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Ì 1  MN*OPÍÌ 

Fig.1  Sketch of spun molybdenum crucible 

 

<�p/��ô#$1sy(3�0 α�102» ρ�

2» D

ρ

�340 β�5�p/%3�6/z7&.1

zÊ89u�¨��`(�í�)st��çègs

y:;�Û�<�=Ú� ψ

t

�syz{Ø f���-s

y>? δ�W��@ n�st¶��~�k��+,¶

�-A>%lnBC1DâãM�îE�Fþ��Ä

��U��G�U�û0�H�ùÛÛ�ÄI�JK

Û�Ä��#$LM!X%uqrNO(åæ°"�

�3�°ghPQk^1îïÇu�¨ðñ-ò}ó�

�ístlnV 

¦�u�¨(�RSTCU���V14�W

XstY�?���Zó4[�3(#$LM1uq

r\H>�/st3�18>Äz7]G)+,^,V 

������	
�

���������	
������

ö 2 4�de^(4_ì`ö

[17-19]

V?uqr� 

 

 

 

 

 

 

 

 

 

 

 

 

 

Ì 2  �ÎÏ·KJÐÑÒÓÔÌ 

Fig.2  Schematic diagram of HEM growth equipment 
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Ì 3  FGHIJÑJC�3MN*OPQÁecdef 

Fig.3  Deformation failures of spun molybdenum crucibles du- 

ring the preparation of sapphire single crystal: (a) convex 

bottom plate and (b) concave bottom taper 
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Ì 4  *¹'×ØÙXÚ 

Fig.4  Sampling locations of Mo plate 
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Ì 5  UV����«*¹Q'×¾¿ 

Fig.5  Metallographic microstructures of molybdenum plates of as-worked, annealed at 900 Û (a-1, b-1), 950 Û (a-2, b-2), 1000 Û (a-3, b-3), 

1050 Û (a-4, b-4) and 1100 Û (a-5, b-5) in rolled surfaces (a) and longitudinal rolled sections (b) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Ì 6  *OPMN��-MtÜÒ[ IÝÞ@Ì 

Fig.6  Spinning mandrel-wheel assemble sketch of spinning 

machine of molybdenum crucible (a) and enlarged detail 

of zone I (b) 
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� 7  �������� ! 

Fig.7  Penetrated crack in the wall of molybdenum crucible 
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Fig.8  Schematic diagram of roller trace during the spinning 

processing of molybdenum crucible 
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Fig.9  Schematic diagram of gas heating system during spinning 

of molybdenum crucible 
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Fig.10  Sketch of collapsed corner of molybdenum crucible 
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Table 1  Longitudinal room-temperature mechanical properties of as-annealed molybdenum crucible 

Sample Yield strength, R

p0.2

/MPa Tensile strength, R

m

/MPa Specific elongation, A/% Young’s modulus, G/MPa 

Fig.11a 481.784 582.152 3.1 271.4 

Fig.11e 459.683 575.457 3 306.1 
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Fig.11  Metallographic microstructures of molybdenum crucible after annealing at 1050 6 at different sites 
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Abstract: The service process of a spun molybdenum crucible used for sapphire crystal growth and effects of different parts of the 

crucible on the growth of sapphire crystal were analyzed; based on the analyses, the failure mode and elements of quality control of spun 

molybdenum crucible were proposed. The hot spinning processing of molybdenum plate was developed, and its processing parameters, 

including spinning wheel load factors (roller forming angle α, roller radius D

ρ

, roller radius ρ, adjusting angle β and wheel layout), wall 

thinning rate ψ

t

, roller feed f, core mould-roller clearance δ, spindle speed n, spinning temperature, heating method, annealing temperature 

and annealing time, were experimentally studied. The affecting factors, causes and solutions of molybdenum crucible defects, including 

outer and inner cracks in bottom corners, deep burrs in outside surface of side walls, cracks in open ends, collapsed bottom corner, 

insufficient wall thickness, circumferential uneven thickness and size errors in open ends, were comprehensively discussed. Meanwhile the 

evolution law of microstructure during the spinning process of molybdenum metal was presented. 

Key words: hot multi-spinning processing; spun molybdenum crucible; sapphire single crystal; molybdenum 
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