the first heat release peak (Figure 10b). This can be associated with the high water

demand of the PS particles.

The second heat release peak (Figure 10c) was found to be decreased and
displaced to the right, i.e. retarded. This effect can be associated with water
absorbed in the PS porous structure and not being available to contribute to the
clinker dissolution and hydration. Additionally, it can be seen that despite an overall
retardation, there is a recovery of the time at which the second heat release peak
presented a maximum, and this recovery is proportional to the amount of PS in the
paste. This recovery can be associated with the filler effect of PS, which seems to
be competing with the adverse effect of the water demand of PS particles. The
energy release values for the same period showed a marginal increase of energy
released with respect to the control sample. This indicates that even though the heat
release peak becomes displaced to latter times, the presence of PS in the paste

does have some positive effect on the hydration of CsS.

In the total released energy results (Figure 10d) it can be seen that while the amount
of energy released by the PS blended samples was lower than the one from the
control samples during the first 1300 minutes of hydration, by the end of the testing
time the heat release rate of the PS blended samples becomes approximately equal
to that of the control sample. This indicates that the pozzolanic activity of NS appears
at the early stages of the hydration reaction of cement, while PS presents a slower

pozzolanic reaction or that occurs at longer times.

10
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The effects of NS and PS on the main heat release peak, i.e. the C-S-H and Ca(OH):
formation, which was found to occur between 120 and 1480 minutes, are presented
in Figure 11. This peak was chosen to compare the effects of NS and PS because
both materials studied are pozzolans and their main effect is to enhance the C-S-H
production. The total solids surface area available in 1000 g of paste was also used
as comparison basis. It can be seen that even though PS has more surface area
available, it has a lower effect on the amount of energy released. Nevertheless, PS
enhances the amount of heat released probably due to physical effects rather than

to pozzolanic activity.
Capillary suction

Mortars were prepared using a fixed w/cm of 0.55 and enough SP to obtain a flow
value of 110 + 5 %, the amount of SP used for each mortar and its corresponding
flow is presented in Table 4. The effect of NS and PS on the porosity of mortars was
characterized by measuring their water absorption capacity by capillary suction after
28 days of curing. The obtained results are presented in Figure 12. Both the total
amount of water absorbed and the rate of absorption over time can be used to
understand the porous structure of the cement based matrix. When comparing with
the control mortar, it can be seen that NS decreased both the total amount of water
absorbed and the rate at which suction occurred, while PS maintained the same
water suction rate, but increased the total amount of water absorbed by the matrix.
This is a clear indication that NS is able to refine the porous structure of the matrix
by increasing its tortuosity, which increases the difficulty of water to be absorbed,
and decreases the total amount water absorbed which is associated with the pore
volume, that is to say, NS diminishes the total volume of accessible pores. On the
contrary, PS maintained the same water absorption rate and increased the total
amount of water absorbed, this can be related to a lower pozzolanic activity and to
the fact that PS itself is a highly porous material.

Mechanical properties

11
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Compressive strength results for NS blended mortars are presented in Figure 13. It
can be seen that the 1 and 3%NS mortars have compressive strength values similar
or lower to that of the control mortar, and only substitutions higher than 5% of NS
have significant effect over their compressive strength. The 10% NS substitution
obtained the best result, reaching an average compressive strength after 28 days of
curing of 73.7 MPa, which is a 70% increase when compared to the control mortar
at the same age. It should be also noticed even though the highest increase with
respect to the strength of the control mortar was obtained after 1 day of hydration
(116% for the 10% NS mortar) over time an increase of average 80% was maintained
for all samples. This indicates that NS has a very strong early activity and is capable

of maintaining some of this activity over time.

Compressive strength results for the PS blended mortars are presented in Figure
14. 1t was found that from the third curing day ahead, the 5 and 10% PS mortars
showed average compressive strength results higher than the control mortar. This
increase became greater up to the 28" day of hydration for the 5% PS mortar, and
up to the 56 day of hydration for the 10% PS mortar. From those ages ahead, the
compressive strength results become approximately stable. When comparing with
the compressive strength results obtained for NS, it can be seen that PS was less
efficient to increase the compressive strength of mortars, being the most notorious
difference between 10% NS and 10% PS at all ages. These differences in
compressive strength can be associated with the high SP content and less refined

porous structure of the PS blended mortars.

The 10% NS reaches an average compressive strength after 28 days of curing
above of 73 MPa (70% improvement), while the mortar with 10% PS was below 60
MPa for the same curing age (20% improvement). This is a consequence of the
ability of mineral addition to modify the structure and volume of pores in the cement
matrix. This shows that a very high specific surface area is not enough if this is not

accompanied by a sufficiently small particle size.

FINAL DISCUSSION

12
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The role of the specific surface area of PS and NS was studied in cement pastes
and mortars. It was found that while it has a great impact on the water and SP
demand of the paste, the benefits of a higher surface area were not translated
completely into the performance of pastes and mortars due to the need of high
amounts of water necessary to obtain an adequate workability, which result in an
increase in the volume of pores in them. Increased setting times of pastes with
variable w/cm and no SP were identified for PS as consequence of the high amounts
of water in the paste, while NS presented only a marginal effect. When fixing the
w/cm and adding SP, it was found that the setting times of the PS blended pastes
were also increased, this time due to the amount of SP present in the paste, while
NS was able to compensate the retarding effect of SP and decrease the initial and
final setting times. It should be noticed that this behavior is specific to the used SP,
and is highly dependent on the amount used. This setting time results were found to
be congruent with the amount of heat released in the main hydration peak, where it
was found that regardless of having a higher specific surface area available, PS
presented a lower amount of energy released during the C-S-H and Ca(OH)2

precipitation in comparison to NS.

An experimental observation was made for the PS blended mortars during mixing.
A change in workability with the mixing time, from dry to fluid, was clearly identified
for all the amounts of PS studied. This can be related to a release of the absorbed
water in the PS particles due to the mechanical agitation. This delayed water release
can also be associated with the increased setting times, decreased heat release,
increased porosity and lower compressive strength increase. While NS was able to
compensate for the dilution effect and further increase the compressive strength of
mortars from the first day of hydration, the extent of the pozzolanic effect of PS was
only of compensating the dilution effect to maintain the strength of mortars
approximately equal to that of the control sample. The porous structure of the studied
mortars was found to play an important role when explaining this effect. The capacity
of a pozzolan to improve the mechanical properties of the cement matrix is not only
governed by its potential to modify the kinetics of the hydration reaction, but also by

its capacity to refine the porous structure. Despite its high SSA, PS was less efficient

13
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than NS to enhance the compressive strength of mortars due to the nature of its
pozzolanic reaction, which is expected to be slower, i.e. to occur at later ages and

its excessively high water demand.

CONCLUSIONS

e Specific surface area has a great impact on the water and SP demand in
order to obtain an adequate workability, the benefits of a higher surface area
were not translated completely into the performance of pastes and mortars.

e The demand water and SP, which are directly related to the specific surface
area and to the porosity of the solids in the paste, drive the effect of the
studied particles on the hydration kinetics and setting time.

e PSblended pastes have a delayed hydration kinetics and higher setting times
when compared to the NS blended pastes due to their higher water and SP
demand and to the nature of its pozzolanic activity which is expected to be

slower.

e Despite its high SSA, PS was less efficient than NS to enhance the
compressive strength of mortars due to an excess of water and SP in the
mortars and to its delayed pozzolanic activity, which produced the lack of

refinement of the porous structure.

e The water absorption capacity of PS limited its pozzolanic activity by requiring
the use of additional water and SP to achieve an adequate workability in

pastes and mortars.

e The capacity of a pozzolan to improve the mechanical properties of the

cement matrix is not only governed by its potential to modify the kinetics of
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the hydration reaction, but also by its capacity to refine the porous structure.
This shows that a very high specific surface area is not enough if this is not
accompanied by a sufficiently small particle size.
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529

530 Table 1 - Summary of proportions used for pastes and mortars according to testing

531 method
Test w/cm SP (%) NS (%) PS (%)
Pastes
Variable (from
Water demand 0.28 10 0.56) Not used
SP demand 0.32 Variable (from

0.06 to 13.32)

Variable (from 1,3,5,10 3,5,10

o 0.28 to 0.56) Not used
Setting time -
0.32 Variable (from
' 0.06 to 13.32)
Calorimetry 0.50 Not used
Mortars
Mechanical :
properties 0.55 Variable (from 4 5510 3510

Capillary suction 0.2to0 3.6)

532

533 Table 1 - Chemical composition of NS and PS by XRF (LOI: loss on ignition)

534
Component
(%) NS PS
SiO2 93.56 87.21
Al203 0.00 0.00
FeO:2 0.39 0.13
CaO 0.22 0.13
MgO 0.13 0.13
Na20 0.62 1.00
K20 0.02 0.01
SOs3 0.30 0.86
Cr20s 0.04 0.00
MnO 0.01 0.01
P20s5 0.13 0.12
TiO2 0.02 0.04
LOI 446 10.01
535
536
537
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538 Table 3 — Particle size distribution and specific surface area results for NS and PS

539
Particle size — Particle size - Particle size — Specific
Particle d1o(pm) dso (1m) doo(pum) surface area
(m?/g)
NS 0.066 0.098 0.164 51.40
PS 4.7 11.8 33.4 147.85
540
541
542
543 Table 4 — SP demand of mortars with a fixed w/cm of 0.55 to obtain normal flow
Sample w/cm SP (wt %) Flow (%)
0% 0.20 114.8
1% NS 0.24 112.6
3% NS 0.42 105.2
5% NS 0.55 0.60 106.0
10% NS 2.60 108.9
3%PS 1.00 111.1
5% PS 1.76 111.4
10% PS 3.60 111.6
544
545
546

29



