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This invention relates generally to sealing methods 
and apparatus. More particularly the invention pertains 
‘to methods and apparatus for providing a liquid-tight 
seal around a body passing through an aperture into a 
vessel containing a liquid. 

While the need for such seals arise frequently in con 
nection with a wide variety of chemical and metallurgical 
processes and apparatus, the invention is deemed at the 
present time to have‘ particular advantage and utility 
in its application to the growth of single crystals of semi 
conductor materials as described in copending application 
of N. E. Hamilton for United States Letters Patent Serial 
No. 787,939, ?led January 20, 1959 and assigned to the 
same assignee as the present invention. Accordingly, 
the present invention is herein described in this particular 

It will be understood, however, that this 
is solely by way of example rather than limitation and 
that many other applications of the inventive principles 
may manifest themselves to persons skilled in the art. 

Briefly stated the crystal growing method and apparatus 
described in the aforementioned application involves the 
use of a refractory vessel for containing a melt of the 
material to be crystallized and for passing a charge bar 
of such material through an open bore in the bottom of 
the vessel to feed the melt while a single crystal is “pulled” 
from above. This method and apparatus depends on the 
surface tension of the melt to prevent leakage through 
the clearance space between the feed aperture and charge 
bar. Consequently, the maximum permissible clearance 
is critical, requiring careful preparation of the charge 
bar to avoid dimensional variations and/or surface 
irregularities. Reliance solely on surface tension for 
sealing also places a practical limit on the permissible 
hydrostatic pressure in the melt which, in turn, requires 
an appreciable margin of safety to avoid leakage in the 
event of impulse pressures. 1 
The fundamental general object of the present inven 

tion is to provide a novel sealing method and apparatus 
which avoid or mitigate at least one of the problems of 
the prior art as mentioned above. 
A more particular object is the provision of an im 

proved liquid-tight seal for an object passing through 
an aperture which tolerates appreciable variations in the 
clearance space to be sealed. 

Another object is the provision of an improved liquid 
tight seal for an object passing through an aperture 
which is self-forming, self-adjusting and self-renewing. 

Still another object is the provision of a novel liquid 
tight seal for an object passing through an aperture which 
automatically adjusts to compensate for variations in 
the clearance space to be sealed and does not impose 
any undue frictional drag on the relative movement of 
the parts sealed. 

Another object is the provision of novel liquid sealing 
method-s and apparatus which enable the utilization of 
surface tension for sealing across greater clearance spaces 
and/or against higher hydrostatic pressure than could 
otherwise be sealed by surface tension effects. 
A speci?c object is the provision of improved methods 

and apparatus for pulling crystals from the melt in which 
parameters relating to or effected by the cross-sectional 
dimensions and con?guration of the charge material fed 
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to the melt and the hydrostatic pressure of the melt are 
rendered less critical than in comparable prior art methods 
and apparatus. 
These and additional objects of the invention are ac 

- complished by the provision, on the body to be passed 
through and sealed in the aperture, of a substantially 
continuous, friable surface coating adapted to reduce the 
lateral clearance space, and ‘participate in the formation 
of a liquid-tight seal, between the body and aperture. 

These and additional objects of the invention, its 
advantages, scope, and the manner in which it may be 
:practiced will be readily apparent to persons conversant 
with the art from the following description and subjoined 
claims taken in conjunction with the annexed drawings 
in ‘which like reference characters denote like parts 

. throughout the several views and 
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FIGURE 1 is an axial sectional view of apparatus 
embodying the invention; and 
FIGURE 2 is a fragmentary view showing a portion of 

the structure of FIGURE 1 on an enlarged scale. 
Except as modi?ed to incorporate and illustrate the 

,present invention the apparatus depicted in FIGURE 1 
substantially identical to that shown, described and 

claimed in the aforementioned application Serial No. 
787,939. The apparatus, designated as a whole by 
reference numeral 10, comprises a crucible member “12 
laterally surrounded by a heat-generating element 14 and 
disposed within an enclosure 16. 
The upper end of crucible member 12 is formed with 

a cup-shaped cavity 18 which serves to contain a melt 
'20 from which a single crystal 22 is pulled in the manner 
well-known in the art and referred to as the “Czochra'lski” 
method. 
The lower end of crucible member 12 contains an open 

ended bore 24 coaxial with and extending into the bottom 
of cavity 18. A “charge" bar 26 of the material to be 
crystallized is dimensioned to be slidably received in bore 
24 so that the bar may be passed vprogressively through 
the bore and thus replenish :melt 20. 

Heat-generating element 14 may be any suitable device 
for heating the region of cavity ‘18 which it surrounds. In 
the illustrated embodiment element 14 is a high frequency 
electromagnetic induction coil and is connected to a 
source of high frequency alternating current, not shown. 
The region of cavity 18 enveloped by coil 14 extends from 
the bottom of the cavity, i.e., shoulder 28, to a point at 
a substantial distance below the top of the cavity. Coil 
14 may be mounted on crucible 12 or otherwise arranged 
so that its position relative to the crucible is '?xed. 
The remainder of the structure illustrated in FIGURE 

1 is not germane to, nor essential to an understanding 
of, the present invention and, ‘therefore, need not be de 
scribed herein. For a complete description of such struc 
ture and its functions reference may be had to the afore 
mentioned c-opending application Serial No. 787,939. 
From the structure thus far described, however, it will be 
understood that melt 20 in crucible cavity 18‘ is replen 
ished ‘by means of charge bar 26 which moves progres 
sively into bore 24. Under these circumstances it will 
be appreciated that it is necessary effectively ‘to seal the 
clearance space (shown in exaggerated dimensions at 
30, FIGURE 12) between bar 26 and the walls of bore 
‘24 to prevent leakage of melt 20' without unduly im 
peding the movement of the bar through the bore. In 
the apparatus disclosed in the aforementioned copending 
application Serial No. 787,939 the required sealing is ac 
complished by and depends on ‘the characteristic surface 
tension of melt 20. ‘Inasmuch as the maximum value of 
surface tension available for scaling is ?xed for any par 
ticular substance in the crucible, there is a critical rela~ 
tion between the amount of clearance which can be 
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tolerated and the hydrostatic pressure of the melt tending 
to produce leakage. This in turn necessitates careful 
control of the con?guration of the charge bar to keep sur 
face irregularities to a minimum in both number and de 
gree and to hold variations in size and shape of the bar 
within close limits. 

It will be understood that even a small amount of 
leakage of melt Ztl into the bore 24‘ is intolerable inas 
much as the melt solidi?es in the cooler regions causing 
the charge bar to bind in the bore, disrupting entirely 
the operation of the apparatus. 

In accordance with the present invention factors hear 
ing directly on or in?uencing the efficacy of the seal be 
tween the feed bar and the crucible bore are rendered less 
critical by means of a surface coating 32 of suitable thick 
ness applied to charge 'bar 26 prior to its insertion into 
bore 24 and adapted to reduce the lateral clearance and 
participate in the formation of a ?uid-tight seal between 
the bar and the bounding surfaces of the bore. It is to 
be understood that the thickness of coating 32, like clear 
ance 30, is greatly exaggerated in the drawings for 
clarity of illustration. 

While the chemical identity and physical characteris~ 
tics of coating 3-2 would vary with the particular appara 
tus in which the seal is employed, as Well as with the 
identity of the solid feed material and the liquid into 
which it is fed, the coatings may be classi?ed according 
to their mechanism of operation into two general types: 

(1) Coatings which entirely supplant, and operate in 
dependently of, surface tension of the melt and 

(2) Coatings which coact with and utilize surface ten 
sion effects in the formation of the seal. 

In some cases a single coating may be of either type de 
pending upon the particular service conditions. 

Both types of coatings have certain characteristics in 
common: they should be substantially continuous and 
friable; and they should not melt in service, i.e., they 
should have a melting point higher than the ambient 
temperatures to be encountered and where, as in the ex 
emplary embodiment, the liquid sealed against is a molten 
solid the coating material should have a higher melting 
point than such solid. In situations Where melting is 
not involved, the material of both types of coatings 
should be substantially insoluble in the liquid sealed 
against. In some cases, it may be required that the 
coating material be not reactive with and completely in 
soluble in the liquid so as not to contaminate the liquid. 
Turning now to the individual distinguishing charac 

iteristics of the respective types of coating materials 
speci?ed above, in type ll (i.e., where the coating mate 
rial forms the seal independently of surface tension) it is 
necessary that the material of the coating be capable of 
packing to some extent as opposed to being very fluid 
or plastic in nature. As a speci?c example of this type 
of ‘material a coating of ?nely divided carbon is highly 
satisfactory on a germanium charge bar fed, in the manner 
described in conjunction with FIGURE 1, into a melt of 
germanium. This coating may be applied in any suitable 
manner but this is conveniently accomplished by exposing 
the surfaces to a sooty ?ame. 

In operation such a coating is carried on the feed bar 
until it reaches melt 20, or other liquid to be sealed against. 
At this point the solid feed bar melts or dissolves in the 
liquid while the coating, insoluble or infusible at the 
‘temperature involved, is disrupted by the liquid pressure 
:and packed as shown at 34, FIGURE 2, into clearance 
:space 30 between the bar and the wall of bore 24. This 
:results in the formation of a continuously self-renewing 
seal comprising the powdery or crumbled coating on the 
vfeed-bar. 

It will be appreciated that the inner bounding surface 
of the seal thus created conforms instantaneously and 
precisely to the outer surface of charge bar 26. Should 
progressive movement of the bar into the bore bring into 
the sealing region .a segment of the charge bar which is 

10 

15 

25 

30 

35 

40 

45 

55 

60 

65 

70 

75 

somewhat undersized (i.e., somewhat smaller than an 
immediately preceding portion of the bar) the gap which 
would ordinarily result with a conventional seal does not 
come into being inasmuch as the coating immediately and 
continuously compensates for the diminution in the bar 
dimension. Conversely, the occurrence of an oversized 
segment in the bar simply packs the accumulated seal ma 
terial a little tighter or erodes a sufficient quantity of the 
friable material to achieve precisely the required dimen 
sion. 

The second type of coating 32 contemplated by the 
invention is a relatively continuous layer or ?lm on the 
surface of the bar characterized by appreciable strength 
as compared to the surface tension of the liquid to be 
contained but which is weak relative to the desirable forces 
involved in feeding the coated bar into the aperture to be 
sealed. The coating is such that upon being disrupted 
it forms platelets or particles adapted to and capable of 
lodging in and bridging the clearance space, thus allow 
ing smaller surface radii, i.e., small enough that surface 
tension is effective to prevent leakage of the liquid. 
A particularly successful example of this type of coat 

ing is a ?lm of silica applied to germanium feed bars for 
use in crystallizing apparatus such as described above and 
illustrated in FIGURE 1. The coating is formed by wet 
ting the germanium bars with ethyl silicate and allowing 
them to air-dry. Moisture present in the air probably 
causes some hydrolysis during the formation of the coat— 
ing which probably is hydrated silica. 

While there have been described what at present are 
believed to be the preferred embodiments of this inven 
tion, it will be ‘obvious to those skilled in the art that vari 
ous changes and modi?cations may be made therein with 
out departing from the invention, and it is aimed, there 
fore, to cover in the appended claims all such changes and 
modi?cations as fall within the true spirit and scope of the 
invention. 
What is claimed and desired to be secured by United 

States Letters Patent is: 
1. In combination with a method of passing a solid 

body into a liquid-?lled vessel through an aperture located 
below the liquid surface, the step of applying to said 
body a friable substantially continuous surface coating 
adapted to be disrupted in said aperture to form a residue 
participating in the formation of a seal between said body 
and vessel, said coating being substantially insoluble and 
non-reactive in the liquid and having a melting tempera 
ture exceeding the temperature of the liquid. 

2. A method according to claim 1 wherein said coat 
ing is applied by ‘wetting the body with ethyl silicate fol 
lowed by air-drying. 

3. A method of growing single crystals of a fusible 
solid material from a melt, comprising: preparing a bar 
of said material; applying to the bar a substantially con 
tinuous friable surface coating of a material which is sub 
stantially non-sublimable, non-reactive and insoluble in 
a melt of the material of said bar and has a melting tem 
perature exceeding the temperature of the melt; dispos 
ing said bar in a substantially vertical position; inserting 
the upper end of said bar into an open refractory vessel 
through an aperture in the bottom wall of said vessel; es 
tablishing a molten zone adjacent the upper end of said 
bar; and removing crystallized material from the molten 
zone while simultaneously progressively moving said bar 
relative to said vessel through said aperture and into the 
molten zone, said coating being continuously disrupted 
within said aperture during passage of said bar there 
through to form a residue between said bar and said aper 
ture forming a liquid tight seal. 

4. A consumable charge bar for insertion through an 
aperture into a crucible member containing a melt com 
prising: an elongated bar of charging material having a 
cross-sectional con?guration complemental to that of the 
aperture to be passed therethrouigh with a predetermined 
lateral clearance space; and a continuous surface coating 
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on said bar comprising a substance disrupted during pas 
sage of said bar through the aperture to form a residue 
?lling said lateral clearnance space to establish a liquid 
tight seal, said coating having a melting point higher than 
the temperature of the melt and insoluble therein. 7 

5. A charge bar :as claimed in claim 4 wherein said 
elongated bar is of germanium material for insertion into 
a germanium melt and said coating comprises ?nely 
divided carbon. 

6. A charge bar as claimed in claim 4 wherein said 
elongated bar is of germanium material for insertion into 
a germanium melt and said coating is formed of silica. 

7. The method of passing a solid body into a liquid 
?lled vessel having an aperture in the bottom wall there 
of adapted to sli-dably receive the body with a predeter 
mined lateral clearance, which includes the steps of: ap 
plying to the body a friable substantially continuous sur 
face coating; and moving the body vertically upward 
through the aperture whereby the surface coating is con 
tinuously disrupted by the edges of the aperture during 
movement of the body to form a residue in the clearance 
space between the body and aperture to provide a liquid 
tight seal. 

8. A method ‘of growing single crystals of a fusible 
solid material from a melt which includes the steps of: 
preparing a bar of germanium material; applying to the 
bar a substanially continuous friable surface coating of 
silica; disposing said bar in a substantially vertical posi 
tion; inserting the upper end of said bar into an open re 
fractory vessel through an aperture in the bottom wall of 
said vessel; establishing a molten zone adjacent the upper 
end of said bar; and removing crystallized material from 
the molten zone while simultaneously progressively mov 
ing said bar relative to said vessel through said aperture 
and into the molten zone, said coating being continuously 
disrupted within said aperture during passage of said bar 
therethrough to form a residue between said bar and 
said aperture forming a liquid-tight seal. 

9. A method of growing single crystals of la fusible 
solid material from a melt which includes the steps of: 
preparing a bar of germanium material; applying to the 
bar a substantially continuous friable surface coating of 
?nely divided carbon material; disposing said ‘bar in a su - 
stantially vertical position; inserting the upper end of said 
bar into an open refractory vessel through an aperture 
in the bottom wall of said vessel; establishing a molten 
zone adjacent the upper end of said bar; and removing 
crystallized material from the molten zone while simul 
taneously progressively moving said bar relative to said 
vessel through said aperture and into the molten zone, 
said coating being continuously disrupted within said aper 
ture during passage of said bar therethrough to form a 
residue between said bar and said aperture forming a 
liquid-tight seal. 
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10. A method of growing single crystals of a fusible 

solid material from a melt which includes the steps of: 
preparing a bar of silicon material; applying to the bar a 
substantially continuous friable surface coating of silica; 
disposing said bar in a substantially vertical position; in 
serting the upper end of said bar into an open refractory 
vessel through an aperture in the bottom wall of said ves 
sel; establishing a molten zone adjacent the upper end of 
said bar; and removing crystallized material from the 
molten zone while simultaneously progressively moving 
said ‘bar relative to said vessel through said aperture and 
into the molten zone, said coating being continuously dis 
rupted within said aperture during passage of said bar 
therethrough to form a residue between said bar and said 
aperture forming a liquid-tight seal. 

11. A method of growing single crystals of a fusible 
solid material from a melt which includes the steps of: 
preparing a bar of silicon material; applying to the bar a 
substantially continuous friable surface coating of ?nely 
divided carbon material; disposing said bar in a substan 
tially vertical position; and inserting the upper end of said 
bar into an open refractory vessel through an aperture 
in the bottom Wall of said vessel; establishing a molten 
zone adjacent the upper end of said bar; and removing 
crystallized material from the molten zone while simul 
taneously progressively moving said bar relative to said 
vessel through said aperture and into the molten zone, 
said coating being continuously disrupted within said 
aperture during passage of said bar therethrough to form 
‘a residue between said bar and said aperture forming a 
liquid-tight seal. 
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