
Apnl 23, 1963 K. SIEBERTZ 3,086,856 
METHOD AND DEVICE FOR THE SUCCESSIVE ZONE 

MELTING AND RESOLIDIFYING OF 
EXTREMELY PURE SUBSTANCES 

Filed Feb. 10, 1954 

23 

FIG.4 

‘0404040. 10555» 

FIG.‘I 

FIG.3 



United States Patent 0 
1 

' 3,086,856 
METHQD AND DE‘VlCE FGR THE SUCCESSKVE 
ZONE MEL'HNG AND RESULIDIFYING 0F EX 
TREMELY PURE SUBSTANQES 

Karl Siebertz, Munich, Germany, assignor to Siemens & 
li-lals‘ke Aktiengesellschaft, Berlin and Munich, Ger 
many, a German corporation 

Filed Feb. 10, 1954, Ser. No. 469,420 
Qlaims priority, application Germany Feb. 14, 1953 

6 (Ilaims. (Cl. 75-10) 

-It is known to liberate last traces of impurities from 
generally pure materials by successively melting a zone 
of an elongated body or rod of the material in such a 
manner that the molten zone travels gradually from one 
end of the body to the other. Due to the concentration 
jump of the dissolved impurities in the border surface 
between the liquid and solid portions of the rod, the 
molten zone becomes enriched in impurities while a de 
pletion occurs in the resolidifying material, or vice versa. 
Due to the fact that the melting zone is gradually dis 
placed from one to the other end of the rod, the im 
purities also migrate toward one of these ends. If neces 
sary, the process can be repeated for obtaining maxi 
mum degrees of purity. At the same time, the process 
may serve to produce a single crystal from an originally 
amorphous or polycrystalline material, which may be 
sintered or otherwise produced. This requires placing 
into the melting zone, at the point where it commences 
‘its travel along the body, a single crystal of the proper 
orientation to serve as a crystal germ. 
The zone-melting process as heretofore known requires 

placing the material to be melted into a crucible or 
boat of refractory material. The results of the process, 
therefore, are affected by the fact that the material being 
processed can take up new impurities from the surface 
of the crucible walls. 

It is an object of my invention to avoid this de?ciency 
and to improve the zone-melting method toward achiev 
ing a higher degree of purity of the material being treated 
and toward a reduction in the processing time needed for 
securing a given degree of purity. 
To this end, and in accordance with a feature of my 

invention, the body to be successively zone melted is 
mechanically supported at only a few places so that the 
melting zones are only in the slightest degree, if at all, 
in contact with the means holding or containing the 
body. To prevent the molten material from running off 
due to its gravity, the melting zone is kept so narrow that 
the surface tension suffices for retaining it between the 
adjacent solid parts of the material. To achieve this 
result, and according to another feature of my invention, 
the elongated and preferably rod-shaped body is ‘ar 
ranged vertically, in contrast to the horizontal arrange 
ment heretofore customary. 

According to another feature of my invention, the 
running-off of the molten material is prevented by con 
tinuously revolving the body during the zone-melting 
operation. 

According to still another feature of the invention, the 
body may be given a horizontal or inclined arrangement 
and is heated only from above so that the melting zone 
does not extend through the entire diameter of the rod 
but forms only a molten segment or cone-shaped zone 
comprising only about the upper half of the rod, while 
the lower part of the rod remains solid and carries the 
melting zone. 

According to a further feature of the invention, the 
liquid material in the melting zone, which in this case 
may traverse the entire cross section of the rod, is kept 
freely ?oating by electromagnetic or pneumatic means. 
To this end, an electric ?eld may be produced which, at 
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the place of the melting zone, produces potential surfaces 
of a corresponding shape, for instance saddle shape, to ‘ 
magnetically support the material, the material being 
electrically conductive at least when in its molten con 
dition. The same effect can be obtained by the coaction 
of correspondingly arranged streams of gas. The gas to 
be used for this purpose is the same protective or inert 
gas that forms the atmosphere within which the entire 
zone-melting operation is to be performed. 
The foregoing and other features of the invention will 

be more fully understood from the following description 
of the embodiments of devices according to the invention 
illustrated on the drawing, in which 
FIG. 1 illustrates an arrangement for heat-treating a 

vertically held elongated body of material according to 
the invention wherein the melted zone is prevented from 
running off by means of a plurality of inclined blowers; 

FIG. 2 illustrates an alternative method of practicing 
the invention wherein the material being treated is hori 
zontally or slantingly disposed; 
FIG. 3 is a transverse cross-sectional view of FIG. 2 

taken through the melted zone; and 
FIG. 4 shows an apparatus for performing the method 

according to the invention with an arrangement as shown 

in PEG. 1. 
According to FIG. 1, a rod 1, of aluminum for example, 

to be processed is held in vertical position by clamping 
devices 2 and 3 engaging the two ends of the rod. A 
directly or indirectly heated ring 4 of small axial width 
in comparison with the length of the rod 1 surrounds a 
zone 5 of the rod in concentric relation thereto. The 
whole device is located in a vacuum or within a pro 
tective inert gaseous medium. A number of nozzles 6 
are distributed around the rod below the heater 4. Their 
blowing direction is such that the melting zone 5 is 
impinged on all ‘sides from below so that the molten 
material cannot drop off. The gas supplied to the nozzle 
6 is preheated by a heating device (not shown) to pre 
vent marginal cooling of the melting zone. The clamps 
2 and 3 together with the rod 1 are displaceable in the 
direction of the arrow 7 relative to the stationarily 
mounted heating and blowing devices 4, 6. The mech 
anism for moving the holders together with the rod may 
comprise a motor driven worm screw, a guide device for 
allowing simultaneous translatory, motion of the two 
holders, and gear mechanism carried by the holders and 
in meshing engagement with the worm screw. During 
the operation, therefore, the melting zone v5 travels from 
the bottom upwardly along the rod. 

In the embodiment shown in FIGS. 2 and 3, the rod 
1 of the material to be puri?ed is arranged horizontally. 
An arc lamp 8 serves as a source of heat. 
is concentrated upon the surface of rod 1 by means of 
a hollow mirror 9 and produces a trough or cone-shaped 
melting zone 10. This melting zone is carried by the 
underlying solid portion of the rod. A blowing device 
11 directs a cooling stream of protective gas against the 
bottom side of rod 1 to prevent the melting zone from 
breaking through the solid area. The rod 1 is continu 
ously kept in revolution in the direction of the arrow 12 
by means of a motor (not illustrated) adapted to turn 
a holding device at one end of the rod being processed. 
'In addition, the radiation source 8, 9 is displaced relative 
to rod 1 in the direction of the arrow 13. This can be 
accomplished by having the heat source and blowers 
?xed on a support that is slidable in guide means coex 
tensive with the rod, and by providing a motor of suit 
able speed having an output shaft cooperatively con 
nected with the displaceable support. As a result, the 
melting zone 10 is drawn through the rod from the left 
to the right on a helical path. FIG. 3 shows the heating 
and cooling means in relation to a cross section of rod' 
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1 through the melting zone 10. As apparent from FIG. 
3, the heat source 8, 9 is given a somewhat slanting 
arrangement while the cooling effect of the nozzle ar 
rangement 11 extends over a larger peripheral range of 
the rod and is effective not only from below but also 
from the side of the rod. 
In the device according to FIG. 4, the rod 1 to be 

processed is mounted at both ends in respective holders 
2,3 and is surrounded by a ring-shaped heater 4 for 
melting an axially narrow cross-sectional zone 5 as de 
scribed above with reference to FIG. 1. Holder 3 is 
mounted on a support 21 which is slidably connected 
with a base plate 22 *and can be displaced in the axial 
direction of rod 1 by means of a screw spindle 23. A 
bell-shaped housing 24 sealed against the base plate 22 
encloses the rod 1 to permit operating in vacuum or m 
a protective atmosphere. The holder 2 is mounted on 
a shaft 25 that passes through the housing to the outside 
and carries a gear 26 to be driven from a motor 27. _ The 
heater ring 4 is mounted on an axially displaceable rod 
28 that extends to the outside of the housing 24 where 
it is connected ‘by a rope 29 with a reel 30. 

Operating the reel, for instance by means of another 
motor, causes the rod 28 and the heater 4 to progress 
along the rod 1, for instance, in the direction of the 
arrow 7 for zone-melting the rod in the manner de 
scribed. During the processing, the spacing between the 
holders 2 and 3 can be varied for controlling the cross 
section of the processed portion of material. Also dur 
ing the zone-melting, the motor 27 may vbe operated to 
keep the upper portion of rod 1 in revolution. If de 
sired, another motor may be provided for also revolving 
the holder 3 with the lower portion of rod 1. 
A magnet coil 31 is mounted on rod 28 in concentric 

relation to heater ring 
operation a magnetic ?elo1 to counteract the tendency 
of the molten material to run Oil. For the same purpose 
the device is also equipped with the above-described 
nozzles 6 that, when in use, blow a stream of gas up— 
wardly against the molten zone. The gas may be iden 
tical with the one used as a protective atmosphere. The 
nozzles are preferably mounted together with the heater 
so that they maintain, during the travel motion, their 
proper spacing from the molten zone. 

I claim: , 

1. The process of successively zone-melting and re 
solidifying a rod of fusible material which comprises sup 

4 to produce during the melting' 
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the molten zone moving in a helical path in and along 
said body. 

2. The process of claim 1, the molten segmental zone 
extending not more than half Way across the cross sec 
tion of said rod. 

3. The process of successively zone-melting and re 
solidifying a rod of fusible material which comprises sup 
porting said rod at opposite end portions, applying heat 
to establish a molten segmental zone extending only part 
Way across the cross section of'the rod, the axial Width 
and cross-sectional area of said molten zone being such 
that the amount of molten material is limited to that 
which is supportable solely by virtue of cohesive and 

in a helical path in and along said body. 
4. The process of claim 3, the molten segmental zone 

extending not more than half way across the cross section 
of said rod. " 

5. The method of processing an elongated rod-shaped 
body of melta-ble material of delimited length, comprising 
clampingly supporting the body at opposite end portions, 
heating a segmental zone of said body to molten tempera 
ture, said zone extending only part way across said body, 
and advancing said heating along said body, the axial 
length and cross-sectional area of said molten zone being 
small enough so that surface tension serves to contain 
said molten zone in position along said body. . 

6. The crucible-free method of zone-melting an elon 
gated rod-shaped body of meltable material, comprising 
supporting the body at its end regions, heating a trans 

shaped body, while directing a blast of preheated inert gas 
so that it impinges against the molten zone, serving to 
counteract gravitational force acting on the molten mate 
rial by preventing the dropping off of molten material, and 
also serving to prevent marginal cooling of the melting 
zone. 
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