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ABSTRACT 

Heavy-metal-oxide (HMO) glasses attract much interest in many applications such as Faraday rotators, current sensors, 
etc., in the area of magneto-optic effects due to their unique magnetic-optical property, high refractive index and other 
interesting properties. However, during the melt-quenching process of these glasses, the high corrosive nature of the 
melt to the crucibles makes the fabrication of HMO glasses complicated and the properties of the obtained glasses show 
strong dependence on the crucible materials. Literatures reported that the gold and platinum crucibles are not suitable 
due to their contamination to the melt glasses, ceramic crucible was considered suitable for the melting of HMO glasses. 
In this work, magnetic-optical glasses within the system of PbO-Bi2O3-B2O3 have been prepared using different kinds 
of ceramic crucibles for the aim of finding the most suitable crucible for melting HMO glasses. The glass properties in 
terms of Verdet constant, thermal stability and UV-Vis-IR transmittance in function of different crucibles were studied 
and reported. It was found that the same batch of glasses prepared under same conditions (melting temperature, melting 
time and annealing process), but in different ceramic crucibles (coded as C1, C2 and C3) showed significant difference 
in properties such as glass forming ability, thermal stability, optical absorption in UV-Vis-IR and Verdet constant 
(0.0812 - 0.1483 min/G·cm). The ceramic crucible made of 25% Al2O3 and 75% SiO2 (C2) was found to be the most 
suitable for PbO-Bi2O3-B2O3 glass preparation, compared with platinum, gold, C1 and C3. Glasses melted with C2 ex-
hibit good performance in magneto and optical property, as well as good thermal stability. 
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1. Introduction 

Recently, studies on the magnet-optical property of HMO 
glasses attract many interests due to their potential appli- 
cations as Magneto Optical Current Transducer (MOCT) 
for high voltage electric current system, optical rotator 
and isolator with large aperture, circulators, switches, 
polarimeters, etc. Heavy metal oxide glasses based on 
PbO and Bi2O3 have attracted considerable attention due 
to their high Verdet constant, interesting physical and 
optical properties leading to different applications [1,2].  

The high density, high refractive index, and low trans- 
formation temperature of these glasses make them ad- 
vantageous for some applications for optical and elec- 
tronic devices [3].  

It is well known that the technique used for fabrication 
of PbO and Bi2O3 based heavy metal oxide glasses is the 
traditional melt-quenching, which is normally a simple 
and low cost technique for glass making. However, melt- 
quenching technique shows some problem with the 
preparation of PbO and Bi2O3 based glasses, since these 
glasses in the molten state are chemically corrosive and  

they react with the crucible materials to dissolve some 
crucible elements into the glass melts, especially for the 
widely used gold and platinum crucibles. Due to the in- 
corporation and subsequent aggregation of nanoparticles 
of metals into the glass matrix, the gold and platinum 
crucibles were found not suitable for preparation of PbO 
and Bi2O3 based magnetic-optical glasses, because the 
incorporation of metal nanoparticles of into the glass 
matrix makes the glass easy to crystallize [4] and the 
darkening will impact greatly the optical transmittance.  

It has been noted that the Verdet constant changes with 
the change of glass composition and could be affected by 
several intrinsic and extrinsic factors [5].  

When HMO glass is used as an Faraday isolator mate- 
rials, not only the Verdet constant is required to be high, 
but also platinum incorporation coming from the crucible 
during melting is to be avoided: when the glass having a 
platinum incorporation is irradiated with laser light of 
high intensity, the platinum absorbs the laser light and 
local heat is generated, thus causing thermal stress, 
cracks and general damage on the glass. Due to the in-  
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duced damage, the laser light is scattered, the output is 
greatly decreased and disorder of the laser mode is caused, 
which make the laser light not correctly focused [6]. In 
addition, for Bi2O3 based glasses, there exists a strong 
absorption in the range 470 - 600 nm due to platinum 
contamination [7].  

Ceramic crucibles are therefore chosen for fabrication 
of HMO glasses by different researchers [8-16]. Some of 
them are pure Al2O3 [11,12,14,15], other are Al2O3 and 
SiO2 based [8,9,16], while in some cases [10,13], the 
chemical composition is not mentioned [17,18]. Even 
though different kinds of crucible materials have differ- 
ent effects on the glass properties, for using crucible, it is 
one-time for each melting which will increase the cost of 
research greatly, especially for the highly repeatedly study 
on such glass. Literature [9,16] reported the effect of ce- 
ramic crucibles on the optical absorption of heavy metal 
oxide glass containing bismuth oxide and the effect of 
the melting temperature and time on the thermal stability 
and optical transmittance of PbO-Bi2O3-Ga2O3 glasses. 
The crucible materials in [16] are made of zirconia and 
tin oxide, which are not commonly used due to their high 
cost and low stability of the obtained glasses [19].  

In this study, glasses of the same composition within 
the system of PbO-Bi2O3-B2O3 have been prepared for 
magneto-optical applications [20] by using three low cost 
ceramic crucibles in order to get a suitable crucible for 
one-time melting for heavy metal oxide glass study. The 
effects on the glass properties, particularly the magnetic- 
optical properties of the glasses were selected as factors 
to evaluate the crucibles.  

2. Experimental  

The crucible compositions employed in this study were 
listed in Table 1. They are pure alumina (coded as C1), 
silica doped with 25% Al2O3 (coded as C2), and silica 
doped with 15% Al2O3 and 10% Na2O and other minor 
components (coded as C3).  

Three glasses with composition in weight percent of 
37% PbO-61% Bi2O3 -2% B2O3 (coded as PBB01), 26% 
PbO-69% Bi2O3-5% B2O3 (PBB04), and 10% PbO-86% 
Bi2O3-4%B2O3 (PBB07) were prepared with the three 
different crucibles respectively(C1, C2 and C3 in Table 
1). 

Reagents were weighted using an electronic balance 
(Ohaus-AR2140) (accuracy 0.0001 g) and batched into 
the three different crucibles. The chemical purity of used 
regents was 99.9+% for PbO, 99.99% for Bi2O3, 99.99% 
for H3BO3 respectively.  

The batched powders for the same glass composition 
(PBB01, PBB04 and PBB07) were melted C1, C2 and 
C3, respectively, under the same conditions (same melt- 
ing Temperature for 30 minutes in electric furnace in air, 

Carbolite 1200), for comparison purposes. The melting 
temperature for different glass systems ranged from 
900˚C to 1100˚C. The glass melts were stirred 5 - 10 sec- 
onds for homogenization during melting. The melted 
glasses were casted onto a brass mould preheated at 
150˚C. The obtained glass was cut into 10 mm × 2 mm 
slabs after 4 hours annealing at 250˚C, and optically pol- 
ished for characterization by using a Logitech PM5.  

The glasses were observed by scanning electron mi- 
croscopy (SEM), coupled with an energy dispersive X- 
ray analyzer (EDX).  

Differential scanning calorimetry (DSC) (Perkin-Elmer 
DSC-7) was used to measure the glass transformation 
temperature Tg, and the onset of crystallization peak, Tx. 
The density of samples was determined at room tem- 
perature using the Archimedes’ principle. Bulk glasses 
without flaws were used with distilled water as the im- 
mersion liquid.  

The refractive indexes of samples were measured us- 
ing a prism coupling method (Metricon Model 2010M). 
Spectral absorption in the ultraviolet, visible and infrared 
was recorded on each polished sample using a UV-Visi- 
ble-IR spectrophotometer (Varian Cary 500) and FT-IR 
(Tensor 37). The slope line was extended to cross the ho- 
rizontal axis (wavelength), the crossing-point taken as 
the absorption cutoff wavelength.  

The crucible material incorporation into the glasses 
was studied by scanning electron microscopy (SEM), cou- 
pled with an energy dispersive X-ray analyzer (EDX).  

The Verdet constant of the samples were tested with a 
custom-made single light optical bench, Figure 1 shows 
the schematic drawing and setup of the apparatus.  

As shown in Figure 1, the static magnetic field is gen- 
erated by solenoids on which a DC-potential of 12 V of 
voltage was applied. The samples were put into the cen-
ter of the solenoids, the polarized laser light (λ = 632.8 
nm, 15 mW, polarization ratio larger than 500:1) go 
through the sample and after the second polarizer can be 
detected by using the powermeter in terms of I0 and I, 
where I0 is the intensity of laser light propagating through 
the sample under the magnetic field, and I is the intensity 
which go through samples without magnetic field ap- 
plied.  

Based on Faraday Effect, the relationship between I 
and I0 is I = I0 cos2(α + θ), α is the angle between po-
larized light and analyzer axis without applied magnetic  
 

Table 1. Compositions for melting glass crucibles. 

Crucible SiO2 (wt%) Al2O3 (wt%) Impurities (wt%)

C1  100 / 

C2 75 25 / 

C3 75 20 5 
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Bi2O3-GeO2-B2O3 glasses in literature were fabricated 
and tested by this bench, and the Verdet constant were 
very close to literature report. For example, the tested 
Verdet constant of sample 6 PBGB glass system is 0.1248 
min/G·cm, and the reported value literature [22] is 0.127 
min/G·cm.  

 

3. Results 

It is found that the same batch of glasses prepared under 
same conditions (melting temperature, melting time and 
annealing process) but in three different crucibles C1, C2 
and C3 showed significant difference in properties such 
as glass forming ability, thermal stability, optical absorp- 
tion in UV-Vis-IR and Verdet constant etc. The effects of 
crucible materials on glasses are reported in the follow- 
ing paragraphs. 

Figure 1. Schematic diagram of optical bench set-up for 
Faraday rotation measurement. 1. He-Ne Laser; 2. Polariz- 
ers; 3. Bulk glass; 4. DC supplier; 5. Solenoide; 6. Power 
meter. 
 
field, θ is the angle due to Faraday Effect. The difference 
ΔI = I – I0 can be derived as: ΔI = I0 sin2 (θ)∞I0θ2 (while 
α = 90°). In this way, the Faraday rotation angle (θ) of 
the samples under the magnetic field can be calculated by: 
θ2 = ΔI/I0.  

3.1. Effects of Different Crucibles on the Glasses 

The effects of different crucible materials on the glass 
color and glass compositions are summarized in Table 2. 
As it can be seen, for all the three glass samples their 
color changed with crucible materials from light yellow 
to brown. Glasses melted in C1 showed light yellow 
color, but they became yellow in C2 and brown in C3.  

Basing on the equation θ = VHL, the pure silica glass 
is set as the reference material and for calculating the 
Verdet constant of the measured sample. Pure silica will 
be used as the reference during the measurement and 
calculation according to the following formula.  

The formation of cracks after casting for the same 
glass composition was deeply affected by the crucible 
materials, as it can be seen from Table 2. The batches 
melted in C1 tend to crack immediately after casting, 
while using C2 and C3, such phenomena were avoided. 
The glasses melted by using C2 and C3 were less prone 
to crack than those melted by using C1. Figure 2 shows  

R R R R

S S S S

V HL V L

V HL V L




  R

S

 

The subscript R means pure silica glass as reference, 
subscript S means the measured samples, and the Verdet 
constant of pure silica (VR) is 0.01354 min/G·cm at 633 
nm [21]. As a validation test for this apparatus, PbO-  
 
Table 2. The effects of different crucible materials (C1, C2, and C3) on glasses, (*) other elements as obtained by EDS. Boron 
cannot be detected by this equipment. 

Composition (elements wt%) 

from crucible Glass Cru. Visual inspection Color 
Pb Bi 

Al Si Other (*) 

PBB01    34.4 Nominal 55 Nominal    

 C1 Cracks when casting Light yellow 37 58.89 1.1   

 C2 Glassy Yellow 37 58 1.6 0.2  

 C3 Glassy Brown 30 50 4.4 5.5 2.88 

PBB04    24 Nominal 62 Nominal    

 C1 Cracks when casting Light yellow 28 58 1.1   

 C2 Glassy Light yellow 27 64 1 1  

 C3 Glassy Brown 29 58 2.3 2.9 3.43 

PBB07    9 Nominal 77 Nominal    

 C1 Cracks when casting Light yellow 11 66 1.1   

 C2 Glassy Light yellow 10 85 1 1.1  

 C3 Glassy Brown 13 74 3.2 5.8 1.88 
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Figure 2. XRD of the glasses PBB04 (26% PbO-69% Bi2O3-5% B2O3, wt%) when melted with different crucibles at 1000˚C: a 
clear change in XRD spectra can be noted (PBB01 and 07, not reported here, gave similar XRD).  
 
the comparison of XRD spectra of glass PBB04 melted 
in different crucibles. 

It can be seen that the batches melted with C1 showed 
several peaks due to crystalline Al2PbO4. When batches 
were melted with C2, two broad wide bands can be seen 
which indicated the glassy character. For C3, even through 
the peaks are not so many as that of C1, but there still 

four peaks and they are still Al2PbO4. According to the 
Debye-Scherrer formula Dhkl = kλ/βcosθ, the approxi- 
mate size of all the crystals are calculated to be 4.6 nm. 

The changes in glass compositions were analyzed by 
EDX and the approximate amount of crucible materials 
incorporated in the glass melt was calculated and listed in 
the Table 2. Figure 3 illustrated the EDX of the same    
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Figure 3. EDX images of compositions of glass PBB04 melted with different crucibles. 
 
glass sample prepared by the three crucibles (C1, C2 and 
C3). 

The other two glass systems (PBB01 and PBB07) 
melted with different crucibles gave similar results and 
are not reported here. It can be seen from the Figure 3, 
during the melting process, some components from cru- 
cibles entered into the glass and changed the glass com- 
position; in particular, they decreased the percentage of 

heavy metal oxides (PbO and Bi2O3) responsible of a 
high Verdet costant. The samples melted with C3 Figure 
3, had large amount of light component (13.59% in 
weight) coming from the crucible. On the contrary, few 
light components (1.28%) such as alumina were intro- 
duced into the samples melted in C1; a few light compo- 
nents such as alumina and silica were introduced in the 
samples melted in C2.  
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3.2. Effects of Different Crucibles on the Glass 
Thermal Stability  

The glass stability against devitrification can be in a first 
approximation expressed by ∆T = Tx – Tg. Figure 4 
shows the plot of ∆T vs the difference of crucible for the 
three glasses.  

From the Figure 4 and Table 3, the ∆T factor of three 
glass systems showed the same trend: as expected, the 
glass samples prepared by crucible C2 and C3 showed 
better thermal stability than that of C1 which showed the 
lowest thermal stability.  

3.3. Effects of Different Crucibles on the  
Magneto-Optical Property 

The Verdet constant measurement was carried out for 
each glass system. Table 4 reports the Verdet constant 
(V) and refractive index (n) at 633 nm vs different cru- 
cibles employed.  

From the measurement results, the glass PBB01 with 
the compositions of 37% PbO-61% Bi2O3-2% B2O3 (wt%) 
exhibited the best performance of Verdet constant, due to 
its high amount of lead and bismuth oxides. However, a 
significant influence of crucible materials on the Verdet 
constant for the same glass sample was observed in 
Table 4: the Verdet constant and the refractive index n as 
well for all the three glass samples showed the largest  

value when prepared by the crucible C1 and smallest one 
when prepared by crucible C3, while the value for C1 
and C2 are quite close.  

3.4. Effects of Different Crucibles on the Glass  
Optical Absorption and FT-IR  
Transmittance 

The absorption spectra between 200 nm to 800 nm for all 
the three glass samples prepared by crucible C1, C2 and 
C3 respectively were measured. The absorption coeffi- 
cient (a) and cutoff value was calculated and shown in 
Table 4. Figure 5 shows the absorption of the glasses 
melted with C1, C2 and C3. 

As in Table 5, samples melted with C2 have smaller 
absorption coefficient compared to C1 and C3. The sam- 
ples melted in C1 had very high absorption coefficient. 

As in Figure 5, the crucible used did not change the 
shape of the cutoff (all of them has a steep cutoff), but 
the cutoff for C2 and C3 is shifted to shorter wavelength 
compared to that of C1.  

A typical FT-IR spectrum of PBB01, PBB04 and 
PBB07 glasses melted with different crucibles are shown 
in Figure 6. A wide band near 3000 cm–1 was observed 
and is due to the fundamental vibration of OH- absorption 
band [23]. The peak near 2350 cm–1 is probably due to 
the heavy metal oxide element vibration in the glass [24].  

 
Table 3. Density and DSC measurement results on the glasses melted in different crucibles. 

Glass PBB01 PBB04 PBB07 

Crucible C1 C2 C3 C1 C2 C3 C1 C2 C3 

Tg (˚C) 262 302 295 308 309 296 335 314 306 

Tx (˚C) 305 382 385 365 390 395 375 410 405 

∆T (˚C) 43 80 90 57 81 99 40 96 99 

Density (g/cm–3) 8.3 8 6.6 7.8 6.6 6.5 8 7.99 6.5 

 
Table 4. Magneto-optical behavior of glass melted in different crucibles. 

Glass PBB01 PBB04 PBB07 

Crucible C1 C2 C3 C1 C2 C3 C1 C2 C3 

V (min/G·cm) 0.151 0.147 0.08 0.153 0.13 0.089 0.112 0.103 0.09 

n @ 633 nm 2.37 2.36 2.11 2.22 2.21 1.99 2.11 \ \ 

 
Table 5. Optical absorption coefficient and cutoff of the glasses melted in different crucibles. 

Glass PBB01 PBB04 PBB07 

Crucible C1 C2 C3 C1 C2 C3 C1 C2 C3 

a (cm–1) @ 633 nm 6.23 2.15 6.59 12.69 2.32 6.88 7.89 2.37 6.17 

Cutoff (nm) 425 413 420 464 420 431 428 425 420 
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Figure 4. Glass stability factor ∆T vs melting crucible.  
 
In summary, the transmittance of glasses melted in cru- 
cible C2 exhibited the best performance.  

4. Discussion  

4.1. Effects of Crucible Materials on the Glass 
Colour, Compositions and Density 

The change of glass properties and colour by using dif- 
ferent crucible materials are mainly due to the change of 
glass compositions through the reaction between the cru- 
cible materials and glass melts and the incorporation of 
crucible materials into the glass melts, as shown in the 
Table 2.  

The change of glass colour due to the change of cruci- 
ble materials is also reported in [9,16]. In this study, 
glass prepared by C3 showed the brown colour while the 
samples prepared by C1 shown light yellow colour.  

With the increase of incorporation of light oxides from 
the crucible, the change of glass nominal composition in 
terms of PbO and Bi2O3 increased. The change of com- 
positions is in good agreement to the change of density. 
The presence of heavy metal oxide in glasses contributes 
to glass density value. Since the atomic weight of bis- 
muth and lead is higher than the atomic weight of Al and 
Si, equimolar replacement of PbO and Bi2O3 by Al2O3, 
Na2O and SiO2 leads to the increasing of volume of mass 
glass and the decreasing of density. 

4.2. Effects of Crucible Materials on the Glass 
Nature and Thermal Stability  

It is well known that the introduction of the alumina, 
Na2O and silica improves the glass-forming ability. This 
is because their partial dissolution in the melt modifies 
the original compositions of the samples and inhibits 
their crystallization [9]. This can be observed from Fig- 
ure 5. The crystallization temperature increases when  

 

Figure 5. UV Absorption spectra vs crucibles for the three 
glasses. 
 
samples melted with C2 and C3. The role of Al2O3 in the 
glass matrix effectively lowers the liquidus temperature 
of the system and improved the thermal stability to hin- 
der the devitrification [25]. In other words, Al or Na ions 
break the Pb-O or Bi-O bonds and reduce the chance of 
crystallization [26]. 
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Figure 6. FT-IR spectrum of glasses (2 mm thickness) melted 
in three crucibles. 
 

This can be confirmed by the XRD test of the samples 
using different crucible: the samples melted with C2 has 
good glass-forming ability, this is proved not only during 
their casting process as in Table 1, but also from the 
XRD spectra in Figure 2.  

According to literature [27], the glass-forming ability 

appears to be in a first approximation determined by the 
difference between crystallization and glass transition 
temperatures (∆T = Tx – Tg). According to this, the glass 
forming ability has close relationship with the thermal 
stability of the glass. From Figure 4 and Table 4, the ∆T 
factor of three glass systems showed, as expected, the 
same clear trend: the glass samples prepared by crucible 
C2 and C3 showed better thermal stability than that of 
C1 which showed the lowest thermal stability.   

4.3. Effects of Crucible Materials on the  
Magneto-Optical Property 

According to literature [20] and [28], the Verdet constant 
of glasses linearly increased with the sum of HMO con- 
centration due to the high optical dispersion and strong 
polarization of heavy metal ions. In this case, the Verdet 
constant has close relation to the amount percent of 
HMO in glass matrix and the polarization density of the 
glass. This can be explained by the decrease of polariza- 
tion density induced by the incorporation into the glass of 
crucible components. The high concentration of HMO 
component glass has a big polarizability which will cause 
a higher Verdet constant and refractive index. In this 
study, when the PbO and Bi2O3 were substituted with 
other component such as Al and Si and Na oxides from 
the crucible materials, the sum of polarizability of the 
constituent ions and the molecular volumes will be de- 
creased [26], because the larger the radius of the cation 
(Pb2+ and Bi3+), the stronger the polarizability of the 
cation will be (Pb2+, Bi3+ > Al3+, Si4+). It was found in 
this study that glasses prepared by crucible C3, showed 
the lowest value of Verdet constant since the incorpora-
tion of Al, Si and other oxide impurities from C3 into the 
glass matrix enlarges the volume and decrease the weight 
percentage of HMO ions in the glass. Such change of 
structure and composition reduces V and n values.  

The reason why the V and n did not change so much 
for glasses prepared with C2 and C1, is that the nominal 
compositions of the glasses prepared by C1 and C2 did 
not change so much as shown in Figure 2, which means 
the polarization density is not reduced that much. An- 
other reason is probably that in C2, there was no other 
incorporation except the Al and Si oxides. According to 
the literature [28], the Si4+ will show diamagnetism 
property in the presence of magnetic field which will 
contribute to the increase of V and n value. No literatures 
reported that the Al3+ exhibit such property.  

4.4. Effects on the Glass Optical Absorption and 
FT-IR Transmittance 

According to literature [9,16,29], with the increase of the 
amount of heavy metal oxide in glass, the cutoff in UV 
region will shift to longer wavelength. Conversely in this 
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study, the introduction of Si4+ and more Al3+ in C2 and 
C3 decreased the Pb2+ and Bi3+ percentage in the glass 
system, and the cutoff shifted to shorter wavelength. The 
cutoff of glass melted in C2 showed a shift to shorter 
wavelength compared to C1. The reason why the cutoff 
of glass melts in C3 was a little bigger than that of C2, 
probably due to the diffusion of alkali (i.e. Na+, K+ ions) 
can move the cutoff to longer wavelength according to 
literatures [30].  

In addition, the samples melted in C2 exhibited good 
optical absorption performance and FT-IR transmittance. 
On the contrary, the glass melted in C1 had high absorp- 
tion, this is mainly due to the crystals in these glasses 
which increase the light scattering [9] (see Figure 2), and 
as for glass melted in C3, the impurities incorporation 
into the glass matrix also can increase the absorption [31], 
the brown colour of the samples melted in C3 contribute 
to the absorption as well.  

5. Conclusion  

A study on the effects of crucible materials on the prop- 
erties of magneto-optical PbO-Bi2O3-B2O3 glasses was 
carried out in this paper. It is found that, three kinds of 
crucible materials (C1, C2 and C3) had significant effects 
on the glass properties in terms of the glass-forming abil- 
ity, thermal stability, and density, Verdet constant and 
optical absorption. The changes of glass properties are 
mainly due to the changes of glass compositions and 
structures caused by the incorporation of elements from 
the crucibles into glass matrices. The crucible C2 with 
the composition of 25% Al2O3 and 75% SiO2 was found 
to be most suitable for PBB magnetic-optical glasses 
preparation because it combines a high value of Verdet 
constant with a clear improvement to the glass-forming 
ability, thermal stability and optical absorption. 
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