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2 7OJ3(W:y{ 3.5PbO·96.5B2O3(mol%) U"m�{/Sn��
v 1 }dI2o`FB�TL?v
Fig. 1 Schematic of the apparatus used for low-

gravity experiments in the JAMIC drop shaft

A: Glass box; B: Platinum heating coil holding the

glass sample; C: Pt-Pt/13%Rh thermocouple; D:

Copper wire leads; E: Refractory tube holding heat-

ing coil; F: Refractory tube holding thermocouple;

G: Main frame

~eJ3U2�zskp� (JAMIC)U~e>J"�~e,5 710m, ~-�H	~UXfI 490m, BCS5Uzsk	UH5JP{ 10s. GL~-<6UXfI
200m,� U 20m{I1<6Xf�{�skAl�w 1 {J3aGylUM�w��b9�"m� (A), 9�H40�+ (B), �+�y}"mS5�0b� (Pt-13%Ru)(C). � " m � U = I {
5.0cm×5.0cm×7.6cm, GL40"mS5U�+5P 5mm(∼15 +), �Q ∼3mm, GfQ ∼0.3mm UH[am�S5U��:,G X A�1As
(XRD) y��aGC�{ XPS-2000TM �
X A�1A;�S5��G��{U;�b~�zP (SEM) �/�E�ia� G;�bP�KU��y�; (EDXA) J"z):yy��aGC�{ S–4700 �;�b~�zP�

3 )�#<2
3.1 :Q�J\�p�~eJ3y�,Gt%sU40;%��V~eS3�;p�+Ub,�by��+p4lU~jWXV.et%sS54#�y�rEUAl�� 1 w>t%sS54#�y��;Usko9� PB-1� PB-2 Qp�~eJ3� PB-G Q^�J3�� 1 ?9P6$"�H ��Z/='
Table 1 Gravity level for the melting and

phase-separation of different samples

Sample Melting Phase-separation

PB-1 1-g, low-g high-g

PB-2 low-g and high-g 1-g

PB-G 1-g 1-g

v 2 PB-G R4T XRD v�
Fig. 2 XRD pattern of PB-G sample%�Q^�	ÆJ3%Q~eJ3�aSUS5i%u��{tF"mFuQB{y
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4 � tf��V	$rrjn8m PbO-B2O3 !lx�TD� 857�%Q�L�naSS5J"t XRD y���E�7w 2 aM�_=℄>�S5U1A�p�IL�U1AzGU�{"mg��:{ 3.5PbO·96.5B2O3(mol%) U"m?L PbO-B2O3"m�t�wpU8�8%'5) [9], N4lU~jYL 740◦C H�4l&y:p�%"5U8��9�{�"��9�{����BC�S5UFuw6QHLy�V:U�
3.2 :Q���,ULnL%sS5�FS5C�p�>r�y�0C�UY��Aft�(W3�a�G;�bPa�KU��;J":yy��HL��;%�y��N℄�J3p=a."N℄U�n�rd�>S5%s}l:yU1��w 3 {%sS5UY�t��Aft�U:yn�� (a) {Y�t�� (b) {Aft��wp���{S5�aU�n:y�=S5p�a�{*|��baU"�r\{�nS5p�U�ng�2�ay�:yMp�ay�:yU�g����{S5�aU�n}l�S5�Q{L}5j�=S5p�{*|��a\{�np�UXf�

v 3 $rR4�B�=�����9xT�=
Fig. 3 Comparison of composition in the cross-section of different samples

(a) Horizontal; (b) VerticalHw 3 _=℄>�S5��>�aU:y�#i%J���#(O�*�{Y�f��Z�U%so9	rEy�US5�Y�t� �IrE:y�U��>%sS5���a:yU�#(O�XrÆS5F>P	�"�riv:Y4�Z�%sS5U��irEt:y�U�9Æ&a	�S5U4#{g�:yQ*�\SU�y�rE &!:p�%'5U8�������"���p���U�j>Y��"�U�j>��U8�Zj%fJH�HLskU�G�&KS�"��	#:�p����>#:�FpOjtS5U��>:yU%\S$�sH%_=rÆ�J3 PB-1 aSS5U��:y�f�{�x�J3 PB-2 aSS5Ee�p^�	ÆJ3 PB-GaSS5U��:y�f���`w6M�S54#�y�Uo9I��J3 PB-1 aSS5Uy�w6rEU�skAl��skU�G�/KS��jU�"�	6>�	#:�Y�jU���	6>�>#:�FpOjt	JU:y���J3 PB-2 M^�	ÆJ3aSS5iQU4sk	rEy�U�HL4sk7Oj>sU�"��	#:�>%U����>#:�Fp`p�S5	�)}U"�r7
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858 � + * u ) � 21 Y�L>�)}U"�r�M`p�S5a%sUQJ3 PB-2 U4#MitzskAl��skAl��V
$�>:VUg|�zskKS4lU:y	(\S�p�skX&Oj4l:yU%\S�J3 PB-2 aSS5�^�	ÆJ3S5U��:y��?-s�_�QHLJ3 PB-2 U4#�;p�skAl�tw6�G��skKS�+�4l	�)yU"�r�L4lU>�)y�`TOjtJ3 PB-2 aSS5U:y��>^�S3	{-s�
3.3 :Q�EB*�w 4{J3 PB-1aSS5U%s}lU SEM^��aI^�iWI�sUuJ�{�_=℄>�y� US5pGUp���9�Qo'��x9�QK!'{Uy:��nL
3.5PbO·96.5B2O3 U"m4l��tUy��;C�Q�"�UE��5J�;�y� S5U�zE�C�Q'{U�"�y&L��Uo'�p�BC�w 4 pUo'�C�Qy� !:U����p�pU'{y:�C�Qy� !:U�"��

v 4 I2 PB-1 `RR4$r|kT SEM ℄�
Fig. 4 SEM pictures at different locations of the sample from drop shaft experiment PB-1

(a) Top; (b) Bottom; (c) Left; (d) Rightxx%_=℄>�S5%s}lU�zE�7I�J%s�nLY�t��S5F�PJU�zE�K!9j�y:�=I3!�I)��nLAft��S5U\)y:�=I�J�d)U=IX���pS5Y�t�U%s)}Uy:�=IXGLS5d)�\)Uy:�=Ie5�S5%s}l�zE�U)��w6QHL:yU%saZeU���dQ�y�rEH��"� (�r�) 
Uw8�hE�!:8Z�/ `�q�:��zv:5J�f
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4 � tf��V	$rrjn8m PbO-B2O3 !lx�TD� 859P8�Zj�JppiE5�7$aW�J3 PB-1 S5Uy�w6U�skAlJ"��skU�GKS8Z�+^�	:h�KS4l8Z��jF>P	v:YJ�FpKS�8ZU�z,&F>P	v:Yo�BC�KS8Z�U=IF>P	v:YJ�nLY�t��HL�aiQ�?��>Up�a�8Z�U�jQ*�9jU�Fp�8ZUE5,&7*�9j�BC8Z�U=I*�9j�

v 5 }dI2 PB-2 �℄��I2 PB-G `RR4T=�(xT SEM ℄�
Fig. 5 SEM pictures at the top and bottom parts of glass from experiment PB-2 and PB-G

(a) Top part of sample PB-2; (b) Bottom part of sample PB-2; (c) Top part of sample PB-G;

(d) Bottom part of sample PB-Gw 5 { PB-2 � PB-G aSS5p%s}lU�zE�^��HCw_=℄>�M PB-1�s�S5y� 1/!:9�o'��9�K\'!Uy:��%sUQ�nLJ3 PB-2� PB-G aSS5�>	)y'!y:�U=I�y&3!�s��IrÆ��U)��B{p�S5QU4sk	y�U��U:y�n\S�BC%s)}y� aSUy:��Ifo�#�`M$��L%s)}U:yy�E�Q9jU�
4 )2

PbO-B2O3 "mrEy� !:9�����9��"��`p��iQ"m��y� aSp�5GU�j1�UskU�G	&2Eny�V:S5U:y%\S��sk	y�aSUS50��%s)}y:�U=II�J%s�%s)}U:y)��J�S3U:y\S$�1�
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Effects of Gravity Level on Phase Separation of PbO-B2O3 Glasses

ZHU Dong-Mei1, LUO Fa1, ZHOU Wan-Cheng1, RAY C S2, DAY D E2

(1. State Key Laboratory of Solidification Processing, Northwestern Polytechnical University, Xi′an

710072, China; 2. Ceramic Engineering Department and Graduate Center for Materials Research, Univer-

sity of Missouri-Rolla, Rolla, MO 65409, USA.)

Abstract: PbO-B2O3 glasses were melted and solidified through drop shaft experiment to

explore the phase-separation of the glasses under different gravity conditions. XRD was conducted

to determine the phase of samples after phase-separation. The distribution of elements in different

samples was compared through EDS analysis and the microstructures were observed by SEM.

Results show that both Pb-rich phase and B-rich phase consistently exist in all the glasses no

matter how different the gravity level is. For the sample of phase-separation happened under high

gravity, the size of separated Pb-rich phase in the top of the sample is much smaller than that in

the bottom of the sample, and the homogeneization of elements is the worst due to the difference

in density between Pb-rich phase and B-rich phase.

Key words lead-borate glass; phase-separation; gravity


