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(57) ABSTRACT 

A method is provided for the fabrication of a protective 
coating for a crucible with channels being formed in the 
Coating. A material is adhered to the outer wall of the 
crucible to form a pattern thereon. The outer wall of the 
crucible along with the paaem of material adhered thereto is 
next coated with another material. The material used to f a n  
the pattem should extend through the outer material coating 
to define at least one port therein. Next, the clllcible with its 
pattern of material and outer coating material is heated to a 
temperature of transformation at which the panem of mate- 
rial is transformed to a fluidic state while the crucible aed 
outer coating material maintain their solid integrity. Such 
transformation could also be accomplished by using a sol- 
vent that causes the panern of material to dissolve. Finally, 
the material in its fluidic state is removed via the at least one 
port formed in the outer material coating thereby leaving 
channels defined in the coating adjacent the outer wall of the 
crucible. 

41 Claims, 1 Drawing Sheet 
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METHOD OF FABRICATING PROTEC"lV3 
COATING FOR A CRUCIBLE WITH THE 
COATING HAVING CHANNELS FORMED 

THERJIIN 

ORIGIN OF THE INVENTION 

transformation. Such tmnsformation could also be accom- 
plished by using a solvent that causes the pattern of material 
to dissolve. In either case, the pattem of material is trans- 
formed to a fluidic state. Finally, the material in its fluidic 

5 state is removed via the at least one port formed in the outer 
material coating thereby leaving channels defined in the 
coating adjacent the outer wall of the crucible. The outer 
coating material serves to protect the crucible while the 
resultant channels can be used for a variety of purposes. 

The invention was made was made by an employee of the 
united states and my be 
used by or for the Government for govemmentd purposes 
without the payment of any royalties. 10 

BRIEF nF-UI?rPTIQY E E!! E?tA.!'.?XC{S> 

BACKGROUND OF THE INVENTION other objects, features and advantages of the present 
1. Field of the Invention 
This irMmtion relates to me- of 

invention w i ~  bec~me apparent upon reference to the fol- 
lowing description of the preferred embodiments and to the 

cate corresponding parts throughout the several views of the 

FIG. 1 is a side view of a crucible having straight runs of 
channel-fonning material adhered thereto in accadmx 
with an embodiment of the present invention; 2. Description of the Related Art 

FIG. 2 is a side view of a crucible having helical runs of 
channel-forming marerial adhered thereto in accordance Crucibles are used as containers in a wide variety of 

ability to withstand high heats while remaining inert with 
respect to the chemicals therein. ~ ~ a l ~  tfi- FIG. 3 is a side view of a crucible having both helical and 
cally used for crucibles include oeramics (e.g., alumina, straight YUIIS of channel-forming material adhered thereto in 
aluminurn nitride, boron nitride, etc.) quartz and glass. n e  axordance with yet another embodiment of the present 
downside of these materials is their brittleness thereby invention; 
necessitating some of p r o w o n  for the crucible its FIG. 4 is a side view of the crucible with the straight N I ~ S  
contents. F m ,  it is *dy necessary to heat/cool& 30 of channel-forming material illustrated in FIG. 1 and further 
crucible, coated with a protedve material in accordance with the 
some sort of sensing mechanism thereto. Once again, this p r e m t  invention; and 
requires some sort of special set-up for each operation. FIG. 5 is a side view of the crucible assembly in FIG. 4 

p r o e v e  15 &-wkgs, w k &  c=zsp&zg =fs=-e C k & . h  . .  cc.t;ngs fcr B c~xi i !c .  Mcm spx<ii&~y, rhe invention IS a 
method of fabricating a protective Coating for a crucible 
where the method simul-us1y creates multi-purpose 
channels within the coating and cwpled to the crucible's 
outer wall. 20 

and wherein: 

metallurgic and growing processes owing to their with of the present invention; 

thereon, or 0-w 

SUMMARY OF THE INVENTION 
after a heating step and a removal step in which the 

35 channel-forming material is transformed to a fluidic state 
Accordingly, it is an object of the present invention to and removed, ~spectively. 

provide a method of fabricating a protective wall for a 
crucible while simultaneously providing the means to 
accommodate a variety of systemdpmcesses requiring ._ 

DESCRIPTION OF THE PREFERFtEiD 
EMBODIMENT(S) 

- - 4 u  
access to a portion of the crucible's outer wall. Referring now to the drawings, and more particularly to 
Another object of the present invention is to provide a FIG. 1, a side view of a crucible 10 is illustrated. Crucible 

protective coating for a crucible with one or more channels 10 is any standard open or sealed crucible, the particular 
being defined in the coating adjacent the cruciile's outer choice of which is not a limitation of the present invention 
Wall. 45 Typically, crucible 10 is made from a ceramic, quartz or 

Other objects and advantages of the present invention will glass material. Once again. the choice of material for cru- 
become more obvious hereinafter in the specif idon and cible 10 is not a limitation of the present invention 
drawings. Applied or adhered to the outer wall of crucible 10 are one 
In accordance with the present invention, a method of or more pieces of material 12 (e.g.. two are shown) arranged 

fabricating a protective coating for a crucible is provided H) in a desired pattern. In FIG. 1, pieces of material 12 define 
where the coating channels fe h k .  crucible two contiguous, non-intersecting and substantially straight 
is generally made from a material having a high melting Nils that extend along the length of crucible 10. Fewer or 
temperature on the order of 15(JOo C. or grew. A more pieces of materid 12 could be used without depamng 
is adhered to the outer wall of the crucible to fonn a paaem from the scope of the present invention. Fwther, pieces of 
thereon. This material should have a temperature of trans- 55 material 12 need not extend the full length of crucible 10 as 
formation that is less than the melting temperature of the shown. hferably, pieces of material 12 are in the form of 
crucible's material. The outer wall of the crucible along with a strip or tape that can be self-adhesive on one side thereof, 
the pattern of material adhered with glued or otherwise held in place against the outer wall of 
mother material such that the crucible's outer wall along crucible 10. However, pieces of material 12 could also be 
with the p e m  of material adhered hereto are subsmtially M) formed or otherwise molded onto crucible 10. The choices 
covered. The material used to form the pattern should extend for pieces of material 12 are varied and will be discussed 
through the outer material coating to define at least one port further below. 
therein. The outer material coating should have a melting As will be explained further below, pieces of material 12 
temperature that is greater than the temperature of transfor- are eliminated during fabrication in accordance with the 
mation of pattern of material adhered to the outer wall of the 65 present invention. To facilitate such elimination, pieces of 
crucible. Next, the crucible with its pattern of mateM and material 12 can have one or more free ends 12A that extend 
outer coating material is heated to at least the temperature of from crucible 10 as illustrated. 

is next 
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The present invention is not limited to using pieces of 
material 12 extending contiguously and in a non-intersecting 
fashion along the entire length of crucible 10 as illustrated 
in FIG. 1. For example, FTG. 2 illustrates the use of a single 
piece of material 14 wrapped helically about crucible 10 all 
along its length. However, as in the previous embodiment, 
piece of material 14 need not extend all along the length of 
crucible 10. Further, more than one such piece of material 
could be helically wrapped about crucible 10 with succes- 
sive wraps being parallel to or crossing one another. Still 
further, piece of material 14 can have free ends 14A that 
extend from crucible 10. 

In still another embodiment illustrated in FIG. 3, a com- 
bination of straight-run pieces of material 12 and helical-run 
piece of material 14 are appliedadhered to crucible 10 to 
form a grid-like pattern. The order of application of mate- 
rials 12 and 14 is not a limitation of the present invention. 
The number and/or position of free ends 12A and 14A can 
be fewer or more than shown, and can further be selected to 
suit a particular application. 

Regardless of the pattern formed by pieces of material 12 
and/or 14, the next step in the present invention is the 
coating of the outer wall of crucible 10 and pieces of 
material 12 and/or 14 with a material selected to protect the 
(brittle) crucible 10. For example, FIG. 4 illustrates the FIG. 
1 embodiment coated with a protective material 20 such that 
crucible 10 and pieces of material 12 are contained therein. 
One or more of free ends 12A should extend from material 
20 as illustrated. 

Protective material 20 is typically a metal that is either 
electroplated or chemically vapor deposited in place. Note 
that if electroplating is used, a preliminary step of painting 
or otherwise depositing a very thin conducting layer (e.g., 
gold, silver, carbon, etc.) onto the outer wall of crucible 10 
and pieces of material 12 is required as is known in the art. 
While material 20 is typically a metal, other materials can be 
used without departing from the scope of the present inven- 
tion. 
. As mentioned above, the pieces of material 12 and/or 14 
used to create a pattern on crucible 10 are eliminated after 
the crucible assembly has been coated with material 20 
(FIG. 4). This can be accomplished by a simple heating 
process provided materials 12/14 and 20 satisfy the follow- 
ing criteria. Crucible 10 typically is made from a material 
having a very high melting temperature on the other of 
1500” C. or greater. To utilize a heating step, the present 
invention requires choosing a material 20 that also has a high 
melting temperature and choosing a material for pieces 12 
and/or 14 that has a temperature of transformation that is 
below the melting temperatures of crucible 10 and material 
20. As used herein the term “temperature of transformation” 
is the temperature at which pieces of material 12 and/or 14 
melt, vaporize, decompose to an ash or, in general, transform 
to a fluidic state in which the resultant material can readily 
change its shape and flow. To satisfy these criteria easily, 
pieces of material 12 andor 14 are generally plastics, waxes, 
Or low-ash fibrous materials While materid 20 is a metal or 
other high melting temperature material. Transformation of 
pieces of material 12 and/or 14 can also be accomplished by 60 second material to said outer wall. 
exposing them to an appropriate solvent, i.e., without the use 
of heat. The solvent preferably dissolves pieces of material 
12 and/or 14 without affecting crucible 10 or material 20. 

The resultant so-transformed pieces of material 12 and/or 
14 are next removed from between crucible 10 and material 6s 
20. More specifically, as illustrated in FIG. 5, the protrusion 
of each free end 12A and/or 14A from material 20 creates 

2. A method &ording to claim 1 wherein said step of 
adhering comprises the step of applying a tape of said 

3. A method according to claim 1 wherein said step of 
adhering includes the step of forming said pattern as at least 
one contiguous run that extends along the length of said 
crucible. 

4. A method according to claim 3 wherein said at least one 
contiguous run extends along the length of said crucible in 
a substantially straightline fashion. 

4 
ports 22 forming the entrance to channels 24 in material 20 
adjacent the outer wall of crucible 10. The removal of the 
so-transformed pieces of material 12 and/or 14 can be 
facilitated by manipulating (e.g., shaking, turning, 

5 decanting, etc.) the crucible assembly in FIG. 5 so that the 
material exits ports 22. Another option is to couple a 
pressure source 30 to ports 22 as shown. Pressure source 30 
can apply a higher than ambient pressure or lower than 
ambient pressure (i.e., vacuum) to one or more ports 22 to 
facilitate the removal operation. The resulting pressure 

lo along channels 24 (or portions thereof depending on their 
interconnectivity) causes the transformed material to be 
expelled (in the case of high pressure) or withdrawn (in the 
case of low or vacuum pressure). 

The advantages of the present invention are numerous. 
lS Material 20 serves to protect crucible 10 while the resultant 

channels 24 can be used for a variety of purposes. For 
example, channels 24 can be used as pathways for solid 
objects such as small thermocouples or heat transfer strips. 
Channels 24 could also be used to transport heating and/or 

20 cooling fluids used to selectively heat and/or cool all or 
certain portions of what is in crucible 10. Channels 24 could 
also be filled with a gas and then sealed. Then, should 
crucible 10 fail, the gas would escape thereby serving as a 
means for detecting crucible failure. 

Although the invention has been described relative to a 
specific embodiment thereof, there are numerous variations 
and modifications that will be readily apparent to those 
skilled in the art in light of the above teachings. It is 
therefore to be understood that, within the scope of the 

3o appended claims, the invention may be practiced other than 
as specifically described. 

What is claimed as new and desired to be secured by 
Letters Patent of the United States is: 

1. A method of fabricating a protective coating for a 
crucible where the coating has channels formed therein, said 

providing a crucible made from a first material having a 
melting temperature, said crucible further having an 
outer wall; 

adhering a second material to said outer wall of said 
crucible to form a pattern thereon, said second material 
having a temperature of transformation that is less than 
said melting temperature of said first material; 

coating said outer wall with said second material adhered 
thereto with a third material to substantially cover said 
second material wherein at least one portion of said 
second material extends through said third material to 
define at least one port in said third material, said third 
material having a melting temperature that is greater 
than said temperature of transformation of said second 
material; 

heating said crucible with said second material adhered 
thereto and said third material coated thereon to said 
temperature of transformation, wherein said second 
material is transformed to a fluidic state; and 

removing said second material in said fluidic state via said 
at least one port in said third material. 

, 

25 

3s method comprising the steps of 

4o 

45 

so 

5s 
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5. A method according to claim 3 wherein said at least one 
contiguous run extends along the length of said crucible in 
a helical fashion. 
6. A method according to claim 1 wherein said panern 

comprises a plurality of runs of said second material. 
7. A method according to claim 6 wherein at least a 

portion of said plurality of runs intersect one another. 
8. A method according to claim 6 wherein at least a 

portion of said plurality of runs do not intersect with any 
other of said plurality of runs. 
9. A method according to claim 1 wherein said step of 

zcZkg xzijiiki *&c s k p  oi eiecuophng sad thud mate- 
rial onto said outer wall with said second material adhered 
thereto. 
10. A method according to claim 1 wherein said step of 

coating comprises the step nf v a p  &ptxj*Ag ~Z t h i i  
material onto said outer wall with said second material 
adhered thereto. 
11. A method accofding to claim 1 wherein said step of 

removing comprises the step of manipulating said crucible 
so-coated and so-heated so that said second material in said 
fluidic state exits said at least one port in said third materiai. 
12. A method according to claim 1 wherein said step of 

removing comprises the step of causing a pressure differ- 
ential at said at least one port in said third material. 

W. A method according to claim 12 wherein said pressure 
differential yields a pressure along at least a portion of said 
pattern that is greater than ambient pressure. 

14. A method according to claim 12 wherein said pressure 
differential yields a pressure along at least a portion of said 
pattern that is less than ambient pressure. 
15. A method of fabrica!ing a protective coating for a 

crucible where the coating has channels formed therein, said 

providing an open-ended crucible made from a 6rst 
material having a melting temperature, said crucible 

adhering a tape to said outer wall of said crucible to form 
a pattern thereon, said tape having at least one free end 
extending from said outer wall, said tape having a 
temperature of transformaton that is less than said 
melting temperature of said first material; 

coating said outer wall with said tape adhered thereto with 
a second material wherein said at least one free end of 
said tape extends through said second material to define 
at least one port in said second material, said second 
material having a melting temperature that is greater 
than said temperature of transformation of said tape; 

heating said crucible with said tape adhered thereto and 
said second material coatedtheremto saidtemperaaue 
of transformation, wherein said tape is transformed to 
a fluidic state; and 

removing said tape in said fluidic state via said at least one 
port in said second material. 

16. A method according to claim 15 wherein said step of 
adhering includes the step of placing said tape on said outer 
wall to define at least one contiguous run that extends along 
the length of said crucible. 
17. A method according to claim 16 wherein said at least 

one contiguous run extends along the length of said crucible 
in a substantially straightline fashion. 
18. A method according to claim 16 wherein said at least 

one contiguous run extends along the length of said crucible 
in a helical fashion. 
19. A method according to claim 15 wherein said pattern 

is formed by a plurality of pieces of said tape. 

method comprising the steps of: 

further having an outer wall; 
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20. A method according to claim 19 wherein at least a 

podon of said plurality of pieces intersect one another. 
21. A method according to claim 19 wherein at least a 

portion of said plurality of pieces do not intersect with any 
other of said plurality of pieces. 
22. A method according to claim 15 wherein said step of 

coating comprises the step of electroplating said second 
material onto said outer wall with said tape adhered thereto. 

23. A method according to claim 15 wherein said step of 
coating comprises the step of vapor depositing said second 
r&iS uulo bri outer waii W I ~  a d  tape adhered thereto. 

24. A method according to claim 15 wherein said step of 
removing comprises the step of manipdating said Qucible 
so-&and -heated so that said tapein saidfluidic state 
p x j s  d d  '' ! s t  Fz in -& d. 

25. A method according to claim 15 wherein said step of 
removing comprises the step of causing a pressure differ- 
ential at said at least one port in said second material. 

26. A method according to claim 25 wherein said pressure 
differential yields a pressure along at least a portion of said 
pattern that is greater than ambient pressure. 
27. A method according to claim 25 wherein said pressure 

differential yields a pressure along at least a portion of said 
pattem that is less than ambient pressure. 

28. A method of fabricating a protective Coating for a 
crucible where the coating has channels formed therein, said 
method comprising the steps of: 

providing a crucible made from a first material, said 
crucible having an outer wall; 

adhering a second material to said outer wall of said 
crucible to form a pattem thereon, said second material 
being difienmt than said first material; 

coating said outer wall with said second material adhered 
thereto with a third material to substantially cover said 
second material wherein at least one portion of said 
second material extends through said third material to 
define at least one port in said third mated, said third 
material being different than said first material and said 
second material; 

transforming said second material adhered to said crucible 
to a fluidic state; and 

removing said second material in said fluidic state via said 
at least one port in said third material. 

29. A method according to claim 28 wherein said step of 
adhering comprises the step of applying a tape of said 
second material to said outer wall. 
30. A method according to claim 28 wherein said step of 

adhering includes the step of forming said pattern as at least 
one contiguous run that extends along the length of said 
crucible. 
31. A method according to claim 30 wherein said at least 

one contiguous run extends along the length of said crucible 
in a substantially straightline fashion. 
32. A method according to claim 30 wherein said at least 

one contiguous run extends along the length of said crucible 
in a helical fashion. 
33. A method according to claim 28 wherein said pattern 

comprises a plurality of runs of said second material. 
34. A method according to claim 33 wherein at least a 

portion of said plurality of runs intersect one another. 
35. A method according to claim 33 wherein at least a 

portion of said plurality of runs do not intersect with any 
other of said plurality of runs. 



US 6,802,999 B1 
7 8 

36. A method according to claim 28 wherein said step of 
coating comprises the step of electroplating said third mate- 
rial onto said outer wall with said second material adhered 

39. A method according to claim 28 wherein said step of 
removing comprises the step of causing a pressure differ- 
ential at said at least one port in said third material. 

thereto. 

coating comprises the step of vapor depositing said third 
material onto said outer wall with said second material 
adhered thereto. 

38. A method accordine; to claim 28 wherein said step of 

40. A method according to claim 39 wherein said pressure 
37. A method according to 28 wherein said step Of differentid yields a pressure along at least a portion of said 

pattern that is greater than ambient pressure. 
41. A method according to claim 39 wherein said pressure 

differential yields a pressure along at least a portion of said 
removing comprises the ltep of manipulating said cmiible 10 pattern that is less than ambient pressure. 
so-coated and so-heated so that said second material in said 
fluidic state exits said at least one port in said third material. * * * * *  


