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Abstract

A quaternary bioactive sol-gel glass of high silica content was heat treated at different
temperatures, and then wet ball milled under different balls to powder ratios. A total
of sixteen experiments were performed to study in detail the effects of both
experimental variables on the structure, morphology, particle size distributions and
nitrogen adsorption isotherms. The balls—to—powder ratio exerts a tremendous
influence on the final particle size distribution of the powders, while its effects on the
pore volume and morphology are minimal. These structural features are mostly
governed by the changes in calcination temperature. Therefore, understanding the
specific roles of each experimental parameter is of paramount importance towards
achieving optimum powders with the desired properties. This work sheds light on the
importance of using a suitable combination of these two parameters for tuning the

morphology and the granulometry of the sol-gel derived bioactive glass powders.
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1. Introduction

Powdered raw materials are widely used to produce ceramics in many industrial
sectors (1). The ceramic parts can be shaped either by dry or wet powder processing
routes. The dry processing route includes pressing the powder to form a green body,
and often requires the addition of processing additives such as binders to assist in the
consolidation process, and to confer enough strength to the green bodies to enable
safe handling and densification behaviour along the subsequent processing steps (2).
The wet routes involve mixing the powders with a compatible liquid in the required
proportions, and adding suitable amounts of processing additives with different roles,
which might include dispersants, binders, plasticisers, thickening agents, etc.. The
aim is to obtain homogeneous mixtures, and to confer on them suitable rheological
properties for the selected shaping technique. The traditional wet consolidation
techniques might start from: (i) relatively concentrated pastes of clayey based
materials or of advanced ceramics plasticised with suitable processing additives, and
be accomplished by plastic forming (extrusion, roll forming, or jiggering) (3); (ii)
fluid suspensions that consolidate upon partially removing the liquid by slip casting
(4) or pressure casting (5), or by evaporation such as in tape casting (6).

However, it was shown that liquid removal driven by the capillary suction exerted by
plaster moulds (slip casting), eventually assisted by an external applied pressure
(pressure casting), is prone to lead to particle segregation by a process known as the
clogging effect (7). This segregation mechanism is particularly favoured when fine
particles are free enough to move quickly along with the liquid, under the effects of
driving forces, leaving behind the coarser and heavier ones. In other words, all the

factors that contribute to lowering the viscosity of the medium (high degree of



dispersion, decrease in solids loading) enhance this phenomenon. On the other hand,
the deposition kinetics also determine the extent of particle segregation. It was shown
that the driving force exerted by plaster moulds (about 0.15 MPa) maximised the
clogging effect. Lower driving forces favoured segregation by sedimentation, while
higher ones did not allow the particles to order in the highest possible packing
arrangements (7). Aiming at overcoming the drawbacks of wet consolidation
techniques involving liquid removal, and further exploring the potential advantages of
colloidal processing, a number of direct consolidation techniques have been
developed. Homogeneous suspensions are cast in non-porous moulds, and
transformed into rigid bodies without liquid removal, thus preserving the
homogeneity achieved in the starting suspensions. The consolidation can be achieved
through different setting mechanisms, including, Starch Consolidation (8), Gel
Casting (9), Direct Consolidation Casting (10), Hydrolysis-Assisted Solidification
(11), Temperature Induced Gelation (12), Epoxy Gel Casting (13), etc.. Direct
consolidation techniques enable the reduction of the number and the size of structural
defects, thus enhancing the reliability of the advanced ceramics, and expanding the
applications of colloidal processing. To achieve high green density and the desirable
final properties (14), particle size (PS), particle size distribution (PSD) and particle
morphology of the powders, and all the relevant processing parameters need to be
optimised. This also applies to the modern additive manufacturing techniques when
starting from powders, as in 3-D printing (15), or from extrudable pastes for
robocasting (16). All of these motives justify a renewed emphasis on controlling the

properties of the powders involved in the processing of ceramic and glass materials.



The reduction in particle size occurring during milling results from the accumulated
stresses inside the particles due to the applied mechanical energy, which induces
cracks that propagate through them, leading to particle breakage (17).

Particle breakage, comminution, pulverisation and milling are all interchangeable
terms, commonly used with apparently identical meanings. The powder milling
process may be conducted under dry conditions (dry milling) or in wet environments
(wet milling). The later one is more efficient, commonly being recommended when
high surface energy induces agglomeration between particles (18).

Many important parameters should be taken into consideration while performing wet
ball milling. For example, the liquid-to-powder ratio (LPR), i.e., the solids loading,
the type of milling machine, and the speed at it works, need to be selected according
to the rheological behaviour of the suspension (19). Increasing heat treatment
temperatures gradually lead to the formation of hard agglomerates that are difficult to
destroy on milling, which strongly affect the microstructure and the properties of the
final products. A few examples include power transmission (20), optical properties
(21), photocatalytic activity (22,23), drug loading and release (24), phase
transformations (25), and sintering ability (26). The effects of milling ball-to—powder
ratio (BPR) on phase formation, and the resulting crystallite size, have been
particularly investigated in works related to mechanochemical synthesis (27-29).
However, most of these studies aimed at disclosing some interdependencies between
the experimental variables and the measured properties for certain particular
applications.

To the best of the authors’ knowledge, the effects of heat treatment temperature and
the balls—to—powder ratio (BPR) on the wet milling performance, granulometry and

morphology of the powders have still to be better documented. The aim of this work



is to perform a systematic investigation into the effects of these two experimental
variables on particle size distributions of the powders, crystalline phase assemblage,

pore volume, and morphology of sol-gel derived bioactive glass particles.

2. Materials and methods

2.1. Wet milling procedures

The raw material used in the wet milling experiments was a high-silica-content, four—
component (Si0O,-Ca0O-Na,0-P,0s) bioglass system synthesised by employing a
rapid sol-gel method developed by the authors (30). This glass was prepared with a
stoichiometry of 75Si—16Ca—5Na—4P (in mol%), as described elsewhere (31). The as-
dried glasses were calcined in air for a fixed soaking time of 2 h at four different heat
treatment temperatures (HTT) (550 °C, 675 °C, 800 °C, and 925 ° C). The calcination
was done in three stages: 1% stage, from room temperature (RT) to 200 °C, at the
heating rate of 1 °C min'; 2" stage, from 200 °C to 400 °C, at the heating rate 2 °C
min~"; and the 3" stage from 400 °C to the final HTT values (550 °C, 675 °C, 800 °C,
925 °C) at the heating rate of 5°C min~'. Natural cooling to RT followed the soaking
time period of 2 h at the HTT values to obtain the final glass granules. These glass
granules were dry milled for 10 minutes and passed through a 200 um mesh sieve,
and then used as starting powders for all milling experiments. Wet milling in ethanol
(EtOH) was carried out in a S-series-Fast mill machine, type S2-1000 (Ceramic
instruments Sassuolo-Italy) under a rotational speed of 390 rpm, using a sintered
alumina jar of 300 cc capacity (Ceramic instruments Sassuolo-Italy) and spherical
yttria-stabilized zirconia milling balls with diameters of 10 mm (Tosoh, Tokyo,
Japan). The milling experiments were conducted for different periods of time, and

using different ball-to-powder mass ratios (BPR), and a constant ethanol (EtOH) mass



to powder ratio (EPR), as shown in Table (1). After milling, the balls were removed
using a tea strainer and the slurry was kept overnight in an oven at 60 °C for drying.
These dried, milled powders were then passed through a 63 pum mesh sieve to remove
any remaining large agglomerates, and their features were assessed by the

characterisation techniques described below.

2.2. Characterisation techniques

Particle size (PS) and particle size distributions (PSD) were measured using a laser
diffraction particle size analyser (Coulter LS particle size analyser; Beckman Coulter,

CA). All measurements were done in triplicate runs.

The specific surface areas (SSA) and the sorption isotherms of the powders were
calculated using the Brunauer-Emmett-Teller (BET method, Micrometric Gemini M-
2380) using Ny as adsorbate. Standard pre-treatment conditions were 105 °C under

vacuum for 12 h.

The amorphous and crystalline phases of the samples were identified by X-ray
diffraction (XRD, PANalytical XPERT-PRO Diffractometer system) using Cu-Ka
radiation (Ko =1.54059 A), within the 20 range varying from 6—70° in steps of 0.026
s'. The diffraction patterns were compared with JCPDS standards.

The microstructure and morphology of the thermally stabilised glasses were observed
by scanning electron microscope (SEM, S-4100, Hitachi, Japan) using carbon coated

samples.

For density measurements, pellets with 13 mm diameter and ~2 mm thicknesses were
prepared in a stainless steel die by uniaxial pressing (60 MPa) from the sixteen milled
powders. The pellets were heat-treated in air in an electric furnace at the HTT

investigated in this work. The heat treatment schedule included three stages: 1% stage
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from RT to 200 °C at the heating rate of 1 °C min™"; 2" stage from 200 °C to 400 °C at
the heating rate 2 °C min'; and the 3" stage from 400 °C to each HTT investigated at
the heating rate of 5°C min~'. Natural cooling to RT followed the soaking time period
of 2 h at 800 °C. Density determination was performed using the buoyancy
(Archimedes') method by immersing the samples in distilled water, in accordance
with European Standard EN 993-1. The bulk density of the glass pellets was

calculated via following relation:

Where: py is the bulk density in (g cm™);
pw is the density of the water, assumed to be 1 g cm™3;
m; is the mass of the dry sintered pellet measured in air;
m; is the mass of the sintered pellet suspended in water;

mg3 is the mass of the water saturated pellet measured in air.

3. Results and Discussion

3.1. X-ray diffraction (XRD)

Fig. 1 shows the sixteen XRD patterns of glass powders heat treated at different
temperatures and wet ball milled under different values of BPR (5, 10, 15, and 20).
The samples heat treated at 550 °C (Fig. 1-a) and at 675 °C (Fig. 1-b) are essentially
amorphous, especially when the lower BPR was used (BPR = 5). With the gradual
increasing of BPR, small reflections corresponding to yttrium zirconium oxide (PDF
card # 04-016-2117) started appearing with increased intensity. The only possible
source of yttrium zirconium oxide is the milling media. Therefore, these results

indicate that the more frequent collisions among the balls with increasing BPR
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enhance the production of wear debris, and hence contamination. The change of the
HTT from 550 °C to 675 °C did not induce noticeable variations in the patterns.
Incrementing the HTT to 800 °C promoted the formation of some poorly crystalline
phases of hydroxyapatite (HAp, PDF card # 01-080-3956) and cristobalite (SiO,, PDF
card # 04-008-7640) in the sample milled with BPR = 5, as deduced from the broad
and relatively low intensity of the main XRD peaks of these two phases displayed in
Fig. 1-c. With the gradual increase of BPR, the intensities of the peaks corresponding
to these two phases tended to steadily fade, while new peaks attributed to yttrium
zirconium oxide (PDF card # 04-016-2117) appear with increasing intensities. Further
increasing the HTT to 925 °C resulted in glass ceramics with two new, well-
developed silicon oxide (SiO,) phases - Octadecasil (PDF card # 00-048-0476), and
Unnamed zeolite (PDF card # 01-073-3446), as shown in the XRD patterns displayed
in Fig. 1—d. The crystalline phases identified at 800 °C had apparently disappeared,
although it is likely that the intensities of their corresponding peaks are too low in
comparison to the high intensity peaks of the new silica peaks formed at 925 °C.
Concerning the effects of varying the BPR, it is worth mentioning the steady
reduction of the degree of crystallinity of the samples with increasing values of this
experimental variable. It can be concluded that the higher energetics of the milling
process, in the presence of higher amounts of balls, tend to gradually destroy the
crystalline phases formed, with the resulting powders becoming progressively more

amorphous. The same trend was observed for the phases initially formed at 800 °C.

3.2. Influence of BPR and HTT on the relevant features of powders

3.2.1. Particle size (PS) & particle size distribution (PSD)



Fig. 2(a—d) shows the influence of BPR on PS and PSD for the four HTTs tested.
Almost the same evolving trend can be observed irrespective of the HTT. The
increase in BPR tends to decrease the average PS, and to reduce the width (span) of
the PSD, with curves gradually shifting towards the left (smaller particle sizes) and
becoming sharper as BPR increases. In other words, increasing both BPR and HTT
led to a narrowing of the PSD, and an increase in the volume % of fine particles.
However, comparing the effects of both of these variables on the milling efficiency, it
can be clearly concluded that BPR plays the major role, and exerts a greater effect in

both PS and PSD, than HTT.

Fig. 3(a—d) also shows the influence of BPR and HTT on PS and PSD, but with the
series arranged according the HTT tested, to observe more easily the effects of
variation in BPR. It can be seen that the lower HTT result in broader PSDs. The PSD
curves become gradually narrower, and almost superimposed, with increasing HTT.
In other words, the effects of HTT on the PS and PSD are minimised as BPR
increases towards 15 and 20. This representation of milling data complements the

information provided in Fig. 2.

3.2.2. Mean particle size

Fig. 4 displays two complementary representations of the evolution of mean particle
size for all powders as functions of the HTT (Fig. 4—a) and BPR (Fig. 4-b). From
these plots it can be seen that increasing the HTT up to 800 °C is accompanied by a
small decrease in the mean particle size for all BPR values, suggesting an enhanced
milling efficiency. This can be understood considering that the porous structure of the
particles/agglomerates makes them less fragile. Therefore, the collisions with the balls

are cushioned, and milling is less effective. Further increasing the HTT from 800 °C
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to 925 °C reverses this tendency, and the material becomes less prone to particle size
reduction. This is consistent with the gradual elimination of porosity, and the

formation of hard agglomerates that become more difficult to destroy upon milling.

On the other hand, increasing the BPR from 5 to 20 at constant temperature always
resulted in a tremendous decrease of mean particle size, as can be seen clearly from
Fig. 4-b. Significant reductions in mean particle size occurred at the lower HTT (550
°C and 675 °C) and for BPR values between 5, and 10. At higher values of HTT (800
°C and 925 °C) and of BPR (15 and 20), smaller reductions in the mean diameter can
be observed. The overall results show that BPR plays the measure role in final particle
size. These results are in a good agreement with the particle size distribution curves

discussed above.

3.2.3. Specific surface area (BET-SSA) and sorption isotherms

Fig. 5 displays two complementary representations of the evolution of the specific
surface area of the powders versus HTT (Fig. 5-a), and as a function of BPR at fixed
values of HTT (Fig. 5-b). It can be seen that increasing both experimental variables
causes drastic reductions in the SSA, especially for the samples heat treated at the
lower temperatures (550 °C and 675 °C). The noticeable reductions in SSA caused by
increasing HTT can easily be understood, as micropores in the structures obtained at
lower temperatures will tend to gradually disappear due to the sintering process (32).
All the curves displayed in Fig. 5 (a) tend to converge for temperatures >800 °C. In
this elevated temperature range (=800 °C), the SSA is practically unaffected by the
milling conditions (little change with increasing BPR), while at lower HTT (550 °C

and 675 °C), the BPR also plays a role in determining the noticeable reduction in

10



SSA, which decreases almost linearly with increasing BPR, and with decreasing
kinetics with increasing HTT. At first glance these results seem inconsistent, as higher
values of SSA would be expected when considering the decreasing PS trends inferred
from the results displayed in (Figs. 2-4). These results are in a good agreement with
the results obtained by Chauruka et al. (33). However, sol-gel derived powders
usually exhibit complex porous structures, including open pores communicating with
the external surface at two ends (through—pores), dead-end pores with narrow pore
necks (bottleneck pores), and closed pores (34).

Closed pores are not associated with adsorption and permeability of molecules, while
nitrogen condensation is likely to occur in open pores and be accompanied by
hysteresis, depending on the pore size and shape. The nitrogen sorption isotherms of
the bioactive sol gel glass powders submitted to different HTT and BPR upon wet
milling are displayed in Fig. 6. All of them are Type 1VV(a) isotherms, according to the
IUPAC classification (35), and capillary condensation is accompanied by hysteresis.
For nitrogen adsorption at 77 K, hysteresis starts to occur for pores wider than ~4 nm,
and when bottleneck type pores are present (34,35).

Fig. 6—a and Fig. 6-b compare the nitrogen sorption isotherms of the bioactive sol
gel glass samples calcined at all HTT and wet ball milled under the two lower BPR
values of 5 and 10, while Fig. 6—c and Fig. 6—d provide similar comparisons for the
samples heat treated at 550 °C and 800 °C, and milled under all BPR values tested.
The highest quantity of adsorbed nitrogen (pore volume) is observed for the sample
heat treated at 550 °C and ball milled with the lowest BPR. At constant BPR, the
amount of adsorbed nitrogen strongly decreased as the HTT increased. Drastic

decreases are observed with increasing HTT (Fig. 6—a—b), and pores have been
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almost eliminated in samples submitted to HTT > 800 °C due to the sintering process
(32).

While at constant HT,T and under more severe milling conditions (Fig. 6—c—d), the
increase in BPR tends to decrease the amount of adsorbed nitrogen. This means that a
larger volume fraction of pores has collapsed, and that the new exposed surfaces,
available for nitrogen sorption, do not compensate for the loss in gas sorption storage
of the resulting porous structure. Similar behaviour was observed by Amadine et al.
(36). This explains the apparent inconsistencies referred to above when considering
the expected relationship between PS (Figs. 2-4) and SSA (Fig. 5). The results also

show the strong dependence of nitrogen adsorption on the HTT.

The adsorption and desorption branches of nitrogen sorption isotherms are not as
steep as in the Type IV models typically described in literature (32), revealing more
complex pore structures, with important network effects and a larger size distribution

of pore diameters and neck widths.

3.2.4. Pore size and density measurements

Pore sizes data extracted from sorption isotherms are illustrated in Fig. 7. Fig. 7-a
shows a general increase in mean pore size with increasing HTT up to 800 °C,
followed by a decrease beyond this temperature. These changes are attributed to the
sintering effect, in which the smaller pores are the first to be readily eliminated,
justifying why the mean pore diameter increases with HTT, as only the coarser ones
remain. It seems that micro porosity is practically eliminated up to 800 °C. Beyond
this temperature, at HTT = 925 °C, these larger pores then begin to be reduced and

eliminated, with a much greater degree of pore loss with larger BPRs, resulting in the
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decrease of pore size seen at this temperature. It can also be seen in Fig. 7—a, and in
Figs. 7-b that pore size generally decreases with increasing BPR. This is consistent
with the gradual collapse of the porous structure under the more severe milling
conditions, as discussed above. Similar types of pore size information could also be
extracted from data gathered along the desorption branch of isotherms, as shown in

Fig. 7—c, and in Fig. 7—d.

The effects of HTT and BPR on the density of sintered pellets is depicted in Fig. 8. A
general increase in density with increasing HTT is observed up to 800 °C, followed by
a reduction in density when increasing the temperature to 925 °C. The changes in
density as a function of BPR are less noticeable, with the sample derived from the
powder wet ball milled at the lowest BPR (5) having the lowest density. Increasing
the BPR to 10 resulted in a general enhancement of density, probably due to a more
efficient destruction of particle agglomerates, in good agreement with particle size
data plotted in Figs. 2-4. Further increasing the BPR to 15 and 20 resulted in lower
values of density in comparison to those observed for BPR = 10. This decreasing
trend of density maybe due to two different causes: (i) excessive production of fine
particles (Fig. 4), with the particle packing ability in the green state during pressing
becoming worse; (ii) possible deleterious effects on sintering coming from the

contamination of the wear debris of milling media, as detected by XRD (Fig. 1).

3.2.5. Morphological features of the glass powders

The morphological features of the glass powders heat treated at two selected
temperatures (550 °C, 800 °C) and wet ball milled under the extreme values of BPR
(5, 20) are presented in the micrographs of Fig. 9—a—h. With HTT = 550 °C, the

powders consist of clusters of primary nanoscale particles that gather together during
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the condensation step of the sol-gel process forming, porous microstructures, which
are susceptible to being affected by the changes in the experimental variables
investigated. The sub-micron particles seen in Fig. 9-a-b are actually clusters of
nanocrystals, as can be better observed in Fig. 9-c-d. The size of these submicron
clusters diminishes from ~150-200 (Fig. 9—c) to ~50-100 nm (Fig. 9—d) as BPR
increases from 5 to 20. When observed at higher magnification, these clusters at 550
°C exhibit cauliflower—like shapes, and are built from primary nanoparticles having
sizes in the range of ~10-20 nm, as depicted in Fig. 9—c—d. However, on a larger
scale, these submicron clusters are in turn agglomerated into micron—scale
agglomerations of particles (Fig. 9-a-b), with diameters of several microns, which
leads to the particle size values measured in Figs. 3 & 4. These agglomerated particles
also decrease in size with increasing BPR, resulting in a reduction in mean particle
size.

With the HTT increasing to 800 °C, there was little change in the dimensions of the
agglomerations, with those in the BPR = 5 sample (Fig. 9-e) still having considerably
larger sizes than those observed for BPR = 20 (Fig. 9-f). However, the submicron
clusters had almost disappeared with BPR = 5, with only a few sub-micron clusters
remaining (Fig. 9-g), while the submicron clusters had grown in size considerably to
over 200 nm even with BPR = 20 (Fig. 9-h). The individual nanocrystals which made
up the clusters, although still present, could also be seen to have increased in size,
with HTT =800 °C. Although HTT clearly had an effect on the size of the individual
nanocrystals and submicron clusters, the BPR exerts a much greater effect on the
dimensions of the resulting agglomerations, and hence on the overall particle size, as

also seen in Figs. 3 & 4.
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Conclusions

A quaternary (Si—-Na—Ca-P) bioactive sol-gel glass was heat treated at different
temperatures, and wet ball-milled on a fast milling machine under constant conditions
of mass of ethanol-to-powder ratio (EPR = 2) and milling time (2 h), but with four
variations of ball-to-powder ratio (BPR). These were also then heated at four
different heat treatment temperatures (HTT). The characterisation analyses of the

resulting sixteen powder samples enabled us to draw the following conclusions:

1. Crystalline phase assemblages: The sol-gel glass remained essentially
amorphous upon heating at the lower HTT (550 °C and 675 °C). Poorly
crystalline phases (HAp and cristobalite) formed at 800 °C, and could be easily
identified in the sample milled under BPR = 5. The intensities of the XRD
peaks of these two phases tended to steadily fade with increasing BPR, while
yttrium zirconium oxide phase gradually appeared, resulting from wear debris
of the milling media. The increase of HTT to 925 °C led to the formation of
two well crystallised silicon oxide phases, and to the apparent disappearance
of the poorly crystalline phases formed at 800 °C, which were possibly
masked by the much larger XRD intensity peaks of the new silica phases.

2. Particle size & size distributions: the BPR played the major role in
determining these features, especially at the lower HTTs. Particle size
decreased and particle size distributions showed a clear narrowing trend with
increasing BPR, irrespective of HTT.

3. BET specific surface area, sorption isotherms and pore sizes: The SSA tended
to consistently decrease with increasing the HTT. Unexpectedly from the
decreasing trend observed for PS, SSA clearly decreased with increasing the

BPR, especially for samples heat treated at lower HTT (550 °C and 675 °C).
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This evolution is due to the gradual collapse of the porous structure that
decreases its nitrogen storage capacity. For samples heat treated at 800 °C and
925 °C, the effect of BPR on SSA was negligible. The gradual initial
elimination of the finer pores due to advancements in the sintering process
resulted in less porous structures, but consisting of larger mean pore sizes.

4. Sintered density increased with increasing HTT up to 800 °C, followed by
decreasing trends when sintering temperature was further increased to 925 °C.
Density was also enhanced upon increasing BPR from 5 to 10, reaching the
highest values. Further increasing the BPR to 15 and 20 enriched the powders
as finer particles, but wear debris from milling media accounted for a

worsening of their sintering ability.
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Fig. 1. XRD patterns of the bioactive sol-gel glass powders heat treated at different
temperatures [a) 550 °C, b) 675 °C, c) 800 °C, d) 925 °C] followed by wet ball milling in

ethanol under four values of BPR (5, 10, 15, 20)
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Fig. 2 Particle size distributions of the bioactive sol-gel glass powders heat treated
at different temperatures [a) 550 °C, b) 675 °C, c) 800 °C, d) 925 °C] followed by wet ball
milling in ethanol under four values of BPR (5, 10, 15, 20).
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Fig. 3 Particle size distributions of the bioactive sol-gel glass powders heat treated
at different temperatures followed by wet ball milling in ethanol under given values of BPR:
a) 5; b) 10; c) 15; d) 20.
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Fig. 9. Effects of HTT (550 °C, 800 °C) and of BPR (5, 20) on the morphological features of
the bioactive sol-gel glass powders observed under two different magnifications: 50x (a, b, e,
f) and 200x (c, d, g, h).
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Table 1. The values of experimental parameters set in the 16 milling experiments.
BPR = ball-to—powder ratio, EPR = ethanol-to-powder ratio, HTT = heat treatment

temperature.

Independent variables

Trial BPR HTT((°C) Milling time (min)

El 5 550 120
E2 5 675 120
E3 5 800 120
E4 5 925 120
ES5 10 550 120
E6 10 675 120
E7 10 800 120
E8 10 925 120
E9 15 550 120
E10 15 675 120
Ell 15 800 120
E12 15 925 120
E13 20 550 120
El4 20 675 120
E15 20 800 120
E16 20 925 120
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