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Abstract In order to better understand the BGO-crucible

interaction, the wetting of the molten BGO on Ir substrates

has been studied by the sessile drop method at 1050 �C. It

was found that the oxygen partial pressure in the surrounding

atmosphere is an important parameter. For PO2
[ 0.1 mbar,

full wetting is observed without any visible contact angle.

X-ray diffraction analyses have shown that Bi2Ir2O7 is

formed at the interface. For PO2
\ 0.1 mbar, a drop is

observed with a contact angle of 70� and no chemical reac-

tion is detected. Attempts to grow BGO samples under low

oxygen partial pressure resulted in ingot without sticking

with the crucible.

Introduction

Bismuth germinate Bi4Ge3O12 commonly abbreviated as

BGO, is used for its scintillator capabilities. When exposed

to high energy particles, gamma-rays or X-rays, BGO emits

a green fluorescent light with a peak wavelength at 480 nm

which can be easily measured by classical, cheap, light

detectors. Due to its high stopping power, high scintillation

efficiency, good energy resolution and non-hygroscopy,

BGO is a good scintillation material and has found a wide

range of applications in high energy physics, nuclear

physics, space physics, nuclear medicine, geological

prospecting, and other industries.

Single crystals are usually grown by the Czochralski

technique but this technique involves diameter control

problems and high thermal gradients that are detrimental to

the crystal quality. An alternative growth method could be

the Bridgman technique, where the crystal is grown in an Ir

crucible. However experiments have shown that the crystal

sticks to the crucible, with associated stresses and damages.

More generally, the wetting behavior of molten oxides on

crucible materials is an important knowledge for the crystal

grower of these materials. However a recent review [1] did

not give any paper directly related to systems interesting to

the crystal grower. The available literature in this field only

concerns the wetting of oxide slags on metals.

This short note presents results obtained in studying the

wetting behavior of molten BGO on Ir, with the aim to find

an appropriate crucible material for the growth of BGO

single crystals.

Experiments

The wetting experiments were performed by the sessile

drop technique in closed ampoules. The experimental set-

up and procedure were designed, developed, and validated

by Harter [2] and are also described in [3]. They were

essentially used for the study of the wetting of molten

III–V and II–VI semiconductors on various substrates but

no significant modification has been necessary for the

present study.

Experiments were performed inside closed transparent

silica ampoules (Herasil grade from Heraeus) previously

evacuated under high vacuum during 24 h at 200 �C. Then

the substrate and BGO sample (approx. 1 g, provided from

cutting lost of single crystals by CRISMATEC) were

introduced and the ampoule closed by a silica stopper.
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A remaining small silica tube was then connected to the

vacuum pumps and gas bottles for cleaning again and

filling the ampoule with the appropriate atmosphere. Then

this tube was molten and pinched in order to hermetically

close the ampoule.

The ampoule was introduced in a resistance furnace

where previous thermal measurements have shown that the

substrate temperature remains constant at ±0.5 �C. All

measurements were performed at 1050 �C, slightly above

the melting temperature of BGO (1044 �C). Molten drops

were photographed through the optical stopper with a

SINAR camera, see Fig. 1. In the cases where drops were

obtained, the pictures were analyzed by comparison of

theoretical shapes calculated by a classical Runge–Kutta

method, in order to get the surface tension and the wetting

angle. The density of molten BGO at 1050 �C was taken as

6530 kg m-3 [4].

Substrates were mirror polished iridium square plates,

except some experiments where sandblasted iridium plates

were used. Platinum substrates were also used but they

always showed full wetting.

The atmosphere was controlled as follows:

– The nitrogen bottles were provided by the producer

(Air liquid) with an analysis certificate of 5 ppm of O2.

This gas was used in order to fill the ampoules for the

experiments with the lowest oxygen content.

– For the other experiments, the ampoules were first filled

with pure O2 at the appropriate pressure and then

nitrogen was added in order to reach the targeted total

pressure.

Results and discussion

The results are presented in the Table 1. Platinum always

showed full wetting and sticking, in agreement with the

reported interaction of Pt with BGO [5]. The experiments

Fig. 1 Schematic view of the

experimental device

Table 1 Experimental results

of wetting of molten BGO on

various substrates and under

various atmospheres

Atmosphere Ptot (1050 �C mbar) PO2
(1050 �C mbar) Substrate Result

Air 1000 200 Pt Full wetting

Air 1000 200 Polished Ir Full wetting

99.8% N2? 0.2% O2 54 0.1 Polished Ir Drop

98% N2? 2% O2 1000 20 Polished Ir Full wetting

99.8% N2? 0.2% O2 1000 2 Polished Ir Full wetting

99.9% N2? 0.1% O2 1000 1 Polished Ir Full Wetting

99.95% N2? 0.05% O2 1000 0.5 Polished Ir Full wetting

99.99% N2? 0.01% O2 1000 0.1 Polished Ir Full wetting

N2? 5 ppm O2 1000 5 9 10-3 Polished Ir Drop, h = 70�
Ar? 5 ppm O2 1000 5 9 10-3 Polished Ir Drop, h = 85�
N2? 5 ppm O2 2000 10-2 Polished Ir Drop, h = 70�
N2? 5 ppm O2 1000 5 9 10-3 Rough Ir Drop, h = 70�
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then focused on Ir, not surprisingly as this material is

regularly used for crucible in the Czochralski pulling of

BGO. It appeared that the partial pressure of oxygen was a

key parameter for the wetting. Two cases should be

distinguished.

For a partial pressure of O2 higher than approximately

0.1 mbar, full wetting of the substrate by the molten BGO

is observed (no detectable drop or wetting line). X-ray

diffraction analysis of the substrate surface was performed

and showed unambiguously a layer of Bi2Ir2O7. Traces of

IrO2, Bi, and Ge were also detected. It is proposed that the

following reactions take place between the sample and the

IrO2:

2Biþ 3=2IrO2 $ Bi2O3 þ 3Ir

2Biþ 2IrO2 þ 3=2O2 $ Bi2Ir2O7

The oxides may also react:

Bi2O3 þ 2IrO2 $ Bi2Ir2O7

For a partial pressure of O2 lower than approximately

0.1 mbar, there is no detectable reaction between the

substrate and the BGO and a drop is obtained under Ar as

well as N2 atmospheres. The measurements in these cases

are given in the Table 2.

These values are in agreement with the conclusions of

[1]: in non-reactive molten oxide/solid metal systems (as in

molten metal/solid oxide systems), adhesion results from

weak, van der Waals, interactions leading to values of work

of adhesion Wa of a few hundreds of mJ m-2. However

molten BGO wets the metallic substrates, because its sur-

face tension is lower than Wa, leading to h\ 90�.

The decrease of contact angle in the molten oxide/metal

systems, when the partial pressure of oxygen increases, has

already been reported by Ownby in the case of silico-alu-

mina melt on W [6], but without discussion of a possible

mechanism. Using data of [7–10], Chatillon (Chatillon C

SIMaP laboratory, personal communication of data ana-

lysed in (1993)) computed the standard free energy of

formation of Ir02 as function of temperature. It follows

that, at the temperature of the experiment, the equilibrium

pressure of O2 is of the order of 10-13 mbar, and then IrO2

was present in all experiments. The wetting transition at

0.1 mbar cannot be simply explained in terms of oxidation

transition. Following the mechanism proposed by Pech

et al. [11] in the case of a molten glass on stainless steel, it

appears that, at low oxygen partial pressure, the IrO2 layer

is not stable versus the molten BGO in which it dissolves at

a rate faster than its production by reaction of the substrate

with the atmosphere.

At high PO2
, the quantity of IrO2 increases and the liquid

is saturated close to the interface. This results in Bi2Ir207

formation at the substrate surface in contact with the liquid,

which is responsible for the observed wetting transition.

Concerning the difference between Ar and N2 atmo-

sphere, it should be taken cautiously because only one

measure has been performed under Ar. BGO is usually

pulled under air and does not react with N2. N2 adsorbs on

Ir [12] at room temperature, but with a low binding energy

[13], so that it is desorbed at high temperature.

On the practical point of view, the best results were

obtained in the case of the sand-blasted Ir substrates

because the drops detached spontaneously from the sub-

strate during cooling. This is attributed to thermo-

mechanical stresses due to differential dilatation [14].

Therefore Bridgman solidification experiments of BGO in

sand-blasted Ir cylindrical crucibles and under pure nitro-

gen were performed. It was observed that slightly conical

crucibles enhanced the detachment and allowed a gentle

removing of the sample from the crucible. However the

low partial pressure of oxygen resulted in a high concen-

tration of oxygen vacancies in the BGO, likely to decrease

the scintillation efficiency of the material.
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financial support and provision of Ir and BGO pure material. We

would like to thank Dr. N. Eustathopoulos for fruitful discussions on

the experimental results and possible mechanisms and take this

opportunity to wish him a peaceful and healthy retirement.

References

1. Eustathopoulos N, Drevet B, Brandon S, Virozub A (2009) Basic

principles of capillarity in relation with crystal growth, chapter 1.

In: Duffar T (ed) Crystal growth processes based on capillarity.

Wiley-Blackwell, ISBN: 978-0-470-71244-3

2. Harter I (1990) PhD thesis, INP-Grenoble (in French)

3. Harter I, Dusserre P, Duffar T, Nabot JP, Eustathopoulos N

(1993) J Cryst Growth 131:157

4. Shigematsu K, Anzai Y, Omote K, Kimura S (1994) J Cryst

Growth 137:509

5. Mechev VV, Kutvitskii VA, Shimanskii AF (1982) Iz Akad Nauk

SSSR, Metally 3:40

Table 2 Surface tension,r, wetting angle, h, work of adhesion, Wa, and work of cohesion, Wc, of BGO on polished Ir

Atm. r mJ/m2 h� Wa = r(1?cos h) mJ/m2 Wc =2r mJ/m2 Wa/Wc %

N2 208 ± 6 70 ± 5 279 ± 25 416 ± 25 67

Ar 243 ± 7 85 ± 5 264 ± 34 486 ± 34 54

Gases had a purity of 5 ppm

2142 J Mater Sci (2010) 45:2140–2143

123



6. Ownby PD, Weirauch DA, Lazaroff JE (1999) In: Eustathopoulos

N (ed) Proceedings of international conference on high temper-

ature capillarity, Smolenice Castle, May 8–11, 1994 (Reproprint,

Bratislava, 1995) pp 330–334. Cited in: Eustathopoulos N, Drevet

B, Nicholas M, Wettability at high temperatures, Pergamon

Materials Series, vol 3, ISBN S0-08-042146-6

7. Burriel R, Westrum EF Jr, Cordfunke EHP (1987) J Chem

Thermodyn 19:1227

8. Passenbeim BC, McCollum DC (1969) J Chem Phys 51:320

9. Cordfunke EHP (1981) Thermochim Acta 50:177

10. Kolbin NI, Samoilov VM, Shuvalov BN (1971) Russ J Phys

Chem 45:1199

11. Pech J, Braccini M, Mortensen A, Eustathopoulos N (2004)

Mater Sci Eng A 384:117–128

12. Nieuwenhuys BE, Meijer DTh, Sachtler WMH (1973) Surf Sci

40:125

13. Krekelberg WP, Geeley J, Mavrikakis M (2004) J Phys Chem

B108:987

14. Boiton P, Giacometti N, Duffar T, Santailler JL, Dusserre P,

Nabot JP (1999) J Cryst Growth 206:159

J Mater Sci (2010) 45:2140–2143 2143

123


	Effect of oxygen on the molten BGO/Ir wetting and sticking
	Abstract
	Introduction
	Experiments
	Results and discussion
	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /Description <<
    /DEU <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [5952.756 8418.897]
>> setpagedevice


