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Abstract
Transparent glass was prepared from nominal alkali pyroxene (Na2 Mg Si2O6) composition. Incorporation
of Cr2O3 in alkali pyroxene composition in two % (0.5 and 1.0) increases the crystallization temperature.
High cristobalite was developed alone in all glass samples heat-treated at 800°C. The microstructure
shows nanometer crystals of high cristobalite which spread in glassy matrix. The densities, hardness and
coe�cient of thermal expansion were between 2.49 and 2.53 g/cm3, 505 and 611 kg/mm2 and between
9.38 and 13.32 x 10− 6°C− 1 (30–300 ˚C ) respectively. The antimicrobial activity of the prepared glass and
ceramics shows that the only samples contain 1% of Cr2O3shows an inhibition zone in case of Candida
albicans yeast.

1. Introduction
Pyroxenes are a group of silicate minerals common in many igneous and metamorphic rocks. It belongs
to single chains silicate of silica tetrahedra and always crystallizes in the form of monoclinic and
orthorhombic systems. Pyroxene has a general formula AB(Si, Al)2O6 (A position occupy by : Ca, Na, Fe+ 2,

and Mg, and rarely Zn, Mn, and Li, and B position occupy by: ion of smaller size, as Cr, Al, Fe3+, Mg, Mn,
Sc, Ti, V and even Fe2+[1]. Substitution of Na in pyroxene structure are known in omphacite [ (Ca,Na )(Mg,
Fe2+, Al) ] and aegirine-augite [ (Ca,Na )(Mg, Fe2+,Fe3+)] [2]. Pyroxene glass-ceramics are common and it
possesses valuable properties that make them important materials for many applications [3–5].

On the other hand, quartz, cristobalite, tridymite are well known polymorphs silica minerals, each form
have different crystal system. In other words, each crystalline form represents a distinct arrangement of
silicon–oxygen tetrahedral into a three-dimensional crystalline network. Cristobalite have two forms: low
cristobalite (α- form - tetragonal) and high cristobalite (β- form- cubic). Some crystallization in ceramic
and glass-ceramic can form quartz, tridymite and cristobalite at room temperature [6]. High or β-
cristobalite has phase stability above 1470°C, but the phase normally converts into low-cristobalite form
when it is cooled between 170 and 270°C, however, the temperature depends on the conditions of
crystallization[1 &7]. This is accompanied by a volume decrease of approximately ∼5% [8]since the
volume change causes cracking problems and thus leading to lower order crystal form ( cubic to
tetragonal). The stable form high-cristobalite material that obtained at room temperature has great
importance for use in ceramic fabrication. The high-cristobalite material has promising engineering
properties such as high resistance to thermal shock, relatively low expansion coe�cient, high chemical
resistance and the low density.

Through glass-ceramic, high cristobalite with nepheline and �uorapatite were developed in the Na2O-CaO-
Al2O3-SiO2-P2O5-F system and the sample containing the high crystalline nepheline ratio has the best
bioactivity[9]. Uncontrollable the stable of high cristobalite can lead to decrease the strength, due to
change from beta to alpha form which cause formation cracks, in the glass-ceramic samples within the
SiO2–Li2O–P2O5–K2O–ZnO glass system [10]. However, the controllable formation of high cristobalite in
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amorphous silica powder lead to stronger strength sample at 350°C where it is weaker one at 25°C [11].
Early they found that formation of 11 % cristobalite in cordierite glass-ceramic increase the strength [12].
In alumina / borosilicate glass composite, decrease of alumina lead to increase the coe�cient of thermal
expansion (CTE) due to the crystallization of alpha-cristobalite whereas increase of alumina lead to
decrease the CTE and formation of mullite[13].

In the present research, preparation of glass from modi�ed pyroxene formula (Na2MgSi2O6) was
prepared and tested with addition Cr2O3 as catalysts. Thermal behavior, x ray diffraction, scanning
electron microscopy / energy dispersive x ray microanalysis were used in characterization the samples.
CTE, hardness, densities were determined too. Effect of glass and glass-ceramic as antimicrobial was
tested on Gram positive- and Gram negative bacteria.

2. Experimental And Materials
2.1 Preparation of glass and glass-ceramic samples

The parent glass batch was based on the nominal pyroxene formula ABSi2O6 since A: alkali Na2 and B:
alkaline earth Mg.  The initial glass batches were prepared from ingredient chemicals in the form of
carbonates/oxides of Na, Mg and Si. Chromium trioxide Cr2O3 (0.5 and 1.0 % over 100 % glass oxides)
was added   as nucleating agent are given in (Table 1). The batches were weighted the well mixed. The
melting process was in platinum crucibles between 1200 and 1300 °C whereas the annealing temperature
was at 450 °C.

Table 1. Chemical composition of the glass samples

Sample No. Batch in oxide wt.% Batch constituents in grams

  Na2O MgO SiO2 Cr2O3 Na2CO3 MgCO3 SiO2 Cr2O3

NM0 27.87 18.12 54.02 0.00 47.64 37.87 54.02 0

NMCr1 27.87 18.12 54.02 0.50 47.64 37.87 54.02 0.50

NMCr2 27.87 18.12 54.02 1.00 47.64 37.87 54.02 1.00

2.2 Characterization of the prepared samples

Differential thermal analysis DTA (a Shimadzu DTG60 micro-differential thermoanalyser, Japan) with
heating rate 10 °C/min was used to know the thermal effect on the bulk glasses. After heat-treatment
process of the present glasses, the developed phases were identi�ed using x-ray diffraction analysis
(XRD- D8-Advance Bruker, Germany) using Cu Ka radiation. Description of microcrystalline structure was
by scanning electron microscope SEM   attached by energy dispersive x ray microanalysis
EDX(SEM/EDS, model FEJ quanta 250 Fei, Holland) on the fresh surface etched by 1%HF-1%HNO3 .
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Properties such as density, hardness and coe�cient of thermal expansion were used too. Vicher'
microhardness tester ((HMV, Shimadzu, Type-M, Japan ) was used to determine the glass-ceramics
hardness. The coe�cient of thermal expansion was measured using a dilatometer (NETZSCH DIL402 PC,
Germany), at a heating rate of 5°C/min. Densities were measured by  Quanta chrome instrument (Upyc
1200e v5, 03; USA) using helium gas.

2.3 Antimicrobial Activity

All the samples were grounded and sieved in order to get all the samples with a particle size below 63 μm.
The samples codes are 1,2,3,4,5 and 6 for the NMCr2 glass, NM0 glass, NMCr1 glass, NM0  glass
ceramic, NMCr1 glass ceramic and NMCr2 glass ceramic, respectively.

Those samples were tested with the following organisms in order to identify their antimicrobial effect

Tested organisms were:

1- Gram Positive Bacteria:

Staphyllococusaureus(ATCC 6538).

2- Gram Negative Bacteria:

Pseudomonas aeruginosa(ATCC27853).

3- Pathogenic yeast:

Candida albicans(ATCC 10231).

- Materials of the medium

Nutrient agar medium, one set of samples & sterile Petri dishes were used. The constituents of nutri ent
agar medium are given in Table 2.

Table 2.Composition of Nutrient agar medium:

Ingredients:                                            gm/L

Yeast extract                                            2.0

Peptone                                                     5.0

Meat extract                                             1.0

NaCl                                                          5.0

Agar                                                          15.0
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pH                                                         7.4 ± 0.2 

prepared media: Store below 8°C, protected from direct light. Store dehydrated powder, in a dry place, in
tightly-sealed containers at 2-25°C.

Directions: Suspend 28 g in 1 liter of distilled water. Bring to the boil to dissolve completely. Sterilize by
autoclaving at 121°C for 15 minutes.

Preparation of Inoculum

The inoculum should be adjusted so that 1.5 * 108 cfu/ml are applied to the plates.

The following procedure describes a method for preparing the desired inoculum by comparison with a 0.5
McFarland standard.

Methods:-

1. Qualitative evaluations were carried out in nutrient agar plates according to Mostafaet al.[14]

2. The inoculation of all microorganisms was prepared from fresh overnight brothcultures that were
incubated at 37°C [15].

3. The inoculum size of these pathogenic strains was prepared and adjusted to approximately 0.5
McFarland standard (1.5 × 108 cells-ml), 150.0 µL of cell  suspensions was inoculated into each
plate containing 50 ml of the sterile nutrient agar medium (NA).       

4. After the media cooled and solidi�ed, the samples were divided into two main parts, one of them was
applied on the surface of inoculated agar plates that were prepared previously.

5. These seeded plates were placed in the refrigerator for two hour, followed by incubation at 37 ºC for
24 hrs and zones of inhibition (ZI) were measured in mm[14].

�. The other part of these samples was applied on these tested microorganisms by using shake �ask
method using nutrient broth medium to calculate the antimicrobial activity throughout (%) reduction
of these microorganisms after making contact with the test sample compared to the number of the
microorganisms cells present in the control after 24 hours incubation period[16]. All results in this
step were expressed according the following equation: 

Reduction (%) = (A- B /A) × 100              (1)

Where:

 A: The number of microorganisms present on control �ask contains bacterial strain only without any
thing.

 B: The number of microorganisms present on shake �ask after applying samples.



Page 6/16

3. Results And Discussion
3.1 Characterization

The thermal behavior or the DTA thermogram of the present glass samples were shown in �gure 1. The
endothermic peak temperatures were increase by addition Cr2O3from 610°C in MN0 base glass to  701°C
in NMCr2 in that containing high ratio of Cr2O3. The exothermic peak temperatures were between 757 and
860 °C and were clear in all glasses however, the more intense peak of NMCr1 sample was at 793 °C. In
both other sample the exothermic peak was broad with wide span, which indicate a broad crystallization
range.

The X-ray diffraction analysis of our glass samples heat-treated at 800 °C/2h was shown in �gure 2. High
cristobalite (SiO2, or β-Cristobalite, ICDD card no. 85-0621) was the only phase developed in all NM0,
NMCr1 NMCr2 glass ceramic samples.

From literature, in synthetic silica polymorphs, presence of alkali or alkaline earth elements promotes the
crystallization of cristobalite and tridymite. Also the presence of alkali elements enhances the formation
of the high temperature silica polymorph into lower temperature. Cristobalite have two forms tetragonal
that common in normal temperature and the cubic form that is stable above 1470 °C [7]. However, the
presence of alkali promotes the formation of the high temperature silica polymorphs at lower
temperatures [8].Therefore, the crystallization of high cristobalite (or β-Cristobalite form) in the present
research at low temperature is not strange. 

 The microstructure of the present glasses heat-treated at 800 °C/2h show irregular pores spread in all
sample and appear as reticulate texture in NMCr2 sample (Fig 3). The high magni�cation in base NM0
sample show tiny nanocrystals embedded in residual glassy matrix (Fig 4). The developed crystals size
was between 50 and 150 nanometer (Fig 4).

3.2 Properties of glass-ceramic samples

The aforementioned results show that the present glass-ceramic samples containing high cristobalite
phase show that its density was between 2.49 and 2.53 g/cm3. In alkali free β-cristobalite containing
glass ceramic, the bulk density was 2.19 g/cm3 [17] , however , in the present samples the residual glass
have high alkali Na2O which cause increase of the samples densities ( Table 1 and 3)  . 

The CTE of the glasses heat treated at 800 ˚C/2h were between 9.38 and 13.32 x 10-6 ˚C-1  (30-300 ˚C)
(Table 3 and Fig 5). Although the pre-work said that the crystalline high temperature forms of silica, i.e.
high-quartz, high-tridymite and high-cristobalite have very low or zero or even negative CTE value [18].
The CTE value of pure high cristobalite (β-cubic) glass-ceramic was rare because it usually contains
some low form (α-tetragonal) and also the residual glass can change their value [17 &19]. In the present
glass-ceramic sample, high ratio of Na2O in residual glass causes increase in the value of CTE and also
the transformation from β- to α- cristobalite as well.
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The hardness of the present glass-ceramic samples (heated at 800 °C/2h) was between 505 and 611
kg/mm2 which are in range of the pre-literature researches [20].

Table 3. Densities, hardness and CTE of glass heat treated at 800 C /2h

Sample No Properties

Density

g/cm3

Hardness

Kg/mm2

CTE

α x10-6 C-1

30-300 ˚C range

Glass-ceramic Glass-ceramic Glass-ceramic

NM0

 

2.52 587 13.32

NMCr1

 

2.53 611 12.29

NMCr2

 

2.49 505 9.38

3.3 Antibacterial activity

1. Qualitative Antimicrobial Activity

Six types of samples were received and examined; the results are recorded in Table 4.

Antimicrobial e�cacy on gram positive bacteria:

1. Staphyllococusaureus and Pseudomonas aeruginosa: The results show that all the samples did not
show any antimicrobial effect (no inhibitory zone)

Antimicrobial e�cacy on yeasts:

2. Candida albicans yeast results depicted that these samples showed an antifungal effect on Can dida
albicans as follows: The results show that sample 2,3,4,5 does not have any antifungal effect, while
samples 1 and 6 have a moderate antimi crobial effect with an inhibition zone diameter of 9 mm and
12 mm respectively as shown in Fig 6.

Table 4: Inhibition zone diameter (millimeter) of the tested samples       
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        Test bacteria

 

Samples

 

Staphyllococusaureus Pseudomonas aeruginosa Candida albicans

1- Samle 1 Nil* Nil 9.0

2- Samle 2 Nil Nil Nil

3- Samle 3 Nil Nil Nil

4- Samle 4 Nil Nil Nil

5- Samle 5 Nil Nil Nil

6- Samle 6 Nil Nil 12.0

* Nil: in this and the following table's means No antimicrobial activity recorded.

Figure 6: Antifungal activity of the sample 1 and 6.

2. Quantitative Antimicrobial Activity

By calculation of the antimicrobial activity throughout (%)reduction of these microorganisms by using
equation (1) we found that (table 5):

1. Staphyllococusaureus:

All the samples have an antimicrobial effect on this microorganism, the highest reduction in the number
of the microorganism was for the sample 1 and two and almost the rest of the samples have the same
reduction percent.

2. Pseudomonas aeruginosa:

All the samples have zero reduction on the these microorganisms which means that there is no
antimicrobial effect

3. Candida albicans yeast

All the samples have an antimicrobial effect on this microorganism except the sample number 3 which
has a zero reduction of the number of microorganism. Those results consider being in a good accordance
with the qualitative results as shown in table 3 that the sample 1 and 6 have the highest number of the
reduction of the microorganism.

In summary we can concluded that the presence of chromium element has a great antifungal effect on
the Candida albicans yeast
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In general it can be concluded that  and on the contrary of the quantitative estimation there is an effect of
almost all the samples  it can be argued to the  dissolution behavior of ions from  both the undoped and 
doped glass and glass ceramics samples

Table 5: CFU reduction(%) of bacterial strain cells after 24 hours incubation applying sterilizing samples*
using shake �ask method:- 

        Test bacteria

 

Samples

 

Staphyllococusaureus Pseudomonas aeruginosa Candida albicans

1- Samle 1 42.96 Nil* 87.64

2- Samle 2 40.68 Nil 43.14

3- Samle 3 17.87 Nil Nil

4- Samle 4 16.34 Nil 58.33

5- Samle 5 16.34 Nil 28.43

6- Samle 6 17.87 Nil 95.11

 

4. Conclusion
Pyroxenes are silicate based minerals, having a general formula AB(Si, Al)2O6. The parent glass batch
was based on the nominal pyroxene formula ABSi2O6 since A: alkali Na and B: alkaline earth Mg.
(Na2MgSi2O6) was prepared and tested with addition Cr2O3 as catalysts. High cristobalite phase was
detected by XRD and from SEM tiny nanocrystals embedded in the residual glassy matrix. Thermal
expansion data reveal a remarkable decreasing in CET by increasing the chromium oxide content.
Antimicrobial activity shows a great antifungal effect on the candida albicans yeast with increasing
chromium oxide concentration.
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Figure 1

DTA thermogram of the NM0, NMCr0.5 and NMCr1.0 glasses
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Figure 2

X ray diffraction pattern of NM0 , NMCr0.5 and NMCr1.0 glasses heat-treated at 800 C/2h.
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Figure 3

SEM photographs of the present samples heat-treated at 800 C/2h .
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Figure 4

SEM photograph of NM0 sample heat treated at 800 C/2h (in high magni�cation).
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Figure 5

Thermal expansion data for glass samples heat-treated at 800 ˚C/2h .


